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PART I – GENERAL INFORMATION 

1. Provide the name and contact details of: 

(a) an individual within each of the merger parties  

Illumina Pacific Biosciences 

  
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 

 

(b) any authorised representatives of each of the merger parties 

Illumina Pacific Biosciences 

  
 

 
 
 

 
 
 

 

 
 

 
 

 
 
 
 

(c) if not already provided in response to (a) and (b), the person(s) submitting the 
Notice 

The names and contact details of the persons submitting the Notice are provided in a) 
above. 

(d) the person to whom the CMA should address any correspondence.  

1. 

2. Please address correspondence to  and . 

  

COVINGTON & BURLING LLP 
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P A R T II – M E R G E R D E T AI L S  

T h e m er g er sit u ati o n  

2.  D es c ri b e t h e a r r a n g e m e nts b y w hi c h t h e e nt e r p ris es will c e as e/ h a v e c e as e d t o b e 
disti n ct (t h e m e r g e r), i n cl u di n g:  

( a) t h e p a rti es t o t h e m e r g e r (t h e m e r g e r p a rti es) 

3.  Ill u mi n a,  I n c.  ( “Ill u mi n a ”)  is  a  p u bli cl y  tr a d e d  gl o b al  g e n o mi cs  c o m p a n y 
h e a d q u art er e d i n S a n Di e g o, C alif or ni a, U. S. A. Ill u mi n a d e v el o ps, m a n uf a ct ur es a n d 
c o m m er ci alis es  s yst e ms,  c o ns u m a bl es,  bi oi nf or m ati cs  a n d  s er vi c es  us e d  f or  g e n eti c  
a n al ysis.  Ill u mi n a’s s yst e ms i n cl u d e s e c o n d  g e n er ati o n, s h ort r e a d,  D N A s e q u e n c ers 
b as e d o n its S e q u e n ci n g b y S y nt h esis ( “ S B S ”) t e c h n ol o g y as w ell as D N A mi cr o arr a y 
s c a n n ers.  Ill u mi n a’s  s e q u e n ci n g  s yst e ms  r u n  o n  c o ns u m a bl es  t h at  i n cl u d e  li br ar y 
pr e p ar ati o n kits, s e q u e n ci n g kits a n d fl o w c ells. T h e s e q u e n ci n g d at a t h at t h e y pr o d u c e 
is  i nt er pr et e d  usi n g  s p e cifi c  bi oi nf or m ati cs  s oft w ar e  a n d  a p pli c ati o ns.  Ill u mi n a’s 
s yst e ms, c o ns u m a bl es a n d bi oi nf or m ati cs t o ols ar e us e d b y m aj or g o v er n m e nt a n d n ot -
f or-pr ofit  g e n o mi c  r es e ar c h  i nstit ut es,  a c a d e mi c  i nstit uti o ns,  h os pit als,  g e n o mi cs 
c e nt ers as w ell as p h ar m a c e uti c al, bi ot e c h n ol o g y, a gri g e n o mi cs , cli ni c al a n d di a g n osti c 
l a b or at ori es, a n d c o ns u m er g e n o mi cs c o m p a ni es. Si n c e its cr e ati o n i n 1 9 9 8, Ill u mi n a 
h as b e e n a m a j or f or c e i n dri vi n g d o w n t h e c ost of g e n eti c a n al ysis, es p e ci all y i n t h e 
fi el d of s e q u e n ci n g. Ill u mi n a als o pr o vi d es pr o d u ct s u p p ort s er vi c es f or its s yst e ms as 
w ell  as  g e n eti c  a n al ysis  s er vi c es  p o w er e d  b y  its  s e q u e n ci n g  a n d  mi cr o arr a y 
t e c h n ol o gi es. 

4.  P a cif i c  Bi os ci e n c es  of  C alif or ni a,  I n c.  ( “P a c Bi o ”)  is  a  p u bli cl y  tr a d e d  g e n o mi cs 
c o m p a n y  h e a d q u art er e d  i n  M e nl o  P ar k,  C alif or ni a,  U. S. A.  P a c Bi o  d e v el o ps, 
m a n uf a ct ur es a n d c o m m er ci alis es t hir d g e n er ati o n, n ati v e l o n g r e a d, D N A s e q u e n ci n g 
s yst e ms  b as e d  o n  its  Si n gl e  M ol e c ul e,  R e al  Ti m e  ( “ S M R T ® ”)  t e c h n ol o g y.  P a c Bi o’s 
n ati v e  l o n g  r e a d  s yst e ms  r u n  o n  pr o pri et ar y  c o ns u m a bl es  t h at  i n cl u d e  li br ar y 
pr e p ar ati o n  kits,  s e q u e n ci n g  kits  a n d  S M R T  C ells  c o m m er ci alis e d  b y  P a c Bi o.  T h e 
s e q u e n ci n g d at a t h at t h e y pr o d u c e is i nt er pr et e d wit h bi oi nf or m ati cs t o ols pr o vi d e d b y 
P a c Bi o a n d b y t hir d p arti es (s u c h t hir d p arti es ar e t y pi c all y e m pl o y e d b y or affili at e d 
wit h  n ot -f or-pr ofit  g e n o mi c  r es e ar c h  i nstit ut es  a n d  g e n o m e  c e nt ers).  P a c Bi o’s 
c ust o m ers i n cl u d e  g o v er n m e nt a n d n ot- f or-pr ofit g e n o m i c r es e ar c h i nstit ut es, g e n o mi c 
c e nt ers, p h ar m a c e uti c al c o m p a ni es a n d a gri c ult ur al c o m p a ni es. P a c Bi o als o pr o vi d es 
pr o d u ct s u p p ort s er vi c es f or its n ati v e l o n g r e a d s e q u e n ci n g s yst e ms. 

5.  Ill u mi n a a n d P a c Bi o ar e r ef err e d t o as  t h e “ N otif yi n g P arti es ” or “ P arti es ”  i n t h e M er g er 
N oti c e.   

( b) t h e t y p e of t r a n s a cti o n 

6.  T h e t r a ns a cti o n i n v ol v es t h e a c q uisiti o n of s ol e c o ntr ol b y Ill u mi n a of P a c Bi o . P urs u a nt 
t o  a n  e x e c ut e d  A gr e e m e nt  a n d  Pl a n  of  M er g er  ( “ M er g er  A gr e e m e nt ”)  (s e e  

),  d at e d  N o v e m b er  1,  2 0 1 8,  b y  a n d  a m o n g  P a c Bi o, 
Ill u mi n a, a n d F C O ps C or p. ( “ M er g er S u bsi di ar y ”), a w h oll y-o w n e d dir e ct s u bsi di ar y 
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of Ill u mi n a, Ill u mi n a will a c q uir e 1 0 0 % of t h e v oti n g s e c uriti es of P a c Bi o t hr o u g h a 
m er g er of t h e M er g er S u bsi di ar y wit h P a c Bi o. S u bs e q u e ntl y, P a c Bi o s h all c o nti n u e as 
t h e  s ur vi vi n g  c or p or ati o n  a n d  as  a  w h oll y-o w n e d  dir e ct  s u bsi di ar y  of  Ill u mi n a  (t h e 
“ Tr a ns a cti o n ”  or “ Pr o p os e d Tr a ns a cti o n ”). 

( c) t h e c o n si d e r ati o n 

7.  As c o nsi d er ati o n, Ill u mi n a will p a y G B P 6. 2 0 p er s h ar e, wit h a t ot al a c q ui siti o n pri c e 
of a p pr o xi m at el y G B P 9 3 0. 2 milli o n. 1  

( d) t h e k e y t e r ms 

8.  T h e  M er g er  A gr e e m e nt  is  s u bj e ct  t o  a p pr o v al  b y  P a c Bi o’s  s h ar e h ol d ers,  w hi c h 
o c c urr e d o n J a n u ar y 2 4, 2 0 1 9,  as w ell as c ust o m ar y c o n diti o ns as d es cri b e d i n Arti cl e 
9 of t h e M er g er A gr e e m e nt, w hi c h st at es t h at all r e q uir e d a ntitr ust fili n gs h a v e b e e n 
m a d e  a n d  all  r e q uir e d  r e g ul at or y  a p pr o v als  h a v e  b e e n  o bt ai n e d.   Th e  U K  is  a  K e y 
J uris di cti o n u n d er S e cti o n 1. 0 1( a) of t h e C o m p a n y Dis cl os ur e S c h e d ul e t o t h e M er g er 
A gr e e m e nt, s u c h t h at a p pr o v al of t h e C M A is a c o n diti o n t o cl osi n g. 

( e) t h e ti mi n g 

9.  T h e N otif yi n g P arti es i nt e n d t o cl os e t h e Tr a ns a cti o n n o l at er t h a n t hr e e b usi n ess d a ys 
f oll o wi n g t h e s atisf a cti o n or w ai v er of t h e a b o v e m e nti o n e d c o n diti o ns. 

(f) t h e st r at e gi c a n d e c o n o mi c r ati o n al e f o r t h e t r a n s a cti o n 

1 0.  As dis c uss e d i n S e cti o n 2 4 b el o w , t h e Tr a ns a cti o n will: 

•  f a cilit at e wi d er distri b uti o n of/ a c c ess t o P a c Bi o’s pr o d u cts a n d t e c h n ol o g y b y 
e n a bli n g P a c Bi o t o b e n efit fr o m Ill u mi n a’s gl o b al pr o d u cti o n, a n d s u p p ort a n d 
s er vi c e i nfr astr u ct ur e;  

•  i n cr e as e a d o pti o n of P a c Bi o’s s yst e ms b y cli ni c al a n d di a g n osti c c ust o m er s b y 
e n h a n ci n g P a c Bi o s yst e m q u alit y wit h Ill u mi n a’ s q u alit y s yst e ms a n d s yst e m 
m a n a g e m e nt pr o c ess es;  

•  i m pr o v e P a c Bi o’s s yst e m s usi n g Ill u mi n a’s pr o pri et ar y t e c h n ol o gi es; 

•  e n a bl e Ill u mi n a t o d e v el o p  c o or di n at e d s ol uti o ns (i n cl u di n g bi oi nf or m ati cs) t o 
e n a bl e c ust o m ers t o h ar n ess t h e c o m pl e m e nt ar y n at ur e of t h e t e c h n ol o gi es; a n d  

•  a c c el er at e i n n o v ati o n.  

( g) w h et h e r it is b ei n g n otifi e d i n a n y ot h e r j u ris di cti o n s a n d, if s o, w h et h e r t h e 
m e r g e r p a rti es a r e wil li n g t o off e r a w ai v e r t o s u p p o rt c o o r di n ati o n b et w e e n 
t h e C M A a n d t h e c o m p etiti o n a ut h o riti es i n t h os e j u ris di cti o n s, a n d 

 

 
1  T h e s e fi g ur e s h a v e b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e 
of G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).  
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1 1.  T h e Tr a ns a cti o n w as n otifi e d t o t h e U. S. A’s F e d er al Tr a d e C o m missi o n ( “ F T C ”) o n 
N o v e m b er  2 9,  2 0 1 8.  T h e  F T C  iss u e d  a  r e q u est  f or  a d diti o n al  i nf or m ati o n  a n d 
d o c u m e nt ar y m at eri al o n D e c e m b er 2 8, 2 0 1 8.  E a c h of Ill u mi n a a n d P a c Bi o c o nfir m e d 
s u bst a nti al c o m pli a n c e wit h t h e S e c o n d R e q u est o n M ar c h 2 9, 2 0 1 9.  

( h) t h e o w n e rs hi p st r u ct u r e p r e a n d p ost -m e r g e r, i n cl u di n g a n y p r e -m e r g e r li n k s 
b et w e e n t h e  m e r g e r p a rti es . 

1 2.  Ill u mi n a is a p u bli cl y list e d c o m p a n y wit h its c o m m o n st o c k e q ui v al e nt tr a d e d o n t h e 
N A S D A Q.  A p pr o xi m at el y  8 9 %  of  Ill u mi n a’ s  c o m m o n  st o c k  e q ui v al e nt  is 
i nstit uti o n all y o w n e d, b ut n o s h ar e h ol d ers or gr o u p of s h ar e h ol d ers h as or h a v e s ol e or 
j oi nt  c o ntr ol.  T h e  list  of  Ill u mi n a’s  t o p  fi v e  s h ar e h ol d ers as  at  M ar c h  2 9,  2 0 1 8  is 
pr o vi d e d b el o w: 2  

S h a r e h ol d e r  S h a r e h ol di n g  

B ailli e Giff or d & C o.  1 2. 1 0 %  

Bl a c kr o c k, I n c  7. 9 %  

C a pit al R es e ar c h & M a n a g e m e nt C o. ( Gl o b al I n v est ors)  7. 8 %  

T h e V a n g u ar d Gr o u p, I n c.  7. 0 %  

T h e Gr o wt h F u n d of A m eri c a  5. 5 0 %  

1 3.  P a c Bi o i s a p u bli c l y list e d c o m p a n y wit h its c o m m o n st o c k e q ui v al e nt tr a d e d o n t h e 
N A S D A Q. N o s h ar e h ol d er or gr o u p of s h ar e h ol d ers h as or h a v e s ol e or j oi nt c o ntr ol. 
T h e list of P a c Bi o’s t o p fi v e s h ar e h ol d ers as at J a n u ar y 3 0, 2 0 1 9 is pr o vi d e d b el o w: 

S h a r e h ol d e r  S h a r e h ol di n g  

C o ns o n a n c e C a pit al M a n a g e m e nt L P  9. 0 3 %  

M a v eri c k C a pit al Lt d.  8. 1 4 %  

M a g n et ar Fi n a n ci al L L C  6. 3 0 %  

Or a cl e I n v est m e nt M a n a g e m e nt, I n c.  6. 2 7 %  

Bl a c k R o c k F u n d A d vi s or s  6. 2 2 %  

1 4.  P a c Bi o  a n d  Ill u mi n a  d o  n ot  h a v e  pr e -Tr a ns a cti o n  li n ks.  O n  c o m pl eti o n  of  t h e 
Tr a ns a cti o n , P a c Bi o  will m er g e  wit h  Ill u mi n a’s  w h oll y-o w n e d dir e ct s u b si di ar y,  F C 
O ps C or p., wit h P a c Bi o c o nti n ui n g as t h e s ur vi vi n g  c or p or ati o n, as a w h oll y -o w n e d 
dir e ct s u bsi di ar y of Ill u mi n a. 

3.  P r o vi d e  a  b ri ef  d es c ri pti o n  of  t h e  b u si n ess es  of  t h e  m e r g e r  p a rti es  ( a n d,  w h e r e 
r el e v a nt , t h ei r g r o u p s).  

1 5.  Ill u mi n a  d e v el o ps,  m a n uf a ct ur es  a n d  c o m m er ci alis es  s yst e ms,  c o ns u m a bl es, 
bi oi nf or m ati c s  a n d  s er vi c es  us e d  f or  g e n eti c  a n al ysis.  Ill u mi n a’s  s yst e ms  i n cl u d e 

 

 
2  
htt p s:// w w w. s e c. g o v/ Ar c hi v es/ e d g ar/ d at a/ 1 1 1 0 8 0 3/ 0 0 0 1 1 9 3 1 2 5 1 8 1 0 9 9 6 8/ d 5 4 5 9 2 2 d d ef 1 4 a. ht m #t o c 5 4 5 9 2 2 _ 3 2  
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s e c o n d g e n er ati o n, s h ort r e a d, D N A s e q u e n c ers b a s e d o n i ts S B S t e c h n ol o g y as w ell as 
D N A  mi cr o arr a y  s c a n n ers.  Ill u mi n a’s  s e q u e n ci n g  s yst e ms  r u n  o n  c o ns u m a bl es  t h at 
i n cl u d e li br ar y pr e p ar ati o n kits, s e q u e n ci n g kits a n d fl o w c ells. T h e s e q u e n ci n g d at a 
t h at t h e y pr o d u c e is i nt er pr et e d wit h s p e cifi c bi oi nf or m ati cs s oft w ar e a n d a p pli c ati o ns. 
Ill u mi n a’s  s yst e ms,  c o ns u m a bl es  a n d  bi oi nf or m ati cs  t o ols  ar e  us e d  b y  m aj or 
g o v er n m e nt  a n d  n ot -f or-pr ofit  g e n o mi c  r es e ar c h  i nstit ut es,  a c a d e mi c  i nstit uti o ns, 
h os pit als, g e n o mi cs c e nt ers as w ell as p h ar m a c e uti c al, bi ot e c h n ol o g y,  a g ri g e n o mi cs, 
cli ni c al  a n d  di a g n osti c  l a b or at ori es,  a n d  c o ns u m er  g e n o mi cs  c o m p a ni es.  Si n c e  its 
cr e ati o n i n 1 9 9 8, Ill u mi n a h as b e e n a m aj or f or c e i n dri vi n g d o w n t h e c ost of g e n eti cs 
a n al ysis, es p e ci all y i n t h e fi el d of s e q u e n ci n g. Ill u mi n a als o pr o vi d es pr o d u ct s u p p ort 
s er vi c es f or its s yst e ms a s w ell as g e n eti cs a n al ysi s s er vi c es p o w er e d b y its s e q u e n ci n g 
a n d mi cr o arr a y t e c h n ol o gi es. 

1 6.  P a c Bi o d e v el o ps, m a n uf a ct ur es a n d c o m m er ci alis e s t hir d g e n er ati o n, n ati v e l o n g r e a d, 
D N A s e q u e n ci n g s yst e m s b as e d o n its S M R T ® t e c h n ol o g y. P a c Bi o’s n ati v e l o n g r e a d 
s yst e ms  r u n  o n  pr o pri et ar y  c o ns u m a bl es  t h at  i n cl u d e  li br ar y  pr e p ar ati o n kits, 
s e q u e n ci n g kits a n d S M R T C ells c o m m er ci alis e d b y P a c Bi o. T h e s e q u e n ci n g d at a t h at 
t h e y pr o d u c e is i nt er pr et e d wit h bi oi nf or m ati cs t o ols pr o vi d e d b y P a c Bi o a n d b y t hir d 
p arti es  (s u c h  t hir d  p arti e s  ar e  t y pi c all y  e m pl o y e d  b y  or  affili at e d  wit h  n ot -f or-pr ofit 
g e n o mi c  r es e ar c h  i nstit ut es  a n d  g e n o mi c  c e nt ers).  P a c Bi o’s  c ust o m ers  i n cl u d e 
g o v er n m e nt  a n d  n ot -f or-pr ofit  g e n o mi c  r es e ar c h  i nstit ut es,  g e n o mi cs  c e nt ers, 
p h ar m a c e uti c al c o m p a ni es a n d a gri c ult ur al c o m p a ni es. P a c Bi o als o pr o vi d es pr o d u ct 
s u p p ort s er vi c es f or its n ati v e l o n g r e a d s e q u e n ci n g s yst e ms. 

1 7.  Pl e as e  s e e  f or a d et ail e d d es cri pti o n of t h e N otif yi n g P arti es’ 
a cti viti es.  

4.  P r o vi d e b ri ef d et ails of a n y ot h e r t r a n s a cti o n s ( m e r g e r, a c q uisiti o n, dis p os al, j oi nt 
v e nt u r e) u n d e rt a k e n b y:  

( a) eit h e r of t h e m e r g e r p a rti es i n t h e l ast t w o y e a rs w hi c h i n v ol v e t h e p r o d u cts 
o r s e r vi c es i n a n y C a n di d at e M a r k et  i d e ntifi e d i n r es p o n s e t o q u esti o n 1 3, a n d 

1 8.  O n M a y 1 5, 2 0 1 8, Ill u mi n a a c q uir e d E di c o G e n o m e I n c., a pr o vi d er of d at a a n al ysis 
a c c el er ati o n s ol uti o ns. 3  

1 9.  Ill u mi n a h as n ot u n d ert a k e n a n y ot h er tr a ns a cti o n i n t h e l ast t w o y e ars. 

2 0.  P a c Bi o h as n ot u n d ert a k e n a n y tr a ns a cti o n o v er t h e l ast t w o y e ars.  

( b) b ot h  o r  all  m e r g e r  p a rti es  i n  t h e  l ast  t w o  y e a rs  (t h at  is,  w h e r e  t h e  m e r g e r 
p a rti es w e r e p a rt y t o t h e s a m e t r a n s a cti o n).  

2 1.  Ill u mi n a a n d P a c Bi o h a v e n ot b e e n p arti es t o  t h e s a m e tr a ns a cti o n o v er t h e l ast t w o 
y e ars.  

 

 
3  htt p s:// w w w.ill u mi n a. c o m/ c o m p a n y/ n e ws -c e nt er/ pr ess -r el e as es/ 2 0 1 8/ 2 3 4 9 1 4 7. ht ml 

https://www.illumina.com/company/news-center/press-releases/2018/2349147.html
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J u ri s di c ti o n 

5.  E x pl ai n w h y:  

( a) a r el e v a nt m e r g e r sit u ati o n ( as p e r s e cti o n 2 3 of t h e A ct) h as b e e n c r e at e d, o r  

( b) a r r a n g e m e nts  a r e  i n  p r o g r ess  o r  c o nt e m pl ati o n  w hi c h  will  r es ult  i n  t h e 
c r e ati o n of a r el e v a nt m e r g e r sit u ati o n.  

2 2.  O n N o v e m b er 1, 2 0 1 8, Ill u mi n a a n d P a c Bi o si g n e d t h e M er g er A gr e e m e nt, p urs u a nt t o 
w hi c h Ill u mi n a will a c q uir e 1 0 0 % of t h e v oti n g s e c uriti es of P a c Bi o t hr o u g h a m er g er 
of  its  w h oll y -o w n e d  dir e ct  s u bsi di ar y,  F C  O ps  C or p.,  wit h  P a c Bi o.  S u bs e q u e ntl y, 
P a c Bi o will c o nti n u e as t h e s ur vi vi n g c or p or ati o n, as a  w h oll y-o w n e d dir e ct s u bsi di ar y 
of Ill u mi n a. T h e M er g er A gr e e m e nt is s u bj e ct t o a p pr o v al b y P a c Bi o’s s h ar e h ol d ers,  
w hi c h o c c urr e d o n J a n u ar y 2 4, 2 0 1 9,  as w ell as c ust o m ar y c o n diti o ns as d es cri b e d i n 
Arti cl e 9, w hi c h r e q uir es t h at all n e c ess ar y a ntitr u st fili n gs m ust h a v e b e e n m a d e, a n d 
a p pr o v als o bt ai n e d. O n c e t h es e c o n diti o ns ar e m et a n d t h e c ertifi c at e of m er g er is fil e d 
wit h t h e S e cr et ar y of St at e of t h e St at e of D el a w ar e, U. S. A., P a c Bi o a n d Ill u mi n a will 
c e as e t o b e disti n ct e nt er pris es wit hi n t h e m e a ni n g of S e cti o n 2 3 of t h e 2 0 0 2 E nt er pris e 
A ct.  

2 3.  T h e t ur n o v er t est s et o ut i n S e cti o n 2 3 of t h e 2 0 0 2 E nt er pris e A ct is n ot m et as P a c Bi o’s 
2 0 1 7 t ur n o v er i n t h e U K a m o u nt e d t o o nl y G B P   milli o n. 4  

2 4.  H o w e v er, t h e “s h ar e of s u p pl y ” t est s et o ut i n S e cti o n 2 3 of  t h e 2 0 0 2 E nt er pris e A ct is 
m et. W hil e, as e x pl ai n e d i n S e cti o n 1 3,  b el o w, t h e N otif yi n g P arti es ar e n ot a cti v e o n 
t h e  s a m e  pr o d u ct  m ar k et,  t h e y  ar e  b ot h  s u p pli ers  of  s e q u e n ci n g  s yst e ms  wit h  a 
c o m bi n e d s h ar e of s u p pl y i n t h e U K of m or e t h a n 2 5 %. I n 2 0 1 7, I ll u mi n a’s s h ar e of 
s u p pl y of s e q u e n ci n g s yst e ms i n t h e U K e x c e e d e d 2 5 %, a n d P a c Bi o’s s h ar e of s u p pl y 
of s e q u e n ci n g s yst e ms i n t h e U K w as d e mi ni mis . 

6.  I n di c at e t h e a n n u al U K, E E A, a n d w o rl d wi d e t u r n o v e r i n t h e l ast fi n a n ci al y e a r 
ass o ci at e d wit h e a c h of:  

( a) t h e a c q ui r e r (i n cl u di n g g r o u p c o m p a ni es w h e r e r el e v a nt – s e e A n n e x B of t h e 
G ui d a n c e), a n d   

( b) t h e t a r g et (if n ot al r e a d y p r o vi d e d u n d e r q u esti o n 5). 

2 5.  T h e 2 0 1 7 t ur n o v er of Ill u mi n a  a n d P a c Bi o, r es p e cti v el y, ar e pr o vi d e d i n T a bl e 1 b el o w. 

 

 
4  T his fi g ur e h a s b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’ s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).   
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T a bl e 1: T ur n o v er of Ill u mi n a a n d P a c Bi o i n milli o n G B P 5  

 Ill u mi n a 6  P a c Bi o 7  A g g r e g at e  

U K -wi d e     

E E A -wi d e     

W o rl d wi d e  2, 1 0 0  7 2. 4  2, 1 7 2. 4  

 

2 6.  T h e  br e a k d o w n  of  P a c Bi o’s  2 0 1 7  t ur n o v er  r efl e cts  i n  p art  P a c Bi o’s  
 

.8  T h e U. S. a c c o u nt e d f or   of P a c Bi o’s 
t ot al 2 0 1 7 r e v e n u e.9  

2 7.  As n ot e d i n  S e cti o n  1 1  b el o w, P a c Bi o  h as  
 
 

 T hr o u g h t h e Tr a ns a cti o n, as 
dis c us s e d i n S e cti o n  2 4 b el o w , P a c Bi o will b e n efit fr o m a c q uiri n g a c c ess t o Ill u mi n a’s 
gl o b al distri b uti o n a n d c o m m er ci alis ati o n i nfr astr u ct ur e a n d c ust o m er b as e (i n cl u di n g 
i n t h e E E A). 

7.  E x pl ai n  w h y  t h e  t r a n s a cti o n  is  n ot  s u bj e ct  t o  t h e  E u r o p e a n  U ni o n  M e r g e r 
R e g u l ati o n ( E U M e r g e r R e g ul ati o n),1 0  ( hi g hli g hti n g w h et h e r it is n otifi a bl e i n t h e 
U K b y vi rt u e of t h e 't w o -t hi r d s' r ul e i n a rti cl e 1( 2) o r 1( 3) of t h at R e g ul ati o n). 

2 8.  T h e c o m bi n e d a g gr e g at e w orl d wi d e t ur n o v er of t h e N otif yi n g P arti es is b el o w t h e E U R 
5, 0 0 0 milli o n t hr es h ol d l ai d d o w n i n Arti cl e 1( 2)( a) of R e g ul ati o n ( E C) N o 1 3 9/ 2 0 0 4 
( “ E U M R ”). M or e o v er, P a c Bi o’s a g gr e g at e E U-wi d e t ur n o v er is l ess t h a n t h e E U R 1 0 0 
milli o n t hr es h ol d l ai d d o w n i n Arti cl e 1( 3)( d) of t h e E U M R. T h er ef or e, t h e Tr a ns a cti o n 
d o es n ot h a v e a C o m m u nit y di m e nsi o n wit hi n t h e m e a ni n g of t h e E U M R. 

P A R T III – S U P P O R T I N G D O C U M E N T S  

8.  P r o vi d e: 

( a) a p r ess r el e as e o r r e p o rt a n d d et ails of all n otifi c ati o n s t o listi n g a ut h o riti es 
(f o r e x a m pl e, f o r a d mis si o n t o t h e U K Listi n g A ut h o rit y Offi ci al List a n d f o r 

 

 
5  T h e s e fi g ur e s h a v e  b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e 
of G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).   
6   
7   

  
8  S e e  P a c Bi o’s  2 0 1 7  A n n u al  R e p ort,  a v ail a bl e  at htt p:/ /i n v est or. p a cifi c bi o s ci e n c es. c o m/fi n a n ci al-
i nf or m ati o n/ a n n u al-r e p orts 
9  S e e  P a c Bi o’s  2 0 1 7  A n n u al  R e p ort,  a v ail a bl e  at htt p://i n v est or. p a cifi c bi o s ci e n c es. c o m/fi n a n ci al -
i nf or m ati o n/ a n n u al-r e p orts, p. 9  
1 0  C o u n cil R e g ul ati o n  ( E C) N o 1 3 9/ 2 0 0 4 of 2 0 J a n u ar y 2 0 0 4. 

http://investor.pacificbiosciences.com/financial-information/annual-reports
http://investor.pacificbiosciences.com/financial-information/annual-reports
http://investor.pacificbiosciences.com/financial-information/annual-reports
http://investor.pacificbiosciences.com/financial-information/annual-reports
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a d mi ssi o n t o t r a di n g o n t h e L o n d o n St o c k E x c h a n g e) o r ot h e r d o c u m e nt ati o n 
e vi d e n ci n g t h at t h e m e r g e r ( o r m e r g e r p r o p os al) h as b e e n m a d e p u bli c, a n d  

2 9.  T h e  pr ess  r el e as e  a n n o u n ci n g  t h e  Pr o p os e d  Tr a ns a cti o n  is  a v ail a bl e  at: 
htt ps:// w w w.ill u mi n a. c o m/ c o m p a n y/ n e ws -c e nt er/ pr ess -r el e as es/ pr ess-r el e a s e-
d et ails. ht ml ? n e wsi d = 2 3 7 4 9 1 3 .  

( b) a c o p y of t h e d o c u m e nts b ri n gi n g a b o ut t h e m e r g e r sit u ati o n, i n cl u di n g h e a d s 
of  t e r ms,  m e m o r a n d u m  of  u n d e rst a n di n g,  s al e  a n d  p u r c h as e  a g r e e m e nt, 
b u si n ess p u r c h as e a g r e e m e nt o r e q ui v al e nt. W h e r e t h es e a r e n ot i n fi n al f o r m, 
pl e as e  p r o vi d e  t h e  l at e st  d r aft  a n d  k e e p  t h e  C M A  i nf o r m e d  of  s u b s e q u e nt 
c h a n g es t o t h e d o c u m e n t, if a n y.  

3 0.  T h e M er g er A gr e e m e nt w as s u b mitt e d as a n . 

( c) If  t h e  off e r  is  s u bj e ct  t o  t h e  Cit y  C o d e,  c o pi es  of  t h e  Off e r  D o c u m e nt  a n d 
Listi n g P a rti c ul a rs. If t h es e a r e n ot y et a v ail a bl e, p r o vi d e c o pi es of t h e l at est 
d r afts a n d s u p pl y t h e fi n al v e rsi o n s as s o o n as t h e y a r e iss u e d.  

3 1.  B ot h Ill u mi n a a n d P a c Bi o ar e r e gist er e d i n t h e St at e of D el a w ar e, U . S. A., a n d tr a d e d 
o n t h e N A S D A Q. T h e Pr o p os e d Tr a ns a cti o n is, t h er ef or e, n ot s u bj e ct t o t h e Cit y C o d e, 
w hi c h  a p pli es  t o  c o m p a ni es  h a vi n g  t h eir  r e gist er e d  offi c es  i n  t h e  U K,  t h e  C h a n n el 
Isl a n ds or t h e Isl e of M a n.1 1  

( d) f o r e a c h of t h e a c q ui r e r a n d a c q ui r e r g r o u p (if r el e v a nt) a n d t h e t a r g et ( o r 
m e r g e r p a rti es i n t h e c a s e of a f ull m e r g e r), t h e m ost r e c e nt a n n u al r e p o rt a n d 
a c c o u nts.  

3 2.  Ill u mi n a’s  2 0 1 7  an n u al  r e p ort  is  a v ail a bl e  at: 
htt p:// w w w. a n n u alr e p ort s. c o m/ H ost e d D at a/ A n n u al R e p orts/ P D F/ N A S D A Q _I L M N _ 2
0 1 7. p df . 

3 3.  P a c Bi o’s  2 0 1 7  a n n u al  r e p ort  is  a v ail a bl e  at: 
htt p://i n v est or. p a cifi c bi os ci e n c es. c o m/st ati c -fil es/ 1 c 2 a 7f 8 8-5f b a -4 e d d - a 5 3 c-
6 4 3 c 5 1 1 5 3 5 b 6 . 

( e) c o pi es of t h e m ost r e c e nt b u si n ess pl a n of t h e a c q ui r e r a n d a c q ui r e r g r o u p (if 
r el e v a nt) a n d t h e t a r g et ( o r m e r g e r p a rti es i n t h e c as e of a f ull m e r g e r). W h e r e 
a h o ri z o nt al o v e rl a p o r v e rti c al r el ati o n s hi p i n v ol v es, f o r e x a m pl e, a s p e cifi c 
di visi o n o r b r a n d of o n e o r b ot h of t h e m e r g e r p a rti es, t h e m ost r e c e nt b u si n ess 
pl a n f o r t h e r el e v a nt di visi o n o r b r a n d s h o ul d b e p r o vi d e d as w ell.  

3 4.  Ill u mi n a’s  m ost  r e c e nt  b usi n ess  pl a n a n d  b usi n ess  pl a n  e x e c uti v e  s u m m ar y  w er e 
s u b mitt e d as  . 

3 5.  P a c Bi o’s m ost r e c e nt b usi n ess pl a n  a n d b u d g et pr e s e nt ati o n  w er e s u b mitt e d  as  
. 

 

 
1 1  S e e s e cti o n A 3 of t h e Cit y C o d e.  

https://www.illumina.com/company/news-center/press-releases/press-release-details.html?newsid=2374913
https://www.illumina.com/company/news-center/press-releases/press-release-details.html?newsid=2374913
http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_ILMN_2017.pdf
http://www.annualreports.com/HostedData/AnnualReports/PDF/NASDAQ_ILMN_2017.pdf
http://investor.pacificbiosciences.com/static-files/1c2a7f88-5fba-4edd-a53c-643c511535b6
http://investor.pacificbiosciences.com/static-files/1c2a7f88-5fba-4edd-a53c-643c511535b6
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9.  P r o vi d e c o pi es of a n y d o c u m e nt s i n eit h e r of t h e m e r g e r p a rti es’ p oss essi o n w hi c h:  

( a) h a v e  b e e n  p r e p a r e d  b y  o r  f o r,  o r  r e c ei v e d  b y,  a n y  m e m b e r  of  t h e  b o a r d  of 
di r e ct o rs  ( o r  e q ui v al e nt  b o d y)  o r  s e ni o r  m a n a g e m e nt  o r  t h e  s h a r e h ol d e rs’ 
m e eti n g of eit h e r m e r g e r p a rt y ( w h et h e r p r e p a r e d i nt e r n all y o r b y e xt e r n al 
c o n s ult a nts), a n d  

( b) eit h e r:  

(i) s et  o ut  t h e  r ati o n al e  f o r  t h e  m e r g e r  (i n cl u di n g  b ut  n ot  li mit e d  t o  t h e 
b e n efits of, a n d/ o r i n v est m e nt c as e f o r t h e a c q uisiti o n), o r   

(ii) ass e ss  o r  a n al ys e  t h e  m e r g e r  wit h  r es p e ct  t o  c o m p etiti v e  c o n diti o n s, 
c o m p etit o rs ( a ct u al a n d p ot e nti al), p ot e nti al f o r s al es g r o wt h o r e x p a n si o n 
i nt o n e w p r o d u ct o r g e o g r a p hi c a r e as, m a r k et c o n diti o n s, m a r k et s h a r es 
a n d/ o r  t h e  p ri c e  t o  b e  p ai d.  T his  s h o ul d  i n c l u d e  b ut  n ot  n e c ess a ril y  b e 
li mit e d t o p ost-m e r g e r  b u si n ess  pl a ns  o r  st r at e g y  (i n cl u di n g  i nt e g r ati o n 
pl a n s a n d fi n a n ci al f o r e c asts) a n d I nf o r m ati o n M e m o r a n d a p r e p a r e d b y 
o r f o r t h e m e r g e r p a rti es t h at s p e cifi c all y r el at e t o t h e s al e of t h e t a r g et. 
If  n o  s u c h  I nf o r m ati o n  M e m o r a n d a  e xist,  e x pl ai n  w h at  i nf o r m ati o n  o r 
d o c u m e nt(s)  gi v e n  t o  a n y  of  t h e  m e r g e r  p a rti es  is  m e a nt  t o  s e r v e  t h e 
f u n cti o n of a n I nf o r m ati o n M e m o r a n d u m. 

I n di c at e (if n ot c o nt ai n e d i n t h e d o c u m e nt its elf) t h e d at e of p r e p a r ati o n a n d 
t h e  i d e ntit y  a n d  r ol e  of  t h e  a ut h o r(s)  wit hi n  t h e  m e r g e r  p a rti es  o r  e xt e r n al 
c o n s ult a nts.  

3 6.  F or  Ill u mi n a,  pl e as e  s e e   a n d 
. 

3 7.  F or P a c Bi o, pl e as e s e e . 

1 0.  P r o vi d e  c o pi es  of  d o c u m e nts  (i n cl u di n g,  b ut  n ot  n e c ess a ril y  li mit e d  t o,  r e p o rts, 
p r es e nt ati o n s,  st u di es,  i nt e r n al  a n al ys es,  i n d ust r y/ m a r k et  r e p o rts  o r  a n al ysis, 
i n cl u di n g  c u st o m e r  r e s e a r c h  a n d  p ri ci n g  st u di es)  i n  eit h e r  m e r g e r  p a rti es’ 
p oss essi o n a n d p r e p a r e d o r p u blis h e d i n t h e l ast t w o y e a rs w hi c h:  

( a) h a v e  b e e n  p r e p a r e d  b y  o r  f o r,  o r  r e c ei v e d  b y,  a n y  m e m b e r  of  t h e  b o a r d  of 
di r e ct o rs ( o r e q ui v al e nt b o d y) o r s e ni o r m a n a g e m e nt of eit h e r m e r g e r p a rt y 
( w h et h e r p r e p a r e d i nt e r n all y o r b y e xt e r n al c o n s ult a nts), a n d 

( b) s et  o ut  t h e  c o m p etiti v e  c o n diti o n s,  m a r k et  c o n diti o n s,  m a r k et  s h a r es, 
c o m p etit o rs,  o r  t h e  m e r gi n g  p a rti es’  b u si n ess  pl a n s  i n  r el ati o n  t o  t h e 
p r o d u ct(s) o r s e r vi c e(s) w h e r e t h e m e r g e r p a rti es h a v e a h o ri z o nt al o v e rl a p as 
i d e ntifi e d i n r es p o n s e t o q u esti o n 1 2 b el o w.  

3 8.  F or Ill u mi n a, pl e as e s e e  
 a n d . 
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3 9.  F or P a c Bi o, pl e as e s e e  
. 

P A R T I V – C O M P E T I T I O N A S S E S S M E N T  

C o u nt erf a ct u al 

1 1.  If t h e n otif yi n g p a rti es c o n si d e r t h at t h e C M A s h o ul d ass ess t h e c o m p etiti v e eff e cts 
of  t h e  m e r g e r  a g ai n st  a  c o u nt e rf a ct u al  ot h e r  t h a n  t h e  c u r r e nt  o r  p r e -e xisti n g 
c o m p etiti v e  sit u ati o n, pl e as e  d es c ri b e  t h at  c o u nt e rf a ct u al  a n d  e x pl ai n  w h y  t h e 
n otif yi n g p a rti es c o n si d e r it s h o ul d b e u s e d f o r t h at ass ess m e nt.  

4 0.  T h e N otif yi n g P arti es s u b mit  t h at t h e C M A s h o ul d c o nsi d er P a c Bi o’s hist ori c al a n d 
f or w ar d-l o o ki n g fi n a n ci al cir c u mst a n c es  b ut -f or  t h e m er g er  w h e n  as s essi n g  t h e 
c o m p etiti v e  eff e cts  of  t h e  Tr a ns a cti o n.  A d diti o n all y,  t h e  C M A  s h o ul d  c o nsi d er 
P a c Bi o’s f uls o m e s e ar c h f or a p ot e nti al p art n er pri or t o e nt eri n g i nt o t h e c urr e nt M er g er 
A gr e e m e nt wit h Ill u mi n a.   

  

4 1.   
 
 
 

4 2.   
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4 3.   
 
 
 

4 4.   
 

•   
 
 
 
 

•   
 
 
 
 
 
 
 

 

 
1 2  P a c Bi o 2 0 1 7 A n n u al R e p ort, p. 1 5, a v ail a bl e at: htt p://i n v est or. p a cifi c bi o s ci e n c e s. c o m/ st ati c -fil e s/ 1 c 2 a 7f 8 8-
5f b a -4 e d d -a 5 3 c -6 4 3 c 5 1 1 5 3 5 b 6   

http://investor.pacificbiosciences.com/static-files/1c2a7f88-5fba-4edd-a53c-643c511535b6
http://investor.pacificbiosciences.com/static-files/1c2a7f88-5fba-4edd-a53c-643c511535b6
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•   
 

 

•   

II. P a c B i o’s s e a r c h f o r a p a rt n e r 

4 5.   
 

  

4 6.   
 
 
 
 

4 7.   
 
 
 
 
 
 

  

4 8.   
 
 
 
 
 
 
 
 
 

 

 
1 3  I bi d., p. 9.   
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III.  P a c Bi o’s f ail e d a g r e e m e nt wit h R o c h e 

4 9.   
 
 
 
 
 
 
 
 

 

5 0.  I n  a n  eff ort  t o  d e v el o p  cli ni c al  a p pli c ati o ns  a n d  t h e  c ust o m ers  usi n g  t h e m,  P a c Bi o 
e nt er e d  i nt o  a  “ D e v el o p m e nt,  C o m m er ci alis ati o n  a n d  Li c e ns e  A gr e e m e nt ”   o n 
S e pt e m b er 2 4, 2 0 1 3 wit h R o c h e  (t h e “ R o c h e A gr e e m e nt ”) u n d er w hi c h P a c Bi o w o ul d 
d e v el o p a n d m a n uf a ct ur e c ert ai n pr o d u cts i nt e n d e d f or cli ni c al us e, w hi c h it w o ul d s ell 
e x cl usi v el y t o R o c h e. 1 4  R o c h e i s a l ar g e cli ni c al a n d di a g n osti c i nstr u m e nt a n d s yst e m  
s u p pli er,  wit h  e xt e nsi v e  c o m m er ci alis ati o n  i nfr a str u ct ur e  ( a n d  a  l ar g e  cli ni c al  a n d 
di a g n osti c c ust o m er b as e). T his a gr e e m e nt w as i nt e n d e d t o l e a d t o t h e d e v el o p m e nt of 
c ert ai n  t ar g et e d,  ass a y -s p e cifi c  t ests  a n d  a d diti o n al  s oft w ar e  f or  P a c Bi o’s  S e q u el 
S ys t e m t h at R o c h e c o ul d t h e n s ell t o its i n vitr o di a g n osti c c ust o m ers.  

5 1.  H o w e v er, i n D e c e m b er 2 0 1 6, R o c h e a n n o u n c e d t h at it w as el e cti n g t o t er mi n at e t h e 
R o c h e A gr e e m e nt. 1 5   

 
 
 
 
 

,  R o c h e  a n n o u n c e d 
t h at, f oll o wi n g t er mi n ati o n of t h e R o c h e A gr e e m e nt, it w o ul d “ h a v e gr e at er f o c us o n 

 

 
1 4  D e v el o p m e nt, C o m m er ci ali s ati o n a n d Li c e ns e A gr e e m e nt B et w e e n P a c Bi o a n d F. H off m a n n -L a R o c h e Lt d. 
( S e p.  2 4,  2 0 1 3), htt p s:// w w w. s e c. g o v/ Ar c hi v e s/ e d g ar/ d at a/ 1 2 9 9 1 3 0/ 0 0 0 1 2 9 9 1 3 0 1 3 0 0 0 0 1 1/ p a c b -
2 0 1 3 0 9 3 0 e x 1 0 1 3 8 3 e c a. ht m   
1 5   

 
 
 

 
1 6  Pl e a s e s e e S e cti o n 2 2 b el o w.  

https://www.sec.gov/Archives/edgar/data/1299130/000129913013000011/pacb-20130930ex101383eca.htm
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[it s] i nt er n al d e v el o p m ent eff orts a n d dri v e [its] l o n g -t er m str at e g y, w hi c h is t o b e a 
l e a d er i n cli ni c al di a g n osti c s e q u e n ci n g. ”1 7  

I V.  P a c Bi o’s c o m m e r ci al st r at e g y a n d e x p e ct ati o n s r e g a r di n g its 8 M c hi p  

5 2.  T h e  Tr a ns a cti o n  d o es  n ot  c h a n g e  P a c Bi o’s  c o m m er ci al  str at e g y  or  e x p e ct ati o ns 
r e g ar di n g  t h e  l a u n c h  of  its  S M R T® C ell  8 M  c hi p.  T h e  Tr a ns a cti o n  w o ul d  e x p a n d 
d e m a n d  f or  P a c Bi o’s  t e c h n ol o g y,  c o m p ar e d  t o  t h e  c o u nt erf a ct u al .  As  e x pl ai n e d  i n 
S e cti o n  2 4  b el o w,  t h e  Tr a ns a cti o n  w o ul d  i n cr e as e  a c c ess  t o  P a c Bi o’s  t e c h n ol o g y 
t hr o u g h Ill u mi n a’s l ar g er a n d m or e m at ur e s al es f or c e.  

   
 

 

5 3.  A bs e nt t h e Tr a ns a cti o n, P a c Bi o pl a ns t o i ntr o d u c e t h e n e w S M R T ® C ell 8 M c hi p i n t h e 
s e c o n d q u art er of 2 0 1 9 .  T h er e is a b et a pr o gr a m  i n pr o c ess a n d fi v e c ust o m ers h a v e 
e arl y  a c c ess  t o  t h e  n e w  8 M  t e c h n ol o g y  a n d  ar e  a cti v el y  r u n ni n g  t h eir  S e q u el  II 
S yst e ms. 1 8  T h e  e arl y  a c c e ss  pr o gr a m  is  i nt e n d e d  t o  o pti mis e  t h e  p erf or m a n c e  of  t h e 
S M R T ® C ell  8 M  c hi p  a n d  ot h er  c o m p o n e nts  of  t h e  S e q u el  II  S yst e m  (i n cl u di n g 
c h e mistr y a n d s oft w ar e), t o d e v el o p r ef er e n c e m at eri als, a n d pr e -e m pti v el y a d dr ess a n y 
t e c h n ol o gi c al  iss u es  t h at  m a y  aris e  pri or  t o  m a ki n g  t h e  pr o d u ct  f ull y  a v ail a bl e 
c o m m er ci all y.   

 
  

 
 

 B as e d o n t h e e arl y p erf or m a n c e of t h e S e q u el II S yst e ms at t h es e e arl y a c c ess 
sit es ,  P a c Bi o  e x p e cts  t o  b e gi n  c o m m er ci al  s hi p m e nts  of  S e q u el II  S yst e ms  a n d 
S M R T ® C ell 8 M pr o d u cts i n t h e e arl y p art of t h e s e c o n d q u art er of 2 0 1 9. 2 0  

5 4.    
  

 

 

 
1 7  R o c h e A n n o u n c e s T er mi n ati o n of 2 0 1 3 D e v el o p m e nt, C o m m er ci alis ati o n a n d Li c e n s e A gr e e m e nt wit h P a c Bi o 
( D e c.  1 5,  2 0 1 6), htt p s:// w w w. pr n e ws wir e. c o m/ n e ws -r el e a s es/r o c h e-a n n o u n c e s -t er mi n ati o n-of -2 0 1 3 -
d e v el o p m e nt -c o m m er ci ali z ati o n -a n d -li c e n s e-a gr e e m e nt -wit h -p a cifi c -bi o s ci e n c es -3 0 0 3 7 9 1 5 5. ht ml . 
1 8  P a c Bi o pr e ss r el e as e, ‘ P a cifi c Bi o s ci e n c es A n n o u n c e s F o urt h Q u art er a n d A n n u al 2 0 1 8 Fi n a n ci al R es ults’, 1 1 
F e br u ar y  2 0 1 9.  Pr ess  r el e as e  a v ail a bl e  at: htt p:/ /i n v est or. p a cifi c bi o s ci e n c e s. c o m/ n e ws-r el e as es/ n e ws-r el e as e-
d et ails/ p a cifi c -bi o s ci e n c es -a n n o u n c es -f o urt h-q u art er -a n d -a n n u al -2 0 1 8 .  

 
 
 

 
1 9   
2 0  P a c Bi o pr e ss r el e as e, ‘ P a cifi c Bi o s ci e n c es A n n o u n c e s F o urt h Q u art er a n d A n n u al 2 0 1 8 Fi n a n ci al R es ults’, 1 1 
F e br u ar y 2 0 1 9. As at A pril 1 2, 2 0 1 9 , t h e c urr e nt t ar g et d at e f or c o m m er ci al l a u n c h i s A pril 2 4, 2 0 1 9. 
2 1  

 

https://www.prnewswire.com/news-releases/roche-announces-termination-of-2013-development-commercialization-and-license-agreement-with-pacific-biosciences-300379155.html
https://www.prnewswire.com/news-releases/roche-announces-termination-of-2013-development-commercialization-and-license-agreement-with-pacific-biosciences-300379155.html
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5 5.  T h e  S M R T ® C ell 8 M c hi p i n cr e as es t h e m a xi m u m n u m b er of  p ot e nti al o bs er v ati o ns 
t hr o u g h its Z M W s ( z er o-m o d e w a v e g ui d es — t h e w ells o n t h e S M R T c hi p w h er e D N A 
m ol e c ul es ar e a n al ys e d)  t o 8 milli o n, fr o m 1 milli o n o n t h e pr e vi o us c hi p.   

  
 

  
 

  
 

M a r k et d efi niti o n  

1 2.  D es c ri b e  t h e  p r o d u ct(s)  o r  s e r vi c e(s)  a n d  g e o g r a p hi c  a r e a(s)  w h e r e  t h e  m e r g e r 
p a rti es  o v e rl a p,  w h e r e  t h e y  h a v e  a  v e rti c al  r el ati o n s hi p,  o r  w h e r e  t h e y  s u p pl y 
r el at e d p r o d u cts/s e r vi c es.  

I. S e q u e n ci n g  

5 6.  D N A  a n d R N A ar e c o m p os e d of f o ur n u cl e oti d es t h at ar e li n k e d t o g et h er i n str a n ds t h at 
c a n r e a c h l e n gt hs i nt o t h e milli o ns of n u cl e oti d es. D N A is c o m p os e d of a d e ni n e ( A), 
c yt osi n e ( C), g u a ni n e ( G) a n d t h y mi n e ( T); i n R N A t h y mi n e is r e pl a c e d b y ur a cil ( U). 
S e q u e n ci n g is t h e pr o c ess of d et er mi ni n g t h e or d er of n u cl e oti d es i n a str a n d of D N A 
or R N A. B e c a us e i n D N A A “ p airs ” wit h T, a n d C wit h G, t o cr e at e a d o u bl e- str a n d e d 
m ol e c ul e, d et er mi ni n g t h e s e q u e n c e of o n e str a n d is s uffi ci e nt t o k n o w t h e s e q u e n c e of 
t h e ot h er c o m pl e m e nt ar y str a n d. A str a n d of D N A wit h its m a n y n u cl e oti d es c o nt ai ns 
a  c o d e  t h at  di ct at es  h o w  pr ot ei ns  ar e  m a d e,  a n d  pr ot ei ns  c o ntr ol  virt u all y  all  li vi n g 
f u n cti o ns. R N A s er v es a s a n i nt er m e di at e m ol e c ul e i n v ol v e d i n t h e tr a nsl ati o n of t h e 
D N A c o d e t o pr ot ei ns. A g e n o m e, t h e c oll e cti o n of D N A f or a n or g a nis m, c o nt ai ns t h e 
e ntir e s et of i nstr u cti o ns f or t h at or g a nis m. S e q u e n ci n g D N A t h er ef or e u n d erli es o ur 
st u di es of all or g a nis ms, a n d i nf or ms o ur k n o wl e d g e s p a n ni n g b asi c bi ol o g y t o c o m pl e x 
h u m a n di s e as es s u c h as c a n c er.  

 

 
2 2   

 
2 3  S e e .  

  
 

2 4  
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Fi g ur e 3 : D N A s e q u e n ci n g  

 

 

5 7.  G e n o mi cs  is a n i nt er dis ci pli n ar y fi el d f o c us e d o n t h e st u d y of a n or g a nis m’s g e n o m e 
a n d u n d erst a n di n g t h e str u ct ur e, f u n cti o n a n d e v ol uti o n of g e n o m es .2 5  T h e i ntr o d u cti o n 
of N e xt -G e n er ati o n S e q u e n ci n g ( “ N G S ” ) h as m a d e t h e st u d y of g e n o m es e asi er, m or e 
a c c ur at e, si g nifi c a ntl y l es s c ostl y a n d m u c h f ast er.  

5 8.  D N A  s e q u e n ci n g  e n a bl e s  t h e  st u d y  of  t h e  g e n o m es  of  n u m er o us  s p e ci e s,  i n cl u di n g 
h u m a ns, a ni m als, pl a nts a n d mi cr o b es. D N A s e q u e n ci n g is f o u n d ati o n al a n d us ef ul f or 
virt u all y  all  t y p es  of  bi ol o gi c al  r es e ar c h,  i n  cli ni c al  s etti n gs  a n d  i n  v ari o us  a p pli e d 
fi el ds, i n cl u di n g: 

•  B asi c  r es e a r c h : is br o a dl y d efi n e d t o i n cl u d e a cti viti es of  s ci e ntists w h o us e 
D N A s e q u e n ci n g t o f urt h er s ci e ntifi c dis c o v er y ( e. g. , o n c ol o gy r es e ar c h). S u c h 
r es e ar c h  t a k es  pl a c e  at,  a m o n g  ot h er  pl a c es,  u ni v ersiti es,  r es e ar c h  i nstit ut es, 
g o v er n m e nt i nstit uti o ns, a n d bi ot e c h n ol o g y a n d p h ar m a c e uti c al c o m p a ni es. F or 
e x a m pl e, i n 2 0 0 5, H ar v ar d U ni v ersit y st art e d t h e “ P ers o n al G e n o m e Pr oj e ct ” as 
a  pil ot  pr o gr a m.  B asi c  r es e ar c h  e n a bl es  s ci e ntists  t o  c o n n e ct  h u m a n  g e n eti c 
i nf or m ati o n  (e. g. , h u m a n  D N A  s e q u e n c e,  g e n e  e x pr essi o n,  R N A,  et c .)  wit h 
h u m a n  tr ait  i nf or m ati o n  ( e. g. , dis e as e  st at e  a n d  pr e dis p ositi o n,  m e di c al 
i nf or m ati o n, p h ysi c al tr aits, et c .) a n d e n vir o n m e nt al i nf or m ati o n. 2 6   

•  T r a n sl ati o n al  r es e a r c h :  b uil ds  o n  b asi c  r es e ar c h  t o  cr e at e  n e w  t h er a pi es, 
m e di c al  pr o c e d ur es  or  di a g n osti cs.  Oft e n  d e s cri b e d  as  t h e  pr a cti c e  of 
tr a nsf erri n g  s ci e ntifi c  k n o wl e d g e  “fr o m  b e n c h  t o  b e dsi d e ”,  tr a nsl ati o n al 
r es e arc h  “tr a nsl at es ”  s ci e ntifi c  dis c o v eri es  i nt o  n e w  cli ni c al  t o ols  a n d 
a p pli c ati o ns t h at c a n i m pr o v e h u m a n h e alt h .2 7  K n o wl e d g e g ai n e d fr o m D N A 

 

 
2 5  htt p s:// w w w. g e n o m e. g o v/ 1 9 0 1 6 9 0 4/  
2 6  htt p s:// p g p. m e d. h ar v ar d. e d u/ a b o ut  
2 7  htt p s:// w w w. e u p ati. e u/ n o n -cli ni c al -st u di es/tr a nsl ati o n al -m e di ci n e/  

https://www.genome.gov/19016904/
https://pgp.med.harvard.edu/about
https://www.eupati.eu/non-clinical-studies/translational-medicine/


 

C as e M E/ 6 7 9 5/ 1 8 

C O N FI D E N TI A L  - C O N T AI N S B U SI N E S S S E C R E T S  

1 7 A pril 2 0 1 9 

 

1 9 
 

s e q u e n ci n g h as b e e n us e d b y r es e ar c h ers t o cr e at e n e w t h er a pi es a n d tr e at m e nts 
b as e d o n g e n eti c v ari ati o n. F or e x a m pl e : 

o  R es e ar c h ers h a v e f o u n d t h at g e n e e x pr essi o n pr ofili n g of br e ast t u m ors 
c a n i d e ntif y  w o m e n  at l o w ris k of r e c urr e n c e,  w h o mi g ht s af el y  a v oi d 
p ost-s ur gi c al c h e m ot h er a p y; 2 8  

o  T h er e  ar e  o n g oi n g  eff orts  t o  i d e ntif y  v ari a nts  li n k e d  t o  c ert ai n 
M e n d eli a n 2 9  di s or d ers, s u c h as h e m o p hili a or si c kl e c ell a n e mi a.3 0  T h es e 
i niti ati v es  pr o vi d e  g e n eti c all y  i nf or m e d  pr e di cti o ns  of  dis e as e  ris k  a n d 
m e di c ati o n  s af et y  a n d  effi c a c y,  e n a bli n g  p ers o n alis e d  d e cisi o ns  f or 
dis e as e pr e v e nti o n; 3 1  

o  D et er mi ni n g  fr o m  a  bl o o d  s a m pl e  w h et h er  a  p ati e nt  h as  c a n c er  b ef or e 
s y m pt o ms o c c ur is b ei n g p urs u e d b y c o m p a ni es s u c h as Gr ail. T h e i d e a 
is t o d et e ct c a n c er e arl y s o t h at t h e pr o b a bilit y of c ur e is hi g h er. 

•  Cli ni c al a n d di a g n osti c a p pli c ati o n s : us e D N A s e q u e n ci n g t o e v al u at e ris ks, 
di a g n os e  ill n ess a n d  d esi g n  tr e at m e nts  f or  p ati e nts.  F or  e x a m pl e,  D N A 
s e q u e n ci n g e n a bl es h e alt h c ar e pr of essi o n als t o p erf or m n o n -i n v asi v e pr e n at al 
t esti n g  ( NI P T)  w hi c h  i d e ntifi es  c hr o m os o m al  a b n or m aliti es  i n  a  f et us.  NI P T 
a n al ys es  f et al  D N A  fr o m  a  m at er n al  bl o o d  s a m pl e  t o  d et e ct  c o m m o n 
c hr o m os o m al a b n or m aliti es s u c h as tris o m y 2 1 ( i. e., D o w n s y n dr o m e), tris o m y 
1 8 ( i. e., E d w ar ds s y n dr o m e) a n d tris o m y 1 3 (i. e., P at a u s y n dr o m e).3 2 , 3 3  

It  i s  i m p ort a nt  t o  a p pr e ci at e  t h at  s e q u e n ci n g  c urr e ntl y  a c c o u nts  f or  a  s m all 
p orti o n of cli ni c al a n d di a g n osti c t esti n g. Cli ni c al l a b or at ori es b u y a br o a d r a n g e 
of  i nstr u m e nts  t h at  ar e  us e d  f or  ot h er  t y p es  of  t esti n g,  i n cl u di n g i n  vitr o 
i n c u b at ors, m ass s pe ctr o m etr y,  r e al -ti m e p ol y m er as e  c h ai n  r e a cti o n ( “P C R ”) , 
di git al P C R, a n d e n d p oi nt P C R i nstr u m e nts. 3 4  T h e s e i nstr u m e nts ar e us e d  t o 
r u n b ot h r e g ul at e d ( C E-I V D) a n d l a b or at or y- d e v el o p e d t ests ( L D T). 

S e q u e n ci n g  is  a  r el ati v el y  n e w  t e c h n ol o g y  a n d  is  at  t h e e arl y  st a g es  of  t h e 
a d o pti o n c y cl e f or cli ni c al a p pli c ati o ns. A d diti o n all y, w hil e s e q u e n ci n g h as t h e 
p ot e nti al  t o  a d dr ess  cli ni c al  a p pli c ati o ns  t h at  r e q uir e  br o a d  s ur v e ys  of  g e n es, 
g e n o m es,  e pi g e n o m es,  or  tr a ns cri pt o m es,  m a n y  cli ni c al  a p pli c ati o ns  d o  n ot 
re q uir e g e n e, g e n o m e, e pi g e n o m e or tr a ns cri pt o m e i nf or m ati o n. F or e x a m pl e, 
cli ni c al  ass a ys  c e ntri n g  ar o u n d  d et e cti o n  a n d  q u a ntifi c ati o n  of  p e pti d es, 

 

 
2 8  W yli e  B ur k e  a n d  Di a n e  M.  K or n gi e b el,  “ Cl o si n g  t h e  G a p  b et w e e n  K n o wl e d g e  a n d  Cli ni c al  A p pli c at i o n: 
C h all e n g es f o r G e n o mi c Tr a n sl ati o n ”, F e br u ar y 2 0 1 5, a v ail a bl e at htt p s:// d oi. or g/ 1 0. 1 3 7 1/j o ur n al. p g e n. 1 0 0 4 9 7 8  
2 9  M e n d eli a n i n h erit a n c e is t h e m a n n er b y w hi c h g e n es a n d tr aits ar e p ass e d fr o m p ar e nts t o t h eir c hil dr e n. T h e 
m o d e s of M e n d eli a n i n h erit a n c e ar e a ut o s o m al d o mi n a nt, a ut o s o m al r e c essi v e, X -li n k e d d o mi n a nt, a n d X-li n k e d 
r e c essi v e. Al s o k n o w n as cl a s si c al or si m pl e g e n eti cs.  
3 0  htt p s:// b yj us. c o m/ bi ol o g y/ m e n d eli a n -dis or d er s/  
3 1  J o el B. Kri er, S ar a h S. K ali a a n d R o b ert C. Gr e e n, “ G e n o mi c s e q u e n ci n g i n cli ni c al p r a cti c e: a p pli c ati o n s, 
c h all e n g es, a n d o p p o rt u niti es ”, a v ail a bl e at htt p s:// w w w. n c bi. nl m. ni h. g o v/ p m c/ arti cl e s/ P M C 5 0 6 7 1 4 7/ . 
3 2  htt p s:// w w w.ill u mi n a. c o m/ cli ni c al/r e pr o d u cti v e -g e n eti c -h e alt h/ ni pt. ht ml  
3 3  Pl e a s e s e e b el o w f or m or e d et ail o n NI P T.  
3 4  Pl e a s e s e e S e cti o n 1 3 b el o w f or a dis c ussi o n of P C R, q P C R, a n d di git al P C R.  

https://doi.org/10.1371/journal.pgen.1004978
https://byjus.com/biology/mendelian-disorders/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5067147/
https://www.illumina.com/clinical/reproductive-genetic-health/nipt.html
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pr ot ei ns,  a n d  s m all  m ol e c ul es  pri m aril y  us e  m ass  s p e ctr o m et ers  ( e. g. , 
t o xi c ol o g y s cr e e ni n g). Cli ni c al ass a ys t h at s ur v e y si n gl e p oi nt c h a n g es i n t h e 
g e n o m e  will  oft e n  us e  P C R,  a n d  t h os e  t h at  i nt err o g at e  c h a n g es  i n  g e n e 
e x pr essi o n of a s m all n u m b er of t ar g ets (t y pi c all y r a n gi n g fr o m 1 t o 2 0 g e n es) 
will  us e  q u a ntit ati v e  P C R  ( “ q P C R ”)  m et h o ds  ( e. g. ,  HI V  vir al  l o a d). W hil e 
Ill u mi n a  o nl y  s u p pli es  s e q u e n ci n g  ( a n d  mi cr o arr a y)  s yst e ms  t o  cli ni c al 
c ust o m ers, a n u m b er of Ill u mi n a’s c o m p etit ors (i n cl u di n g Qi a g e n a n d T h er m o 
Fis h er) off er a br o a d r a n g e of cli ni c al s yst e ms a n d s ol uti o ns. As a r es ult, t h es e 
c o m p etit ors h a v e br o a d a n d d e e p r el ati o ns hi ps wit h t h es e c ust o m ers.   

A d es cri pti o n of n o n- s e q u e n ci n g m et h o ds of as c ert ai ni n g g e n eti c i nf or m ati o n 
d e pl o y e d i n cli ni c al a n d di a g n osti c a p pli c ati o ns is pr o vi d e d i n  . 

•  A g ri g e n o mi cs : us e D N A s e q u e n ci n g t o e x pl or e t h e g e n eti c an d bi ol o gi c al b asis 
f or pr o d u cti vit y a n d  dis e as e  r esist a n c e  i n  cr o ps  a n d  li v est o c k.  T his  e n a bl es 
f ar m ers  a n d  br e e d ers  t o  t ail or  c ulti v ati o n  a n d  br e e di n g  d e cisi o ns,  pr o d u ci n g 
h e alt hi er a n d hi g h er- yi el di n g cr o ps a n d li v est o c k. 

•  P h a r m a c e uti c al c o m p a ni es : us e DN A  s e q u e n ci n g t o d e v el o p n e w t h er a p e uti cs 
a n d  d e v el o p  ass a ys  t o  a ct  as  c o m p a ni o n  t esti n g  ( c o m p a ni o n  di a g n osti cs)  f or 
c ert ai n  t h er a p e uti cs.  F or  i nst a n c e , m a n y  t h er a p e uti cs  o nl y  w or k,  or  w or k 
o pti m all y, o n p ati e nts h a vi n g a c ert ai n g e n eti c m a k e u p. P h ar m a c o m p a ni es us e 
or d e v el o p s e q u e n ci n g -b a s e d ass a ys as “ c o m p a ni o ns ” f or c ert ai n t h er a p e uti cs t o 
d et er mi n e or e n h a n c e b ef or e tr e at m e nt t h er a p e uti c effi c a c y or a p pli c a bilit y f or 
a p arti c ul ar p ati e nt. P h ar m a c e uti c al c o m p a ni es, s u c h as Astr a Z e n e c a a n d G S K, 
us e p h ar m a c o g e n o mi cs t o a n al ys e h o w p ati e nts’ D N A i nfl u e n c es t h eir r es p o ns e 
t o n e w dr u gs. T h e y als o c o n d u ct s ci e ntifi c r es e ar c h t h at is us e d t o i m pr o v e dr u g 
d e v e l o p m e nt at a l at er st a g e. 

•  C o n s u m e r  g e n o mi cs :  us e  D N A  s e q u e n ci n g  t o  pr o vi d e  p ers o n alis e d  g e n eti c 
d at a a n d a n al ysis r e g ar di n g dis e as e pr e dis p ositi o n a n d pl a n ni n g ar o u n d h e alt h, 
w ell n ess, n utriti o n a n d fit n ess f or i n di vi d u al  c o n s u m ers. T his  is  a n  e m er gi n g 
a n d  r a pi dl y  gr o wi n g  ar e a,  b ei n g  f e d  b y  i n cr e asi n g  d e m a n d  a n d  i nt er est  fr o m 
c o ns u m ers.  F or  e x a m pl e,  i n  t h e  U K,  aft er  t h e  c o m pl eti o n  of  t h e “ 1 0 0, 0 0 0 
G e n o m es Pr oj e ct ” , t h e N H S a n d G e n o mi cs E n gl a n d ar e n o w pl a n ni n g t o e x p a n d 
t h e  pr oj e ct  t o  h e alt h y  c o ns u mers. 3 5  V ol u nt e ers  will  b e  a bl e  t o  p a y  f or  a 
p ers o n alis e d r e p ort o n t h eir u ni q u e g e n eti c m a k e u p. S u bj e ct t o t h e v ol u nt e ers’ 
p er missi o n,  t h e  g e n eti c  d at a  will  als o  b e  m a d e  a v ail a bl e  t o  r es e ar c h ers  a n d 
s ci e ntists f or g e n o mi c r es e ar c h. 3 6  

I I.  G e n eti c v a ri ati o n  

 

 
3 5  Pl e a s e s e e S e cti o n 1 5 f or m or e i nf or m ati o n o n G e n o mi cs E n gl a n d a n d t h e 1 0 0, 0 0 0 G e n o m es Pr oj e ct.  
3 6  T h e pr o p o s al t o r e cr uit ‘ g e n o mi c  v ol u nt e er s’  w h o  w o ul d  p a y f or a p er s o n alis e d r e p ort  w a s p art of  t h e Lif e 
S ci e n c e s S e ct or D e al 2, a n n o u n c e d i n l at e 2 0 1 8, a v ail a bl e at htt p s:// w w w. g o v. u k/ g o v er n m e nt/ p u bli c ati o ns/lif e -
s ci e n c e s -s e ct or -d e al/lif e -s ci e n c es -s e ct or -d e al - 2-2 0 1 8 ). 

https://www.gov.uk/government/publications/life-sciences-sector-deal/life-sciences-sector-deal-2-2018
https://www.gov.uk/government/publications/life-sciences-sector-deal/life-sciences-sector-deal-2-2018
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5 9.  V ari ati o ns  b et w e e n  or g a nis ms  ar e  d u e,  i n  l ar g e  p art,  t o  diff er e n c es  i n  t h eir  D N A 
s e q u e n c es. H u m a ns diff er b y a p pr o xi m at el y 0. 5 % of t h eir g e n o m e s e q u e n c e, a n d t his 
r el ati v el y s m all a m o u nt of v ari ati o n m a k es i n di vi d u als u ni q u e. 3 7  

6 0.  G e n eti c v ari ati o n a c c o u nts f or m a n y of t h e p h ysi c al diff er e n c es w e s e e ( e. g. , h ei g ht, 
h air, e y e c ol o ur ). Ot h er t h a n aff e cti n g o ur a p p e ar a n c e, g e n eti c v ari ati o n c a n als o h a v e 
m e di c al  c o ns e q u e n c es  aff e cti n g  dis e as e  s us c e pti bilit y,  i n cl u di n g  pr e dis p ositi o n  t o 
c o m pl e x  g e n eti c  dis e as es  s u c h  as  c a n c er,  di a b et es,  c ar di o v as c ul ar  dis e as e,  a n d 
Al z h ei m er. I n a d diti o n, g e n eti c v ari ati o n c a n aff e ct i n di vi d u als’ r es p o ns e t o c ert ai n dr u g 
tr e at m e nts,  c a usi n g  t h e m  t o  r es p o n d  m or e  or  l ess  w ell,  a n d  e x p eri e n c e  a d v ers e  si d e 
eff e cts t o v ar yi n g d e gr e e s. 3 8  

6 1.  I d e ntif yi n g  v ari ati o ns  i n  a n  i n di vi d u al’s  g e n o m e  r e q uir es  c o m p aris o n  of  t h e  D N A 
s e q u e n c e  of  t h at  i n di vi d u al  a g ai nst  a  r ef er e n c e  g e n o m e  usi n g  t h e  pr o c ess  of 
ali g n m e nt .3 9  A  r ef er e n c e  g e n o m e  is  a  D N A  s e q u e n c e  t h at  pr o vi d es  a n  a p pr o pri at e 
r e pr es e nt ati o n of t h e str u ct ur e a n d s har e d g e n o m e s e q u e n c e f or a p arti c ul ar s p e ci es or 
p o p ul ati o n, s u c h t h at v ari a nts a m o n gst i n di vi d u als wit hi n s u c h s p e ci es or p o p ul ati o ns 
c a n b e i d e ntifi e d. A r ef er e n c e g e n o m e is g e n er all y c o nsi d er e d t o b e a v er y hi g h q u alit y 
g e n o m e t h at is ass e m bl e d usi n g m ulti pl e c o m pl e m e nt ar y t e c h n ol o gi es, i n cl u di n g s h ort 
r e a ds, n ati v e l o n g r e a ds, a n d i n s o m e c as es t hir d-p art y, n o n -s e q u e n ci n g t e c h n ol o gi es 
s u c h  as  g e n o m e  m a p pi n g. 4 0  T h e  diff er e nt  c o m pl e m e nt ar y  t e c h n ol o gi es  ar e  r e q uir e d 
b e c a us e e a c h h as str e n gt hs f or diff er e nt as p e cts  of t h e ass e m bl y. S h ort r e a d  s yst e ms  
pr o vi d e e c o n o mi c al a n d a c c ur at e l o c al ass e m bli es at hi g h d e pt h. T h es e l o c al ass e m bli es 
h a v e e n d p oi nts ar o u n d r e gi o ns of t h e g e n o m e t h at ar e diffi c ult f or s h ort r e a d  s yst e ms  
(e. g. , r e p e ats). N ati v e l o n g r e a d s yst ems  bri d g e g a ps b et w e e n r e gi o ns of t h e g e n o m e 
t h at  s h ort  r e a ds  d o  n ot  eff e cti v el y  c o v er  (e. g. ,  r e p e ats).  L o n g-r a n g e  m a p pi n g  r e a ds 
off er e d b y t hir d -p arti es c a n pr o vi d e str u ct ur al i nf or m ati o n f or v ari ati o ns t h at ar e t o o 
l ar g e f or n ati v e l o n g r e a d s yst e ms  i n c o m pl e x g e n o m es, f or e x a m pl e o v er milli o ns of 
b as e  p airs.  E v e n  aft er  s u bst a nti al  eff ort,  r ef er e n c e  g e n o m es  m a y  still  c o nt ai n  s o m e 
p o orl y d efi n e d r e gi o ns, s u c h as t h e l ar g e c e ntr es  a n d e n ds of c hr o m os o m es t h at c o nt ai n 
m a n y r e p e at r e gi o ns t h at m a y pr o v e diffi c ult f or b ot h s h ort r e a d a n d n ati v e l o n g r e a d 
t e c h n ol o gi es. As dis c uss e d b el o w, s h ort r e a d a n d n ati v e l o n g r e a d t e c h n ol o gi es h a v e 

 

 
3 7  htt p:// w w w. a n n u alr e p orts. c o m/ Cli c k/ 2 4 4 1 4 , p. 4 
3 8  I bi d. 
3 9  Ali g n m e nt i s t h e pr o c ess of d et er mi ni n g w h er e a s e q u e n ci n g r e a d fr o m a s a m pl e m a p s (i. e., ali g n s) wit h r es p e ct 
t o a r ef er e n c e (e. g. , a r ef er e n c e g e n o m e, s e e b el o w). S e q u e n ci n g r e a d s m a y ali g n p erf e ctl y wit h t h e r ef er e n c e, i n 
w hi c h c as e t h er e ar e n o i d e ntifi e d v ari a nt s. O n t h e ot h er h a n d, ali g n m e nts m a y r e v e al diff er e n c es b et w e e n t h e 
ali g n e d  s e q u e n c e  a n d  t h e  r ef er e n c e,  t h us  i n di c ati n g  v ari ati o n.  I n  s o m e  c as es,  ali g n m e nt  is  n ot  p o ssi bl e,  f or 
i nst a n c e, b e c a us e t h er e is n ot e n o u g h i nf or m ati o n (e. g. , a r e p e at-ri c h r e gi o n), or t h e r ef er e n c e s e q u e n c e it s elf d o es 
n ot c o nt ai n t h e s a m pl e s e q u e n c e.  
4 0  A g e n o m e m a p is l e ss d et ail e d t h a n a g e n o m e s e q u e n c e. A s e q u e n c e s p ells o ut t h e or d er of e v er y D N A b a s e i n 
t h e g e n o m e, w hil e a m a p si m pl y i d e ntifi e s a seri es of l a n d m ar k s i n t h e g e n o m e. M a p pi n g a n d s e q u e n ci n g ar e 
t y pi c all y c o m pl et el y s e p ar at e pr o c ess es. F or e x a m pl e, it is p o ssi bl e t o d et er mi n e t h e l o c ati o n of a g e n e— t o " m a p " 
t h e  g e n e— wit h o ut  s e q u e n ci n g  it.  T h us,  a  m a p  m a y  t ell  y o u  n ot hi n g  a b o ut  t h e  s e q u e n c e of t h e g e n o m e, a n d a 
s e q u e n c e m a y t ell y o u n ot hi n g a b o ut t h e m a p.  

http://www.annualreports.com/Click/24414
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diff er e nt  str e n gt hs  a n d,  w h e n  err ors  o c c ur,  err or pr ofil es 4 1   su c h  t h at  t h e  us e  of 
c o m pl e m e nt ar y  a p pr o a c h es  c a n  b e  us e d  t o  b est  pr o d u c e  a  hi g hl y  a c c ur at e  r ef er e n c e 
g e n o m e.  T h es e  diff eri n g  str e n gt hs  a n d  err or  pr ofil es  ar e  e x p e ct e d  t o  r e m ai n  f or  t h e 
f or es e e a bl e f ut ur e.  

6 2.  D u e  t o  g e n eti c  v ari ati o n  b et w e e n  p o p ul ati o ns  of  a  s p e ci es,  f or  e x a m pl e  h u m a ns, 
p o p ul ati o n- s p e cifi c r ef er e n c e g e n o m es m a y b e a p pr o pri at e. T his m a y b e t h e c as e w h e n 
s a m pl es  i n cl u d e  s e q u e n c es  n ot  r e pr es e nt e d  i n  t h e  r ef er e n c e  g e n o m e  ( e. g. ,  l ar g e 
i ns erti o ns or ot h er S Vs), or b e c a us e a r ef er e n c e g e n o m e d o es n ot a d e q u at el y r e pr es e nt 
p o p ul ati o n- s p e cifi c h a pl ot y p e v ari ati o n. 

6 3.  T h e pr o c ess of cr e ati n g a n e w r ef er e n c e g e n o m e i s still a n a cti v e ar e a of r e s e ar c h a n d 
d e v el o p m e nt. W h et h er or n ot t h er e is a cl os el y -r el at e d r ef er e n c e g e n o m e i n e xist e n c e, 
b ot h  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d  s e q u e n ci n g  c a n  b e  us e d  t o  a p pr o pri at el y 
c h ar a ct eri z e n o v el r e gi o n s, l e v er a gi n g t h e str e n gt hs of e a c h t e c h n ol o g y, r es p e cti v el y.  

2 2 
 

6 4.  V ar i ati o ns i n  t h e  D N A  s e q u e n c e  c a n  r es ult  fr o m S N Vs,  i ns erti o n s,  d el eti o ns, 
i n v ersi o ns,  tr a nsl o c ati o n s,  or  d u pli c ati o ns  of  n u cl e oti d es  o v er  t h e  D N A  str a n d,  f or 
e x a m pl e .  T h es e  c h a n g es  i n  t h e  g e n eti c  c o d e  m a y  c a us e  c ert ai n  g e n es  t o  b e c o m e 
o v er e x pr ess e d  ( i. e., pr o d u ci n g  e x c essi v e  a m o u nts  of  pr ot ei ns),  u n d er e x pr ess e d  ( i. e., 
pr o d u ci n g r e d u c e d a m o u nts of pr ot ei ns), or sil e n c e d alt o g et h er . V ari ati o n c a n als o alt er 
t h e f u n cti o n of pr ot ei ns. Si n c e c ells d e p e n d o n t h e pr o d u cti o n of pr ot ei n s t o o p er at e 
n or m all y, s u c h c h a n g es m a y tri g g er s u bst a nti al c h a n g es i n t h eir f u n cti o n. 

6 5.  T h er e  ar e n u m er o us cl ass es of v ari ati o n i n a g e n o m e, e a c h wit h a s p e cifi c c h ar a ct eristi c. 
A m o n g t h e m ar e t h e f oll o wi n g: 

•  Si n gl e  n u cl e oti d e  p ol y m o r p his m  v a ri a nt  ( S N V) :  a  c h a n g e  i n  a  si n gl e 
n u cl e oti d e t h at o c c urs wit hi n a D N A s e q u e n c e. S N Vs c a n b e f o u n d i n r e gi o ns 
of t h e D N A t h at c o d e f or pr ot ei ns  ( i. e., i n t h e p arts of o ur  g e n es t h at di ct at e 
pr o d u cti o n of pr ot ei ns, als o k n o w n as  e x o ns) as w ell as i n n o n -c o di n g r e gi o ns 
of o ur D N A. S N Vs t h at d o n ot c h a n g e t h e c o m p o siti o n of t h e r es ulti n g pr ot ei n 
a r e still f u n cti o n all y i m p orta nt; 4 2  

•  I n s e rti o n – d el eti o n v a ri a nts (i n d els) : a n u m b er of b as e p airs ar e i ns ert e d or 
d el et e d fr o m t h e D N A s e q u e n c e. W h e n i ns erti o n - d el eti o n v ari ati o n  o c c urs i n 
c o di n g  r e gi o ns  of  t h e  g e n o m e,  it  m a y  pr o d u c e  m ut ati o ns  t h at  ar e  li n k e d  t o 
v ari o us p at h ol o gi c al c o n diti o ns; 

 

 
4 1  S h ort r e a d a n d n ati v e l o n g r e a d t e c h n ol o gi es h a v e diff er e nt b ut l ar g el y c o m pl e m e nt ar y err or pr ofil es i n t h e d at a 
t h at c a n n ot b e o v er c o m e wit h c o ns e n s us s e q u e n ci n g. B e c a us e t h es e c o m pl e m e nt ar y err or pr ofil es ar e e x p e ct e d t o 
r e m ai n f or t h e f or es e e a bl e f ut ur e, us er s ar e e x p e ct e d t o c o nti n u e t o c o m bi n e r e a d s fr o m diff er e nt t e c h n ol o gi es f or 
a m or e a c c ur at e fi n al r es ult, f or e x a m pl e c o m bi ni n g n ati v e l o n g r e a d a n d s h ort r e a d s e q u e n ci n g.  
4 2   
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•  Bl o c k s u b stit uti o n : a s eri es of b as e p airs i n pr o xi mit y t o t h e r ef er e n c e g e n o m e 
t h at ar e r e pl a c e d wit h a diff er e nt s eri es of b as e p airs.4 3  Bl o c k s u bstit uti o ns ar e, 
f or i nst a n c e, ass o ciat e d wit h l u n g a n d s ki n c a n c ers; 4 4   

•  D u pli c ati o n s:  a  s eri es  of  b as e  p airs  is  d u pli c at e d.  D u pli c ati o ns  h a v e  b e e n 
ass o ci at e d wit h, f or i nst a n c e, D u c h e n n e M us c ul ar D ystr o p h y;  

•  T r a n sl o c ati o n s:  o c c ur at  a c hr o m os o m al l e v el a n d t h es e r e -arr a n g e m e nts c a n 
l e a d  t o  c hr o m os o m e-l e n gt h  c h a n g es  i n  t h e  g e n o m e.  Tr a nsl o c ati o ns  ar e 
ass o ci at e d, f or i nst a n c e, wit h t h e X X M al e s y n dr o m e a n d c a n c er; 

•  I n v e rsi o n v a ri a nt : i nst e a d of f oll o wi n g t h e s e q u e n c e of t h e r ef er e n c e g e n o m e, 
a bl o c k of c o m pl e m e nt ar y n u cl e oti d es o c c urs i n r e v ers e or d er. V ari ati o ns i n t h e 
t y p e  of  i n v ersi o ns  m a y  aff e ct  eit h er  a  s m all  or  a  l ar g e  n u m b er  of  b as e  p airs. 
H e m o p hili a  A  a n d  i nf ertilit y,  f or  i nst a n c e,  ar e  ass o ci at e d  wit h  i n v ersi o n 
v ari a nts;  

•  C o p y n u m b e r v a ri a nt ( C N Vs) : o c c ur w h e n t h er e ar e f e w er or m or e c o pi es of 
c ert ai n  g e n es,  s e g m e nts  of  a  g e n e,  or  str et c h es  of  D N A  ( c o m p ar e d  t o  t h e 
r ef er e n c e  g e n o m e). A  n u m b er  of  n e ur o d e v el o p m e nt al  dis or d ers  h a v e  b e e n 
i d e ntifi e d as r es ulti n g fr o m C N Vs, i n cl u di n g m e nt al r et ar d ati o n; 4 5  

•  T a n d e m r e p e ats : c o pi es of D N A s e q u e n c es t h at li e a dj a c e nt t o e a c h ot h er i n 
t h e s a m e ori e nt ati o n ( dir e ct t a n d e m r e p e ats) or i n t h e o p p osit e dir e cti o n t o e a c h 
ot h er (i n v ert e d t a n d e m r e p e ats). 4 6  T h e y c a n b e s m all ( i. e., u p t o 6 b p ) or l ar g er 
(i. e., u p t o 1 0, 0 0 0 b p ), a n d ar e ass o ci at e d wit h v ari o us n e ur ol o gi c al dis or d ers, 
i n cl u di n g H u nti n gt o n Dis e as e, At a xi as a nd A m y otr o p hi c L at er al S cl er osis;  

•  St r u ct u r al  v a ri a nt  ( S V) :  a  v ari ati o n  i n  t h e  str u ct ur e  of  a n  or g a nis m’s 
c hr o m os o m e.  S h ort er  v ari a nts  ( e. g. , S N Vs  a n d  i n d els  i n v ol vi n g  1 -5 0  b p)  ar e 
c o nsi d er e d  t o  b e  s m all  v ari a nts.  I ns erti o ns,  d el eti o ns,  d u pli c ati o ns,  bl o c k 
s u bstit uti o ns, C N Vs, i n v ersi o ns or  tr a nsl o c ati o ns t h at ar e l ar g er t h a n a b o ut 5 0 
b p ar e c o nsi d er e d t o b e S Vs . S Vs t y pi c all y aff e ct a s e q u e n c e l e n gt h of a n y w h er e 
b et w e e n h u n dr e ds t o t h o us a n ds t o e v e n milli o ns of b as e p airs. S Vs i n h u m a n 
g e n o m es  pl a y  a  r ol e  i n  dis e as es  i n cl u di n g  n e ur ol o gi c al/ n e ur o c o g niti v e 
dis or d ers, c a n c er d e v el o p m e nt a n d pr o gr essi o n a n d a utis m.  

 

 
4 3  S e e htt p:// w w w. c o m pl et e g e n o mi cs. c o m/ d o c u m e nt s/ S m all + V ari a nts + F A Q. p df , p. 7 
4 4  S e e htt p s:// w w w. bi or xi v. or g/ c o nt e nt/ bi or xi v/ e arl y/ 2 0 1 8/ 0 9/ 2 0/ 4 1 5 1 3 3.f ull. p df   
4 5   

 
4 6  S e e htt p s:// m e s h b. nl m. ni h. g o v/r e c or d/ ui ? ui = D 0 2 0 0 8 0  

http://www.completegenomics.com/documents/Small+Variants+FAQ.pdf
https://meshb.nlm.nih.gov/record/ui?ui=D020080
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Fi g ur e 4 : T y p es of str u ct u r al v a ri a nts 

 
S o u r c e : P a c Bi o’ s w e b sit e  

Fi g ur e 5 : V a ri a nt s a n d D N A s e q u e n ci n g 

 

S o u r c e : C M A p r e s e nt ati o n  - T e c h T ut o ri al  

I I I.  S e q u e n ci n g  a p pli c ati o ns 

6 6.  S e q u e n ci n g  s yst e ms  e n a bl e  r es e ar c h ers  t o  st u d y  t h e  g e n o m e,  tr a ns cri pt o m e  or 
e pi g e n o m e of virt u all y a n y or g a nis m. S e q u e n ci n g a p pli c ati o ns diff er l ar g el y b y t h e g o al 
of t h e i nt err o g ati o n ( e. g. , d e n o v o  s e q u e n ci n g a g e n o m e f or t h e first ti m e, r es e q u e n ci n g 
a n e ntir e  or t ar g et e d ar e a of a g e n o m e, or c o u nti n g m R N A m ol e c ul es i n a s a m pl e, t o 
n a m e  a  f e w  e x a m pl es),  h o w  t h e  D N A  or  R N A  s a m pl es  ar e  o bt ai n e d  a n d  t h e  d at a 
a n al ysis a n d bi oi nf or m ati cs t o ols us e d.  

A.  G e n o mi cs  

6 7.  G e n o mi cs is t h e st u d y of a n or g a nis m’s g e n o m e (its c o m pl et e set of g e n eti c m at eri al).  

A T T G G C C T T A A C C C G A T C C G A T T A T C A G G A T  

A T T G G C C T T A A C C C – – – C C G A T T A T C A G G A T  

A T T G G C C T T A G G C C T T A A C C C C C G A T T A T C A G G A T  

A T T G G C C T T A – – – – – – – A C C C C C G A T T A T C A G G A T  

A T T G G C C T T A A C C C C C G A T T A T C A G G A T  

A T T G G C C T T A A C C T C C G A T T A T C A G G A T  
Si n gl e N u cl e oti d e V ari a nt ( S N V)  

I n s erti o n-d el eti o n V ari a nt (I n D el)  

A T T G G C C T T A A C C C C C G A T T A T C A G G A T  

A T T G G C C T T A A C A G T G G A T T A T C A G G A T  
Bl o c k S u b stit uti o n  

A T T G G C C T T A A C C C C C G A T T A T C A G G A T  

A T T G G C C T T C G G G G G T T A T T A T C A G G A T  
I n v er si o n V ari a nt 

C o p y N u m b er V ari a nt  
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•  W h ol e- g e n o m e  s e q u e n ci n g  ( W G S) r ef ers  t o  t h e  pr o c ess  of  d et er mi ni n g  t h e 
v ari a nts  i n  a n or g a nis m’ s  g e n o m e.  T his  is  t y pi c all y  p erf or m e d  at  s c al e  usi n g 
s h ort r e a ds, s u c h as wit h Ill u mi n a’s e c o n o mi c al a n d a c c ur at e r e a ds. B e c a us e t his 
pr o c ess r eli es o n a r ef er e n c e g e n o m e, i n c o ntr ast t o a d e n o v o  g e n o m e ( d efi n e d 
b el o w), t his pr o c ess is al s o r ef err e d t o as “r es e q u e n ci n g ” ( i. e., s e q u e n ci n g t h e 
g e n o m e of a p arti c ul ar s p e ci es or p o p ul ati o n t h at h as pr e vi o usl y b e e n s e q u e n c e d 
a n d f or w hi c h a s u it a bl e r ef er e n c e  g e n o m e e xists). W hil e W G S is c o m m o nl y 
ass o ci at e d wit h s e q u e n ci n g h u m a n g e n o m es, t h e s c al a bl e, fl e xi bl e n at ur e of t h e 
a p pli c ati o n  m a k es  it  e q u all y  us ef ul  f or  s e q u e n ci n g  a n y  s p e ci es,  i n cl u di n g 
li v est o c k, pl a nts or mi cr o b es. F or e x a m pl e, d urin g t h e E. c oli  o ut br e a k i n E ur o p e 
i n  2 0 1 1,  r es e ar c h ers  q ui c kl y  s e q u e n c e d  t h e  dis e as e-c a usi n g  b a ct eri al  str ai n, 
e n a bli n g t h e m t o tr a c k t h e ori gi ns a n d tr a ns missi o n of t h e o ut br e a k a n d i d e ntif y 
g e n eti c m ut ati o ns r es p o n si bl e f or its i n cr e as e d vir ul e n c e . 

•  W h ol e- e x o m e  s e q u e n ci n g  ( W E S)  r ef ers  t o  t h e  pr o c ess  of  t ar g eti n g  f or 
s e q u e n ci n g t h e pr ot ei n - c o di n g g e n es i n a g e n o m e (i. e., t h e e x o m e). Pr ot ei ns ar e 
t h e m ol e c ul es t h at d et er mi n e n e arl y all f u n cti o ns i n a li vi n g or g a nis m, s o w h e n 
t h e y m alf u n cti o n, dis e as e oft e n r es ults. Alt h o u g h t h e e x o m e r e pr es e nts l ess t h a n 
2 % of t h e h u m a n g e n o m e, it c o nt ai ns m ost of t h e k n o w n dis e as e -c a usi n g g e n eti c 
v ari a nts, m a ki n g W E S a c ost -eff e cti v e alt er n ati v e t o W G S. W E S is a wi d el y -
us e d t ar g et e d s e q u e n ci n g a p pli c ati o n. 

•  D e n o v o  ass e m bl y/D e n o v o  s e q u e n ci n g  c o nsists of s e q u e n ci n g a g e n o m e w h er e 
t h er e  is  n o  a p pli c ati o n-a p pr o pri at e  r ef er e n c e  a v ail a bl e,  f or  e x a m pl e  w h e n 
s e q u e n ci n g a s p e ci es f or t h e first ti m e , s u c h as i n a r es e ar c h s etti n g, or w h e n 
s e q u e n ci n g n e w r e gi o ns of a g e n o m e n ot r e pr es e nt e d i n a r ef er e n c e . B ot h s h ort 
r e a d s e q u e n ci n g a n d n ati v e l o n g r e a d s e q u e n ci n g t e c h n ol o gi es ar e i d e al f or t his 
pr o c ess, b ut s er v e c o m pl e m e nt ar y a n d disti n ct r ol es. N ati v e l o n g r e a d s yst e ms 
e n a bl e ass e m bl y of l ar g er c o nti n u o us fr a g m e nts t h at el u ci d at e str u ct ur al or d er. 
L o n g -r a n g e c hr o m os o m al str u ct ur al m a p pi n g m a y r e q uir e t h e us e of t hir d p art y 
m a p pi n g t e c h n ol o g y f or f urt h er or d eri n g. S h ort r e a d s yst e ms p er mit e c o n o mi c al 
p olis hi n g of t h e ass e m bl y f or hi g h a c c ur a c y. D e n o v o s e q u e n ci n g is a n e c ess ar y 
st e p i n  t h e cr e ati o n of r ef er e n c e g e n o m es. I m p ort a ntl y, d e n o v o  s e q u e n ci n g is 
a n ass e m bl y of r e a ds, i n c o ntr ast wit h W G S, w hi c h is a n ali g n m e nt of r e a d s t o 
a r ef er e n c e. D e n o v o  ass e m bl y/ d e n o v o  g e n o m e/d e n o v o  s e q u e n ci n g c a n als o b e 
us e d f or ot h er a p pli c ati o ns, s u c h as R N A tr a ns cri pt is of or m m a p pi n g. 

•  T a r g et e d s e q u e n ci n g e nt ails t h e is ol ati o n a n d s e q u e n ci n g of a s u bs et of g e n es 
or  r e gi o ns  of  t h e  g e n o m e.  T ar g et e d  s e q u e n ci n g  e n a bl es  r es e ar c h ers  t o  f o c us 
r es o ur c es,  i n cl u di n g s e q u e n c er  o ut p ut,  t o  s p e cifi c  ar e as  of  t h e  g e n o m e.  T his 
p er mits a t ar g et e d r e gi o n t o b e s e q u e n c e d m ulti pl e ti m es, s o m eti m es h u n dr e ds 
or i n c ert ai n a p pli c ati o n t h o us a n ds of ti m es, r es ulti n g i n i n cr e as e d c o v er a g e of 
t h e  ar e a.  T h e  s e q u e n ci n g  d e pt h  or  c o v er a g e  l e v el  oft e n  d et er mi n es  w h et h er 
v ari a nt dis c o v er y c a n b e m a d e wit h a c ert ai n d e gr e e of c o nfi d e n c e, a n d hi g h er 
c o v er a g e e n a bl es i d e ntifi c ati o n of r ar e v ari a nts t h at w o ul d b e t o o e x p e nsi v e t o 
i d e ntif y wit h W G S, f or e x a m pl e. T ar g et e d s e q u e n ci n g is us ef ul f or st u di e s i n 
o n c ol o g y, mi cr o bi al g e n o mi cs, a n d  ot h er r es e ar c h i n v ol vi n g a n al ysis of r ar e c ell 
p o p ul ati o ns. F or e x a m pl e, t h e hi g h c o v er a g e of t ar g et e d s e q u e n ci n g is r e q uir e d 
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t o i d e ntif y m ut ati o ns i n t u m ors, w hi c h c a n b e li k e n e d t o l o o ki n g f or “ a n e e dl e 
i n  t h e  h a yst a c k ”. T u m ors  ar e  us u all y  a  mi x  of  n or m al  a n d  t u m or  tiss u e. 
I d e ntif yi n g m ut ati o ns i n t u m ors t y pi c all y r e q uir es r e p etiti v e s e q u e n ci n g at v er y 
hi g h  c o v er a g e  b e c a us e  t h e  i m p ort a nt  t u m or -s p e cifi c  v ari a nts  t e n d  t o  b e 
u n d err e pr es e nt e d  i n  t h e  s a m pl es.  F or  e x a m pl e,  a  t u m or  t h at  c o nt ai ns  5 0 % 
n or m al  tiss u e  r e q uir es  d o u bl e  t h e  s e q u e n ci n g  d e pt h  t o  d et e ct  m ut ati o ns, 
c o m p ar e d t o w h at w o ul d b e r e q uir e d f or a 1 0 0 % p ur e t u m or s a m pl e. As a r e s ult, 
w hil e 3 0 x c o v er a g e is t y pi c all y s uffi ci e nt f or i d e ntif yi n g c o m m o n v ari a nt s, i n 
c a n c er s e q u e n ci n g c o v er a g e r a n gi n g fr o m 1 0 0 x t o 1 0 0 0 x d e pt h is oft e n r e q uir e d.  

B.  Tr a ns cri pt o mi cs  

6 8.  T h e  tr a ns cri pt o m e is t h e c o m pl et e s et of R N A m ol e c ul es, i n cl u di n g m ess e n g er R N A 
( m R N A) m ol e c ul es, e x pr ess e d fr o m t h e g e n es of a n or g a nis m. Tr a ns cri pt o mi cs is t h e 
st u d y  of  a n  or g a nis m’s  tr a ns cri pt o m e.  Oft e n,  t h e  m R N A  m ol e c ul es  ar e  t ar g et e d  f or 
s e q u e n c i n g b e c a us e t h es e tr a ns cri pts c o nt ai n pr ot ei n -c o di n g i nf or m ati o n, a n d pr ot ei ns 
c o ntr ol al m ost all li vi n g f u n cti o ns. Li br ar y pr e p ar ati o n f or s e q u e n ci n g m R N A s a m pl es 
us u all y  e nt ails  “r e v ers e  tr a ns cri pti o n ”,  e m pl o yi n g  a  p ol y m er as e  t h at  c o n v erts  t h e 
m R N A m ol e c ul es t o D N A b y pr o d u ci n g c o m pl e m e nt ar y D N A str a n ds ( c D N A) t h at ar e 
i n disti n g uis h a bl e  fr o m  D N A.4 7  T h e  c D N A  s a m pl e  is  s e q u e n c e d  i n  t h e  s a m e  w a y  as 
D N A.  

•  T ot al R N A a n d m R N A s e q u e n ci n g  or w h ol e tr a n s cri pt o m e s e q u e n ci n g e nt ails 
s e q u e n ci n g t h e e ntir e R N A or m R N A of a n or g a nis m. C ell ul ar or g a nis ms us e 
m R N A t o c o n v e y  g e n eti c i nf or m ati o n t h at dir e cts t h e  pr o d u cti o n of pr ot ei ns. 
M a n y  vir us es  e n c o d e  t h eir  g e n eti c  i nf or m ati o n  usi n g  R N A.  T his  s e q u e n ci n g 
a p pli c ati o n e n a bl es s ci e ntists t o b ett er u n d erst a n d g e n e e x pr essi o n 4 8  a n d d e c o d e 
vir us es’ g e n o m es.  

•  T a r g et e d  R N A  s e q u e n ci n g  r ef ers  t o  t h e  pr o c e ss  of  s e q u e n ci n g  a  s u bs et  of 
g e n es. It e n a bl es d et e cti o n of s e v er al g e n e e x pr essi o n ( a cti v ati o n) m e c h a nis ms 
s u c h as diff er e nti al e x pr essi o n ( a cti v ati o n of diff er e nt g e n es wit hi n a c e ll t h at 
d efi n e  t h at  c ell’s  f u n cti o ns),  all el e -s p e cifi c  e x pr e ssi o n  ( h o w  all el es  r es ult  i n 
diff er e nt  o bs er v a bl e  tr aits),  g e n e -f usi o ns  ( h o w  t w o  g e n es  c a n  m er g e),  g e n e 
is of or ms ( diff er e nt f or m s of m R N A t h at c a n b e pr o d u c e d b y a g e n e), c o di n g 
S N Vs  ( v ari ati o n  of  a  si n gl e  n u cl e oti d e  i n  t h e  g e n o m e  t h at  diff ers  b et w e e n 
m e m b ers of a s p e ci es), a n d s pli c e j u n cti o ns (l o c ati o n o n a tr a ns cri pt t h at dir e cts 
g e n e s pli ci n g).  

 

 
4 7  

 
 

 
4 8  R ef er s t o t h e “t ur ni n g o n ” of a g e n e. M o st h u m a n g e n es ar e a cti v e, or t ur n o n, o nl y i n c ert ai n c ells u n d er c ert ai n 
c o n diti o ns. G e n es f or e y e c ol o ur ar e a cti v e i n e y e c ells b ut n ot i n st o m a c h c ells. Si mil arl y, s o m e g e n e s m a y li e 
d or m a nt f or y e ar s a n d t h e n t ur n o n a n d b e c o m e m ali g n a nt l at er i n lif e. W h e n g e n e s ar e t ur n e d o n, t h e y pr o d u c e 
m R N A.  
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•  S m all R N A a n d n o n -c o di n g R N A s e q u e n ci n g  e nt ails s e q u e n ci n g s m all, n o n -
c o di n g R N A, 4 9  or mi cr o R N As, w hic h ar e s h ort R N A m ol e c ul es of 1 8 – 2 2 b p 
n u cl e oti d es t h at pl a y a r ol e i n r e g ul ati n g R N A tr a n sl ati o n t o pr ot ei n.  

C.  E pi g e n o mi cs 

6 9.  W hil e g e n o mi cs i n v ol v es t h e st u d y of D N A s e q u e n c es a n d v ari a nts b et w e e n i n di vi d u als 
i n a p o p ul ati o n, e pi g e n o mi cs r ef ers t o t h e st u d y of c h a n g es t o t h e c h e mi c al m a k e u p of 
t h e D N A its elf t h at d o n ot c h a n g e its b as e s e q u e n c e, b ut m a y c h a n g e h o w a g e n e is 
e x pr ess e d. O n e c o m m o n e pi g e n eti c m o difi c ati o n i n h u m a ns is t h e a d diti o n of a m et h yl 
( C H3 ) gr o u p t o t h e C b as e. S u c h m et h yl ati o n is ass o ciat e d wit h g e n e e x pr essi o n c h a n g es 
f o u n d i n dis e as es s u c h as c a n c er. R e c e nt st u di es s h o w t h at lif est yl e a n d e n vir o n m e nt al 
f a ct ors c a n l e a d t o e pi g e n eti c c h a n g es t o D N A, w hi c h c a n c a us e or e x a c er b at e dis e as e. 
T h er e  ar e  m a n y  diff er e nt  t y p es  of  e pi g e n eti c  m ar k s,  o n  b ot h  D N A  a n d  R N A.  T h e 
m e a ni n g a n d f u n cti o n of e pi g e n eti c m ar ks r e m ai n s a n a cti v e ar e a of r es e ar c h, as m u c h 
r e m ai ns t o b e u n d erst o o d. 

•  M et h yl ati o n s e q u e n ci n g  f o c us es o n st u d yi n g c yt o si n e m et h yl ati o n, a n e n z y m e-
m e di at e d  m o difi c ati o n  t o  D N A.  M et h yl ati o n dis or d ers  s u c h  as 
h y p o m et h yl ati o n,  c a usi n g  str o n g  e x pr essi o n  of  a  g e n e,  or  h y p er m et h yl ati o n, 
sil e n ci n g a g e n e, c a n l e a d t o dis e as es i n cl u di n g c a n c er, di a b et es, c ar di o v as c ul ar 
a n d i nfl a m m at or y dis e as es a n d m e nt al dis or d ers. 

•  C h I P  ( c h r o m ati n  i m m u n o p r e ci pit ati o n)  s e q u e n ci n g 5 0  t ar g et s  s e q u e n ci n g 
t o w ar ds s el e ct e d r e gi o ns of t h e g e n o m e f or f urt h er c h ar a ct eris ati o n of e pi g e n eti c 
m ar ks.  

•  Ri b os o m e p r ofili n g  is  b as e d  o n  d e e p  s e q u e n cin g 5 1  of  ri b os o m e 5 2  pr ot e ct e d –
m R N A fr a g m e nts, pr o vi di n g a “s n a ps h ot ” of all t h e ri b os o m es a cti v e i n a c ell. 
T his i nf or m ati o n e n a bl es i d e ntifi c ati o n of t h e pr ot ei ns b ei n g a cti v el y tr a nsl at e d 
i n a c ell. 

I V. S h o rt r e a d vs n ati v e l o n g r e a d s e q u e n ci n g t e c h n ol o gi es 

7 0.  A k e y diff er e nti ati n g  c h ar a ct eristi c of p ost -S a n g er N G S t e c h n ol o gi es is t h e r e a d l e n gt hs 
t he y  ar e  c a p a bl e  of  pr o vi di n g.  G e n er all y,  N G S  s yst e ms  t o  d at e  h a v e  f all e n  i nt o  t w o 
br o a d c at e g ori es of r e a d l e n gt h: 

•  S h o rt r e a d s e q u e n ci n g s yst e ms : g e n er all y d efi n e d as s yst e ms t h at pr o d u c e r e a d 
l e n gt hs  r a n gi n g  fr o m  t e ns  t o  h u n dr e ds  of  b as e  p airs  p er  r e a d.  M ost  s e c o n d-

 

 
4 9  A n o n -c o di n g R N A i s a n R N A m ol e c ul e t h at i s n ot tr a n sl at e d i nt o a pr ot ei n.  
5 0  C hr o m ati n is a c o m pl e x of D N A, R N A, a n d pr ot ei n f o u n d i n e u k ar y oti c c ell s. E u k ar y oti c g e n o m es ar e p a c k a g e d 
i nt o c hr o m ati n, a n d h o w c hr o m ati n is p a c k a g e d pl a ys a k e y r ol e i n g e n e r e g ul ati o n a n d, ulti m at el y, c ell p h e n ot y p e. 
5 1  T his r ef er s t o s e q u e n ci n g at hi g h c o v er a g e l e v els.  
5 2  T h e ri b o s o m e i s a c ell m ol e c ul e t h at s y nt h etis e s ( b uil d s) pr ot ei ns o n t h e b asis of t h e i nf or m ati o n pr o vi d e d b y 
m R N A. T his pr o c ess is c all e d t h e tr a n sl ati o n.  
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g e n er ati o n s e q u e n ci n g t e c h n ol o gi es, i n cl u di n g Ill u mi n a’s S B S -b as e d s yst e ms, 
f all i nt o t his c at e g or y; a n d 

•  N ati v e  l o n g  r e a d  s e q u e n ci n g  s yst e ms :  g e n er all y  d efi n e d  as  s yst e ms  t h at 
pr o d u c e r e a ds l e n gt hs i n t h e l o w t h o us a n ds t o t h e h u n dr e ds of t h o us a n ds of b as es  
or  m or e  p er  r e a d  ( 5 ,0 0 0  t o  >  1 0 0, 0 0 0  b as e  p airs).  C urr e ntl y -c o m m er ci ali s e d 
n ati v e l o n g r e a d s yst e ms  ar e s ol d b y P a c Bi o  a n d O xf or d N a n o p or e T e c h n ol o gi es 
( “ O N T ”).  B ot h  of  t h es e  t e c h n ol o gi es  s e q u e n c e  si n gl e  m ol e c ul es.  

 
 

5 3  

•  Ot h er  k e y  diff er e nti at or s  b et w e e n  s h ort  a n d  n ati v e  l o n g  r e a d  te c h n ol o gi es 
i n cl u d e:  

o  Yi el d  (t hr o u g h p ut,  d et er mi n e d  b y  t h e  n u m b er  of  t ot al  r e a ds  or  b as es 
s e q u e n c e d i n a si n gl e r u n);  

o  E c o n o mi cs ( c ost p er G b); 5 4  

o  S a m pl e pr e p ar ati o n r e q uir e m e nts; a n d  

o  S yst e m s c al a bilit y  ( a bilit y t o i n cr e as e o ut p ut). 5 5  

A.  S h ort r e a d s e q u e n ci n g  

7 1.  S h ort  r e a d  s yst e ms  g e n er at e  t e ns  t o  h u n dr e ds  of  b as e  p airs  p er  r e a d,  a n d  s o m e 
t e c h n ol o gi es, li k e Ill u mi n a’s, h a v e t h e a bilit y t o pr o d u c e billi o ns of u ni q u e r e a ds i n a 
si n gl e s e q u e n ci n g r u n. Ill u mi n a’s s yst e ms , d u e t o t h eir hi g h r a w a c c ur a c y, hi g h yi el d, 
a n d  f a v o ur a bl e  e c o n o mi cs,  ar e  w ell -s uit e d  f or  c o u nti n g  a p pli c ati o ns,  p o p ul ati o n  
g e n o mi cs  eff orts,  a n d  ot h er  hi g h -s c al e,  c ost -s e nsiti v e  a p pli c ati o ns  s u c h  as  s cr e e ni n g 
p a n els a n d c a n c er di a g n o sti cs. I n a d diti o n, t h e y ar e c o m pl e m e nt ar y t o n ati v e l o n g r e a d 
t e c h nol o g y  f or d e  n o v o  ass e m bl y/ d e  n o v o  s e q u e n ci n g  of  l ar g e,  c o m pl e x  g e n o m es . 

 
 
 

 

 
5 3  Pl e a s e s e e S e cti o n 2 2 b el o w.  
5 4  C ust o m er s c o nsi d er m ulti pl e m etri cs w h e n c o n si d eri n g t h e c o st of  s e q u e n ci n g. D e p e n di n g o n t h e c ust o m er, a n d 
t h e c o nt e xt i n w hi c h it is s e q u e n ci n g, diff er e nt m etri c s m a y b e r el e v a nt. T h e i m p ort a n c e f or a c ust o m er of m etri cs 
m a y als o v ar y o v er ti m e d u e t o c h a n g e s i n s a m pl e v ol u m es, a p pli c ati o ns, s o ur c es of f u n di n g, et c . C o m m o nl y us e d 
m etri cs i n cl u d e c o st/r u n, c o st/ G b, a n d c o st/ milli o n r e a d s. Hi g h er t hr o u g h p ut c ust o m er s ar e t y pi c all y m o st s e n siti v e 
t o  c o st/ G b,  c o st/ milli o n  r e a d s,  w hil e  l o w er  t hr o u g h p ut  c ust o m er s  m a y  b e  m or e  s e nsiti v e  t o  s yst e m  pri c e.  T h e 
i m p ort a n c e of a p arti c ul ar m etri c als o v ari es a cr o ss diff er e nt a p pli c ati o ns: f or a p pli c ati o ns r e q uiri n g hi g h a m o u nts 
of G b s e q u e n ci n g ( e. g. , W G S), c ust o m er s ar e m o st s e nsiti v e t o c o st/ G b; f or a p pli c ati o ns r e q uiri n g hi g h n u m b er s 
of r e a d s ( e. g. , R N A-S e q, NI P T), c ust o m er s ar e m o st s e nsiti v e t o c o st/ milli o n r e a d s; f or a p pli c ati o ns r e q uiri n g l o w 
a m o u nts of G b s e q u e n ci n g ( e. g. , A m pli c o n s e q u e n ci n g or li br ar y Q C), c ust o m er s ar e m o st s e nsiti v e t o c o st/r u n. 
A  m etri c  u s e d  b y  c ust o m er s  w h e n  s el e cti n g  s yst e ms  is  t h e  t ot al  c o st  of  o w n er s hi p,  w hi c h  i s  a  f u n cti o n  of 
d e pr e ci at e d s yst e m pri c e a n d c o ns u m a bl e pri c e p er s a m pl e m ulti pli e d b y t h e n u m b er of s a m pl es r u n.  
5 5  Pl e a s e s e e S e cti o n 1 5 b el o w.  
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B.  N ati v e l o n g r e a d s e q u e n ci n g  

7 2.  N ati v e l o n g r e a d s yst e ms  g e n er at e t h o us a n ds t o h u n dr e ds of t h o us a n ds of b as e p airs or 
m or e  p er  r e a d.  As  a  r es ult, n ati v e l o n g  r e a d  s e q u e n ci n g is  w ell-s uit e d  f or  t h e  i niti al 
dis c o v er y  of  pr e vi o usl y  u n k n o w n  l ar g e  S Vs  b e c a us e it e n a bl es  r e a ds  t h at  ar e 
c o nsi d er a bl y l o n g er t h a n s h ort r e a d s e q u e n ci n g. T h es e l o n g r e a ds ar e oft e n l o n g er t h a n 
a l ar g e S V,  t h us  s p a n ni n g  t h e  e n d  p oi nts  of  t h e  l ar g e S Vs.  K n o wi n g  t h e  e n d  p oi nts 
all o ws b ett er ali g n m e nt a g ai nst t h e a p pli c a bl e r ef er e n c e g e n o m e (s e e fi g ur e b el o w). A n 
a d diti o n al a bilit y of n ati v e l o n g r e a d t e c h n ol o gi e s is t h e utilit y i n p erf or mi n g p h asi n g 
( d et er mi ni n g if v ari a nts r esi d e o n t h e s a m e c hr o m os o m e).  

Fi g ur e 6 : E x a m pl e - I ns erti o n of a r e p etiti v e s e q u e n c e  

 
S o u r c e : C M A p r e s e nt ati o n  - T e c h T ut o ri al  

V.  St r e n gt h s  a n d  li mit ati o n s  of  s h o rt  a n d   n ati v e l o n g  r e a d  s e q u e n ci n g 
t e c h n ol o gi es 

7 3.  E a c h t e c h n ol o g y t y p e h as its a d v a nt a g es a n d li mit ati o ns t h at d et er mi n e its s uit a bilit y t o 
diff er e nt a p pli c ati o ns a n d e x p eri m e nt al p ar a m et ers s u c h as n u m b er of s a m pl es i n a n 
e x p eri m e nt, t y p es of s a m pl es , a m o u nt of st arti n g m at eri al, s e q u e n ci n g t ar g et ( D N A or 
R N A), cli ni c al a n d di a g n osti c a p pli c ati o ns,  et c . 

A.  Str e n gt hs a n d li mit ati o ns of s h ort r e a d s e q u e n ci n g  

7 4.  S h ort r e a d s e q u e n ci n g h a s s e v er al a d v a nt a g es , i n cl u di n g: 

•  S h ort r e a d s yst e ms a c hi e v e hi g h o ut p ut a n d  t h r o u g h p ut b y s e q u e n ci n g u p t o 
billi o ns of D N A str a n ds i n p ar all el  ( i. e., i n a si n gl e  r u n). T h er ef or e, t h e y ar e 
w ell -s uit e d f or a p pli c ati o ns t h at r e q uir e s e q u e n ci n g o n a l ar g e s c al e;5 6  

 

 
5 6  S h ort r e a d s e q u e n c er s c a n s e q u e n c e a l ar g e n u m b er of s a m pl es p er r u n m a ki n g t h e m w ell -s uit e d f or c ert ai n 
a p pli c ati o ns i n cl u di n g G e n o m e Wi d e Ass o ci ati o n St u di e s. A g e n o m e -wi d e ass o ci ati o n st u d y is a n a p pr o a c h t h at 
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•  B e c a us e of t h eir hi g h t hr o u g h p ut, s h ort r e a d s yst e ms h a v e a r el ati v el y l o w c ost 
p e r b as e ;5 7  

•  B as e d o n t h e c h e mistr y us e d, s o m e s h ort r e a d s yst e ms m a y a c hi e v e hi g h r a w 
r e a d a c c u r a c y  wit h err or r at es of l ess t h a n 1 %. F or e x a m pl e, Ill u mi n a’s s yst e ms 
t y pi c all y g e n er at e ~ 7 5 % or m or e of b as e c alls wit h a v er a g e a c c ur a ci es m e eti n g 
or e x c e e di n g 9 9. 9 % ( “ Q 3 0 ” q u alit y s c or e) wit h p erf or m a n c e v ar yi n g b as e d o n 
li br ar y  t y p e  a n d  q u alit y,  fr a g m e nt  si z e,  l o a di n g  c o n c e ntr ati o n, a n d  ot h er 
e x p eri m e nt al f a ct ors; 5 8   

•  S h ort r e a d s yst e ms  ar e w ell -s uit e d f or pr o d u ci n g hi g h - q u alit y d e e p c o v e r a g e  of 
s m all t o  l ar g e g e n o m es; 

•  I n t er ms of v ari a nt d et e cti o n, s h ort r e a d s yst e ms ar e w ell -s uit e d f or d et e cti n g 
s m all v ari a nts s u c h as S N Vs , s m all i n d els , a n d s m all t a n d e m r e p e ats , w hi c h 
c o m pris e t h e gr e at est n u m b er of v ari a nts i n  a g e n o m e;  

•  S h ort  r e a d  s yst e ms  ar e  als o  w ell -s uit e d  f or c o u nti n g  t h e  n u m b er  of  D N A 
fr a g m e nts t h at m at c h a c ert ai n s e q u e n c e. C o u nti n g a p pli c ati o ns d o n ot r e q uir e 
l o n g r e a ds i n or d er t o v erif y t h e pr es e n c e of a t ar g et. F or i nst a n c e, NI P T c o u nts 
t h e  n u m b er  of  f et al  c hr o m os o m e  fr a g m e nts  cir c ul ati n g  i n  a  m ot h er’s 
bl o o dstr e a m. T h es e fr a g m e nts ar e s h ort, s o 1 0 0 - 2 0 0 b p l o n g s e q u e n ci n g r e a ds 
ar e s uffi ci e nt t o c h ar a ct eri se t h e m.  

 
 
 

 

S h ort r e a d s yst e ms ar e w ell -s uit e d f or a br o a d r a n g e of a p pli c ati o ns. T his br e a dt h  of 
a p pli c ati o ns, c o m p ar e d t o t h e r el ati v el y li mit e d r a n g e of a p pli c ati o ns f or w hi c h  n ati v e 
l o n g r e a d syst e ms  ar e w ell -s uit e d, is a m at eri al a d v a nt a g e of s h ort r e a d s yst e ms . 

7 5.  H o w e v er, s h ort r e a d s yst e ms als o h a v e a n u m b er of li mit ati o n s, i n cl u di n g: 

•  B e c a us e of t h eir li mit e d r e a d l e n gt h, s h ort r e a d s yst e ms  ar e n ot w ell -s uit e d f or 
t h e ass e m bl y of l ar g er c o nti n u o us fr a g m e nts t h at el u ci d at e str u ct ur al or d er i n d e 
n o v o  ass e m bl y/ d e  n o v o  g e n o m e/ d e  n o v o   s e q u e n ci n g.5 9  S h ort  r e a ds  d o  n ot 
c o nt ai n  s uffi ci e nt  i nf or m ati o n  t o  p er mit  t h e  a c c ur at e  ass e m bl y  of  g e n o mi c 
r e gi o ns t h at c o nt ai n a l ar g e n u m b er of, or l o n g str et c h es of, r e p etiti v e or p ar al o g  
r e gi o ns, or hi g hl y si mil ar r e gi o ns, s u c h as d u pli c at e d g e n es, f or e x a m pl e. As a 

 

 
i n v ol v es r a pi dl y s c a n ni n g m ar k er s a cr o ss t h e c o m pl et e s ets of D N A, or g e n o m e s, of m a n y p e o pl e t o fi n d g e n eti c 
v ari ati o n s ass o ci at e d wit h a p arti c ul ar dis e as e.  
5 7  htt p s:// w w w. b usi n e ss wir e. c o m/ n e ws/ h o m e/ 2 0 1 7 1 0 1 6 0 0 5 4 4 5/ e n/Ill u mi n a -R el e as e s -N o v a S e q -S 4 -Fl o w -C ell -
N o v a S e q  
5 8  htt p s:// w w w.ill u mi n a. c o m/ d o c u m e nt s/ pr o d u cts/t e c h n ot es/t e c h n ot e _ Q -S c or es. p df ; a n d  
htt p s:// w w w.ill u mi n a. c o m/ s yst e ms/s e q u e n ci n g -pl atf or ms/ n o v as e q/s p e cifi c ati o ns. ht ml  
5 9  Pl e a s e s e e a b o v e.  

https://www.businesswire.com/news/home/20171016005445/en/Illumina-Releases-NovaSeq-S4-Flow-Cell-NovaSeq
https://www.businesswire.com/news/home/20171016005445/en/Illumina-Releases-NovaSeq-S4-Flow-Cell-NovaSeq
https://www.illumina.com/documents/products/technotes/technote_Q-Scores.pdf
https://www.illumina.com/systems/sequencing-platforms/novaseq/specifications.html
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r es ult,  a c c ur at e  ass e m bl y  of  t h es e  r e gi o ns  is  c o m pr o mis e d  wit h  s h ort  r e a d 
s e q u e n ci n g,  b e c a us e,  d e p e n di n g  o n  t h e  si z e  of  t h e  g e n o m e,  ass e m bl y  of  t h e 
r e a ds is ot h er wis e t o o c o m pl e x or i ntr a ct a bl e f or  s h ort r e a d  s e q u e n ci n g. T his 
r es ults fr o m t h e i n a bilit y of al g orit h ms t o pr o p erl y or d er s h ort r e a ds t h at d o n ot 
s p a n t h e j u n cti o ns wit h s urr o u n di n g s e q u e n c es f or t h es e diffi c ult r e gi o ns; 

•  S h ort r e a d s yst e ms ar e n ot w ell -s uit e d t o d et e ct l ar g er S Vs  b e c a us e t h e y f ail t o 
m a p  t h e  e n d  p oi nts  of  a n  S V,  d u e  t o  t h eir  li mit ati o n  of  o nl y  b ei n g  a bl e  t o 
s e q u e n c e  u p  t o  h u n dr e d s  of  b as e  p airs. 6 0  S Vs  als o  t e n d  t o  b e  cl ust er e d  i n 
d u pli c at e d  a n d  r e p etiti v e  or  p ar al o g  r e gi o ns  of  t h e  g e n o m e  t h at  ar e  t y pi c all y 
diff i c ult  f or  s h ort  r e a d  s e q u e n ci n g.6 1   

 
 

•  S h ort r e a d s yst e ms  ar e n ot w ell -s uit e d f or h a pl ot y p e  p h asi n g . H a pl ot y p es ar e 
gr o u ps  of  all el e s  i n  a n  or g a nis m t h at ar e  i n h erit e d  fr o m  a  si n gl e  p ar e nt.  
P h as e d s e q u e n ci n g i d e ntifi es all el es o n m at er n al a n d p at er n al c hr o m os o m e s. 6 2  
I n  ot h er  w or ds,  p h asi n g  i d e ntifi es  w hi c h  all el e  b el o n gs  t o  w hi c h  c o p y  of  t h e 
c hr o m os o m e,  or  alt er n ati v el y,  w hi c h  all el es  a p p e ar  t o g et h er  o n  t h e  s a m e 
c hr o m os o m e. 6 3  T hi s i s i m p ort a nt b e c a us e c ert ai n dis e as es o nl y o c c ur w h e n b ot h 
g e n e c o pi es ar e d ef e cti v e. F or e x a m pl e, c ysti c fi br osis o c c urs o nl y w h e n b ot h 
t h e  m at er n al  a n d  p at er n al C F T R  g e n e  c o pi es  ar e  d ef e cti v e.  If  t h er e  ar e  t w o 
v ari a nts o n  o nl y o n e g e n e c o p y, t h e dis e as e d o es n ot o c c ur. P h asi n g t h e v ari a nts 
all o ws a d et er mi n ati o n of w h et h er t h e y r esi d e o n t h e s a m e c hr o m os o m e. 6 4  F or 
i nst a n c e,  b e ca us e  v ari a nts  i n  t h e  l o n g  ~ 1 9 0  K b  C F T R  g e n e  m a y  o c c ur  at 
dist a n c es l o n g er t h a n s h ort r e a ds c a n s p a n, it is c h all e n gi n g t o as c ert ai n w h et h er 
t h e v ari a nts ar e on t h e s a m e g e n e c o p y or n ot; 

3 1 
 

 

 
6 0  htt p s:// w w w. bi or xi v. or g/ c o nt e nt/ bi or xi v/ e arl y/ 2 0 1 6/ 0 4/ 1 3/ 0 4 8 6 0 3.f ull. p df,  p. 6  
6 1  htt p s:// c o m m u nit y. 1 0 x g e n o mi cs. c o m/t 5/ 1 0 x -Bl o g/ Str u ct ur al -V ari a nt -A n al ysis -wit h -Li n k e d -R e a d s/ b a -p/ 1 9 1   
6 2  htt p s:// w w w.ill u mi n a. c o m/t e c h ni q u e s/s e q u e n ci n g/ d n a -s e q u e n ci n g/ w h ol e -g e n o m e -s e q u e n ci n g/ p h a s e d -
s e q u e n ci n g. ht ml   
6 3  htt p s:// bi ol o g y. st a c k e x c h a n g e. c o m/ q u esti o ns/ 9 3 2 6/ w h at -d o es -p h asi n g -m e a n   
6 4  htt p s:// w w w. bi or xi v. or g/ c o nt e nt/ bi or xi v/ e arl y/ 2 0 1 6/ 0 4/ 1 3/ 0 4 8 6 0 3.f ull. p df , p. 6 

https://community.10xgenomics.com/t5/10x-Blog/Structural-Variant-Analysis-with-Linked-Reads/ba-p/191
https://www.illumina.com/techniques/sequencing/dna-sequencing/whole-genome-sequencing/phased-sequencing.html
https://www.illumina.com/techniques/sequencing/dna-sequencing/whole-genome-sequencing/phased-sequencing.html
https://biology.stackexchange.com/questions/9326/what-does-phasing-mean
https://www.biorxiv.org/content/biorxiv/early/2016/04/13/048603.full.pdf
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Fi g ur e 7 : P h a si n g 

 

•  S h ort  r e a d  s yst e ms  h a v e li mit e d utilit y i n r es ol vi n g p a r al o g o u s g e n es  of t h e 
g e n o m e. P ar al o gs ar e g e n es t h at r es ult fr o m d u pli c ati o n d uri n g t h e e v ol uti o n ar y 
pr o c ess. As a r es ult, t h es e g e n es ar e hi g hl y si mil ar. A n e x a m pl e is t h e p ar al o g 
g e n es S M N 1 6 5  a n d S M N 2. T h es e t w o g e n es ar e ~ 3 0  K b  l o n g a n d diff er b y o nl y 
~ 6   b p i n  t h e  r ef er e n c e g e n o m e.  As  a  r es ult,  s h ort  r e a d  s yst e ms  ar e  n ot w ell -
s uit e d  f or m a p pi ng v ari a nts b et w e e n t h es e g e n es.  

B.  Str e n gt hs a n d li mit ati o ns of n ati v e l o n g r e a d s e q u e n ci n g  

7 6.  T h er e ar e s e v er al a d v a nt a g es  t o usi n g n ati v e l o n g r e a d s e q u e n ci n g, i n cl u di n g: 

•  N ati v e l o n g r e a d s yst e ms c a n e n a bl e d e n o v o  ass e m bl y/d e n o v o  s e q u e n ci n g  of 
l ar g er g e n o m es. N ati v e lo n g r e a d l e n gt hs ar e h el pf ul i n s p a n ni n g r e p etiti v e  or 
p ar al o g  r e gi o ns  t o  effi ci e ntl y  ass e m bl e  g e n o m es. 6 6  N ati v e  l o n g  r e a d 
t e c h n ol o gi es  h a v e  b e e n  us e d  t o  pr o d u c e d e  n o v o  ass e m bli es  of  h u n dr e d s  of 
mi cr o bi al  g e n o m es,  d o z e ns  of  pl a nt  a n d  a ni m al  g e n o m es,  a n d  e ntir e  h u m a n 
g e n o m es; 6 7  

•  N ati v e  l o n g  r e a d  s yst e ms  c a n  e n a bl e  t h e  c a pt ur e   of c o m pl e x  o r  r e p etiti v e 
r e gi o n s  i n  a  g e n o m e.  B e c a us e n ati v e l o n g  r e a ds  c a n  s pa n  t h e  e n d  p oi nt s  of 
c o m pl e x  a n d  r e p etiti v e r e gi o ns,  t h e y  ar e  a bl e  t o  pr o d u c e  m or e  c o nti g u o us 
r e c o nstr u cti o ns of t h e g e n o m e; 6 8   

•  N ati v e l o n g r e a d s yst e ms  e n a bl e dis c o v er y a n d d et e cti o n  of l ar g e S Vs, b e c a us e 
t h e c a n s p a n t h e S Vs’ e n d p oi nts; 

 

 
6 5  T h e a b s e n c e of S M N 1 l e a d s t o 9 5 % of  S pi n al M us c ul ar Atr o p h y (t h e s e c o n d m o st c o m m o n c a u s e of i nf a nt 
m ort alit y).  
6 6  htt p://i n v e st or. p a cifi c bi o s ci e n c es. c o m/st ati c -fil es/ 1 c 2 a 7f 8 8-5f b a -4 e d d - a5 3 c -6 4 3 c 5 1 1 5 3 5 b 6 , p. 1 1 
6 7  htt p s:// w w w. bi or xi v. or g/ c o nt e nt/ bi or xi v/ e arl y/ 2 0 1 6/ 0 4/ 1 3/ 0 4 8 6 0 3.f ull. p df , p. 2- 3 
6 8 E x a m pl e s  of  c o m pl e x  r e gi o ns  i n cl u d e  H L A  a n d  C Y P 2 D 6.  F or t h es e  t w o  c o m pl e x  r e gi o ns  it  i s  n e c e ss ar y  t o 
“ p h a s e ” t h e v ari a nts t o t h e s a m e h a pl ot y p e a n d t h us t h e r e a d s n e e d t o s p a n m ulti pl e 1 0 0 0 s of b p.  

http://investor.pacificbiosciences.com/static-files/1c2a7f88-5fba-4edd-a53c-643c511535b6
https://www.biorxiv.org/content/biorxiv/early/2016/04/13/048603.full.pdf
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•  N ati v e  l o n g  r e a d  s yst e ms  ar e  s uit a bl e f or h a pl ot y p e  p h asi n g ,  e n a bli n g 
i d e ntifi c ati o n of w h et h er v ari a nts e xist o n t h e s a m e c o p y of t h e c hr o m os o m e; 

•  N ati v e  l o n g  r e a d s yst e ms  c a n  s p a n  l o n g  tr a ns cri pts  i n  a  si n gl e  r e a d,  a n d 
c o ns e q u e ntl y  e n a bl e  m a p pi n g  of f ull-l e n gt h  t r a n s c ri pts, is of o r ms a n d  g e n e 
f u si o n s. T h e t y pi c al h u m a n m R N A tr a ns cri pt is a b o ut 2 K b l o n g a n d is of or ms 
h a v e diff er e nt s pli c e j u n cti o ns. T h er ef or e, i n or d er t o m a p t h e e ntir e tr a ns cri pt, 
i n cl u di n g s pli c e j u n cti o ns t h at d efi n e t h e is of or m, n ati v e l o n g  r e a ds  ar e  m ost 
s uit a bl e. F or  g e n e f usi o n s, t h e a bilit y t o s e q u e n c e o n b ot h si d es of t h e f usi o n 
a n d c o v er t h e j u n cti o n is i m p ort a nt. N ati v e l o n g r e a d s yst e ms  ar e w ell -s uit e d  f or 
tr a ns cri pt o mi cs b e c a us e t h e y e n a bl e t his. Si mil arl y, n ati v e l o n g r e a d s yst e ms ar e 
w ell -s uit e d f or s e q u e n ci n g i m m u n e  c ells (l y m p h o c yt es), b e c a us e t h e i m m u n e 
pr ot ei ns s e cr et e d fr o m ( or o n t h e s urf a c e of) c ells c a n b e cr e at e d b y c o m bi ni n g 
a m u c h s m all er n u m b er of D N A s e q u e n c es. As a r e s ult, t h e a bilit y of  n ati v e l o n g 
r e a d t e c h n ol o g y t o s e q u e n c e s pli c e j u n cti o ns p er mits t h e s p e cifi c c o m bi n ati o ns 
d e pl o y e d b y i n di vi d u al c ells t o b e i d e ntifi e d; 6 9  

•  C o m m er ci all y a v ail a bl e n ati v e l o n g r e a d s yst e ms  ar e c a p a bl e of dir e ct d et e cti o n 
of m a n y e pi g e n eti c m o difi c ati o n s , eit h er b y m e as uri n g ki n eti c v ari ati o n d uri n g 
n u cl e oti d e i n c or p or ati o n (s u c h as P a c Bi o) or b y m e as uri n g t h e u ni q u e el e ctri c al 
bl o c k a g e of t h e m o difi e d b as e p assi n g t hr o u g h a n a n o p or e (s u c h as O N T). 7 0  T h e 
a bilit y  t o  d et e ct  e pi g e n eti c  m o difi c ati o ns  m a y  ai d  t h e  u n d erst a n di n g  of 
e pi g e n eti c m o difi c ati o ns a n d t h eir r el e v a n c e  f or g e n e e x pr essi o n, dis e as e st at us, 
a n d ulti m at el y e n a bl e p h ar m a c e uti c al d esi g n t o b ett er a d dr ess dis e as es ; 

•  N ati v e l o n g r e a d s yst e m s  ar e w ell -s uit e d  f or r es ol vi n g p a r al o g r e gi o n s  of t h e 
g e n o m e; 7 1  

•  N ati v e  l o n g  r e a d  s yst e ms  ar e  w ell -s uit e d  f or  s e q u e n ci n g  s o m e p at h o g e n s , 
p arti c ul arl y  i n  t h e  c as e  of  s m all  vir us es  wit h  g e n o m es  s m all er  t h a n  t h e  r e a d 
l e n gt h of a n ati v e l o n g r e a d s yst e m . F or e x a m pl e, t h e HI V g e n o m e is o nl y 8 K b  
i n  si z e,  w hi c h  m e a ns  t h at  n ati v e l o n g  r e a d  s e q u e n ci n g  of  t h e  g e n o m e  m a y 
c a pt ur e t h e w h ol e s e q u e n c e i n a si n gl e r e a d. T hi s m e a ns t h at  n ati v e l o n g r e a d 
s yst e ms c a n  i d e ntif y  w h et h er  m ulti pl e  m ut ati o ns  e xist  o n  t h e  s a m e  m ol e c ul e 
( a n d, t h er ef or e, t h e s a m e vir us); 7 2  

•  C urr e nt  n ati v e l o n g r e a d s ys t e ms ar e all r e al ti m e . As a r es ult, c urr e nt n ati v e 
l o n g  r e a d  t e c h n ol o gi es  ar e  p ot e nti all y  w ell-s uit e d  f or  n e ar  r e al  ti m e 
e x p eri m e nts.  

 

 
6 9  “ N a n o p o r e l o n g -r e a d R N A s e q r e v e als wi d es p r e a d tr a n s cri pti o n al v a ri ati o n a m o n g t h e s u rf a c e r e c e pt o rs of 
i n di vi d u al B c ells ”, ( 2 0 1 6) B yr n e et al, N at ur e C o m m u ni c ati o ns, 8: 1 6 0 2 7.  
7 0  E pi g e n eti c s r ef er s t o t h e st u d y of h erit a bl e p h e n ot y p e c h a n g es t h at d o n ot i n v ol v e alt er ati o ns i n t h e u n d erl yi n g 
D N A s e q u e n c e.  
7 1  Pl e a s e s e e a b o v e.  
7 2  “ A m et h o d f o r n e a r f ull -l e n gt h a m plifi c ati o n a n d s e q u e n ci n g f o r si x h e p atitis C vi r u s g e n ot y p es ”, ( 2 0 1 6), B ull 
et al, B M C G e n o mi c s, 1 7, 2 4 7.  
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7 7.  H o w e v er, n ati v e l o n g r e a d t e c h n ol o gi es als o h a v e a n u m b er of li mit ati o n s, i n cl u di n g: 

•  N ati v e l o n g r e a d s yst e ms  h a v e l o w r a w r e a d ( n o n-c o n s e n s u s) a c c u r a c y wit h 
err or  r at es  of   a b o ut 1 0 %  t o  1 5 %.  Si n gl e  m ol e c ul e  t e c h ni q u es  ar e i n h er e ntl y 
err or -pr o n e b e c a us e a si n gl e s e q u e n ci n g p ass of t h e m ol e c ul e d o es n ot pr o vi d e 
t h e r e d u n d a n c y n e c ess ar y f or c urr e nt hi g h a c c ur a c y a p pr o a c h es, w h et h er s h ort 
or n ati v e l o n g r e a d. I n s o m e c o nt e xts, l o w r a w r e a d a c c ur a c y c a n b e o v er c o m e 
b y  i n cr e as e d  c o v er a g e,  l e a di n g  t o  hi g h er  c o ns e n s us  a c c ur a c y.  H o w e v er,  t h e 
l o w er  t hr o u g h p ut  a n d  hi g h er  c ost  of n ati v e l o n g  r e a d  s e q u e n ci n g  at  hi g h 
c o v er a g e  eff e cti v el y  pr e cl u d es  t h e  us e  of n ati v e l o n g  r e a d  s yst e ms  i n 
a p pli c ati o ns t h at r e q uir e b ot h hi g h a c c ur a c y a n d s c al e.  As a r es ult, n ati v e l o n g 
r e a d  t e c h n ol o gi es  ar e  n ot  w ell-s uit e d  f or  at -s c al e  s e q u e n ci n g  of  c o m pl e x 
g e n o m es, s u c h as t h e h u m a n g e n o m e; 

•  B e c a us e  n ati v e l o n g r e a d  s yst e ms  a c hi e v e  r el ati v el y l o w  o ut p ut  a n d 
t h r o u g h p ut, t h e n u m b er of b as es of D N A or R N A t h at c a n b e a n al ys e d i n a 
si n gl e r u n is m u c h l o w er ( oft e n or d ers of m a g nit u d e l ess) t h a n wit h s h ort r e a d 
s yst e ms;  

•  B e c a us e of t h eir l o w er o ut p ut a n d t hr o u g h p ut, a n d  t h eir  l o w er  r a w  a c c ur a c y, 
n ati v e l o n g r e a d s yst e ms h a v e a m u c h hi g h e r c ost p e r b as e , es p e ci all y at t h e 
c o ns e ns us l e v el;  

•  It is m u c h l ess e c o n o mi c al t o a c hi e v e d e e p g e n o m e c o v e r a g e  usi n g n ati v e l o n g 
r e a d s yst e ms;  

•  N ati v e l o n g r e a d s yst e ms ar e n ot w ell -s uit e d t o  s e q u e n c e s m all v ari a nt cl as s es 
s u c h as S N Vs ; 

•  N ati v e l o n g r e a d s yst e m s ar e n ot w ell -s uit e d f or c o u nti n g  b e c a us e t h eir r e a d 
l e n gt h  off ers  n o  a d v a nt a g e  o v er  s h ort  r e a d  s yst e ms.  I n  m ost  i nst a n c es,  t h e 
fr a g m e nt l e n gt hs of t h e D N A or R N A us e d i n su c h a p pli c ati o ns ar e t e ns t o a f e w 
h u n dr e d  b as es  l o n g  ( e. g. ,  a si n gl e  ct D N A  s a m pl e  will  t y pi c all y  r e q uir e 
a p pr o xi m at el y 1 billi o n r e a ds p er s a m pl e w h er e as m ost  n ati v e l o n g r e a d s yst e ms 
c urr e ntl y  yi el d b et w e e n a b o ut 1 t o 1 0 milli o n r e a ds p er r u n); 

•  T h e i n p ut m at e ri al   (i. e., D N A  s a m pl e)  r e q uir e m e nts  f or  c urr e nt n ati v e  l o n g 
r e a d s yst e ms r es ult i n i n cr e as e d c o m pl e xit y as c o m p ar e d t o s h ort r e a d s yst e ms. 
N ati v e l o n g r e a d i n p ut m at eri al n e e ds t o c o nsist of l o n g fr a g m e nts of D N A, h a v e 
hi g h  m ol e c ul ar  w ei g ht, 7 3  b e  of  hi g h  q u alit y  a n d  h a v e  li mit e d  br e a k a g e.  A s  a 
r es ult, it is g e n er all y n e c ess ar y t o h a v e a l ar g er a m o u nt of i n p ut D N A i n or d er 
t o pr e p ar e a s e q u e n ci n g-r e a d y s a m pl e. 7 4   

 

 
7 3  htt p s:// a c a d e mi c. o u p. c o m/ h m g/ arti cl e/ 2 7/ R 2/ R 2 3 4/ 4 9 9 6 2 1 6 , p. 1 
7 4  htt p:// w w w. p h gf o u n d ati o n. or g/ d o c u m e nt s/l o n g -r e a d-s e q u e n ci n g -r e a d y-f or-t h e-cli ni c. p df , p. 3 

https://academic.oup.com/hmg/article/27/R2/R234/4996216
http://www.phgfoundation.org/documents/long-read-sequencing-ready-for-the-clinic.pdf
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7 8.  As a r es ult of t h es e s e q u e n ci n g t e c h n ol o g y diff er e n c es, t h eir s uit a bilit y f or p arti c ul ar 
a p p li c ati o ns a n d i n c ert ai n c ust o m er s etti n gs diff ers si g nifi c a ntl y.  

C.  E x a m pl es of a p pli c ati o ns f or w hi c h s h ort r e a d s yst e ms ar e w ell -s uit e d  

7 9.  T h e  c h ar a ct eristi cs  of  s h ort  r e a d  t e c h n ol o gi es  m a k e  t h e m  w ell -s uit e d  f or  p arti c ul ar 
a p pli c ati o ns r e q uiri n g hi g h t hr o u g h p ut, hi g h d e pt h, hi g h r a w r e a d a c c ur a c y, a n d/ or l o w 
c ost p er b as e.  

8 0.  S h ort r e a d s yst e ms  ar e u s e d f or b ot h r es e ar c h a n d cli ni c al a p pli c ati o ns. I n t h e c li ni c al 
e n vir o n m e nt, s h ort r e a d s yst e ms  ar e w ell -s uit e d f or a p pli c ati o ns i n cl u di n g, f or e x a m pl e, 
NI P T a n d li q ui d bi o ps y ( ct D N A). 

8 1.  NI P T  is a w a y of e x a mi ni n g c ell-fr e e f et al D N A ( cf D N A) b y t a ki n g a s a m pl e of bl o o d 
fr o m a pr e g n a nt w o m a n. 7 5  NI P T t a k es a d v a nt a g e of t h e f a ct t h at a f et us s h e ds fr a g m e nts 
of its D N A i nt o t h e m ot h er’s  bl o o d str e a m. T h e s e q u e n c er c o u nts h o w m a n y c o pi es of 
e a c h c hr o m os o m e a p p e ar b y s e q u e n ci n g a bl o o d s a m pl e t a k e n fr o m t h e m ot h er. If t h e 
f et us  h as  D o w n’s  s y n dr o m e,  f or  e x a m pl e,  a n  e xtr a  c o p y  of  c hr o m os o m e  2 1  will  b e 
pr es e nt w h e n c o m p ar e d wit h t h e ot h er f et al c hr o m os o m es or t h e m ot h er’s c hr o m os o m e 
2 1.  

8 2.  S h ort r e a d t e c h n ol o gi es ar e w ell -s uit e d f or NI P T b e c a us e of t h eir hi g h t hr o u g h p ut a n d 
c o u nti n g c a p a biliti es. T h e fr a g m e nts of f et al D N A f o u n d i n m at er n al  bl o o d ar e s h ort 
a n d d e gr a d e d (t h e a v er a g e si z e of cf D N A is o nl y a p pr o xi m at el y 2 0 0 b p ). 7 6  As a r es ult, 
r e a ds l o n g er t h a n t his l e n gt h off er n o a d diti o n al v al u e. W hil e n ati v e l o n g r e a ds c o ul d 
t h e or eti c all y  b e  us e d  f or  NI P T  fr o m  a  t e c h ni c al  p oi nt  of  vi e w,  b e c a us e  t y pi c all y  7 
milli o n  s e q u e n c e  r e a ds,  or  c o u nts,  of  t h e  s a m pl e  ar e  r e q uir e d,   n ati v e l on g  r e a d 
t e c h n ol o gi es  ar e  n ot  w ell-s uit e d  f or  NI P T  b e c a u s e  t h e y  l a c k  t h e  s c al e  t o  off er  t his 
n u m b er  of  c o u nts  e c o n o mi c all y.  

 
 

 

 
7 5  C ell -fr e e D N A ( cf D N A) r ef er s t o v ari o us f or ms of n o n-e n c a p s ul at e d a n d d e gr a d e d D N A fr a g m e nts t h at ar e 
pr es e nt i n bl o o d pl as m a. T h e s o ur c e of D N A c a n b e a t u m or cl o n e (r ef err e d t o as cir c ul ati n g  t u m or D N A, or 
ct D N A) or f et al D N A t h at is pr es e nt i n m at er n al bl o o d pl as m a d uri n g a pr e g n a n c y (r ef err e d t o as c ell -fr e e f et al 
D N A,  or  cff D N A).  cf D N A  c a n  s er v e  a s  a  bi o m ar k er  f or  v ari o us  dis or d er s,  s u c h  a s  c a n c er  a n d  pr e n at al 
c hr o m o s o m al a n e u pl oi di es.  
7 6  “Siz e distri b uti o n s of m at er n al a n d f et al D N A i n m at er n al pl a s m a ”. ( J a n u a r y 2 0 0 4) C h a n K C, Z h a n g J, H ui 
A B,  W o n g  N,  L a u  T K,  L e u n g  T N,  L o  K W,  H u a n g  D W,  L o  Y M.  Cli ni c al  C h e mistr y.  A m eri c a n  A ss o ci ati o n  f o r 
Cli ni c al C h e mistr y ( A A C C).  5 0  ( 1): 8 8– 9 2.  d oi :1 0. 1 3 7 3/ cli n c h e m. 2 0 0 3. 0 2 4 8 9 3 . P MI D  1 4 7 0 9 6 3 9 ). 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1373%2Fclinchem.2003.024893
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/14709639
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Fi g ur e 8 : NI P T 

 
 

8 3.  Li q ui d bi o p s y is a n o n-i n v asi v e alt er n ati v e t o s ur gi c al bi o psi es, e n a bli n g d o ct ors t o 
dis c o v er a r a n g e of i nf or m ati o n a b o ut a t u m or fr o m a bl o o d s a m pl e. T h e D N A of s o m e 
t u m or  c ells  ma y  b e  f o u n d  i n  t h e  bl o o d.  T u m or -d eri v e d  fr a g m e nt e d  D N A  i n  t h e 
bl o o dstr e a m is t er m e d cir c ul ati n g t u m or D N A ( ct D N A). N o n -i n v asi v e s e q u e n ci n g is 
pr ef err e d  f or  t u m or  c h ar a ct eris ati o n  a n d  m o nit ori n g  t u m or  pr o gr essi o n  b e c a us e  it 
e n a bl es  c o nsist e nt/ c o nti n u al  m o nit ori n g  i n  a  c o n v e ni e nt,  e c o n o mi c al  f as hi o n,  u nli k e 
i n v asi v e pr o c e d ur es t h at e nt ail ris k.7 7   

8 4.  T h er e  ar e  s e v er al  f a ct or s  t h at  m a k e  hi g hl y  a c c ur at e  s h ort  r e a d s e q u e n c ers i d e al  f or 
a c c ur at el y  d et e cti n g  a n d  q u a ntif yi n g  l o w  l e v els  of  ct D N A  i n  t h e  bl o o dstr e a m.  Firs t, 
ct D N A fr a g m e nt  si z es ar e t y pi c all y u n d er 2 0 0  b p, i d e all y m a p pi n g t o t h e r e a d l e n gt hs 
a c c ur at el y a c hi e v e d b y s h ort r e a d t e c h n ol o gi es. S e c o n d, r ar e ct D N A v ari a nt fr a g m e nts 
ar e pr es e nt i n v er y l o w l e v els i n t h e bl o o d str e a m a n d ar e dil ut e d b y t h e a b u n d a n c e of 
n o n- v ari a nt D N A i n pl as m a. T h er ef or e, c o u nti n g  a n d q u a ntif yi n g s p e cifi c r ar e ct D N A 
fr a g m e nts a g ai nst t h e b a c k gr o u n d of n o n-v ari a nt D N A is a ki n t o fi n di n g a n e e dl e i n a 
h a yst a c k,  r e q uiri n g  v er y  hi g h  d e pt h  of  s e q u e n ci n g  ( oft e n  i n  e x c ess  of 1, 0 0 0- f ol d  t o 
1 0, 0 0 0- f ol d  or  gr e at er c o v er a g e,  as  c o m p ar e d  t o t he 3 0 x  c o v er a g e  t h at  is  t y pi c all y 
s uffi ci e nt f or i d e ntif yi n g c o m m o n v ari a nts w h e n s e q u e n ci n g a h u m a n g e n o m e). L astl y, 
si n c e  ct D N A  fr a g m e nts  ar e  i n  l o w  a b u n d a n c e,  it  is  criti c al  t h at  t h e  s e q u e n ci n g 
t e c h n ol o g y  h as  hi g h  r a w  r e a d  a c c ur a c y  i n  or d er  t o  cl e arl y  diff er e nti at e  b et w e e n  r e al 
v ari a nts i n i n di vi d u al ct D N A fr a g m e nts a n d s e q u e n ci n g err ors.  

 
 

.  

8 5.  I n  t h e  res e ar c h  e n vir o n m e nt,  s h ort  r e a d  s yst e m s  ar e  w ell -s uit e d  f or  t ar g et e d  g e n e 
s e q u e n ci n g p a n els a n d p o p ul ati o n g e n o mi cs. I n t a r g et e d s e q u e n ci n g, o nl y a s u bs et of 

 

 
7 7  htt p s:// w w w.ill u mi n a. c o m/ c o nt e nt/ d a m/ill u mi n a -m ar k eti n g/ d o c u m e nt s/ pr o d u cts/ w hit e p a p er s/tr usi g ht -t u m or-
1 5 -cf d n a -w hit e -p a p er -1 1 7 0 -2 0 1 6 -0 1 6. p df , p. 1 

https://www.illumina.com/content/dam/illumina-marketing/documents/products/whitepapers/trusight-tumor-15-cfdna-white-paper-1170-2016-016.pdf
https://www.illumina.com/content/dam/illumina-marketing/documents/products/whitepapers/trusight-tumor-15-cfdna-white-paper-1170-2016-016.pdf
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g e n es or d efi n e d r e gi o ns i n t h e g e n o m e ar e s e q u e n c e d. 7 8  T hi s e n a bl es r es e ar c h ers t o 
f o c us r es o ur c es o n t h e r e gi o ns i n w hi c h t h e y ar e m ost i nt er est e d. T ar g et e d s e q u e n ci n g 
t y pi c all y  s e q u e n c es  t h e  t ar g et  r e gi o n  i n  d e pt h  ( 5 0 0-1 0 0 0 x  or  hi g h er),  e n a bli n g 
r es e ar c hers  t o  i d e ntif y  r ar e,  s m all  v ari a nts. 7 9  S h ort  r e a d  s yst e ms  ar e  w ell -s uit e d  f or 
t ar g et e d s e q u e n ci n g b e c a us e of t h eir hi g h t hr o u g h p ut, l o w c ost p er b as e, a n d t h eir hi g h 
c o v er a g e.  

8 6.  P o p ul ati o n  G e n o mi cs ( P o p G e n)  e nt ails  l ar g e-s c al e  c o m p aris o n  of  D N A  s e q u e n c es 
wi t hi n  p o p ul ati o ns  of  i n di vi d u als, p ot e nti all y  l e a di n g  t o  i m pr o v e m e nts  i n  i n di vi d u al 
p ati e nt  c ar e  a n d  tr a nsl ati o n al  r es e ar c h  wit h  c o h ort -l e v el  k n o wl e d g e.  S h ort  r e a d 
s e q u e n ci n g  is w ell -s uit e d  f or  P o p G e n  pr oj e cts  b e c a us e  of its hi g h  a c c ur a c y,  hi g h 
t hr o u g h p ut, hi g h s c al e a n d l o w c ost p er b as e a n d, t h er ef or e, l o w er c ost p er g e n o m e. 8 0   

D.  E x a m pl es of a p pli c ati o ns f or w hi c h n ati v e l o n g r e a d s yst e ms  ar e w ell -s uit e d  

8 7.  T o d a y, n ati v e l o n g r e a d t e c h n ol o gi es ar e pr e d o mi n a ntl y us e d i n r es e ar c h a p pli c ati o ns, 
r at h er t h a n  i n  cli nic al  a p pli c ati o ns.  N ati v e  l o n g  r e a d  s yst e ms  ar e  w ell -s uit e d  f or 
a p pli c ati o ns r e q uiri n g dis c o v er y a n d d et e cti o n  of l ar g e S Vs, h a pl ot y p e p h asi n g, d e n o v o  
ass e m bl y/ d e n o v o  s e q u e n ci n g of l ar g er g e n o m es a n d a p pli c ati o ns r e q uiri n g n e ar r e al 
ti m e s e q u e n ci n g. 

8 8.  B e y o n d D N A s e q u e n ci n g, n ati v e l o n g r e a d s yst e ms ar e u ni q u el y s uit e d f or st u d yi n g 
tr a ns cri pt o m es a n d dir e ct d et e cti o n of e pi g e n eti c m o difi c ati o ns. 

VI.  “ N ati v e l o n g r e a d ” vs “ Li n k e d l o n g r e a d ”  

8 9.  W hil e s h ort r e a d s yst e ms pr o vi d e r e a d l e n gt hs i n t h e t e ns t o h u n dr e ds of b a s e p airs p er 
r e a d, li br ar y pr e p ar ati o n m et h o ds c a n e n a bl e a l o n g er D N A “ p ar e nt ” s e g m e nt (e. g. , 5 0 
K b) t o b e fr a g m e nt e d, l a b ell e d, a n d s e q u e n c e d usi n g s h ort r e a d t e c h n ol o g y wit h t h e ai m 
of ass o ci ati n g t h e r es ulti n g s e q u e n c es wit h t h e p ar e nt fr a g m e nt . Li n k e d l o n g r e a ds  us e 
li br ar y pr e p ar ati o n m et h o ds t o e n h a n c e t h e f u n cti o n alit y of s h ort r e a d s yst e ms. Li n k e d 
l o n g r e a ds ar e n ot s u bstit ut es f or n ati v e l o n g r e a ds. L o n g r e a d s e q u e n ci n g s yst e ms t h at 
s e q u e n c e c o nti g u o us fr a g m e nts of D N A s p a n ni n g t h o us a n ds t o h u n dr e ds of t h o us a n ds 
of b as es  or m or e  ar e r ef err e d t o as “ n ati v e ” or “tr u e l o n g r e a d ”. I n c o ntr ast, li n k e d l o n g 
r e a d  s e q u e n ci n g  a p pr o a c h es  m a y  us e  v ari o us  str at e gi es,  s u c h  as  u ni q u e  b ar c o d es 
i d e ntifi e d wit h t h e p ar e nt fr a g m e nt o n e a c h s h ort r e a d g e n er at e d fr o m a str a n d of D N A , 
t o li n k t h e s h ort r e a ds t o g et h er. As e x pl ai n e d b el o w, li n k e d l o n g r e a ds ar e i n h er e ntl y 
u n a bl e t o m at c h t h e q u alit y a n d i nf or m ati o n c o nt e nt of n ati v e l o n g r e a ds a n d t h us ar e 
n ot a s u bstit ut e, b ut r at h er  a c o m pl e m e nt ar y t e c h n ol o g y.  

 

 

 
7 8  T ar g et e d g e n e p a n els ar e f o c us e d p a n els t h at c o nt ai n a s el e ct s et of g e n es or g e n e r e gi o n s t h at h a v e k n o w n or 
s u s p e ct e d ass o ci ati o n s wit h t h e dis e as e or p h e n ot y p e u n d er st u d y.  
7 9  htt p s:// w w w.ill u mi n a. c o m/t e c h ni q u es/ s e q u e n ci n g/ d n a -s e q u e n ci n g/t ar g et e d -r e s e q u e n ci n g/t ar g et e d-p a n el s. ht ml   
8 0  As dis c us s e d i n S e cti o n 1 3, b el o w, n ati v e l o n g r e a d s yst e ms c o ul d b e us e d i n a c o m pl e m e nt ar y f a s hi o n wit h 
s h ort  r e a d  s yst e ms  o n  a  s m all  t ar g et  s u b s et  of  s a m pl e s  t o  cr e at e  r ef er e n c e  g e n o m e s  f or  t h e  p o p ul ati o n s  b ei n g 
st u di e d.  

https://www.illumina.com/techniques/sequencing/dna-sequencing/targeted-resequencing/targeted-panels.html
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Fi g ur e 9 : Li n k e d l o n g r e a d v N ati v e l o n g r e a d 

8 1  

9 0.  T h e  t er m  “li n k e d  l o n g  r e a ds ”  is  a  mis n o m er ;  “ ass o ci at e d ”  s h ort  r e a ds  is  a  m or e 
a p pr o pri at e  t er mi n ol o g y,  gi v e n  t h at  s u c h  r e a ds  ar e  g e n er at e d  fr o m  or d er e d  a n d 
ass e m bl e d s h ort r e a ds r at h er t h a n  a si n gl e a n d c o nti g u o us l o n g r e a d. As a r es ult, t h eir 
c h ar a ct eristi cs diff er si g nifi c a ntl y fr o m n ati v e l o n g r e a ds, i n cl u di n g t h e f oll o wi n g:  

•  B e c a us e ass o ci at e d  s h ort  r e a ds  ar e  ess e nti all y  b ar c o d e d  ass e m bli es  of  s h ort 
r e a ds, t h e y c a n b e pr o d u c e d at m u c h hi g h e r o ut p ut a n d t h r o u g h p ut , l o w e r 
c ost p e r b as e , hi g h e r r a w r e a d a c c u r a c y , a n d m or e c o v e r a g e  t h a n n ati v e l o n g 
r e a ds; 

•  Ass o ci at e d s h ort  r e a ds ar e w ell-s uit e d f or d et e cti n g s m all v ari a nt cl ass es s u c h 
as S N Vs,  s m all i n d els, a n d s m all t a n d e m r e p e ats , w hi c h b e n e fit fr o m hi g h 
a c c ur a c y a n d c o v er a g e ; 

•  Si n c e  c urr e nt ass o ci at e d  s h ort  r e a d  s e q u e n ci n g  is  b as e d  o n  s h ort  r e a d 
t e c h n ol o gi es t h at ar e n ot c urr e ntl y  r e al ti m e, t h e y ar e n ot c a p a bl e of n e ar r e al 
ti m e s e q u e n ci n g,  m e a ni n g  t h at  t h e y  ar e  n ot  w ell -s uit e d  f or  n e ar  r e al  ti m e 
e x p eri m e nts;  

•  B e c a us e t h e u n d erl yi n g t e c h n ol o g y us e d i n ass o ci at e d s h ort  r e a d s e q u e n ci n g is 
e ntir el y  b as e d  o n  s h ort  r e a d  t e c h n ol o gi es, ass o ci at e d  s h ort  r e a d  t e c h n ol o gi es 
als o s uff er fr o m m a n y of t h e li mit ati o ns of s h ort r e a d t e c h n ol o g i es, dis c us s e d 
a b o v e: 

o  B e c a us e ass o ci at e d  s h ort  r e a ds  g e n er all y  r e q uir e  a  r ef er e n c e  a n d  h a v e 
diffi c ulti es  wit h  r es ol vi n g  s o m e  r e p etiti v e  r e gi o n s,  t h e y  ar e  n ot w ell -
s uit e d  f or t h e  ass e m bl y  of  l ar g er  c o nti n u o us  fr a g m e nts  t h at  el u ci d at e 
str u ct ur al  or d er  i n d e  n o v o   ass e m bl y/d e  n o v o  g e n o m e/ d e  n o v o  
s e q u e n ci n g ; 

o  B e c a us e ass o ci at e d  s h ort  r e a ds  h a v e  t h e  s a m e diffi c ulti es  wit h  s o m e 
r e p etiti v e r e gi o ns as s h ort r e a ds,  t h e y ar e n ot w ell -s uit e d t o r es ol v e l a r g e 
S Vs .  

 
. 

 

 
8 1  It s h o ul d b e e m p h asi s e d t h at t h e g a p s i n t h e r es ults pr o d u c e d b y li n k e d l o n g r e a d s e q u e n ci n g c o nt ai n n o u s ef ul 
i nf or m ati o n. 
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•  C urr e nt ass o ci at e d  s h ort  r e a d  t e c h n ol o gi es d o  n ot  h a v e  t h e  a bilit y  t o  dir e ctl y 
d et e ct e pi g e n eti c m o difi c ati o n s ; 

•  N ati v e l o n g r e a ds ar e t h e pr e v aili n g t e c h n ol o g y us e d f or h a pl ot y p e p h asi n g ,8 2  
r efl e cti n g t h e c o m bi n ati o n of t h e c o m pl et e n ess of i nf or m ati o n a n d a v ail a bilit y 
of t h e t e c h n ol o g y.  

 
 

; 

•  T h e c o m pl e xit y of b ar c o di n g tr a ns cri pts ( e. g. , v ari o us l e n gt hs, e x pr essi o n l e v els 
a n d s pli ci n g c o m pl e xit y) m a k e s m a p pi n g c o m pl e x str u ct ur es s u c h as l ar g er S Vs , 
as d es cri b e d a b o v e, ( e. g. , P a c Bi o’s Is o-S e q ®  m et h o d) a n d cr e ati n g “ r ef e r e n c e ” 
t r a n s c ri pt o m es diffi c ult usi n g ass o ci at e d s h ort  r e a ds; 

•  Ass o ci at e d  s h ort  r e a ds  ar e  us u all y g a p p e d  b e c a us e  t h e y  h a v e  i n c o m pl et e 
c o v er a g e of t h e p ar e nt fr a g m e nt.  

 
. 

9 1.   
 
 
 
 
 

•   

•   
 

9 2.  : 

•  
 

•  ; a n d  

•  is. 

9 3.  T h e  li mit e d  utilit y  of  c urr e nt  ass o ci at e d  s h ort  r e a ds  is  f urt h er  ill ustr at e d   
 
 

 

 
8 2  Pl e a s e s e e a b o v e.  
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9 4.  T o t h e b est of t h e P arti es’ k n o wl e d g e, all s h ort r e a d t e c h n ol o gi es c a n b e us e d t o pr o d u c e 
ass o ci at e d s h ort r e a ds.  As  e x pl ai n e d a b o v e, ass o ci at e d  s h ort  r e a ds  us e  s p e ci alis e d 
li br ar y  pr e p ar ati o n  m et h o ds  t h at  eff e cti v el y  b ar c o d e  s a m pl es  t o  assist  i n  pi e ci n g 
t o g et h er s h ort r e a d r es ults. W hil e diff er e nt s h ort r e a d t e c h n ol o gi es m a y r e q uir e diff er e nt 
b ar c o di n g s c h e m es, t h er e ar e n u m er o us a p pr o a c h e s a v ail a bl e.  

9 5.  Ill u mi n a d o es n ot c urr e ntl y pr o vi d e its o w n ass o ci at e d s h ort r e a d s ol uti o n. As dis c uss e d 
i n , Ill u mi n a dis c o nti n u e d its “ Tr u S e q S y nt h eti c L o n g-R e a d D N A Li br ar y 
Pr e p Kit ” i n J ul y 2 0 1 8.  

 
 

 

9 6.  T h er e ar e a n u m b er of pr o vi d ers of ass o ci at e d s h ort  r e a d li br ar y s ol uti o ns w hi c h, t o t h e 
b est  of  Ill u mi n a’s  k n o wl e d g e,  c a n  b e  us e d  wit h  all  s h ort  r e a d  s yst e ms  (i n cl u di n g 

). 8 4  T h es e pr o vi d ers i n cl u d e  
.  I n  a d diti o n,  a  n u m b er  of 

s h ort r e a d s yst e m s u p pli ers off er t h eir o w n s ol uti o ns. F or e x a m pl e,   h as l a u n c h e d 
a n ass o ci at e d s h ort  r e a d s ol uti o n.8 5  

1 3.  I d e ntif y ( a n d e x pl ai n t h e r ati o n al e f o r i d e ntif yi n g): 

( a) t h e n a r r o w est c a n di d at e p r o d u ct/s e r vi c e a n d g e o g r a p hi c m a r k et(s) w h e r e t h e 
m e r g e r  p a rti es  o v e rl a p,  a n d  (if  t h e  p a rti es  h a v e  a  v e rti c al  r el ati o n s hi p  o r 
s u p pl y  r el at e d  p r o d u cts/s e r vi c es) 8 6  t h e  n a r r o w est  c a n di d at e  p r o d u ct/s e r vi c e 
a n d g e o g r a p hi c m a r k et(s) at  e a c h l e v el of t h e  v e rti c al s u p pl y c h ai n a n d f o r 
e a c h r el at e d p r o d u ct/s e r vi c e (t h e N a r r o w est C a n di d at e M a r k et(s)).  

( b) a n y  ot h e r  pl a u si bl e  c a n di d at e  p r o d u ct/s e r vi c e  a n d  g e o g r a p hi c  m a r k et(s) 8 7  
w h e r e  t h e  m e r g e r  p a rti es  o v e rl a p,  h a v e  a  v e rti c al  r el ati o n s hi p,  o r  s u p pl y 

 

 
8 3  htt p s:// w w w. 1 0 x g e n o mi cs. c o m/s ol uti o ns/  
8 4  

 

 

 
8 5  .  
8 6  T h e s e ar e pr o d u cts or s er vi c es w hi c h d o n ot li e wit hi n t h e s a m e m ar k et, b ut w hi c h ar e n e v ert h el e ss r el at e d i n 
s o m e w a y; f or e x a m pl e, b e c a u s e t h e y ar e c o m pl e m e nt s ( s o t h at a f all i n t h e pri c e of o n e pr o d u ct/s er vi c e i n cr e as es 
t h e c ust o m er’ s d e m a n d f or a n ot h er), or b e c a us e t h er e ar e e c o n o mi es of s c al e i n p ur c h a si n g t h e m ( s o t h at c ust o m er s 
b u y t h e m t o g et h er). S e e g ui d a n c e n ot e t o Q u e sti o n 1 2.  
8 7  T his  m a y  i n cl u d e,  f or  e x a m pl e,  t h e  pr o d u cts/s er vi c es  a n d  g e o gr a p hi c  ar e a( s)  i n  t h e  N arr o w est  C a n di d at e 
M ar k et( s) t o g et h er wit h ot h er pr o d u cts/s er vi c e s a n d g e o gr a p hi c ar e as t h at mi g ht b e c o n si d er e d s u b stit ut es wit h 
s u c h pr o d u cts/s er vi c es a n d g e o gr a p hi c ar e a( s).  
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r el at e d p r o d u cts/s e r vi c es (t o g et h e r wit h t h e N a r r o w est C a n di d at e M a r k et(s), 
t h e C a n di d at e M a r k et(s)). 

I. P r o d u ct m a r k et d efi niti o n  

A.  S h ort r e a d a n d n ati v e l o n g r e a d s yst e ms f all i nt o disti n ct pr o d u ct m ar k ets 

9 7.  T h e  N otif yi n g  P arti es  s u b mit  t h at  s h ort  r e a d  s e q u e n ci n g  a n d  n ati v e  l o n g  r e a d 
s e q u e n ci n g  ar e  c o m pl e m e nt ar y,  s u c h  t h at  t h e y  f all  i nt o  disti n ct  pr o d u ct  m ar k ets.  As 
t h er e is n o C M A or E ur o p e a n C o m missi o n ( “ C o m missi o n ”) pr e c e d e nt o n t h e r ele v a nt 
p ot e nti al m ar k ets f or s e q u e n ci n g, t h e f oll o wi n g dis c ussi o n d es cri b es t h e d e m a n d - a n d 
s u p pl y-si d e f a ct ors t h at u n d er pi n t his vi e w. 8 8  

i. A bs e n c e of d e m a n d -si d e s u bstit ut a bilit y 

9 8.  S e q u e n ci n g s yst e ms t h at p erf or m s h ort r e a ds a n d n ati v e l o n g r e a ds ar e n ot s u bst it ut a bl e 
f or c ust o m ers. As e x pl ai n e d i n S e cti o n 1 2 a b o v e, c ust o m ers us e s h ort r e a d s e q u e n ci n g 
s yst e ms  a n d  n ati v e  l o n g  r e a d  s e q u e n ci n g  s yst e ms  i n  diff er e nt  c o nt e xts,  b e c a us e  t h e 
s e q u e n ci n g s yst e ms a n d t h e r e a ds pr o d u c e d h a v e diff er e nt c h ar a ct eristi cs, i n l a r g e p art 
as a r es ult of t h e  f u n d a m e nt al diff er e n c es i n t h e u n d erl yi n g t e c h n ol o gi es i m pl e m e nt e d. 
T h e s e s yst e ms a d dr ess diff er e nt c ust o m er n e e ds a n d ar e us e d i n diff er e nt a p pli c ati o ns 
or i n a c o m pl e m e nt ar y f a s hi o n i n t h e s a m e a p pli c ati o ns. 

a.  S h ort  r e a d  a n d  n at i v e  l o n g  r e a d  s yst e ms  h a v e  diff er e nt 
c h ar a ct eristi cs, c osts, a n d us es 

9 9.  As  d es cri b e d  a b o v e,  s h ort  r e a d  s yst e ms  h a v e  str e n gt hs.  S h ort  r e a d  s yst e ms  ar e 
c h ar a ct eris e d b y hi g h o ut p ut a n d t hr o u g h p ut, d e e p c o v er a g e, hi g h r a w r e a d a c c ur a c y, 
a n d  l o w  s e q u e n ci n g  c ost  p er  b as e.  A d diti o n all y,  t h e  D N A  s a m pl e  pr e p ar ati o n 
r e q uir e m e nts f or s h ort r e a ds ar e oft e n l ess c o m pl e x b e c a us e a s m all er a m o u nt of i n p ut 
D N A  is  n e e d e d  i n  or d er  t o  pr e p ar e  a s e q u e n c er -r e a d y  s a m pl e  a n d t h er e  is n o 
r e q uir e m e nt t o k e e p l o n g D N A m ol e c ul es i nt a ct. S h ort r e a d s yst e ms ar e w ell-s uit e d f or 
s h ort  cir c ul ati n g  D N A  fr a g m e nts  i n  t h e  bl o o d  str e a m  t h at  c h ar a ct eris e  c ert ai n 
s e q u e n ci n g a p pli c ati o ns ( s u c h as NI P T ( cf D N A) a n d li q ui d bi o ps y  ( ct D N A)) a n d D N A 
fr o m  F F PE 8 9  s a m pl es. 9 0  S h ort  r e a d  s yst e ms  ar e  als o  w ell -s uit e d  f or  d et e cti n g  s m all 
v ari a nt cl ass es s u c h as S N Vs, w hi c h b e n efit fr o m hi g h a c c ur a c y a n d d e e p c o v er a g e, as 
w ell as f or “ c o u nti n g ” a p pli c ati o ns.  

1 0 0.  H o w e v er, s h ort r e a d s yst e ms als o h a v e li mit ati o ns. B e c a us e of t h eir li mit e d r e a d l e n gt h, 
t h e y ar e n ot w ell-s uit e d f or  t h e ass e m bl y of l ar g er c o nti n u o us fr a g m e nts t h at el u ci d at e 
str u ct ur al or d er i n d e n o v o  ass e m bl y/ d e n o v o  g e n o m e/ d e n o v o  s e q u e n ci n g, a n d t h e y ar e 
of li mit e d utilit y i n disti n g uis hi n g hi g hl y si mil ar r e gi o ns, s u c h as d u pli c at e d g e n es, or 
r e p etiti v e or  p ar al o g  r e gi o ns  wit h  l e n gt hs  of  r e p e ats  t h at  e x c e e d  t h e  r e a d  l e n gt h 

 

 
8 8  O F T, G ui d a n c e o n M a r k et D efi niti o n , D e c e m b er 2 0 0 4. 
8 9  F F P E,  or  F or m ali n -Fi x e d  P ar affi n -E m b e d d e d,  is  a  t e c h ni q u e  f or  pr es er vi n g  a n d  pr e p ari n g  tis s u e  s a m pl es, 
i n cl u di n g t u m or bi o p si es. 
9 0  T h e D N A o bt ai n e d fr o m F F P E s a m pl e s is of l o w er q u alit y as c o m p ar e d t o ot h er t y p e s of s a m pl es a n d t y pi c all y 
c o nsists of s h ort er fr a g m e nt s.  
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s u p p ort e d b y t h e s e q u e n c er. S h ort r e a d s yst e ms  ar e als o n ot w ell -s uit e d f or d et e cti n g 
l ar g er S Vs. Fi n all y, s h ort r e a d s yst e ms ar e n ot w ell -s uit e d f or h a pl ot y p e p h asi n g.  

1 0 1.  N ati v e l o n g r e a d s yst e ms h a v e diff er e nt str e n gt hs. N ati v e l o n g r e a d s yst e ms  c a n e n a bl e 
d e n o v o  ass e m bl y/ d e n o v o  s e q u e n ci n g of l ar g er g e n o m es. T h e y c a n e n a bl e s e q u e n ci n g 
of c o m pl e x a n d r e p etiti v e r e gi o ns  i n a g e n o m e i n a si n gl e r e a d. N ati v e l o n g r e a d s yst e ms 
als o  e n a bl e  dis c o v er y  a n d  d et e cti o n  of  l ar g er  S Vs.  F urt h er,  t h e y  ar e  s uit a bl e  f or 
h a pl ot y p e p h asi n g  a n d e n a bl e d et e cti o n of  f ull -l e n gt h tr a ns cri pts, is of or m s a n d  g e n e 
f usi o ns. Fi n all y, t h e c o m m er ci all y a v ail a bl e n ati v e l o n g r e a d t e c h n ol o gi es c a n dir e ctl y 
d et e ct n u m er o us e pi g e n eti c m o difi c ati o ns. 

1 0 2.  H o w e v er, n ati v e  l o n g  r e a d  s yst e ms  h a v e  a  n u m b er  of  li mit ati o ns.  C o m m er ci all y 
a v ail a bl e n ati v e l o n g r e a d t e c h n ol o gi es h a v e hist ori c all y s uff er e d fr o m hi g h err or r at es, 
r a n gi n g fr o m 1 0 t o 1 5 %.  

 
 
 
 
 
 
 
 

. 

1 0 3.  T h e   err or  r at es  of  P a c Bi o’s  n ati v e  l o n g  r e a d  t e c h n ol o g y  h a v e  i m pr o v e d  o v er  ti m e. 
 
 
 

. P a c Bi o’s C C S m et h o d i n v ol v es r ot ati o n of t h e si n gl e m ol e c ul e 
t o cr e at e a d diti o n al r e a ds i n or d er t o i m pr o v e t h e a c c ur a c y of t h e r e a d. It is i m p ort a nt 
t o n ot e t h at, w hil e C C S i m pr o v es t h e a c c ur a c y of t h e n ati v e l o n g r e a d, it d o es s o at 
r e d u c e d t hr o u g h p ut a n d, t h er ef or e, i n cr e as e d c ost. 9 1  

1 0 4.   
 

 

 
9 1  A n ot h er c o m m o n a p pr o a c h t o i m pr o vi n g a c c ur a c y of n ati v e l o n g r e a d s i n v ol v e s p erf or mi n g r e a d s of diff er e nt 
m ol e c ul e s t h at s p a n  t h e o v erl a p pi n g r e gi o n of t h e s e q u e n c e a n d c o m p ari n g t h o s e t o r e a c h a c o ns e ns u s s e q u e n c e 
wit h hi g h er a c c ur a c y. F or e x a m pl e, if o n e o b s er v es a 1 0 % err or at a p arti c ul ar b as e a n d t h e n r u n s t h e r e a d t e n 
ti m e s o n diff er e nt m ol e c ul e s t h at s p a n t h e r e gi o n, t h e r e a d will b e ri g ht 9 ti m es o ut of 1 0, e n a bli n g t h e us er t o 
i d e ntif y a n d s el e ct t h e c orr e ct r e a d. G e n er all y, pr o vi d er s of n ati v e l o n g r e a d s e q u e n ci n g t e c h n ol o g y ar e al w a ys 
w or ki n g t o i m pr o v e r e a d a c c ur a c y.  
9 2   
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1 0 5.   
 
 
 
 
 

 

Fi g ur e 1 0:   

 

 

 
9 3    

 
 

9 5  
 

9 6  

9 7  
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1 0 6.  D u e t o t h eir hist ori c all y l o w a c c ur a c y r at es, n ati v e l o n g r e a d t e c h n ol o gi es h a v e tr o u bl e 
r es ol vi n g s m all v ari a nt cl ass es s u c h as S N Vs. As n ot e d a b o v e, alt h o u g h t h es e a c c ur a c y 
r at es c a n  b e  i m pr o v e d  t hr o u g h,  a m o n gst  ot h ers,  t h e  us e  of  c o ns e ns us  r e a ds  ( w h er e 
m ulti pl e,  i d e nti c al  pi e c e s  of  D N A  ar e  s e q u e n c e d,  or  t h e  s a m e  pi e c e  of  D N A  is 
s e q u e n c e d  m ulti pl e  ti m es,  i n  or d er  t o  a v er a g e  o ut  s e q u e n ci n g  err ors),  t his r es ults  i n 
r el ati v el y s h ort er r e a d l e n gt hs, a m u c h l o w er o v er all t hr o u g h p ut, a n d a hi g h er c ost p er 
b as e . T his m e a ns t h at n ati v e l o n g r e a d t e c h n ol o gi e s ar e n ot w ell-s uit e d f or a p pli c ati o ns 
t h at r e q uir e t h e s e q u e n ci n g of m a n y s a m pl es. A d diti o n all y, n ati v e l on g r e a d s yst e ms  
ar e n ot w ell -s uit e d f or c o u nti n g a p pli c ati o ns b e c a u s e s u c h a p pli c ati o ns:  

•  t y pi c all y st art wit h hi g hl y fr a g m e nt e d D N A l ess t h a n a f e w h u n dr e d b as e p airs ;  

•  d o n ot r e q uir e l o n g r e a d l e n gt hs; a n d,  

•  r e q uir e  a  hi g h er  n u m b er  of  r e a ds  t h a n n ati v e l o n g  r e a d t e c h n ol o g y  c a n 
e c o n o mi c all y d eli v er. 9 8   

1 0 7.  M or e o v er , n ati v e l o n g  r e a d  s yst e ms  r e q uir e  i n p ut  m at eri al  t h at  c o nsists  of  l o n g 
fr a g m e nts of D N A, h as hi g h m ol e c ul ar w ei g ht, a n d is of hi g h q u alit y. C o ns e q u e ntl y, 
pr e p ari n g a s e q u e n c er -r e a d y s a m pl e f or a n ati v e l o n g r e a d s yst e m  is m or e c o m pl e x as 
c o m p ar e d  t o  s a m pl e  pr e p ar ati o n  f or a s h ort  r e a d s yst e m .  T h es e  r e q uir e m e nts  als o 
g e n er all y r es ult i n t h e n e e d f or a l ar g er a m o u nt of i n p ut D N A t o pr e p ar e a s e q u e n c er -
r e a d y s a m pl e. As a r es ult of t h e li mit ati o ns d es crib e d a b o v e, it is l ess e c o n o mi c al t o 
cr e at e d e e p g e n o m e c o v er a g e usi n g  n ati v e l o n g r e a d t e c h n ol o gi es. 

1 0 8.  Gi v e n t h es e diff er e nt c h ar a ct eristi cs, s h ort r e a d a n d  n ati v e l o n g r e a d s yst e ms ar e w ell-
s uit e d f or diff er e nt a p pli c ati o ns. 

1 0 9.  S h ort  r e a d  t e c h n ol o gi e s  a n d  n ati v e  l o n g  r e a d  t e c h n ol o gi es  h a v e  n o  pr a cti c al 
i nt er c h a n g e a bilit y  n o w (or  i n  t h e  f or es e e a bl e  f ut ur e )  be c a us e  of  t h e  f u n d a m e nt al 
diff er e n c es  b et w e e n  t h e  t e c h n ol o gi es.  As  a  r es ult  of  t h es e  t e c h n ol o gi c al  diff er e n c es, 
us ers  s el e ct  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d s yst e ms  o n  t h e  b asis  of  v ari o us 
c h ar a ct eristi cs, i n cl u di n g r e a d l e n gt h, s c al e, a c c ur a c y, n u m b er of r e a ds ( d e pt h), s a m pl e 
pr e p ar ati o n r e q uir e m e nts, t hr o u g h p ut, a n d s p e e d  a n d t ur n ar o u n d ti m e,  i n  a d diti o n t o 
c ost. T h er e ar e n o e xisti n g a p pli c ati o ns f or w hi c h,  o n  t h e  b asis  of  t h e  diff er e n c es  i n 
t h es e  c h ar a ct eristi cs,  a  us er  w o ul d  r e pl a c e  o n e  t e c h n ol o g y  wit h  t h e  ot h er.  F or 
ill ustr ati v e p ur p os es, s o m e e x a m pl es ar e pr o vi d e d b el o w, usi n g t h e P arti e s’ r es p e cti v e 
s h ort r e a d a n d n ati v e l o n g r e a d t e c h n ol o gi es: 

•  NI P T : a si n gl e NI P T s a m pl e usi n g Ill u mi n a’s pr ot o c ol r e q uir es a p pr o xi m at el y 
7  milli o n  r e a ds  w hilst  usi n g  a b o ut  1 0  n g  of  hi g hl y  fr a g m e nt e d  ( ~ 2 0 0  b p 
fr a g m e nts) cir c ul ati n g D N A ( cf D N A) d eri v e d fr o m t h e m ot h er’s bl o o d.  

 
 

 

 
9 8  Pl e a s e s e e S e cti o n 1 2 f or m or e d et ail o n c o u nti n g a p pli c ati o ns.  
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; 

•  W G S :  as  dis c uss e d  i n  p ar a gr a p h 6 7  a b o v e ,  h u m a n  W G S  is  a  r es e q u e n ci n g 
a p pli c ati o n  t h at  is  t y pi c all y  p er f or m e d  at  s c al e,  f or  e x a m pl e  i n  t h e  G E L 
“ 1 0 0, 0 0 0  G e n o m es  Pr oj e ct ”.  

 
 
 
 

; 

•  O n c ol o g y (li q ui d bi o p s y): as e x pl ai n e d i n p ar a gr a p h s 8 3 a n d 8 4  a b o v e, li q ui d 
bi o ps y t ests d et e ct  c a n c er bi o m ar k er v ari a nts i n  D N A  s h e d b y s oli d t u m o urs 
i nt o t h e bl o o dstr e a m ( ct D N A). T h e a d v a nt a g e of s u c h t ests is t h at a bl o o d dr a w 
is  l ess  c ostl y  a n d  l ess  i n v asi v e  t h a n  a  s ur gi c al  bi o ps y,  a n d  t h e  t est  c a n  b e 
r e p e at e dl y  p erf or m e d  d uri n g  tr e at m e nt,  e v e n  w h e n  t h e  t u m o ur  l o c ati o n  is 
u n k n o w n. ct D N A is hi g hl y fr a g m e nt e d (t y pi c all y l e ss t h a n 2 0 0 b p), a n d v ari a nts 
ar e  r ar e  wit hi n  t h e  is ol at e d  D N A  b e c a us e  m ost  of  t h e  cf D N A  d eri v es  fr o m 
h e alt h y c ells t h at d o n ot h a v e t h e v ari a nt. T h er ef or e, c o u nti n g a n d q u a ntif yi n g 
s p e cifi c r ar e ct D N A fr a g m e nts a g ai nst t h e b a c k gr o u n d of n o n -v ari a nt D N A is 
a ki n t o fi n di n g a n e e dl e i n a h a yst a c k, r e q uiri n g a v er y hi g h d e pt h of s e q u e n ci n g. 
L astl y,  si n c e  ct D N A fr a g m e nts  ar e  i n  l o w  a b u n d a n c e,  it  is  criti c al  t h at  t h e 
s e q u e n ci n g  t e c h n ol o g y  h as  hi g h  r a w  r e a d  a c c ur a c y  s o  t h at  w h e n  a  v ari a nt  is 
o bs er v e d, t h er e is a hi g h l e v el of c o nfi d e n c e t h at it is n ot a s e q u e n ci n g err or. 
E v e n  wit h  Ill u mi n a’s  r a w  r e a d  a c c ur a c y  of  a p pr o xi m at el y  9 9. 9 %  f or  t h e 
m aj orit y  of  b as es  s e q u e n c e d,  t h e  s e q u e n ci n g  d e pt h  f or  li q ui d  bi o ps y  t ests  is 

 

 
9 9   
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oft e n  i n  e x c ess  of  1, 0 0 0 -f ol d  t o  1 0, 0 0 0-f ol d  or  gr e at er,  s u c h  t h at  a n y  gi v e n 
g e n eti c  l o c us  m ust  b e  s e q u e n c e d  t his  m a n y  ti m es  b ef or e  a  v ari a nt  c a n  b e 
c o nf i d e ntl y i d e ntifi e d.  

 
 
 

 a n d 

•  ‘ D a r k’/’ c a m o ufl a g e d’ g e n o m e r e gi o n s: t h e h u m a n g e n o m e c o nt ai ns ‘ d ar k’ or 
‘ c a m o ufl a g e d’  g e n e  r e gi o ns  t h at  c a n n ot  b e  a d e q u at el y  ass e m bl e d  or  ali g n e d 
usi n g st a n d ar d s h ort r e a d s e q u e n ci n g t e c h n ol o gi es, pr e v e nti n g r es e ar c h ers fr o m 
i d e ntif yi n g m ut ati o ns wit hi n t h es e g e n e r e gi o ns t h at m a y b e r el e v a nt t o h u m a n 
dis e as e.  S h ort  r e a d  s e q u e n ci n g  is  u n a bl e  t o  a d e q u at el y  a d dr ess  c a m o ufl a g e d 
r e gi o ns b e c a us e t h e  r e a d s c a n n ot f ull y s p a n c a m o ufl a g e d r e gi o ns t o pr o p erl y 
ali g n h o m ol o g o us n u cl e oti d es. N ati v e l o n g r e a d s e q u e n ci n g t e c h n ol o gi es h a v e 
t h e p ot e nti al t o a d dr ess m a n y c a m o ufl a g e d r e gi o ns b e c a us e t h es e t e c h n ol o gi es 
h a v e m e di a n r e a d l e n gt hs m e as ur e d i n t h o us a n ds of n u cl e oti d es, r at h er t h a n o nl y 
h u n dr e ds of n u cl e oti d es fr o m st a n d ar d s h ort r e a d s e q u e n ci n g t e c h n ol o gi es.  

b.  S h ort  r e a d  s yst e ms  a n d  n ati v e  l o n g  r e a d  s y st e ms  ar e 
c o m pl e m e nt ar y 

1 1 0.  As ill ustr at e d i n t h e t a bl e b el o w, b e c a us e s h ort r e a d a n d n ati v e l o n g r e a d s yst e ms h a v e 
diff er e nt c h ar a ct e risti cs, c ust o m ers us e t h e m f or diff er e nt a p pli c ati o ns or f or t h e s a m e 
a p pli c ati o n i n a c o m pl e m e nt ar y f as hi o n. 

T a bl e 2:  

1 1 1.  As di s c uss e d  a b o v e,  i n  t h e  cli ni c al  a n d  di a g n osti c  e n vir o n m e nts,  s h ort  r e a d 
t e c h n ol o gi es  ar e  w ell-s uit e d  f or  a p pli c ati o ns  i n cl u di n g  NI P T  a n d  li q ui d  bi o ps y 
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a p pli c ati o ns  f or  s e q u e n ci n g  cf D N A  a n d  ct D N A ,  r es p e cti v el y.  I n  t h e  r es e ar c h 
e n vir o n m e nt, t h e y ar e w ell -s uit e d f or t ar g et e d g e n e s e q u e n ci n g p a n els a n d p o p ul ati o n 
g e n o mi cs.  

1 1 2.  As e x pl ai n e d i n S e cti o n  1 2 a b o v e, n ati v e l o n g r e a d t e c h n ol o gi es ar e w ell -s uit e d f or d e 
n o v o  ass e m bl y/ d e n o v o  s e q u e n ci n g, i n cl u di n g s e q u e n ci n g of co m pl e x pl a nt a n d a ni m al 
g e n o m es .1 0 0  I n a d diti o n, t h e y ar e w ell-s uit e d f or d is c o v er y a n d d et e cti o n  of S Vs , a n d 
p h asi n g.  F urt h er ,  t h e y  ar e  u ni q u el y  s uit e d  f or  m a p pi n g tr a ns cri pt  is of or ms.  C urr e nt 
n ati v e l o n g r e a d t e c h n ol o gi es als o e n a bl e  dir e ct d et e cti o n of e pi g e n eti c m o difi c ati o ns.  

1 1 3.  T h er e ar e, h o w e v er, c ert ai n a p pli c ati o ns f or w hi c h c ust o m ers c a n us e b ot h s h ort  r e a d 
a n d n ati v e l o n g r e a d t e c h n ol o gi es t o t a k e a d v a nt a g e of t h eir c o m pl e m e nt ar y str e n gt hs. 
T h es e c a n b e br o a dl y c at e g oris e d as f oll o ws:  

•  “ R efl e x ” t esti n g;  

•  I niti al dis c o v er y; a n d 

•  C o or di n at e d s e q u e n ci n g.  

1 1 4.  “ R efl e x ” t esti n g : t his i n cl u d es a p pli c ati o ns w h er e s h ort r e a d s yst e ms ar e us e d i n t h e 
first  i nst a n c e,  d u e  t o  t h eir  hi g h er  a c c ur a c y,  hi g h er  t hr o u g h p ut  a n d  l o w er  c ost.  F or 
e x a m pl e, s h ort r e a d s yst e ms c a n b e us e d t o s cr e e n f or r el e v a nt t ar g et e d bi o m ar k ers t h at 
c a n i n di c at e t h e pr es e n c e or a bs e n c e of a dis e as e. W h e n j ustifi e d as ill ustr at e d b el o w, 
f urt h er i nf or m ati o n usi n g n ati v e l o n g r e a d s yst e ms c a n b e o bt ai n e d. E x a m pl es of s u c h 
a p pli c ati o ns  i n cl u d e  H L A  tiss u e  t y pi n g, C ysti c  Fi br osis  ( C F T R ) h a pl ot y p e  p h asi n g, 
R ar e a n d U n di a g n os e d G e n eti c Dis e as e (R U G D ), et c . 

•  Tiss u e t y pi n g  or H u m a n L e u k o c yt e A nti g e n ( H L A) t y pi n g e nt ails t esti n g t h e 
c o m p ati bilit y  of  pr os p e cti v e  or g a n  d o n ors  a n d  r e ci pi e nts  pri or  t o  a n  or g a n 
tr a ns pl a nt.1 0 1  H L A  g e n es  ar e  v er y  c o m pl e x  r e gi o ns  t h at  c o nt ai n  m a n y 
h a pl ot y p es o v er a m ulti pl e K b fr a g m e nt. Alt h o u g h t h e m aj orit y of H L A t y pi n g 
is c urr e ntl y p erf or m e d usi n g P C R -b as e d a p pr o a c h es ,1 0 2  it c a n al s o b e d o n e b y 
s e q u e n ci n g  a n d  m at c hi n g  t h e  H L A  g e n es  of  t h e  r e ci pi e nt  a n d  t h os e  of  t h e 
us u all y l ar g e n u m b er of p ot e nti al c a n di d at e d o n ors. 1 0 3  B e c a us e m ost p ot e nti a l 
d o n ors  ar e  i n c o m p ati bl e,  m a n y  d o n ors  m a y  n e e d  t o  b e  t est e d  f or  a  gi v e n 
r e ci pi e nt, m a ki n g c ost a n d s c al a bilit y i m p ort a nt f a ct ors f or tiss u e t y pi n g. A s a 
r es ult, s h ort r e a d s yst e ms ar e w ell-s uit e d t o b e us e d f or s cr e e ni n g b e c a us e t h e y 
c a n  i d e ntif y  i n c o m p ati bl e  d o n ors.  H o w e v er,  b e c a us e  s h ort  r e a d  s yst e ms  ar e 
u n a bl e t o pr o vi d e c o m pl et e  i nf or m ati o n a b o ut c o m p ati bilit y, n ati v e l o n g r e a d 

 

 
1 0 0  A ni m al a n d pl a nt g e n o m es ar e c o m pl e x – t h e y c a n h a v e m ulti pl e c o pi es of e a c h c hr o m o s o m e p er c ell, f or 
e x a m pl e t h e str a w b erri es h a v e ei g ht c o pi es, a n d c ert ai n fi s h h a v e f o ur.  
1 0 1  htt p s:// w w w.ill u mi n a. c o m/ cli ni c al/ hl a -s e q u e n ci n g/ hl a -a n al y sis -n g s. ht ml   
1 0 2  htt p s:// w w w.l a b c o m p ar e. c o m/ 1 0 -F e at ur e d -Arti cl es/ 1 4 2 1 3 0 -T esti n g -f or-H u m a n -L e u k o c yt e -A nti g e n s/   
1 0 3  H L A g e n e s ar e str o n gl y ass o ci at e d wit h tr a n s pl a nt r ej e cti o n, a ut oi m m u n e di s e as e, v a c ci n e p h ar m a c o g e n o mi cs 
( v a c ci n o mi cs),  c a n c er,  a n d  m at e  s el e cti o n.  Pl e as e  s e e htt p s:// w w w.ill u mi n a. c o m/ cli ni c al/ hl a -s e q u e n ci n g/ hl a -
a n al ysis -n gs. ht ml  

https://www.illumina.com/clinical/hla-sequencing/hla-analysis-ngs.html
https://www.labcompare.com/10-Featured-Articles/142130-Testing-for-Human-Leukocyte-Antigens/
https://www.illumina.com/clinical/hla-sequencing/hla-analysis-ngs.html
https://www.illumina.com/clinical/hla-sequencing/hla-analysis-ngs.html
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s yst e m s c a n t h e n b e us e d t o pr o vi d e a d diti o n al i nf or m ati o n t h at s h ort r e a ds d o 
n ot. 

•  C ysti c  Fi b r osis  ( C F T R )  ha pl ot y p e  p h asi n g   wh er e  l ess  c ostl y  s h ort  r e a d 
s e q u e n ci n g  c a n  b e  us e d  t o  s cr e e n f or c ert ai n  v ari a nts  t h at  c a n  c a us e  dis e a s es 
o nl y  w h e n b ot h g e n e c o pi es of t h e all el e ar e d ef e cti v e i n a gi v e n s a m pl e, f or 
e x a m pl e. If s u c h v ari a nts ar e pr es e nt, n ati v e l o n g r e a d s e q u e n ci n g c a n th e n b e 
us e d t o c o nfir m w h et h er or n ot s u c h dis e as e -c a usi n g v ari a nts e xist o n b ot h t h e 
m at er n al a n d p at er n al g e n e c o pi es, i n di c ati n g t h e pr es e n c e of t h e dis e as e, or if 
s u c h v ari a nts e xist o nl y o n o n e g e n e c o p y, i n di c ati n g t h e a bs e n c e of t h e dis e as e.  

•  R a r e a n d U n di a g n os e d G e n eti c Dis e as e ( R U G D ) s e q u e n ci n g e nt ails  t h e us e 
of s e q u e n ci n g t o i d e ntif y g e n eti c m ar k ers f or r ar e dis e as es. R U G D s e q u e n ci n g 
als o e n a bl es t h e i d e ntifi c ati o n of v ari a nts t h at c a us e i n h erit e d dis or d ers. 1 0 4  S h ort 
r e a d s yst e ms ar e t h e first li n e s e q u e n ci n g t e c h n ol o g y us e d, d u e t o t h eir l o w er 
c ost,  hi g h er  a c c ur a c y  a n d  t hr o u g h p ut,  a n d  a bilit y  t o  s e q u e n c e  ar e as  wit h  t h e 
m ost k n o w n a cti o n a bl e v ari a nts ( e. g. , S N Vs). H o w e v er, m a n y r ar e dis e as e s ar e 
ass o ci at e d  wit h  str u ct ur al  c h a n g es  t h at  ar e  m or e r e a dil y d et e ct e d  wit h  n ati v e 
l o n g r e a ds s yst e ms : 

o  First,  w h er e  t h e  D N A  of  b ot h  bi ol o gi c al  p ar e nts  is  n ot  a v ail a bl e, 
r es e ar c h ers m a y  r e q uir e  “ p h asi n g ”  t o  i d e ntif y t h e  all el e  c a usi n g  t h e 
dis e as e; a n d  

o  S e c o n d, if r es e ar c h ers c a n n ot c orr el at e t h e dis e as e t o v ari a nts  t h at c a n b e 
i d e ntifi e d wit h s h ort r e a d s yst e ms, t h e y will us e n ati v e l o n g r e a d s yst e ms 
t o tr y t o i d e ntif y w h et h er t h e dis e as e is c a us e d b y a l ar g er v ari a nt s u c h as 
a l ar g e S V.  

I n ot h er w or ds, if s h ort r e a d R U G D t est r es ults ar e i n c o n cl usi v e, n ati v e l o n g r e a d 
t ests c a n b e us ef ul t o tr y t o i d e ntif y v ari a nts or ot h er a b n or m aliti es t h at w er e n ot 
d et e ct e d b y t h e s h ort r e a d t e c h n ol o g y. 

1 1 5.  I niti al dis c o v er y: as e x pl ai n e d i n S e cti o n 1 2 a b o v e, n ati v e l o n g r e a d t e c h n ol o gi es ar e 
w ell -s uit e d f or dis c o v er y of pr e vi o usl y u n k n o w n l ar g er S Vs, f or e x a m pl e. H o w e v er , 
o n c e  t h es e  v ari a nts  h a v e  b e e n  dis c o v er e d  usi n g  n ati v e  l o n g  r e a d  t e c h n ol o gi es,  s h ort 
r e a d s e q u e n c ers a n d al g orit h ms c a n b e tr ai n e d t o r e-i d e ntif y m ost of t h es e v ari a nts i n 
n e w s a m pl es. E x a m pl es of s u c h a p pli c ati o ns i n cl u d e is of or m m a p pi n g, C N V s , a n d S Vs.  

1 1 6.  C o or di n at e d s e q u e n ci n g : t his i n cl u d es a p pli c ati o ns w h er e s h ort r e a d a n d n ati v e l o n g 
r e a d  s e q u e n ci n g  ar e  b ot h  utilise d  t o  pr o vi d e  c o m pl e m e nt ar y  i nf or m ati o n  f or  a n 
a p pli c ati o n. I n t h es e c as e s, n ati v e l o n g r e a d t e c h n ol o g y is us e d t o a c c ess l o n g er r a n g e 
str u ct ur al i nf or m ati o n, f or e x a m pl e, a n d s h ort r e a d t e c h n ol o g y is us e d f or hi g h a c c ur a c y 
d u e  t o  t h e  a bilit y  t o  s e q u e n c e  e c o n o mi c all y  wit h  hi g h  d e pt h.  E x a m pl es  of  s u c h 
a p pli c ati o ns i n cl u d e:  

 

 
1 0 4  htt p s:// w w w.ill u mi n a. c o m/ cli ni c al/r e p r o d u cti v e-g e n eti c -h e alt h/ g e n eti c -h e alt h/r ar e -u n di a g n o s e d -dis e a s es. ht ml   

https://www.illumina.com/clinical/reproductive-genetic-health/genetic-health/rare-undiagnosed-diseases.html
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•  D e n o v o  ass e m bl y/d e n o v o  g e n o m e/ d e n o v o  s e q u e n ci n g : as dis c uss e d a b o v e, 
t his a p pli c ati o n r eli es o n t h e us e of b ot h s h ort a n d n ati v e l o n g r e a d t e c h n ol o gi es; 

•  C a n c e r g e n o m es : s e q u e n ci n g a fr es h fr o z e n s oli d t u m o ur t o 1 0-2 0 x d e pt h wit h 
n ati v e l o n g r e a d t e c h n ol o g y c a n i d e ntif y S Vs, t h e n s h ort r e a ds c a n b e us e d t o 
o bt ai n a d diti o n al  d e pt h f or S N Vs. Fr es h fr o z e n s a m pl es m ai nt ai n t h e i nt e grit y 
of D N A s u c h t h at n ati v e l o n g r e a d t e c h n ol o g y c a n b e a p pli e d, as o p p os e d t o 
s o m e s a m pl es, s u c h as F F P E, t h at w o ul d b e i n a p pr o pri at e f or us e wit h n ati v e 
l o n g r e a d t e c h n ol o gi es; 

•  As  e x pl ai n e d  i n S e cti o n   1 2  a b o v e, p o p ul ati o n  g e n o mi cs pr oj e cts  e nt ail  t h e 
l ar g e-s c al e s e q u e n ci n g a n d c o m p aris o n of D N A of p o p ul ati o ns of i n di vi d u als 
( pl a nt or a ni m al, i n cl u di n g h u m a n). S h ort r e a d s yst e ms ar e w ell-s uit e d b e c a us e 
of t h eir hi g h a c c ur a c y, t hr o u g h p ut, s c al e, a n d l o w c ost p er b as e f or c o n d u cti n g 
t h e v er y l ar g e n u m b er of r u ns n e e d e d f or p o p ul ati o n-s c al e pr oj e cts.  

o  A d diti o n al v al u a bl e g e n eti c i nf or m ati o n c a n b e a d d e d t o t h es e pr oj e cts 
b y  usi n g  n ati v e  l o n g  r e a d  s yst e ms  al o n gsi d e  s h ort  r e a d  s yst e ms,  f or 
i nst a n c e w h e n s h ort r e a d r es ults ar e u n a bl e t o i d e ntif y dis e as e-c a usi n g 
v ari a nts  ( e. g. ,  l ar g er  S V s),  n ati v e  l o n g  r e a d  s yst e ms  m a y  b e  us e d  t o 
s e q u e n c e s u bs ets of t h e p o p ul ati o n -wi d e s a m pl es t o i d e nti f y t h e dis e as e-
c a usi n g v ari a nts.  

o  As dis c uss e d i n S e cti o n 1 2 a b o v e, p o p ul ati o n- s p e cifi c r ef er e n c e g e n o m es 
a n d d at a b as es will b e b e n efi ci al f or P o p G e n w h e n, f or e x a m pl e, s a m pl e s 
i n cl u d e  s e q u e n c es n ot  r e pr es e nt e d  i n  t h e  r ef er e n c e  g e n o m e  ( e. g. ,  l ar g e 
i ns erti o ns  or  ot h er  S Vs),  or  b e c a us e  a  r ef er e n c e  g e n o m e  d o es  n ot 
a d e q u at el y  r e pr es e nt  p o p ul ati o n -s p e cifi c  h a pl ot y p e  v ari ati o n.  S u c h 
p o p ul ati o n- s p e cifi c r ef er e n c e g e n o m es ( e. g. , t o t a k e i nt o a c c o u nt et h ni c 
diff er e n c es) ar e i m p ort a nt i n i d e ntif yi n g p o p ul ati o n -s p e cifi c v ari a nts t h at 
ar e li n k e d t o p o p ul ati o n -s p e cifi c dis e as es (s e e fi g ur e b el o w). G e n er ati o n 
of s u c h n e w r ef er e n c e g e n o m es a n d d at a b as es b e n efits fr o m  t h e us e of 
b ot h  c o m pl e m e nt ar y  n ati v e  l o n g  r e a d  a n d  s h ort  r e a d  s yst e ms  f or  t h e 
r e as o ns e x pl ai n e d a b o v e i n S e cti o n 1 2. 

Fi g ur e 1 1 : M a n y v a ri a nts a r e s p e cifi c t o p o p ul ati o ns o r c o nti n e nts 

 
S o u r c e : A gl o b al r ef er e n c e f o r h u m a n g e n eti c  v a ri ati o n, N at u r e 2 0 1 5; 5 2 6( 6 8)  
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o  W h e n s h ort r e a d r es ults  ar e u n a bl e t o i d e ntif y  dis e as e-c a usi n g v ari a nts 
(e. g. ,  l ar g er  S Vs),  n ati v e  l o n g  r e a d  s yst e ms  c a n  b e  us e d  t o  s e q u e n c e 
s u bs ets  of  t h e  p o p ul ati o n -wi d e  s a m pl es  t o  i d e ntif y  t h e  dis e as e -c a usi n g 
v ari a nts.  

1 1 7.  As a r es ult, w hil e s h ort r e a d t e c h n ol o g y a n d n ati v e l o n g r e a d t e c h n ol o g y ar e b ot h us e d 
i n t h es e a p pli c ati o ns, t h e y ar e us e d as c o m pl e m e nts, r at h er t h a n s u bstit ut es. T h e y ar e 
us e d t o g et h er t o e x pl oit t h eir c o m pl e m e nt ar y str e n gt hs, t h us pr o vi di n g r es e ar c h ers wit h 
a gr e at er w e alt h of i nf or m ati o n t h a n c o ul d b e o bt ai n e d b y eit h er t e c h n ol o g y al o n e.  

c.  S h ort  r e a d  a n d  n ati v e  l o n g  r e a d  t e c h n ol o gi es  ar e  n ot 
s u bstit ut es 

1 1 8.  As e x pl ai n e d a b o v e, s h ort r e a d a n d n ati v e l o n g r e a d t e c h n ol o gi es ar e n ot c o nsi d er e d t o 
b e s u bstit ut es b y c ust o m ers, w h o us e t h e m eit h er f or e ntir el y di ff er e nt a p pli c ati o ns or 
f or t h e s a m e a p pli c ati o n si d e-b y -si d e t o b e n efit fr o m t h eir c o m pl e m e nt arit y. 1 0 5  T hi s i s 
ill ustr at e d b y t h e n u m b er of c ust o m ers t h at h a v e a c q uir e d syst e ms  fr o m b ot h Ill u mi n a 
a n d P a c Bi o o v er t h e l ast t hr e e y e ars i n t h e U K.  
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1 1 9.   
.1 0 6   

1 2 0.  As t hi s d e gr e e of c ust o m er o v erl a p m a k es cl e ar, c ust o m ers us e Ill u mi n a a n d P a c Bi o 
s yst e ms al o n gsi d e e a c h ot h er, as c o m pl e m e nts.  

1 2 1.  As a r es ult, e v e n i n t h e e v e nt of a s m all b ut si g nifi c a nt i n cr e as e i n t h e c ost of s h ort r e a d 
s yst e ms, c ust o m er d e m a n d w o ul d n ot di v ert t o n ati v e l o n g r e a d s yst e ms. C o n v ers el y, a 
s m all  b ut  si g nifi c a nt  i n cr e as e  i n  t h e  c ost  of  n ati v e  l o n g  r e a d  s yst e ms,  w hi c h  h a v e  a 
m u c h hi g h er c ost p er b as e t o d a y, w o ul d n ot di v ert c ust o m er d e m a n d t o w ar d s s h ort r e a d 
s yst e ms.  

d.  Di v er gi n g  gr o wt h e x p e ct ati o ns of s h ort r e a d a n d n ati v e l o n g 
r e a d t e c h n ol o gi es 

1 2 2.  T h e us e of e a c h of s h ort r e a d a n d n ati v e l o n g r e a d t e c h n ol o gi es is e x p e ct e d t o gr o w 
o v er t h e n e xt fi v e y e ars, b ut t h e P arti es d o n ot e x p e ct t h at t his gr o wt h will eit h er b e t h e 
r es ult  of,  or  l e a d  t o,  t h e t e c h n ol o gi es b ei n g  us e d  i n  t h e  s a m e  f as hi o n  f or  t h e  s a m e 
a p pli c ati o n(s), d u e t o t h eir f u n d a m e nt al t e c h n ol o gi c al diff er e n c es. W hil e d e m a n d f or 
e a c h  t e c h n ol o g y  is  e x p e ct e d  t o  gr o w,  b ot h  i n  e xisti n g  ( e. g. ,  o n c ol o g y,  P o p G e n,  a n d 
R U G D) a n d n e w a p pli c ati o ns, it is a nti ci p at e d t h at n eit h er t e c h n ol o g y will gr o w as a 
r es ult of mi gr ati o n of c ust o m er d e m a n d fr o m t h e ot h er t e c h n ol o g y gi v e n t h e s p e cifi c 
r e q uir e m e nts  of  c ust o m ers  i n  t er ms  of  a p pli c a bilit y  t o  t h eir  s eq u e n ci n g  n e e ds.  F or 
ill ustr ati v e p ur p os es, t h e p ar a gr a p hs b el o w pr o vi d e s o m e e x a m pl es of a p pli c ati o ns f or 
w hi c h e a c h of s h ort r e a d or n ati v e l o n g r e a d t e c h n ol o gi es, r es p e cti v el y, c o ul d b e c o m e 
s uit a bl e i n t h e n e xt fi v e y e ars:  

•  Cl u st e r e d R e g ul a rl y I nt e rs p a c e d S h o rt P ali n d r o mi c R e p e ats ( “ C RI S P R ”) 
m ut ati o n s c r e e ni n g : C RI S P R h as r e c e ntl y s h o w n gr e at pr o mis e f or r e d u ci n g 
t h e eff ort r e q uir e d t o cr e at e dir e ct e d m ut ati o ns t o a g e n o m e, e. g. , i n a gri c ult ur e 
f or t h e i ntr o d u cti o n of d e sir a bl e tr aits. As t h e us e of C RI S PR i n cr e as es, s o will 
t h e us e of s e q u e n ci n g f or t h e p ur p os e of v erif yi n g t h at m ut ati o ns w er e cr e at e d 
i n t h e d esir e d m a n n er (i. e., w h er e d esir e d a n d n ot i n off-t ar g et l o c ati o ns). S h ort 
r e a d s yst e ms ar e w ell-s uit e d f or t his a p pli c ati o n b e c a us e s cr e e ni n g f or m ut ati o ns 
o v er  a  l ar g e  n u m b er  of  s a m pl es  r e q uir es  s c al e,  d e pt h  a n d  a c c ur a c y  wit h 
f a v o ur a bl e e c o n o mi cs; 

•  T u m o u r M ut ati o n B u r d e n ( “ T M B ”) s c r e e ni n g : a n e w cl ass of c a n c er dr u gs 
c all e d i m m u n ot h er a pi es h a v e s h o w n gr e at pr o mis e f or tr e ati n g c ert ai n c a n c ers 
s u c h  as  m el a n o m a,  n o n -s m all  c ell  l u n g  c a n c er,  bl a d d er  c a n c er,  a n d  ki d n e y 
c a n c er. B e c a us e t h es e dr u gs ar e e x p e nsi v e a n d u nf ort u n at el y d o n ot b e n efit all 
p ati e nts,  it  is  i m p ort a nt  t o  i d e ntif y  t h e  p ati e nts  w h o  will  r es p o n d  m ost 
f a v o ur a bl y. T h e bi o m ar k er T M B s h o ws gr e at pr o mis e f or t his p ur p os e. T M B 
m e as ur es t h e q u a ntit y of diff er e nt m ut ati o ns f o u n d i n a t u m o ur, a n d a hi g h er 

 

 
1 0 6   
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n u m b er  of  m ut ati o ns  is  c orr el at e d  wit h  b ett er  cli ni c al  r es p o ns es  t o 
i m m u n ot h er a pi es.  S h ort  r e a d  s e q u e n ci n g  is  w ell-s uit e d  f or  m e as uri n g  T M B 
w h er e , a g ai n, s cr e e ni n g f or m ut ati o ns o v er a l ar g e n u m b er of s a m pl es r e q uir es 
s c al e, d e pt h a n d a c c ur a c y wit h f a v o ur a bl e e c o n o mi cs; 

•  D N A d at a st o r a g e : D N A d at a st or a g e s ol uti o ns, all still i n t h e r es e ar c h p h as e, 
ai m t o miti g at e t h e pr o bl e m of ar c hi vi n g v ast a m o u n ts of c o m p ut er d at a t h at ar e 
v al u a bl e t o m ai nt ai n, b ut i nfr e q u e ntl y a c c ess e d. F or i nst a n c e, it is esti m at e d t h at 
b y t h e  y e ar 2 0 2 0, t h e di git al u ni v ers e  will  c o nt ai n 4 4 z ett a b yt es, or 1 billi o n 
t er a b yt es.1 0 7  D N A m ol e c ul es ar e a p ot e nti al s ol uti o n t o t his pr o b l e m b e c a us e 
t h e y c a n c o m p a ctl y st or e l ar g e a m o u nts of i nf or m ati o n w hil e m ai nt ai ni n g d at a 
i nt e grit y  f or  m a n y  d e c a d es,  i n  c o ntr ast  t o  c urr e nt  st or a g e  m e di a.  Mi cr o s oft 
esti m at es a s h o e b o x w ort h of D N A c o ul d c o nt ai n d at a c o m p ar a bl e t o ar o u n d 
1 0 0 gi a nt d at a c e n tr es.1 0 8  C urr e nt D N A s y nt h esis m et h o ds t h at c o ul d b e us e d t o 
e n c o d e i nf or m ati o n i n D N A cr e at e r el ati v el y s h ort D N A fr a g m e nts, e. g. , l ess 
t h a n a p pr o xi m at el y 2 0 0 b as es. T h er ef or e, s h ort r e a d s e q u e n ci n g is w ell-s uit e d 
f or  “r e a di n g ”  st or e d  fr a g m e nts  wit hi n  t h e  te m pl at e  si z e  r a n g e  of  s h ort  r e a d 
s e q u e n c ers; a n d  

•  T h e E a rt h Bi o G e n o m e P r oj e ct , w hi c h ai ms t o s e q u e n c e all 1. 5 milli o n k n o w n 
e u k ar y oti c ( or g a nis ms w h os e c ells h a v e a n u cl e us e n cl os e d wit hi n m e m br a n es) 
s p e ci es o n E art h, is a pr oj e ct i n w hi c h n ati v e l o n g r e a d s e q u e n ci n g c o ul d b e c o m e 
us e d i n t h e n e xt fi v e y e ar s. T h e U K’s c o ntri b uti o n t o t his eff ort is k n o w n as t h e 
D ar wi n Tr e e of Lif e Pr oj e ct, a n d is t ar g eti n g 6 6, 0 0 0 s p e ci es of a ni m al, pl a nt, 
pr ot o z o a  a n d  f u n gi. 1 0 9  B e c a us e  t his  is  a d e  n o v o  pr oj e ct,  it  is  w ell -s uite d  f or 
n ati v e l o n g r e a d t e c h n ol o gi es. T h e s e q u e n ci n g of 6 6, 0 0 0 s p e ci es’ g e n o m es is 
e x p e ct e d t o t a k e a p pr o xi m at el y t e n y e ars.  

ii. A bs e n c e of s u p pl y- si d e s u bstit ut a bilit y 

1 2 3.  T h er e is n o s u bs tit ut a bilit y b et w e e n s h ort r e a d s yst e ms a n d n ati v e l o n g r e a d s yst e ms o n 
t h e s u p pl y si d e eit h er. E a c h s u p pli er of s e q u e n ci n g s yst e ms  h as d e v el o p e d a pr o pri et ar y 
t e c h n ol o g y t h at is pr ot e ct e d b y I P ri g hts, a n d d e v el o pi n g a s h ort r e a d s yst e m  or n ati v e 
l o n g r e a d syst e m , r es p e cti v el y, r e q uir es t h e i n v e nti o n a n d d e v el o p m e nt of a n e ntir el y 
n e w t e c h n ol o g y. A s u p pli er of s h ort r e a d s yst e ms w o ul d t h er ef or e n ot n e c ess aril y b e 
a bl e  t o  us e  its  r es e ar c h,  d e v el o p m e nt  or  pr o d u cti o n  ass ets  t o  i n v e nt,  d e v el o p  or 
m a n uf a ct ur e n ati v e l on g r e a d s yst e ms t o q ui c kl y r e s p o n d t o a s m all b ut si g nifi c a nt pri c e 
i n cr e as e  of  n ati v e  l o n g  r e a d  s yst e ms  a n d vi c e  v ers a .  E v e n  i n  r el ati o n  t o  c ert ai n 
f u n d a m e nt al el e m e nts of i n n o v ati o n a n d d e v el o p m e nt, t h e diff er e nt t e c h n ol o gi es w o ul d 
r e q uir e diff er e nt e x p ertis e, e x p eri e n c e a n d k n o w- h o w i n t h e R & D t e a ms. 

B.  Ass o ci at e d s h ort r e a ds ar e or d er e d a n d ass e m bl e d s h ort r e a ds  

 

 
1 0 7  htt p s:// w w w. e m c. c o m/l e a d er s hi p/ di git al -u ni v er s e/ 2 0 1 4i vi e w/ e x e c uti v e -s u m m ar y. ht m  
1 0 8  htt p s:// w w w.t e c h n ol o g yr e vi e w. c o m/s/ 6 0 1 8 5 1/ mi cr o s oft -r e p orts- a-bi g -l e a p-f or w ar d-f or-d n a -d at a -st or a g e/  
1 0 9  htt p s:// w w w. e bi. a c. u k/ a b o ut/ n e ws/ a n n o u n c e m e nt s/ d ar wi n -tr e e-of -lif e  

https://www.emc.com/leadership/digital-universe/2014iview/executive-summary.htm
https://www.technologyreview.com/s/601851/microsoft-reports-a-big-leap-forward-for-dna-data-storage/
https://www.ebi.ac.uk/about/news/announcements/darwin-tree-of-life
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1 2 4.  As e x pl ai n e d i n S e cti o n  1 2  a b o v e, ass o ci at e d s h ort  r e a d s e q u e n ci n g is p erf or m e d usi n g 
s h ort  r e a d  s yst e ms,  usi n g  s p e ci alis e d  li br ar y  pr e p ar ati o n  m et h o ds  t h at  eff e cti v el y 
b ar c o d e s a m pl es t o assist i n pi e ci n g t o g et h er s h ort r e a d r es ults.  

1 2 5.  T h e  c h ar a ct eristi cs,  c ost,  a n d  us es  of ass o ci at e d  s h ort  r e a d  s e q u e n ci n g  diff er 
si g nifi c a ntl y  fr o m  t h os e  of  n ati v e  l o n g  r e a d  s e q u e n ci n g.  I n d e e d,  b e c a us e ass o ci at e d 
s hort  r e a d  r es ults  ar e  es s e nti all y  ass e m bl e d  s h ort  r e a d  r es ults,  t h e y  d o  n ot  pr o vi d e 
c o m pl et e  c o v er a g e  of  t h e  p ar e nt  m ol e c ul e  ( i. e.,  t h e y  c o nt ai n  g a ps).1 1 0  T h e y  c a n, 
h o w e v er, b e pr o d u c e d at m u c h hi g h er o ut p ut a n d t hr o u g h p ut, l o w er c ost p er b as e, wit h 
hi g h er r a w r e a d a c c ur a c y, a n d gr e at er d e pt h t h a n n ati v e l o n g r e a d r es ults. B e c a us e t h e y 
ar e ess e nti all y a m o difi e d us e of s h ort r e a d t e c h n ol o g y, ass o ci at e d s h ort  r e a ds ar e w ell-
s uit e d f or d et e cti n g s m all v ari a nt cl ass es s u c h as S N Vs, s m all i n d els, a n d s m all t a n d e m 
r e p e ats.  H o w e v er,  t h e y  ar e  n ot  w ell-s uit e d  f or  t h e  ass e m bl y  of  l ar g er  c o nti n u o us 
fr a g m e nts  t h at  el u ci d at e  str u ct ur al  or d er  i n d e  n o v o  ass e m bl y/ d e  n o v o  g e n o m e  / d e 
n o v o  s e q u e n ci n g,  a n d ar e l ess us ef ul i n i d e ntif yi n g l ar g er S Vs t h a n n ati v e l o n g r e a d 
t e c h n olo g y. T h e y als o c a n n ot b e us e d t o dir e ctl y d et e ct e pi g e n eti c m o difi c ati o ns, a n d 
ar e n ot w ell- s uit e d  f or h a pl ot y p e p h asi n g. 

1 2 6.   
 
 

1 2 7.  I n s h ort, w hil e ass o ci at e d s h ort r e a d t e c h n ol o g y e n h a n c es t h e utilit y of s h ort r e a ds i n 
s o m e  c o nt e xts,  o v er c o mi n g  s o m e  of  t h e  s h ort c o mi n gs  of  s h ort  r e a ds,  t h e y  d o  n ot 
pr o vi d e t h e l e v el of c o m pl et e n ess, or r a n g e or s p a n of s e q u e n c es t h at is pr o vi d e d b y 
n ati v e l o n g r e a d s yst e ms .  

 
 

 

1 2 8.  As  a  r es ult,  c ust o m ers  d o  n ot  c o nsi d er  ass o ci at e d  s h ort  r e a d  s e q u e n ci n g  t o  b e  a 
s u bstit ut e f or n ati v e l o n g r e a d s e q u e n ci n g. B e c a us e of t h e diff er e n c es i n f u n cti o n alit y, 
c ust o m ers c o ul d n ot us e ass o ci at e d s h ort  r e a d s e q u en ci n g i n pl a c e of n ati v e l o n g r e a d 
s e q u e n ci n g, e v e n i n t h e e v e nt of a s m all b ut si g nifi c a nt i n cr e as e i n t h e c o st of n ati v e 
l o n g r e a d s yst e ms. 

C.  P ot e nti al s e q u e n ci n g m ar k ets ar e s yst e ms m ar k ets  

1 2 9.  T h e N otif yi n g P arti es s u b mit t h at s e q u e n c ers a n d t h eir r el at e d c o ns u m a bl es f all i nt o 
s yst e ms  m ar k ets, i. e.,  m ar k ets  c o m prisi n g  b ot h  t h e s e q u e n c ers  a n d  t h eir  s e c o n d ar y 
pr o d u cts  a n d  s er vi c es  (i n cl u di n g  s a m pl e  pr e p ar ati o n  e q ui p m e nt,  li br ar y  pr e p ar ati o n 

 

 
1 1 0  Pl e a s e s e e S e cti o n 1 2 a b o v e f or a d et ail e d dis c us si o n of t h e diff er e n c es b et w e e n as s o ci at e d s h ort r e a d s a n d 
n ati v e l o n g r e a d s.  
1 1 1  htt p s:// w w w. 1 0 x g e n o mi cs. c o m/ n e ws/ m gi -g e n eti c -s e q u e n c er -c ertifi e d -n e w -1 0 x -g e n o mi c s -c o m p ati bl e -
pr o gr a m/   

https://www.10xgenomics.com/news/mgi-genetic-sequencer-certified-new-10x-genomics-compatible-program/
https://www.10xgenomics.com/news/mgi-genetic-sequencer-certified-new-10x-genomics-compatible-program/
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kit s,  c o ns u m a bl es  us e d  i n  t h e  s e q u e n ci n g  pr o c es s,  bi oi nf or m ati cs   t o ols,  a n d  r el at e d 
s u p p ort s er vi c es).  

i. C h ar a ct eristi cs of s yst e ms m ar k ets  

1 3 0.  C ust o m ers p ur c h as e b ot h s h ort a n d n ati v e l o n g r e a d s e q u e n c ers t a ki n g i nt o a c c o u nt t h e 
“t ot al c ost of o w n ers hi p ” ( or w h ol e lif e c ost) of  t h e s e q u e n ci n g s yst e m. Gi v e n t h e n e e d 
f or li br ar y pr e p ar ati o n kits a n d c o ns u m a bl es us e d i n t h e s e q u e n ci n g pr o c ess, c ust o m ers 
t a k e t h e c osts of t h os e kit s i nt o a c c o u nt w h e n c o nsi d eri n g t h e c ost p er r u n ( a n d t h e n t h e 
c ost p er s a m p l e).1 1 2  As a r es ult of t h at d y n a mi c, s etti n g a s u pr a c o m p etiti v e pri c e f or 
li br ary pr e p ar ati o n or c o ns u m a bl e kits w o ul d i m p a ct o n s al es of s e q u e n c er s. 1 1 3  

1 3 1.  S u p pli ers ar e w ell a w ar e of t h e t ot al c ost of o w n er s hi p a p pr o a c h t a k e n b y c ust o m ers i n 
ass essi n g s e q u e n ci n g s ol uti o ns. As a r es ult: 

•  S e q u e n ci n g  s yst e m  s u p pli ers  p u blis h  e xt e nsi v e  i nf or m ati o n  o n  s a m pl e 
pr e p ar ati o n,  li br ar y  pr e p ar ati o n  a n d  c o ns u m a bl es  us e d  i n  t h e  s e q u e n ci n g 
pr o c ess , e n a bli n g c ust o m ers t o esti m at e t h e n u m b er of kits t h at t h e y ar e li k el y 
t o r e q uir e t o u n d ert a k e t h e n u m b er of s e q u e n ci n g r u ns n e c ess ar y t o s e q u e n c e 
t h e  n u m b er  of s a m pl es  t h at  t h e y  a nti ci p at e  t esti n g  o v er  t h e  lif e  ti m e  of  a  
s e q u e n c er ; 

•  T h e pri c e of ( or li k el y e x p e n dit ur e o n) s a m pl e pr e p ar ati o n, li br ar y pr e p ar ati o n 
a n d c o ns u m a bl es us e d i n t h e s e q u e n ci n g pr o c ess  i s a r el ati v el y hi g h pr o p orti o n 
of  t h e  s e q u e n c er’s  pri c e  ( a n d  c a n  a c c o u nt  f or  a  m at eri al pr o p orti o n of  t h e 
s e q u e n c er’s pri c e w h e n c ust o m ers p ur c h as e u n d er a r e a g e nt r e nt al -t y p e m o d el); 
a n d  

•  A  s uffi ci e ntl y  l ar g e  pr o p orti o n  of  c ust o m ers  ar e  a bl e  a n d  li k el y  t o  t a k e  i nt o 
a c c o u nt  t h e  t ot al  c ost  of  o w n ers hi p  s u c h  t h at  it  w o ul d  b e  u n pr ofit a bl e  f or  a 
s u p pli er  t o  s et  a  s u pr a  c o m p etiti v e  pri c e  f or  t h e  li br ar y  pr e p ar ati o n  kits  a n d 
c o ns u m a bl es us e d i n t h e s e q u e n ci n g pr o c ess,  gi v e n t h e  n u m b er  of  c ust o m ers 
t h at  w o ul d  a d a pt  t heir  s e q u e n c er p ur c h asi n g  b e h a vi o ur  ( wit hi n  a  r e as o n a bl e 
p eri o d of ti m e). 1 1 4  

1 3 2.  As  a  r es ult, s yst e m  s u p pli ers  ar e  n ot  i n c e nti vis e d  t o  i n cr e as e  t h e  pri c e  of  li br ar y 
pr e p ar ati o n kits a n d c o ns u m a bl es us e d i n t h e s e q u e n ci n g pr o c ess if t h at w o ul d r e d u c e 
f ut ur e s al es of s e q u e n c er s . T his is i m p ort a nt b e c a us e c ust o m ers n e e d t o u p gr a d e t h eir 
s yst e ms o v er ti m e. F urt h er, t h e i n cr e asi n g n u m b er a n d s c o p e of s e q u e n ci n g a p pli c ati o ns 
a n d t ests f or a n y gi v e n a p pli c ati o n t h at c a n b e p erf or m e d, c o u pl e d wit h t h e gr o wi n g 
d e m a n d f or t ests, m e a ns t h at b ot h e xisti n g c ust o m ers r e q uir e a d diti o n al c a p a cit y a n d 
n e w c ust o m ers a c q uir e s e q u e n ci n g s yst e ms. T h e pr os p e ct of t his l ar g e n u m b er of n e w 

 

 
1 1 2  O F T, G ui d a n c e o n M a r k et D efi niti o n , p. 2 1, p ar a. 6. 5. 
1 1 3  O F T, G ui d a n c e o n M a r k et D efi niti o n , p. 2 1, p ar a. 6. 3. S e e als o, O F T D e cisi o n of 2 0 J ul y 2 0 0 1 i n I C L/ S y n st a r, 
p ar a. 2 5.  
1 1 4  O F T, G ui d a n c e o n M a r k et D efi niti o n , p. 2 1, p ar a. 6. 6. 
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a n d  r e p e at  c ust o m ers  di s ci pli n es  pri ci n g,  p arti c ul arl y  si n c e  s u p pli ers  c a n n ot  pri c e 
dis cri mi n at e b et w e e n n e w or r e p e at c us t o m ers.1 1 5  

1 3 3.  T h e E ur o p e a n C o urts 1 1 6  a n d t h e C o m missi o n h a v e c o nsi d er e d si mil a r m ar k ets i n t h e 
p ast. 1 1 7  I n  it s L u x ur y  W at c h  j u d g e m e nt,  t h e  G e n er al  C o urt  f o u n d  t h at  pri m ar y  a n d 
s e c o n d ar y pr o d u cts b el o n g e d t o a u nifi e d m ar k et if a pri c e i n cr e as e of t h e s e c o n d ar y 
pr o d u ct  w o ul d  c a us e  a  s hift  i n  t h e  d e m a n d  f or  t h e  pri m ar y  pr o d u ct. 1 1 8  T h e  C o u rt 
di sti n g uis h e d s u c h m ar k ets fr o m t h os e i n w hi c h c ust o m ers di d n ot t a k e i nt o a c c o u nt t h e 
pri c e of s e c o n d ar y pr o d u cts w h e n p ur c h asi n g t h e pri m ar y pr o d u ct, i. e., if t h e y di d n ot 
t a k e i nt o a c c o u nt its t ot al c ost of o w n ers hi p.1 1 9  I n P eli k a n/ K y o c er a , t h e C o m missi o n 
c o nsi d er e d t h at t h e m ar k ets f or pri nt ers a n d i n k c artri d g es s h o ul d b e ass es s e d j oi ntl y 
gi v e n t h at c ust o m ers di d b u y o n t h e b asis of w h ol e lif e c osti n g. 1 2 0  

1 3 4.  F urt h er, t h e C o m missi o n h as als o f o u n d t h at pri m ar y a n d s e c o n d ar y pr o d u cts b el o n g t o 
a u nifi e d m ar k et if s e c o n d ar y pr o d u cts of o n e s u p pli er c a n n ot b e us e d wit h t h e pri m ar y 
pr o d u cts  of  a n ot h er  s u p pli er.  I n  p arti c ul ar,  i n D a n a h er/ B e c k m a n  C o ult er ,  t h e 
C o m missi o n  c o nsi d er e d  t h at  l a b or at or y  i nstr u m e nts  a n d  r el at e d  e q ui p m e nt 
( c o ns u m a bl es,  r e a g e nts,  p arts,  s oft w ar e, et c. )  b el o n g e d  t o  a  u nifi e d  m ar k et  b e c a us e 
s u p pli ers of i nstr u m e nts s u p pli e d c o ns u m a bl es a n d r e a g e nts o nl y f or t h eir i nstr u m e nts 
a n d  n ot f or  t h eir  c o m p etit ors’  i nstr u m e nts. 1 2 1  I n P a n as o ni c  H e alt h c ar e/ B a y er ’s 
Di a b et es C ar e B usi n ess , t h e C o m missi o n c o nsi d er e d t h at i nstr u m e nts a n d r e a g e nts f or 
i n  vitr o  di a g n osti cs ( “I V D”)  b el o n g e d  t o  a  u nifi e d  m ar k et  b e c a us e  I V D  i nstr u m e nts 
w er e us u all y pr o pri et ar y, s u c h t h at r e a g e nts s u p pli e d b y o n e m a n uf a ct ur er c o ul d n ot b e 
us e d wit h i nstr u m e nts fr o m a n ot h er s u p pli er. 1 2 2  

5 5 
 

ii. S yst e m s m ar k ets f or s h ort r e a d a n d n ati v e l o n g r e a d s e q u e n ci n g 

1 3 5.  T h e  p ot e nti al m ar k ets f or s h ort r e a ds a n d n ati v e l o n g r e a ds, r es p e cti v el y, h a v e a ll t h e 
c h ar a ct eristi cs of s yst e m s m ar k ets. C ust o m ers ar e s o p histi c at e d a n d e n g a g e i n w h ol e 
lif e  c osti n g  w h e n  p ur c h a si n g  s e q u e n cer s.  S u c h  c ust o m ers  i n cl u d e  m aj or  s e q u e n ci n g 
s er vi c es pr o vi d ers  ( e. g.,   

),  g e n o mi cs  c e nt er s,  p h ar m a c e uti c al  c o m p a ni es,  u ni v ersiti es,  a n d  cli ni c al 
l a b or at ori es.  T h e y  c o nsi d er  t h e  c osts  of  c o ns u m a bl es,  pr o d u ct  s u p p ort  s er vi c es  a n d 
bi oi nf or m ati cs  t o ols  of  diff er e nt  s u p pli ers  a n d  will  t a k e  t h es e  i nt o  a c c o u nt  w h e n 
s el e cti n g  a n d p ur c h asi n g  a  s e q u e n c er .  T his  is  e v e n  m or e  t h e  c as e  gi v e n  t h at,  i n  t h e 
l o n g er r u n, t h es e c osts will e x c e e d t h e c ost of t h e s e q u e n cer . 

 

 
1 1 5  O F T, G ui d a n c e o n M a r k et D efi niti o n , p. 2 1, p ar a. 6. 7. 
1 1 6  S e e  J u d g e m e nt  of  1 5  D e c e m b er  2 0 1 0  i n  C as e  T -4 2 7/ 0 8, C E A H R  v.  C o m missi o n  a n d  J u d g e m e nt  of  1 2 
D e c e m b er 1 9 9 1 i n C as e T -3 0/ 8 9, Hilt i A G v C o m missi o n. 
1 1 7  D e cisi o n of 2 2 S e pt e m b er 1 9 9 9 i n C as e I V/ 3 4. 3 3 0 P eli k a n/ K y o c er a , p ar a. 6 1-6 9; D e cisi o n of 1 8 J a n u ar y 2 0 1 7 
i n C a s e M. 8 0 8 7 S mit h s Gr o u p/ M o r p h o D et e cti o n , p ar a. 3 9-4 2.  
1 1 8  J u d g e m e nt of 1 5 D e c e m b er 2 0 1 0 i n C as e T -4 2 7/ 0 8, C E A H R v. C o m missi o n , p ar a. 1 0 3.  
1 1 9  J u d g e m e nt of 1 5 D e c e m b er 2 0 1 0 i n C as e T -4 2 7/ 0 8, C E A H R v. C o m missi o n , p ar a. 1 0 6. 
1 2 0  D e cisi o n of 2 2 S e pt e m b er 1 9 9 9 i n C as e I V/ 3 4. 3 3 0 P eli k a n/ K y o c er a , p ar a. 6 1-6 9.  
1 2 1  D e cisi o n of 1 6 J u n e 2 0 1 1, C as e M. 6 1 7 5 D a n a h er/ B e c k m a n C o ult er , p ar a. 2 0. 
1 2 2  D e cisi o n of 2 3 N o v e m b er 2 0 1 5, C as e M. 7 7 8 7 – P a n a s o ni c H e alt h c a r e/ B a y er’ s Di a b et es C a r e B u si n ess , p ar a. 
2 2.  
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1 3 6.  S u p pli ers  als o  c o nsi d er  s e q u e n c er s  a n d  t h eir  r el at e d  li br ar y  pr e p ar ati o n  kits  a n d 
c o ns u m a bl es us e d i n t h e s e q u e n ci n g pr o c ess, a n d pr o d u ct s u p p ort s er vi c es t o f all wit hi n 
si n gl e  u nifi e d  m ar k ets,  a n d  d et er mi n e  t h eir  ( pri ci n g)  str at e gi es  a c c or di n gl y.  F or 
e x a m pl e, Ill u mi n a s ets t h e pri c e of its c o ns u m a bl e s t o e ns ur e t h at it will n ot n e g ati v el y 
aff e ct  its  s al es  of  s e q u e n c er s.  Its  p ri ci n g  s e e ks  t o  e ns ur e  t h at  c ust o m ers  c a n 
e c o n o mi c all y  r u n  its  s e q u e n c ers  at  c a p a cit y  t o  m a xi mis e  effi ci e n c y.  C ert ai n  ot h er 
s u p pli ers, i n cl u di n g , pr o vi d e s e q u e n c ers at r el ati v el y l o w u pfr o nt c ost 
a n d s pr e a d t h e r e m ai n d er of t h e pri c e a cr oss t h e s al es of li br ar y pr e p ar ati o n kits a n d 
c o ns u m a bl es us e d i n t h e s e q u e n ci n g pr o c ess ( a n d r el at e d s er vi c es) s u p pli e d o v er ti m e. 
W hil e t his r efl e cts a diff er e nt pri ci n g m o d el, it m a k es it cl e ar t h at b ot h s u p pli ers a n d 
c ust o m ers l o o k at t h e t ot al c ost of s e q u e n ci n g w h e n  s u p pl yi n g or a c q uiri n g s yst e ms . 

1 3 7.  A l ar g e n u m b er of m ar k et p arti ci p a nts s u p pl y li br ar y pr e p ar ati o n kits. H o w e v er, e a c h 
s yst e m  s u p pli er  s u p pli e s  t h e  c o ns u m a bl es  us e d  wit h  its  o w n s e q u e n c ers  i n  t h e 
s e q u e n ci n g pr o c ess. As a r es ult, t h e y c o m p et e wit h e a c h ot h er f or t h e s al e of t h e e ntir e 
s e q u e n ci n g s yst e m.  

D.  C h ai n  of  s u bstit uti o n  b et w e e n  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d  s yst e ms, 
r es p e cti v el y 

1 3 8.  T h er e is a c h ai n of s u bstit uti o n b et w e e n diff er e nt s h or t r e a d s yst e ms. W hil e t h e s m all est 
a n d hi g h est t hr o u g h p ut s yst e ms ar e cl e arl y n ot dir e ct s u bstit ut es f or e a c h ot h er, it is 
cl e ar t h at c ust o m ers w ei g h u p t h e c h ar a ct eristi cs of diff er e nt s yst e ms a n d t h eir n e e ds i n 
s el e cti n g  s e q u e n c ers.  F or  e x a m pl e,  c ust o m er s  p erf or mi n g  a m pli c o n  s e q u e n ci n g  m a y 
c h o os e  b et w e e n  i S e q,  Mi ni S e q,  Mi S e q  or  N e xt S e q,  wit h  s a m pl e  v ol u m e s  a n d  t h eir 
pr ef er e n c e f or b at c hi n g b ei n g a k e y d et er mi n a nt of w hi c h pl atf or m is t h e b est s yst e m 
f or  a  p arti c ul ar  c ust o m er.  Si mil arl y,  c ust o m ers  r u n ni n g  hi g h er  t hr o u g h p ut  m et h o ds, 
s u c h as w h ol e tr a ns cri pt o m e a n al ysis, e x o m es, or li q ui d bi o ps y, m a y t a k e i nt o a c c o u nt 
s a m pl e  v ol u m es  a n d  pr ef er e n c e  f or  s a m pl e  b at c hi n g  l e v els  i n  c h o osi n g  b et w e e n 
N e xt S e q a n d N o v a S e q s yst e ms. I n m a n y c as es, N e xt S e q is us e d as a p r o d u cti o n-l e v el 
s yst e m  f or  hi g h  t hr o u g h p ut  pr o c essi n g  of  s a m pl es  ( a n d  s e q u e n ci n g  m et h o ds).  T h e 
N e xt S e q m a y b e us e d i n t h es e i nst a n c es d u e t o b at c hi n g c o nsi d er ati o ns a n d d esir e t o 
h a v e r e d u n d a n c y of i nstr u m e nt ati o n. T hr e e e x a m pl es of c ust o m ers t h at us e t h e N e xt S e q 
as s u c h ar e . 

1 3 9.  F urt h er, as e xisti n g c ust o m ers ’ r e q uir e m e nts c h a n g e, t h e y c a n c h o os e w h et h er t o r u n 
e xisti n g  s yst e ms  m or e  i nt e nsi v el y,  a c q uir e  a d diti o n al  l o w er  t hr o u g h p ut s yst e ms  or 
a c q uir e hi g h er  t hr o u g h p ut s yst e ms  (li k e Ill u mi n a’s N o v a S e q). W hil e at l e ast   of 
Ill u mi n a’s c ust o m ers  st art  wit h  l o w er  t hr o u g h p ut  s yst e ms,  m or e  t h a n    of  t h os e 
c ust o m ers  wi ll s u bs e q u e ntl y a d d  a hi g h er t hr o u g h p ut s yst e m as t h eir s a m pl e v ol u m es 
i n cr e as e ( a n d  a p pr o xi m at el y  a d d  a n  a d d iti o n al  l o w er  t hr o u g h p ut s yst e m ).  T o 
ill ustr at e, t h e p ur c h asi n g hist or y of t hr e e U K-b as e d  Ill u mi n a c ust o m ers o v er t h e l ast 
fi v e y e ars is as f oll o ws: 
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1 4 0.   
1 2 3  F or e x a m pl e, a n ati v e l o n g r e a d 

c ust o m er m a y c h o os e b et w e e n  
, t a ki n g i nt o a c c o u nt s a m pl e v ol u m e a n d pr ef er e n c e f or b at c hi n g l e v el s 

as k e y d et er mi n a nts.  

1 4 1.  H o w e v er, as alr e a d y n ot e d, s h ort r e a d s yst e ms  a n d n ati v e l o n g r e a d s yst e ms  ar e  n ot 
s u bstit ut a bl e.   

E.  S e q u e n ci n g a n d alt er n ati v e m et h o ds of as c ert ai ni n g g e n eti c i nf or m ati o n ar e n ot 
s u bstit ut es 

1 4 2.  Alt er n ati v e  m et h o ds s u c h  as mi cr o arr a ys,  P C R  ( P C R,  q P C R  a n d  di git a l  P C R), 
fl u or es c e n c e  i n  sit u  h y bri di z ati o n  ( “FI S H ”)  a n d  D N A  m a p pi n g  ar e  n ot  m et h o ds  of 
s e q u e n ci n g, n or ar e t h e y s u bstit ut es f or s e q u e n ci n g, e v e n t h o u g h t h e y c a n b e us e d t o  
as c ert ai n g e n eti c i nf or m ati o n. S e q u e n ci n g t e c h n ol o gi es e n a bl e pr e vi o usl y n e v er -b ef or e 
s e q u e n c e d D N A t o b e as c ert ai n e d ( i. e., d e n o v o  s e q u e n ci n g) a n d u n a nti ci p at e d v ari a nts 
of  a n y  t y p e  ( e. g. ,  S N Vs,  i n d els,  S Vs)  i n  n e arl y  a n y  l o c ati o n  t o  b e  d et er mi n e d.  I n 
c o ntr ast,  n o n -s e q u e n ci n g  alt er n ati v e  t e c h n ol o gi es  r e q uir e  pri or  k n o wl e d g e  of  t h e  
r el e v a nt s e q u e n c e, i n cl u di n g a nti ci p at e d v ari a nts. T his pri or k n o wl e d g e is d eri v e d fr o m 
s e q u e n ci n g.  

1 4 3.  T h e alt er n ati v e t e c h n ol o gi es m a y b e us e d f or  a n u m b er of  r e as o ns, i n cl u di n g s a m pl e 
v ol u m e ( e. g. , mi cr o arr a ys), t ur n ar o u n d ti m e (e. g. , P C R), s e nsiti vit y (e. g. , di git al P C R), 
est a blis h e d  cli ni c al  utilit y  ( e. g. ,  FI S H),  b e c a us e  t h e y  pr o vi d e  c o m pl e m e nt ar y 
i nf or m ati o n (e. g. , m a p pi n g), or c ost (e. g. , P C R a n d mi cr o arr a ys). H o w e v er, t h e y o nl y 
e n a bl e d et er mi n ati o n of w h et h er k n o w n s e q u e n c e s or p arti c ul ar v ari a nts ar e pr es e nt ( or 
n ot) i n a s a m pl e, n ot a ct u al s e q u e n ci n g of t h e s a m pl e. 

1 4 4.  T h e P arti es d o n ot c o nsi d er t h at t h es e alt er n ati v e t e c h n ol o gi es ar e s u bstit ut es f or eit h er 
s h ort r e a d or n ati v e l o n g r e a d s yst e ms.  I n  all of  t h es e  alt er n ati v e  t e c h n ol o gi es , pri or 

 

 
1 2 3   
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k n o wl e d g e of t h e s e q u e n c e t o b e i n v esti g at e d is r e q uir e d. H o w e v er, f urt h er i nf or m ati o n 
a b o ut e a c h of t h es e alt er n ati v e t e c h n ol o gi es  is pr o vi d e d i n  . 

II. G e o g r a p hi c m a r k et d efi niti o n  

1 4 5.  T h e  N otif yi n g  P arti es  s u b mit  t h at  t h e   p ot e nti al m ar k ets  f or  s h ort  r e a d  s yst e ms  a n d 
n ati v e l o n g r e a d s yst e ms, r es p e cti v el y, ar e w orl d wi d e i n s c o p e. W hil e t h er e is n o C M A 
or  C o m missi o n  pr e c e d e nt  o n  t h e  r el e v a nt  g e o gr a p hi c  m ar k et  f or  s e q u e n ci n g,  t h e 
C M A’s pr e d e c ess or a g e n c y, t h e O F T, 1 2 4  a n d t h e C o m missi o n ,1 2 5  h a v e pr e vi o usl y f o u n d 
t h at  l a b or at or y  i nstr u m e nt  m ar k ets  ar e  at  l e ast  E E A-wi d e  or  w orl d wi d e  i n  s c o p e.  I n 
p arti c ul ar,  i n T h er m o  El e ctr o n  M a n uf a ct uri n g  Li mit e d/ G V  I nstr u m e nts  Li mit e d ,  t h e 
O F T f o u n d t h at t h e m ar k et f or m ass s p e ctr o m et er i nstr u m e nts w as w orl d wi d e i n s c o p e, 
as  t h e  g e o gr a p hi c l o c ati o n  of  t h e  s u p pli er  w as  n ot  i m p ort a nt  f or  c ust o m ers,  a n d 
distri b uti o n c osts w er e n ot si g nifi c a nt c o m p ar e d t o t h e o v er all c ost of t h e pr o d u cts. 1 2 6  

1 4 6.  Si mil arl y,  f or  c ust o m ers  of  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d  s yst e ms,  t h e  l o c ati o n  of 
s u p pli ers  is  n ot  p arti c ul arl y  r el e v a nt.  S u p pli ers  ar e  g e n er all y  a cti v e  gl o b all y  a n d 
t y pi c all y off er, fr o m c e ntr alis e d pr o d u cti o n f a ciliti es, i d e nti c al pr o d u cts r e g ar dl ess of 
t h e c ust o m er’s l o c ati o n. M or e o v er, tr a ns p ort c ost s ar e n ot si g nifi c a nt a n d t h er e ar e n o 
si g nifi c a nt pri c e diff er e n c es b et w e e n j uris di cti o ns w orl d wi d e:  

•  F or Ill u mi n a,  
 
 
 
 
 
 

1 2 7  

•  F or P a c Bi o,  
 
 

  

 

 
1 2 4  D e cisi o n of 1 5 D e c e m b er 2 0 0 6, T h er m o El e ctr o n M a n uf a ct u ri n g Li mit e d/ G V I n str u m e nts Li mit e d, p ar a. 2 2 -
2 3.  
1 2 5  D e cisi o n of 1 6 J u n e 2 0 1 1, C as e M. 6 1 7 5 D a n a h er/ B e c k m a n C o ult er , p ar a. 3 2. 
1 2 6  D e cisi o n of 1 5 D e c e m b er 2 0 0 6, T h er m o El e ctr o n M a n uf a ct u ri n g Li mit e d/ G V I n str u m e nts Li mit e d,  p ar a. 2 2 -
2 3.  
1 2 7   
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1 2 8  

1 4 7.  W hil e s yst e m  s u p pli ers m ust pr o vi d e s u p p ort s er vi c es t o c ust o m ers ( gi v e n t h e s e nsiti v e 
n at ur e  of  t h e i nstr u m e nt s),  

 
 
 

  

1 4 8.  T h e p ot e nti al m ar k ets f or s h ort r e a d s yst e ms a n d n ati v e l o n g r e a d s yst e ms, r e s p e cti v el y, 
t h er ef or e h a v e t h e m ai n c h ar a ct eristi cs of b ei n g gl o b al, or at l e ast E E A- wi d e, i n s c o p e. 

 

 
1 2 8   

 

1 2 9   
 

1 3 0   
 
 
 

 
1 3 1    
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Shares of supply 

14. Provide the shares of supply (by value and, where appropriate, volume) for the 
merger parties and each of their principal competitors for the Candidate Markets 
(see question 13). 

149. As discussed in Section 13 above, the Notifying Parties submit that there are distinct 
short read and native long read systems markets. Further, they submit that the potential 
markets are worldwide, or at least EEA-wide, in scope. 

150. The Notifying Parties are unaware of publicly available sources that provide either 
estimates of the total market size or shares of supply for the potential markets for short 
read and native long read systems, respectively, either globally or in the UK.  

151. The tables below reflect Illumina’s best estimates of its, and its competitors’ shares of 
supply by value on the potential market for short read systems for 2017, in the UK. 

Table 3: Estimated shares of supply by value for the potential market for short read systems 

Supplier UK (2017)132 

 133 

 134 

  

 135 

152.  
 
 

  

153. In relation to the potential market for native long read systems,  has reported that, 
as of May 2018, there were approximately 6,000 to 7,000  shipped 

 
 
132  

 
 

 
133  

 
. 

134  
 

135  
 
 

 

COVINGTON & BURLING LLP 

- --- -
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t o us ers gl o b all y.1 3 6  
 
 
 
 

1 3 8  

1 5 4.  T h e  N otif yi n g  P arti es  d o  n ot  h a v e  a c c ess  t o  U K -s p e cifi c  d at a  c o n c er ni n g   
.  

 

1 5 5.  T h e N otif yi n g P arti es s u b mit t h at s h ar es of s u p pl y ar e n ot a r el e v a nt i n di c at or of t h e 
c o m p etiti v e  sit u ati o n  i n  t h e   p ot e nti al m ar k ets  f or  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d 
s yst e ms  r es p e cti v el y. As e x pl ai n e d i n S e cti o ns 1 8 a n d 2 2 b el o w, t h e p ot e nti al m ar k et s 
f or  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d  s yst e ms  ar e  n as c e nt  a n d r a pi dl y gr o wi n g,  wit h 
f or e casts s u g g esti n g t h at gl o b al N G S r e v e n u es will r e a c h G B P 1 2. 6 7 billi o n b y 2 0 2 4 
( u p fr o m G B P 4. 4 2 billi o n i n 2 0 18). 1 3 9  Furt h er, t h e s e  p ot e nti al m ar k ets h a v e s e e n t h e 
l a u n c h  of  disr u pti v e  n e w  t e c h n ol o gi es  w hi c h  c a n  r a pi dl y  g ai n  wi d e  a d o pti o n  a n d 
e x p a n d si g nifi c a ntl y, wit h f urt h er e ntr y a nti ci p at e d i n t h e s h ort- t er m.  

1 5 6.  I n t his r e g ar d, t h e Co m missi o n’s d e cisi o n al pr a cti c e 1 4 0  a n d t h e c as e l a w of t h e E ur o p e a n 
C o urts 1 4 1  m a k e it cl e ar t h at, i n n as c e nt a n d f ast gr o wi n g m ar k ets t h at ar e i n n o v ati o n -
dri v e n,  m ar k et  s h ar es  ( or  s h ar es  of  s u p pl y)  n e e d  n ot  n e c ess aril y  i n di c at e  m ar k et 
str e n gt h.  F or  e x a m pl e,  i n Cis c o  S yst e ms  I n c.  v.  C o m missi o n ,  t h e  G e n er al  C o urt 
c o nfir m e d t h e C o m miss i o n’s vi e w t h at t h e c o m bi n e d m ar k et s h ar es of Mi cr os oft a n d 
S k y p e  o n  t h e  p ot e nti al  m ar k ets  f or  c o ns u m er  c o m m u ni c ati o n  s er vi c es,  i n cl u di n g  a 
c o m bi n e d m ar k et s h ar e of 8 0 -9 0 % o n t h e p ot e nti al s e g m e nt f or vi d e o c alls, w er e n ot 
i n di c ati v e  of  m ar k et  str e n gt h.  T he  C o urt  f o u n d  t h at  “ t h e c o ns u m er  c o m m u ni c ati o ns 
s e ct or  is  r e c e nt  a n d  f ast‑ gr o wi n g  s e ct or  w hi c h  i s  c h ar a ct eris e d  b y  s h ort  i n n o v ati o n 
c y cl es i n w hi c h l ar g e m ar k et s h ar es m a y t ur n o ut t o b e e p h e m er al. I n s u c h a d y n a mi c 
c o nt e xt, hi g h m ar k et s h ar es ar e n ot n e c ess aril y i n di c ati v e of m ar k et p o w er … ”. 1 4 2   

 

 
1 3 6   

 
1 3 7   

 
1 3 8

  
1 3 9  htt p s:// w w w. m ar k et s a n d m ar k ets. c o m/ Pr ess R el e as e s/ n g s -t e c h n ol o gi es. as p  
1 4 0  C o m mi ssi o n,  D e cisi o n  of  2  S e pt e m b er  1 9 9 1 i n  C as e  I V/ M. 1 2 9, Di git al/ P hili p s ,  p ar a.  1 8;  C o m mis si o n, 
D e cisi o n of 2 M ar c h 2 0 0 1 i n C as e C O M P/ M. 2 2 5 6 P hili p s/ A gil e nt H e alt h C a r e S ol uti o n s , p ar a. 3 1; C o m missi o n, 
D e cisi o n of 7 O ct o b er 2 0 1 1 i n C as e C O M P/ M. 6 2 8 1 Mi cr o s oft/ S k y p e , p ar a. 7 8. 
1 4 1  J u d g e m e nt of t h e G e n er al C o urt of 1 1 D e c e m b er 2 0 1 3 i n C as e T -7 9/ 1 2, Cis c o S yst e ms I n c. v. C o m missi o n , 
p ar a. 6 9.  
1 4 2 J u d g e m e nt of t h e G e n er al C o urt 1 1 D e c e m b er 2 0 1 3 i n C as e T -7 9/ 1 2, Cis c o S yst e ms I n c. v. C o m missi o n , p ar a. 
6 9.  
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H ori z o nt al eff e cts  

1 5.  P r o vi d e a d es c ri pti o n of h o w c o m p etiti o n w o r k s i n e a c h C a n di d at e M a r k et  w h e r e 
t h e m e r g e r p a rti es o v e rl a p. T h e d es c ri pti o n of s u c h c o m p etiti v e d y n a mi cs i n t h e 
C a n di d at e M a r k et s h o ul d i n cl u d e ( b ut n ot n e c ess a ril y b e li mit e d t o):  

( a) i nf o r m ati o n o n t h e c o m p etiti v e c o n st r ai nt p os e d b y e a c h of t h e m e r g e r p a rti e s 
o n e a c h ot h e r a n d o n t h e c o m p etiti v e c o n st r ai nt p os e d b y t h e ot h e r p ri n ci p al 
s u p pli e rs i n t h e C a n di d at e M a r k et(s);  

( b) a n  e x pl a n ati o n  of  w h at  d ri v es  c u st o m e r  c h oi c e  f o r  t h e  o v e rl a p 
p r o d u ct/s e r vi c es.  W h e r e  r el e v a nt,  t h e  r es p o n s e  s h o ul d  i n cl u d e  t h e 
i d e ntifi c ati o n of s e p a r at e c u st o m e r g r o u p s, if a n y, a n d a n e x pl a n ati o n of h o w 
t h e  c o m p etiti v e  d y n a mi cs  diff e r  a c r oss  t h es e  c u st o m e r  g r o u p s  (s e e  5. 2. 2 8  t o 
5. 2. 3 1 of M e r g e r Ass ess m e nt G ui d eli n es);  

( c) a d es c ri pti o n  of  t h e  p a r a m et e rs  of  c o m p etiti o n  (f o r  e x a m pl e,  p ri c e,  q u alit y, 
s e r vi c e, i n n o v ati o n) a n d t h ei r i m p o rt a n c e r el ati v e t o o n e a n ot h e r; 

( d) a n e x pl a n ati o n of t h e r ol e a n d si g nifi c a n c e of p r o d u ct/s e r vi c e diff e r e nti ati o n  
(i n cl u di n g  a n  e x pl a n ati o n  of t h e  e xt e nt  t o  w hi c h  t h e  m e r g e r  p a rti es’ 
p r o d u cts/s e r vi c es a r e diff e r e nti at e d ); 

1 5 7.  As  e x pl ai n e d  i n  S e cti o n  1 3  a b o v e,  t h e  N otif yi n g  P arti es  s u b mit  t h at  s h ort  r e a d a n d 
n ati v e l o n g r e a d s yst e ms f all i nt o disti n ct  pr o d u ct m ar k ets. As a r es ult, t h e a cti viti es of 
Ill u mi n a  a n d  P ac Bi o  d o  n ot  o v erl a p .  T h e N otif yi n g P arti es  ar e  n ot  a n d,  a bs e nt  t h e 
Tr a ns a cti o n,  w o ul d n ot, b e c o m e c o m p etit ors.  

I. Diff e r e nti ati o n of t h e N otif yi n g P a rti es  

1 5 8.  I n  a d diti o n  t o  t h e  str e n gt hs  a n d  w e a k n ess es  of  s h ort  r e a d  a n d  n ati v e l o n g  r e a d 
s e q u e n ci n g t e c h n ol o gi es g e n er all y, a s d es cri b e d i n S e cti o n 1 2  a b o v e, t h er e ar e m at eri al 
yi el d  diff er e n c es  b et w e e n  Ill u mi n a’s  s h ort  r e a d  a n d  P a c Bi o’s  n ati v e  l o n g  r e a d 
t e c h n ol o gi es.  F urt h er,  t h es e  diff er e n c es  ar e  n ot  e x p e ct e d  t o  di mi nis h,  e v e n  i n  t h e 
m e di u m- t o-l o n g er-t er m.  

 
 I n d e e d, t h e 

diff er e nti al  b et w e e n  Ill u mi n a’s  a n d  P a c Bi o’s  t e c h n ol o gi es’  o ut p ut  p er  fl o w  c ell  is 
e x p e ct e d  t o  i n cr e as e  e v e n  f urt h er o v er  t h e  n e xt  fi v e  t o  s e v e n  y e ars,  a bs e nt  t h e 
Tr a ns a cti o n.  

1 5 9.  
 
 
 
 
 
 

. 
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1 6 0.   
 
 
 
 
 
 
 
 

 

1 6 1.   
 
 
 

 

1 6 2.   
 
 
 
 
 
 
 

1 6 3.   
 
 
 
 
 
 

 

1 6 4.   
 
 
 
 
 

1 6 5.   
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1 6 6.   
 
 
 

 
 
 
 

 

 

1 6 7.  I n li ght of t h e e x p e ct e d c o nti n u e d di v er g e n c e i n yi el d b et w e e n Ill u mi n a’s s h ort r e a d 
a n d  P a c Bi o’s n ati v e l o n g  r e a d  t e c h n ol o gi es,  t h e  N otif yi n g  P arti es  e x p e ct  t h at  t h e 
r es p e cti v e str e n gt hs a n d li mit ati o ns of Ill u mi n a’s a n d P a c Bi o’s r es p e cti v e t e c h n ol o gi e s 
w ill r e m ai n as d es cri b e d i n S e cti o n 1 2. As a r es ult, s e q u e n ci n g a p pli c ati o ns t h at, t o d a y, 
ar e  w ell -s uit e d  f or  eit h er  Ill u mi n a’s  s h ort  r e a d  s e q u e n ci n g  t e c h n ol o g y  or  P a c Bi o’s 
n ati v e  l o n g  r e a d  t e c h n ol o g y,  will  c o nti n u e  t o  b e  w ell -s uit e d  f or  t h at  t e c h n ol o g y.  I n  
a d diti o n, c o nti n u e d si g nifi c a nt r e d u cti o ns i n t h e c ost p er b as e f or e a c h t e c h n ol o g y will 
li k el y l e a d t o t h e e m er g e n c e of n e w s e q u e n ci n g a p pli c ati o ns n ot a v ail a bl e t o d a y t h at 
will  b e  w ell -s uit e d  f or  o n e  t e c h n ol o g y  o v er  t h e  ot h er,  b as e d  o n  t h e  i n h er e nt 
c h ar a ct eristi cs of t h e t e c h n ol o gi es, i n cl u di n g c ost p er b as e.  

II. C o m p etit o rs  

1 6 8.  F or t h e s a k e of c o m pl et e n ess, t h e N otif yi n g P arti e s d es cri b e t h e c o m p etiti v e d y n a mi cs 
of t h e p ot e nti al m ar k ets f or s h ort r e a d a n d n ati v e l o n g r e a d s yst e ms. 
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1 6 9.  M ar k et  r e p orts  h a v e  pr e di ct e d t h at  gl o b al  N G S  r e v e n u es  will  r e a c h  G B P  1 2. 6 7 
billi o n 1 4 3  i n 2 0 2 4, u p fr o m G B P 4. 4 2 billi o n1 4 4  i n 2 0 1 8, r efl e cti n g a C A G R of 1 9. 2 %.1 4 5  
T hi s gr o wt h h as b e e n c at al ys e d b y t h e r a pi d e x p a nsi o n of D N A s e q u e n ci n g’s utilit y i n 
m e di c al a n d s ci e ntifi c a p pli c ati o ns. T h es e f a ct ors h a v e l e d t o i n cr e as e d a d o pti o n of t h e 
t e c h n ol o g y  i n  e xisti n g  a n d  n e w  a p pli c ati o ns  (e. g. ,  W G S, d e  n o v o  ass e m bl y/ d e  n o v o  
s e q u e n ci n g,  o n c ol o g y  a n d  r e pr o d u cti v e  h e alt h).  D u e  t o  t h e  diff er e nti al  t y p es  of 
i nf or m ati o n, attri b ut es a n d e c o n o mi cs, ill ustr ati n g t h eir f u n d a m e nt al c o m pl e m e nt arit y, 
it is a nti ci p at e d t h at t h e gr o wt h of e a c h of t h e p ot e nti al s h ort r e a d a n d n ati v e l o n g r e ad 
s yst e m m ar k ets will n ot b e at t h e e x p e ns e of t h e ot h er.  

A.  C o m p etiti v e l a n ds c a p e of t h e p ot e nti al m ar k et f or s h ort r e a d s yst e ms 

1 7 0.  T h e p ot e nti al m ar k et f or s h ort r e a d s yst e ms is  a  r a pi dl y -e x p a n di n g, d y n a mi c m ar k et 
c h ar a ct eris e d b y a n i n cr e asi n g n u m b er of s e q u e n ci n g pl atf or ms, r a pi d i m pr o v e m e nts i n 
s yst e m  p erf or m a n c e,  l o w er  c osts,  a n d  r e d u c e d  c o m pl e xit y  of  g e n er ati n g  s e q u e n ci n g 
d at a ( e. g. , i m pr o v e m e nts i n w or kfl o w) a n d a n al ysi n g t h e r es ults (e. g. , i m pr o v e m e nts i n 
bi oi nf or m ati cs a n d a n al yti cs).  

1 7 1.  As e x pl ai n e d f urt h er i n S e cti o n 2 2, b el o w, t h e p ot e nti al m ar k et f or s h ort r e a d s yst e ms 
h as  r e c e ntl y  dr a w n  i n  n e w  e ntr a nts,  al o n gsi d e  l a u n c h es  of  n e w  s yst e ms  b y  e xisti n g 
m ar k et p arti ci p a nts.  

1 7 2.  C urr e ntl y,  Ill u mi n a  c o m p et es  gl o b all y  wit h  t hr e e  m aj or  di a g n osti cs  a n d  i nstr u m e nts 
c o m p a ni es  t o  s u p pl y  s h ort  r e a d  s yst e ms  a n d  s e q u e n ci n g  s er vi c es:  T h er m o  Fis h er 
S ci e ntifi c  ( “ T h er m o  Fis h er ”),  Qi a g e n  N. V.  ( “ Qi a g e n ”),  a n d  t h e  B eiji n g  G e n o mi cs 
I nstit ut e ( “ B GI ”).  

 
 

   
 
 
 
 

 

1 7 3.  A m at eri al n u m b er of t hir d p arti es h a v e d e v el o p e d a n d s u p pl y li br ar y pr e p ar ati o n kits 
a n d  bi oi nf or m ati cs  s ol uti o ns  ( e. g. ,  s e q u e n c e  ali g n m e nt  t o  s e q u e n c e  i nt er pr et ati o n 
s ol uti o ns)  w hi c h  c a n  b e  us e d  wit h  Ill u mi n a’s  s e q u e n c ers.  T h es e  s u p pli ers  i n cl u d e, 
a m o n g ot h ers, t h e f oll o wi n g:  

 

 
1 4 3  T his fi g ur e h as b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).  
1 4 4  T his fi g ur e h as b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).  
1 4 5  htt p s:// w w w. m ar k et s a n d m ar k ets. c o m/ Pr ess R el e a s es/ n gs -t e c h n ol o gi es. as p; Pl e as e  s e e  
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Li b r a r y p r e p a r ati o n  Bi oi nf o r m a ti cs 

  

   

  

  

  

  

  

  

  

  

  

1 7 4.  H o w e v er, gi v e n t h at Ill u mi n a a n d P a c Bi o s u p pl y e ntir e s h ort r e a d s yst e ms (Ill u mi n a) 
a n d  n ati v e  l o n g  r e a d  s yst e ms  ( P a c Bi o),  i n cl u di n g  s e q u e n c ers,  c o ns u m a bl es, 
bi oi nf or m ati cs  t o ols  a n d  pr o d u ct  s u p p ort  s er vi c e s,  t h e  N otif yi n g  P arti es  h a v e  o nl y 
d es cri b e d b el o w s u p pli er s w h o als o s u p pl y e ntir e s yst e ms.   

i. T h er m o Fis h er  

1 7 5.  T h er m o Fis h er is t h e w orl d’s l ar g est m a k er of s ci e ntifi c a n d l a b or at or y e q ui p m e nt, wit h 
gl o b al r e v e n u es of m or e t h a n G B P 1 6. 2 billi o n 1 4 6  i n 2 0 1 71 4 7  a n d a p pr o xi m at el y 7 0, 0 0 0 
e m pl o y e es. 1 4 8  It s c o m m er ci al r e a c h pr o vi d es  a c c ess t o 4 0 0, 0 0 0  cli ni c al,  a p pli e d a n d 
r es e ar c h c ust o m ers a cr os s t h e gl o b e. 1 4 9   

1 7 6.  T h er m o Fis h er is t h e l e a di n g s u p pli er of first -g e n er ati o n S a n g er s e q u e n ci n g s yst e ms, 
wit h a t ot al i nst all e d b as e of ar o u n d  . 1 5 0  It i s al s o t h e s e c o n d l ar g est s u p pli er 
of N G S s h ort r e a d s yst e m s. At t h e e n d of 2 0 1 7, it h a d a n esti m at e d gl o b al i nst all e d b as e 
of N G S s h ort r e a d s yst e ms of o v er  . 1 5 1   

1 7 7.  T h er m o Fis h er e nt er e d t h e p ot e nti al m ar k et f or N G S  ( n o n-S a n g er) s h ort r e a d s yst e ms 
i n  2 0 1 4  t hr o u g h  its  G B P  1 0. 5 4  billi o n1 5 2  a c q ui siti o n  of  Lif e  T e c h n ol o gi e s,  w hi c h 

 

 
1 4 6  T his fi g ur e h as b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es ). 
1 4 7  T h er m o  Fi s h er  2 0 1 7  A n n u al  r e p ort,  p.  2 3,  a v ail a bl e  at htt p:// d 1 8r n 0 p 2 5 n wr 6 d. cl o u dfr o nt. n et/ CI K -
0 0 0 0 0 9 7 7 4 5/ 7 b c 4 2 4 c d -7 5 2 5 -4f b 2 -8 d e 0 -a 3 3 b c 5 b 1 0 c 6 b. p df  
1 4 8  T h er m o  Fis h er  2 0 1 7  A n n u al  r e p ort,  p.  3,  a v ail a bl e  at htt p:// d 1 8r n 0 p 2 5 n wr 6 d. cl o u dfr o nt. n et/ CI K -
0 0 0 0 0 9 7 7 4 5/ 7 b c 4 2 4 c d -7 5 2 5 -4f b 2 -8 d e 0 -a 3 3 b c 5 b 1 0 c 6 b. p df   
1 4 9  T h er m o  Fis h er  2 0 1 7  A n n u al  r e p ort,  p.  3,  a v ail a bl e  at htt p:// d 1 8r n 0 p 2 5 n wr 6 d. cl o u dfr o nt. n et/ CI K -
0 0 0 0 0 9 7 7 4 5/ 7 b c 4 2 4 c d -7 5 2 5 -4f b 2 -8 d e 0 -a 3 3 b c 5 b 1 0 c 6 b. p df  
1 5 0   

 
1 5 1   

 
1 5 2  T his fi g ur e h as b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).  

http://d18rn0p25nwr6d.cloudfront.net/CIK-0000097745/7bc424cd-7525-4fb2-8de0-a33bc5b10c6b.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000097745/7bc424cd-7525-4fb2-8de0-a33bc5b10c6b.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000097745/7bc424cd-7525-4fb2-8de0-a33bc5b10c6b.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000097745/7bc424cd-7525-4fb2-8de0-a33bc5b10c6b.pdf
http://d18rn0p25nwr6d.cloudfront.net/CIK-0000097745/7bc424cd-7525-4fb2-8de0-a33bc5b10c6b.pdf
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m ar k et e d a n d s ol d t h e S O Li D a n d  I o n T orr e nt s h ort r e a d s e q u e n ci n g s yst e ms. 1 5 3 , 1 5 4  
T h er m o Fi s h er n o l o n g er a cti v el y m ar k ets t h e S O Li D  s yst e ms. T h er m o  Fis h er’s  I o n 
T orr e nt s yst e ms  ar e b as e d o n S B S t e c h n ol o g y. H o w e v er,  u nli k e  Ill u mi n a’ s s yst e ms, 
t h e y d o n ot r e c or d b as e a d diti o ns wit h c a m er as. I nst e a d, t h e y r el y o n t h e f a ct t h at t h e 
a d diti o n of a n u cl e oti d e t o a D N A p ol y m er r el e as es a h y dr o g e n i o n, a n d a s a r es ult t h e 
p H c h a n g es. T h e r es ulti n g p H c h a n g e is m e as ur e d usi n g s e mi c o n d u ct ors. 1 5 5  A c c or di n g 
t o T h er m o Fis h er, t h e a d v a nt a g es of t his a p pr o a c h ar e t h at it  off ers a f ast er r u n ti m e a n d 
si m plifi e d w or kfl o w. 1 5 6  

1 5 7  F or i nst a n c e, t h e 
I o n G e n e St u di o S 5 (s e e b el o w ) c a n pr o d u c e r e a ds u p t o 6 0 0 b p. 1 5 8  

6 7 
 

1 7 8.  T h er m o  Fis h er’s  p ortf oli o  c urr e ntl y  i n cl u d es  fi v e  N G S  s h ort  r e a d  s yst e m 
c o nfi g ur ati o ns: t h e I o n P G M ( P ers o n al G e n o m e M a c hi n e), I o n Pr ot o n, I o n G e n e St u di o 
S 5, I o n G e n e St u di o S 5 Pl us, a n d I o n G e n e St u di o S 5 Pri m e. T h es e ar e l o w -t o-m e di u m 
t hr o u g h p ut  b e n c ht o p  s e q u e n c ers  t h at  ar e  wi d el y  us e d  f or  cli ni c al  a n d  tr a nsl ati o n al 
p ur p os es. 1 5 9  T h er m o Fi s h er’s G e n e St u di o S 5 s eri es w as l a u n c h e d i n J a n u ar y 2 0 1 8. 1 6 0  
V ari o us c o ns u m a bl e s e mi -c o n d u ct or “ c hi ps ” s u p pli e d b y T h er m o Fis h er m a y b e us e d 
i n m ost of its s e q u e n c ers, a n d t h eir p erf or m a n c e v ari es, d e p e n di n g o n t h e c hi p us e d. 

 

 
1 5 3   

  S e e als o htt p s:// w w w.t h er m ofis h er. c o m/ b e/ e n/ h o m e/ a b o ut -us/ n e ws -g all er y/ pr ess -r el e as es/ 2 0 1 4/t h er m o-
fis h er-s ci e ntifi c -c o m pl et e s -a c q uisiti o n -of -lif e-t e c h n ol o gi e s-c or p or ati o n. ht ml  
1 5 4  Lif e T e c h n ol o gi es, i n t ur n, h a d a c q uir e d I o n T orr e nt f or u p t o  G B P 5 6 2 milli o n i n 2 0 1 0. A p pli e d Bi o s yst e ms, 
w hi c h m er g e d wit h I n vitr o g e n t o f or m Lif e T e c h n ol o gi e s i n 2 0 0 8, h a d a c q uir e d A g e n c o urt P er s o n al G e n o mi c s, 
o w n er of t h e S O Li D br a n d, f or G B P 9 3 milli o n i n 2 0 0 6. T h er m o Fis h er’s S O Li D s yst e ms w er e dis c o nti n u e d as  
of M a y 1, 2 0 1 6. I n a d diti o n, Lif e T e c h n ol o gi es h a d a c q uir e d Visi g e n Bi ot e c h ol o gi e s, w hi c h w as d e v el o pi n g a 
si n gl e m ol e c ul e s e q u e n ci n g t e c h n ol o g y k n o w n b y t h e c o d e n a m e “ St arli g ht ”, i n 2 0 0 8 f or G B P 1 5. 5 milli o n. T h es e 
fi g ur es h a v e b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’ s 2 0 1 7 a v er a g e e x c h a n g e r at e of G B P 
1  =  U S D  1. 2 9  (r o u n d e d  t o  t w o  d e ci m al  pl a c es).  S e e 
htt p s:// w w w. b u si n ess wir e. c o m/ n e ws/ h o m e/ 2 0 1 0 0 8 1 7 0 0 6 6 4 3/ e n/ Lif e -T e c h n ol o gi e s -A n n o u n c es -A gr e e m e nt -
A c q uir e -I o n-T orr e nt , htt p s :// w w w. b usi n es s wir e. c o m/ n e ws/ h o m e/ 2 0 0 6 0 5 3 0 0 0 5 2 8 9/ e n/ A p pli e d-Bi o s yst e ms -
A c q uir e -A g e n c o urt -P er s o n al -G e n o mi c s -Pri v at el y -H el d ,  a n d htt p:// alls e q. c o m/ k n o wl e d g e -b a n k/ n gs -
n e cr o p olis/ vi si g e n/   
1 5 5  htt p s:// w w w.t h er m ofis h er. c o m/ b e/ e n/ h o m e/lif e -s ci e n c e/ s e q u e n ci n g/ n e xt -g e n er ati o n -s e q u e n ci n g. ht ml   
1 5 6  htt p s:// w w w.t h er m ofis h er. c o m/ b e/ e n/ h o m e/lif e -s ci e n c e/ s e q u e n ci n g/ n e xt -g e n er ati o n -s e q u e n ci n g. ht ml   

 
1 5 8  htt p s:// w w w.fis h er. c o m/ u s/ e n/ h o m e/lif e -s ci e n c e/s e q u e n ci n g/ n e xt -g e n er ati o n -s e q u e n ci n g/i o n -t orr e nt-n e xt -
g e n er ati o n -s e q u e n ci n g -w or kfl o w/i o n -t orr e nt-n e xt -g e n er ati o n -s e q u e n ci n g -r u n-s e q u e n c e/i o n -s 5 -n gs -t ar g et e d-
s e q u e n ci n g/i o n -s 5 -s p e cifi c ati o ns. ht m l  
1 5 9   

 
1 6 0   

 

https://www.businesswire.com/news/home/20100817006643/en/Life-Technologies-Announces-Agreement-Acquire-Ion-Torrent
https://www.businesswire.com/news/home/20100817006643/en/Life-Technologies-Announces-Agreement-Acquire-Ion-Torrent
https://www.businesswire.com/news/home/20060530005289/en/Applied-Biosystems-Acquire-Agencourt-Personal-Genomics-Privately-Held
https://www.businesswire.com/news/home/20060530005289/en/Applied-Biosystems-Acquire-Agencourt-Personal-Genomics-Privately-Held
http://allseq.com/knowledge-bank/ngs-necropolis/visigen/
http://allseq.com/knowledge-bank/ngs-necropolis/visigen/
https://www.thermofisher.com/be/en/home/life-science/sequencing/next-generation-sequencing.html
https://www.thermofisher.com/us/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/ion-torrent-next-generation-sequencing-run-sequence/ion-s5-ngs-targeted-sequencing/ion-s5-specifications.html
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1 7 9.  I n  a d diti o n,  T h er m o  Fis h er  als o  s u p pli es  t w o  li br ar y  pr e p ar ati o n  i nstr u m e nts:  t h e 
“ O n e T o u c h 2 ” 1 6 1  a n d t h e “I o n C h ef ”. 1 6 2  T h es e i nstr u m e nts si m plif y t h e w or kfl o w f or 
T h er m o Fis h er’s s yst e ms b y a ut o m ati n g li br ar y pr e p ar ati o n.  

6 8 
 

T a bl e 4:  T h er m o Fis h er s e q u e n c ers 1 6 3  

 

 
1 6 1  htt p s:// w w w.t h er m ofis h er. c o m/ or d er/ c at al o g/ pr o d u ct/ 4 4 7 4 7 7 9   
1 6 2  htt p s:// w w w.t h er m ofi s h er. c o m/ b e/ e n/ h o m e/lif e -s ci e n c e/s e q u e n ci n g/ n e xt -g e n er ati o n -s e q u e n ci n g/i o n -t orr e nt-
n e xt -g e n er ati o n -s e q u e n ci n g -w or kfl o w/ pr e p ar e -t e m pl at e/i o n-t orr e nt-n e xt -g e n er ati o n -s e q u e n ci n g -i o n-c h ef -
s yst e m. ht ml   
1 6 3   
1 6 4    
1 6 5   
1 6 6  

 
1 6 7  

 
1 6 8  .  
1 6 9   

1 7 0   
 

1 7 1   

1 7 2   
1 7 3  

https://www.thermofisher.com/order/catalog/product/4474779
https://www.thermofisher.com/be/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/prepare-template/ion-torrent-next-generation-sequencing-ion-chef-system.html
https://www.thermofisher.com/be/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-workflow/prepare-template/ion-torrent-next-generation-sequencing-ion-chef-system.html
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6 9 
 

ii. Qi a g e n  

1 8 0.  F o u n d e d i n 1 9 8 6, Qi a g e n is a m aj or pl a y er i n t h e pr o visi o n of s a m pl e pr e p ar ati o n a n d 
ass a y  t e c h n ol o gi es  f or  m ol e c ul ar  di a g n osti cs  ( h u m a n h e alt h c ar e),  a p pli e d  t esti n g 
(f or e nsi cs, v et eri n ar y t esti n g a n d f o o d s af et y), p h ar m a ( p h ar m a a n d bi ot e c h c o m p a ni es) 
a n d  a c a d e mi a  (lif e  s ci e n c es  r es e ar c h). 1 7 4  It i s li st e d o n t h e  N e w Y or k a n d  Fr a n kf urt 
St o c k  E x c h a n g es,  wit h  its  c or p or at e  h e a d q u art ers  i n  V e nl o,  t h e  N et h erl a n ds,  a n d 
o p er ati o n al h e a d q u art ers i n Hil d e n, G er m a n y. It c urr e ntl y h as a b o ut 3 5 s u b si di ari es i n 
o v er  2 5  c o u ntri es,  wit h  a  gl o b al  n et w or k  of  distri b uti o n  p art n ers  i n  m or e  t h a n  6 0 
c o u ntri es t o s er v e m or e t h a n 5 0 0, 0 0 0 c ust o m ers. 1 7 5   

1 8 1.  I n  2 0 1 2,  Qi a g en  a c q uir e d  I nt elli g e nt  Bi o S yst e ms  ( “I B S ”),  a  c o m p a n y  t h at  w a s 
d e v el o pi n g  s h ort  r e a d  s e q u e n ci n g  s yst e ms  b as e d  o n  a  S B S  t e c h n ol o g y  si mil ar  t o 
Ill u mi n a’s. 1 7 6  I B S h a d r el e a s e d its first s yst e m, t h e M A X-S e q, i n 2 0 1 1 a n d w as w or ki n g 
o n  a  b e n c ht o p  s e q u e n c er  c all e d  t h e  Mi ni - 2 0.1 7 7  O v er  t h e  l ast  f e w  y e ars,  Qi a g e n  h as 
a c q uir e d a n u m b er of a d diti o n al s e q u e n ci n g -r el at e d c o m p a ni es t h at pr o vi d e li br ar y pr e p 
s ol uti o ns, ass a ys a n d/ or bi oi nf or m ati cs s oft w ar e, i n cl u di n g C L C Bi o ( 2 0 1 3), I n g e n uit y 
S yst e ms ( 2 0 1 3), E n z y m ati cs ( 2 0 1 5), E xi q o n ( 2 0 1 6), O mi c S oft C or p or ati o n ( 2 0 1 7), a n d 
N- of- O n e ( 2 0 1 9). 1 7 8   

1 8 2.  I n N o v e m b er 2 0 1 5, Qi a g e n c o m m er ci alis e d its fir st syst e m , t h e “ G e n e R e a d er ”, b as e d 
o n  I B S’  s h ort  r e a d  t e c h n ol o g y. 1 7 9  T h e  G e n e R e a d er  is  p art  of  a  s uit e  p ositi o n e d  b y 
Qi a g e n as t h e first e n d -t o-e n d N G S w or kfl o w, fr o m s a m pl e t o fi n al r e p ort. 1 8 0  T h e s uit e 
i n cl u d es a n u m b er of diff er e nt m o d ul es a n d t o ols t h at e n a bl e (i) s a m pl e pr e p ar ati o n, (ii) 
t ar g et e nri c h m e nt a n d li br ar y pr e p ar ati o n, (iii) s e q u e n ci n g ( usi n g t h e G e n e R e a d er ), a n d 

 

 
1 7 4  Qi a g e n  2 0 1 7  A n n u al  R e p ort ,  p.  4,  a v ail a bl e  at htt p s:// c or p or at e. qi a g e n. c o m/ -/ m e di a/ pr oj e ct/ qi a g e n-
c or p or at e/ c or p or at e -mi cr o sit e/ d o c u m e nts/i n v est or -r el ati o ns/ 2 0 1 7/r e p orts/ 2 0 1 7-ifr s-a n n u al -re p ort -r 1 0 1-fi n al. p df 
1 7 5  htt p s:// c or p or at e. qi a g e n. c o m/ a b o ut -us/ gl o b al -pr es e n c e   
1 7 6  htt p s:// w w w. g e n o m e w e b. c o m/ s e q u e n ci n g/ qi a g e n -a c q uir es -i nt elli g e nt-bi o -s yst e ms -m a p s -o ut -s e q u e n ci n g -
str at e g y #. X D n a O 1 x Kj cs   
1 7 7   

 
1 7 8  htt p s:// w w w. g e n o m e w e b. c o m/i nf or m ati c s/ qi a g e n -a c q uir es -cl c -bi o #. X FI M 1l z 7 S 7 0 , 
htt p s:// w w w. pr n e ws wir e. c o m/ n e ws -r el e as e s/ qi a g e n-a c q uir es -i n g e n uit y-s yst e ms -a d di n g -l e a di n g-s ol uti o n -f or-
a n al ysis -a n d -i nt er pr et ati o n-of - co m pl e x -bi ol o gi c al -d at a -2 0 5 2 7 9 9 5 1. ht ml , 
htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr ess -r el e as es/ 2 0 1 7/ 2 0 1 5 0 1 1 1 _ e n z y m ati c s, 
htt p s:// w w w. pr n e ws wir e. c o m/ n e ws -r el e as e s/ qi a g e n-a n n o u n c es -s u c c e ssf ul -c o m pl eti o n -of -t e n d er-off er -f or-
s h ar es -i n-e xi q o n -5 8 4 0 7 9 3 4 1. ht ml , htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr ess -
r el e as es/ 2 0 1 9/ 2 0 1 9 0 1 0 7 _ qi a g e n _ a c q uir es _ n _ of _ o n e  
1 7 9  htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr es s -r el e a s es/ 2 0 1 5/ 2 0 1 5 1 1 0 4 _ gr _l a u n c h  
1 8 0   

 

https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/about-us/global-presence
https://www.genomeweb.com/sequencing/qiagen-acquires-intelligent-bio-systems-maps-out-sequencing-strategy#.XDnaO1xKjcs
https://www.genomeweb.com/informatics/qiagen-acquires-clc-bio#.XFIM1lz7S70
https://www.prnewswire.com/news-releases/qiagen-acquires-ingenuity-systems-adding-leading-solution-for-analysis-and-interpretation-of-complex-biological-data-205279951.html
https://www.prnewswire.com/news-releases/qiagen-acquires-ingenuity-systems-adding-leading-solution-for-analysis-and-interpretation-of-complex-biological-data-205279951.html
https://corporate.qiagen.com/newsroom/press-releases/2017/20150111_enzymatics
https://www.prnewswire.com/news-releases/qiagen-announces-successful-completion-of-tender-offer-for-shares-in-exiqon-584079341.html
https://www.prnewswire.com/news-releases/qiagen-announces-successful-completion-of-tender-offer-for-shares-in-exiqon-584079341.html
https://corporate.qiagen.com/newsroom/press-releases/2019/20190107_qiagen_acquires_n_of_one
https://corporate.qiagen.com/newsroom/press-releases/2019/20190107_qiagen_acquires_n_of_one
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7 0 
 

(i v)  d at a  a n al yti cs  a n d  i nt er pr et ati o n. 1 8 1  At t h e e n d of 2 0 1 7, t h e w orl d wi d e i nst all e d 
b as e of t h e G e n e R e a d er w as esti m at e d at a p pr o xi m at el y  . 1 8 2  

1 8 3.  Qi a g e n off ers c ust o m ers d iff er e nt pri ci n g m o d els f or t h e G e n e R e a d er.  
  

 
 
 
 

.  

T a bl e 5:  Qi a g e n s e q u e n c er  

1 8 4.  I n a d diti o n t o t h e G e n e R e a d er s yst e m, Qi a g e n als o s u p pli es u ni v ers al s ol uti o ns w hi c h 
c a n b e us e d wit h a n y N G S s e q u e n c er , i n cl u di n g Ill u mi n a’s. T h es e s e q u e n ci n g-r el at e d 
s ol uti o ns i n cl u d e li br ar y pr e p ar ati o n, ass a ys, a n d bi oi n f or m ati cs s oft w ar e. 1 8 8   

 

 
1 8 1   

 
1 8 2  

 
1 8 3   

htt p s:// w w w. qi a g e n. c o m/ us/ pr o d u cts/ n gs/ m d x- n gs -g e n er e a d er/li br ar y -pr e p ar ati o n/ qi a g e n -g e n er e a d er -
pl atf or m/  
1 8 4   

  
1 8 5   
1 8 6   

  
1 8 7    
1 8 8  htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr es s -r el e a s es/ 2 0 1 7/ 2 0 1 8 0 1 0 8 _ n gs _ p ortf oli o _ e x p a nsi o n; Qi a g e n  
2 0 1 7 A n n u al R e p ort , p. 5 6, a v ail a bl e at htt p s:// c or p or at e. qi a g e n. c o m/ -/ m e di a/ pr oj e ct/ qi a g e n-c or p or at e/ c or p or at e -
mi cr o sit e/ d o c u m e nts/i n v est or -r el ati o ns/ 2 0 1 7/r e p orts/ 2 0 1 7-ifr s-a n n u al -r e p ort-r 1 0 1-fi n al. p df  

https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
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1 8 5.  Qi a g e n’s s e q u e n ci n g  r e v e n u es  (i n cl u di n g  r e v e n u e  g e n er at e d  fr o m  t h e  G e n e R e a d er 
s yst e m, li br ar y pr e p s ol uti o ns, ass a ys, a n d bi oi nf or m ati cs) e x c e e d e d G B P 8 9 milli o n 1 8 9  
i n 2 0 1 7, a n d Qi a g e n’s s e q u e n ci n g r e v e n u e t ar g et w as m or e t h a n G B P 1 0 9 milli o n1 9 0  
f or 2 0 1 8 (i. e., a 2 2 % in cr e as e). 1 9 1   

1 8 6.  Qi a g e n  is  c urr e ntl y  w or ki n g  t o  e x p a n d  t h e  a p pli c ati o ns  f or  w hi c h  t h e  G e n e R e a d er 
s yst e m c a n b e us e d. I n 2 0 1 8, it a n n o u n c e d a p art n ers hi p wit h N at er a, a l e a di n g pr o vi d er 
of s e q u e n ci n g ass a ys f or NI P T a n d ct D N A, t o d e v el o p NI P T ass a ys f or t h e G e n e R e a d er 
s yst e m. 1 9 2  Pri or  t o  t his  p art n ers hi p,  N at er a  e x cl usi v el y  us e d  Ill u mi n a’s  s e q u e n ci n g 
s yst e ms t o p erf or m its NI P T a n d  ct D N A s e q u e n ci n g  ass a ys.  It als o l a u n c h e d a j oi nt 
v e nt ur e  wit h  M a c c ur a,  a  C hi n es e  i n  vitr o  di a g n osti cs  I V D  c o m p a n y,  t o  o bt ai n 
r e g ul at ory a p pr o v als a n d a c c el er at e gr o wt h of t h e G e n e R e a d er s yst e m i n C hi n a. 1 9 3   

iii. B GI  

1 8 7.  B GI  is  a  g e n o mi cs  c o m p a n y  t h at, ,  h as 
e x p a n d e d si g nifi c a ntl y i n r e c e nt y e ars wit h its 2 0 1 7 r e v e n u e risi n g b y a p pr o xi m at el y 
2 2 %. 1 9 4  B GI w as f o u n d e d i n 1 9 9 9 t o r e pr es e nt C hi n a i n t h e H u m a n G e n o m e Pr oj e ct, 
a n d  is  h e a d q u art er e d  i n  S h e n z h e n,  C hi n a.  It  o p er at es  i n  E ur o p e  t hr o u g h  offi c es  a n d 
l a b or at ori es i n Ri g a, C o p e n h a g e n a n d L o n d o n.1 9 5   

1 8 8.  B GI pr o vi d es a wi d e v ari et y of s h ort r e a d s e q u e n ci n g s yst e ms a n d  s er vi c es, n ati v e l o n g 
r e a d s e q u e n ci n g s er vi c es, a n d g e n eti c t ests f or m e di c al i nstit uti o ns, r es e ar c h i nstit uti o ns 
a n d ot h er p u bli c a n d pri v at e p art n ers. 1 9 6  T o d a y, B GI st at es t h at it is t h e w orl d’s l ar g est 
g e n o mi cs c e ntr e, pr o d u ci n g at l e ast a q u art er of t h e w orl d’s g e n o mi c d at a. 1 9 7   

1 8 9.  T h e  c o m p a n y  first  c o m m er ci alis e d  a  s h ort  r e a d  s yst e m  i n  2 0 1 5,  aft er  a c q uiri n g 
C o m pl et e  G e n o mi cs  i n  2 0 1 3.  Li br ar y  pr e p ar ati o n  is  b as e d  o n  C o m pl et e  G e n o mi cs’ 
D N A  n a n o b all  a p pr o a c h,  t er m e d  D N Bs e q,  w hi c h  a m plifi es  t h e  D N A  t o b e 
s e q u e n c e d. 1 9 8  D N A n a n o b all s ar e pl a c e d o n a fl o w c ell c hi p t o cr e at e or d er e d arr a ys. 

 

 
1 8 9  T his fi g ur e h as b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).  
1 9 0  T his fi g ur e h as b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of 
G B P 1 = U S D 1. 2 9 (r o u n d e d t o t w o d e ci m al pl a c es).  
1 9 1  Qi a g e n  2 0 1 7  A n n u al  R e p ort ,  p.  5 6,  a v ail a bl e  at htt p s:// c or p or at e. qi a g e n. c o m/ -/ m e di a/ pr oj e ct/ qi a g e n-
c or p or at e/ c or p or at e -mi cr o si t e/ d o c u m e nts/i n v est or-r el ati o ns/ 2 0 1 7/r e p orts/ 2 0 1 7-ifr s-a n n u al -r e p ort-r 1 0 1-fi n al. p df 
1 9 2  htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr es s -r el e a s es/ 2 0 1 8/ 2 0 1 8 0 3 1 2 _ qi a g e n _ n at er a _ p art n er s hi p  
1 9 3  Qi a g e n  2 0 1 7  A n n u al  R e p ort ,  p.  5,  a v ail a bl e  at htt p s:// c or p or at e. qi a g e n. c o m/ -/ m e di a/ pr oj e ct/ qi a g e n-
c or p or at e/ c or p or at e -mi cr o sit e/ d o c u m e nts/i n v est or -r el ati o ns/ 2 0 1 7/r e p orts/ 2 0 1 7-ifr s-a n n u al -r e p ort-r 1 0 1-fi n al. p df  
1 9 4  htt p:// p df. df cf w. c o m/ p df/ H 2 _ A N 2 0 1 8 0 4 1 9 1 1 2 6 3 8 6 6 2 1 _ 1. p df , p. 2 7; 
htt p s:// w w w. asi a bi ot e c h. c o m/ 1 2/ 1 2 0 1/ 0 0 1 1 _ 0 0 1 3. p df ; 
htt p s:// w w w. s c m p. c o m/ b usi n e ss/ c o m p a ni es/ arti cl e/ 2 1 0 6 2 6 2/ c hi n e s e -bi ot e c h -fir m-b gi -g e n o mi cs -s ur g es - 8-f ol d-
i p o-p us hi n g  
1 9 5  htt p s:// w w w. b gi. c o m/ gl o b al/r es o ur c es/ offi c e s -a n d -l a b or at ori es/; S e e als o htt p:// e n. m git e c h. c n/ p a g e/ gsjj. ht ml   
1 9 6   

  
1 9 7  htt p s:// w w w. b gi. c o m/ u s/ c o m p a n y/ c ar e er s/ b gi -o p e n s -s e attl e -offi c e -f or-n ort h -a m eri c a -e x p a nsi o n/  
1 9 8  A  n a n o b all  is  a  l o n g  str a n d  of  r e p etiti v e  fr a g m e nt s  of  a m plifi e d  D N A,  w hi c h  f or ms  a  d et e ct a bl e,  t hr e e 
di m e n si o n al, c o n d e ns e d, a n d s p h eri c al s e q u e n ci n g o bj e ct.  

https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/newsroom/press-releases/2018/20180312_qiagen_natera_partnership
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
http://pdf.dfcfw.com/pdf/H2_AN201804191126386621_1.pdf
https://www.asiabiotech.com/12/1201/0011_0013.pdf
https://www.scmp.com/business/companies/article/2106262/chinese-biotech-firm-bgi-genomics-surges-8-fold-ipo-pushing
https://www.scmp.com/business/companies/article/2106262/chinese-biotech-firm-bgi-genomics-surges-8-fold-ipo-pushing
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S e q u e n ci n g  is  t h e n  p erf or m e d  vi a  a n  a p pr o a c h  t er m e d  c P A S  ( C o m bi n at ori al  Pr o b e 
A n c h or S y nt h esis), a fl u or es c e n c e - b as e d t e c h n ol o g y. 1 9 9   

1 9 0.  M GI T e c h, a B GI s u bsi di ar y, c urr e ntl y c o m m er ci alis es t w o li n es of s h ort r e a d s yst e ms: 
t h e B GI S E Q li n e a n d t h e M GI S E Q li n e. T h e B GI S E Q li n e i n cl u d es t h e B GI S E Q-5 0, a 
b e n c ht o p  s e q u e n c er,  a n d  t h e  B GI S E Q -5 0 0,  a  hi g h -t hr o u g h p ut  s e q u e n c er.  T h e 
B GI S E Q -5 0 0 h as r e c ei v e d C hi n es e cli ni c al r e g ul at or y ( C F D A) a p pr o v al a n d a C E m ar k 
f or NI P T. 2 0 0  

1 9 1.  T h e M GI S E Q li n e i n cl u d es t h e M GI S E Q -2 0 0, M GI S E Q -2 0 0 0 a n d M GI S E Q -T 7. T h e 
M GI S E Q -2 0 0 a n d M GI S E Q -2 0 0 0 w er e r el e as e d i n O ct o b er 2 0 1 7 a n d st art e d s hi p pi n g 
i n 2 0 1 8.2 0 1  T h e M GI S E Q -2 0 0 is m ar k et e d as a b e n c ht o p s e q u e n c er pr o vi di n g m e di u m 
t hr o u g h p ut,  w hil e  t h e  M GI S E Q-2 0 0 0  is  m ar k et e d  as  a  pr o d u cti o n -s c al e  s e q u e n c er 
pr o vi di n g hi g h-t hr o u g h p ut. 2 0 2  

1 9 2.  T h e M GI S E Q -T 7 w as u n v eil e d i n O ct o b er 2 0 1 8 a n d is c urr e ntl y a v ail a bl e t hr o u g h a n 
e arl y a c c ess pr o gr a m. 2 0 3  It i s m ar k et e d as a pr o d u cti o n-s c al e s e q u e n c er t h at M GI st at es 
pr o vi d es a d ail y t hr o u g h p ut of u p t o 6 T b, a 5 0 % i n cr e as e i n s e q u e n ci n g s p e e d, a n d a 
2 0 % i n cr e as e i n si n gl e fl o w c ell d e nsit y. 2 0 4  M GI al s o st at es  t h at t h e s e q u e n c er d eli v ers 
hi g h a c c ur a c y a n d i m pr o v e d effi ci e n c y as a r es ult of u p gr a d es t o t h e fl o w c ell, fl ui di cs, 
bi o c h e mi c al a n d o pti c al s yst e ms. 2 0 5  

1 9 3.  M GI  al s o  c o m m er ci alis es  t w o  a ut o m at e d  s a m pl e  pr e p  s yst e ms,  t h e  M GI S P -9 6 0  a n d 
M GI S P 1 0 0,  a n d  a  m o d ul ar  w o r kstati o n  t h at  it st at es  pr o vi d es  a  f ull y  a ut o m at e d 
w or kfl o w, fr o m s a m pl e t o r e p ort, t h e M GI F L P. 2 0 6  

T a bl e  6:  B GI s e q u e n c e rs 2 0 7  

 

 
1 9 9  htt p s:// w w w. b gi. c o m/r es o ur c es/s e q u e n ci n g -pl atf or ms   
2 0 0   

 
2 0 1  htt p s:// w w w. b gi. c o m/ gl o b al/ c o m p a n y/ n e ws/ b gis -m gi -t e c h-l a u n c h es-t w o-n e w -n gs -pl atf or ms/   
2 0 2  htt p:// e n. m git e c h. c n/ pr o d u ct/ S e q u e n c er. ht ml   
2 0 3  htt p s:// w w w. pr n e ws wir e. c o m/i n/ n e ws -r el e as e s/ m gi-a n n o u n c es -mil e st o n e -of - 1-0 0 0 -s e q u e n c er s -i n st all e d-a n d -
o p e ns -e arl y -a c c e ss -pr o gr a m -f or-gr o u n d br e a ki n g -ultr a -hi g h -t hr o u g h p ut-s e q u e n c er -m gis e q -t 7-8 7 4 6 0 2 8 3 6. ht ml   
2 0 4  htt p:// w w w. bi o -it w orl d. c o m/ 2 0 1 8/ 1 0/ 2 5/ n e w-c hi n e s e -s e q u e n c er -pr o m i s es-6 0 -h u m a n -g e n o m e s -i n- a-d a y. a s p x ; 
htt p:// e n. m git e c h. c n/ pr o d u ct/ d et ail/ 1 3 9. ht ml   
2 0 5  htt p s:// w w w. pr n e ws wir e. c o m/i n/ n e ws -r el e as e s/ m gi-a n n o u n c es -mil e st o n e -of - 1-0 0 0 -s e q u e n c er s -i n st all e d-a n d -
o p e ns -e arl y -a c c e ss -pr o gr a m -f or-gr o u n d br e a ki n g -ultr a -hi g h -t hr o u g h p ut-s e q u e n c er -m gis e q -t 7-8 7 4 6 0 2 8 3 6. ht ml   
2 0 6  htt p:// e n. m git e c h. c n/ pr o d u ct/ S a m pl e Pr etr e at m e n. ht ml ; htt p:// e n. m git e c h. c n/ pr o d u ct/ d et ail/ M GI F L P. ht ml  
2 0 7  htt p:// e n. m git e c h. c n/ pr o d u ct/ S e q u e n c er. ht ml   

http://en.mgitech.cn/product/Sequencer.html
https://www.prnewswire.com/in/news-releases/mgi-announces-milestone-of-1-000-sequencers-installed-and-opens-early-access-program-for-groundbreaking-ultra-high-throughput-sequencer-mgiseq-t7-874602836.html
https://www.prnewswire.com/in/news-releases/mgi-announces-milestone-of-1-000-sequencers-installed-and-opens-early-access-program-for-groundbreaking-ultra-high-throughput-sequencer-mgiseq-t7-874602836.html
http://www.bio-itworld.com/2018/10/25/new-chinese-sequencer-promises-60-human-genomes-in-a-day.aspx
http://en.mgitech.cn/product/detail/139.html
https://www.prnewswire.com/in/news-releases/mgi-announces-milestone-of-1-000-sequencers-installed-and-opens-early-access-program-for-groundbreaking-ultra-high-throughput-sequencer-mgiseq-t7-874602836.html
https://www.prnewswire.com/in/news-releases/mgi-announces-milestone-of-1-000-sequencers-installed-and-opens-early-access-program-for-groundbreaking-ultra-high-throughput-sequencer-mgiseq-t7-874602836.html
http://en.mgitech.cn/product/SamplePretreatmen.html
http://en.mgitech.cn/product/detail/MGIFLP.html
http://en.mgitech.cn/product/Sequencer.html
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1 9 4.  M GI cl ai ms t o off er t h e “ m ost c o m p etiti v e s e q u e n ci n g pri c e i n t h e m ar k et ” usi n g t h e 
M GI S E Q -T 7 at a c ost p er gi g a b as e of a p pr o xi m at el y G B P 4. 2 1 4   

1 9 5.  M GI h as st at e d it h as i nst all e d 1, 0 0 0 s yst e ms i n 1 6 diff er e nt c o u ntri es. 2 1 5   
 
 

  

B.  C o m p etiti v e l a n ds c a p e of t h e p ot e nti al m ar k et f or n ati v e l o n g r e a d s yst e ms  

1 9 6.  T h e p ot e nti al m ar k et f or n ati v e l o n g r e a d s yst e ms is a n as c e nt  
 P a c Bi o 

w as  t h e  first  t o  br o a dl y  off er  n ati v e  l o n g  r e a d  s yst e ms  i n  2 0 1 1,  w h e n  it  st art e d  t o 
c o m m er ci alis e  its  R S  s yst e m.  Si n c e  t h e n,  O xf or d  N a n o p or e  T e c h n ol o gi e s  ( “ O N T ”) 
e nt er e d t h e p ot e nti a l m ar k et f or n ati v e l o n g r e a d s yst e ms i n 2 0 1 4/ 2 0 1 5.2 1 6  

 

 
2 0 8   

 
2 0 9  

2 1 0   
 

2 1 1  .  
2 1 2   
2 1 3   
2 1 4  htt p:// w w w. bi o -it w orl d. c o m/ 2 0 1 9/ 0 1/ 1 1/ M GI-a n n o u n c es -fir st-c ust o m er -m gis e q -t 7-c o m pl et e -g e n o mi cs -. as p; 
htt p:// e n. m git e c h. c n/ arti cl e/ d et ail/ m gi a n n o u n c e s e arl y a c c e ss c ust o m er of m gis e qt 7 hi g h estt hr o u g h p uts e q u e n c er bri n
gs p o w er of c h oi c et ot h e m ar k et. ht ml   
2 1 5  htt p:// e n. m git e c h. c n/ arti cl e/ d et ail/ m gi a n n o u n c es mil e s. ht ml   
2 1 6  O N T  2 0 1 7  A n n u al  r e p ort ,  p.  6,  a v ail a bl e  at htt p s:// b et a. c o m p a ni e s h o us e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0 ;  T h e  Mi nI O N  w a s  i ntr o d u c e d 
i nt o e arl y a c c es s i n S pri n g 2 0 1 4 a n d m a d e c o m m er ci all y a v ail a bl e i n 2 0 1 5. S e e htt p s:// n a n o p or et e c h. c o m/ a b o ut -
us  a n d htt p s:// n a n o p or et e c h. c o m/ a b o ut -us/ hist or y   

http://en.mgitech.cn/article/detail/mgiannouncesearlyaccesscustomerofmgiseqt7highestthroughputsequencerbringspowerofchoicetothemarket.html
http://en.mgitech.cn/article/detail/mgiannouncesearlyaccesscustomerofmgiseqt7highestthroughputsequencerbringspowerofchoicetothemarket.html
http://en.mgitech.cn/article/detail/mgiannouncesmiles.html
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://nanoporetech.com/about-us
https://nanoporetech.com/about-us
https://nanoporetech.com/about-us/history
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1 9 7.  O N T i s a pri v at el y h el d, U K b as e d, c o m p a n y t h at w as s p u n o ut fr o m t h e U ni v ersit y of 
O xf or d i n 2 0 0 5 a n d c urr e ntl y h as m or e t h a n 3 5 0 e m pl o y e es. 2 1 7  It w as t h e first c o m p a n y 
t o d e v el o p a n d c o m m er ci alis e n a n o p or e s e q u e n ci n g s yst e ms. As e x pl ai n e d i n S e cti o n 
1 2 a b o v e, O N T’s n a n o p or e  s e q u e n ci n g t e c h n ol o g y is b as e d o n p assi n g a si n gl e str a n d 
of D N A or R N A, wit h a s p e e d -r e g ul ati n g e n z y m e att a c h e d, t hr o u g h a pr ot ei n n a n o p or e. 
As t h e D N A or R N A p a ss es t hr o u g h t h e p or e,  a n el e ctri c al si g n al a cr oss t h e p or e is 
m o d ul at e d. 2 1 8  T h e  si g n al  is  a m plifi e d,  m e as ur e d,  a n d  s u bs e q u e ntl y  i nt er pr et e d  t o 
d et er mi n e  t h e  b as es  t h at  p ass e d  t hr o u g h. 2 1 9  N a n o p or e  s e q u e n ci n g  e n a bl es  r e al -ti m e 
s e q u e n ci n g of D N A or R N A. O N T’s s yst e ms d o n ot h a v e a fi x e d r u n ti m e, m e a ni n g 
t h at us ers c a n r u n t h e s yst e ms f or as l o n g as it t a k es t o c oll e ct s uffi ci e nt d at a b ef or e t h e 
fl o w c ell lif eti m e e x pir es (fl o w c ell lif eti m es ar e t y pi c all y at l e ast 4 8 h o ur s). 2 2 0  R e a d 
l e n gt h i s d et er mi n e d b y t h e l e n gt h of t h e i n p ut D N A fr a g m e nts, b ut hi g h q u alit y s a m pl e 
pr e p ar ati o n  is  criti c al  t o  a c hi e v e  l o n g  r e a ds. 2 2 1  O N T  cl ai m s  t o  h a v e  a c hi e v e d  r e a d 
l e n gt hs of m or e t h a n 2 M b,2 2 2  a n d a c hi e v a bl e a v er a g e r e a d l e n gt hs ar e gr e at er t h a n 1 0 
K b. 2 2 3  

1 9 8.  O N T  c urr e ntl y  c o m m er ci alis es  t hr e e  n ati v e  l o n g  r e a d s yst e m s:  t h e  Mi nI O N,2 2 4  
Gri dI O N a n d Pr o m et hI O N. All t hr e e ar e a v ail a bl e i n “st art er p a c ks ” t h at i n cl u d e t h e 
s e q u e n c er a n d c o ns u m a bl es. C ust o m ers c a n als o c h o os e t o p ur c h as e t h e Gri dI O N a n d 
t w o  n e w  v ersi o ns  of  t h e  Pr o m et hI O N  ( 2 4  a n d  4 8)  u n d er  a  m o d el  t h at  i n cl u d es  a n 
e xt e n d e d s oft w ar e li c e ns e a n d w arr a nt y ( as c o m p ar e d t o t h e st art er p a c ks) al o n gsi d e t h e 
s e q u e n c ers  a n d  c o ns u m a bl es. 2 2 5   

 
 

1 9 9.  T h e Mi nI O N w as t h e fir st s yst e m wi d el y c o m m er ci alis e d b y O N T i n 2 0 1 5 .2 2 6  It i s a 
p o c k et-si z e d s e q u e n c er t h at c a n b e c o n n e ct e d t o a c o m p ut er t hr o u g h a U S B p ort. O N T 
st at es t h at it is b ei n g us e d i n tr a diti o n al l a b or at ori es a n d h as als o b e e n us e d i n n o v el 
e n vir o n m e nts,  i n cl u di n g  t h e  j u n gl e,  t h e  Ar cti c  a n d  l o w  E art h  or bit. 2 2 7  Si n c e  t h e 

 

 
2 1 7  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ hist or y ; htt p s:// n a n o p or et e c h. c o m/ a b o ut -us   
2 1 8  htt p s:// a c a d e mi c. o u p. c o m/ h m g/ arti cl e/ 2 7/ R 2/ R 2 3 4/ 4 9 9 6 2 1 6 , p. 3. 
2 1 9  htt p s:// a c a d e mi c. o u p. c o m/ h m g/ arti cl e/ 2 7/ R 2/ R 2 3 4/ 4 9 9 6 2 1 6 , p. 3. 
2 2 0  htt p s:// n a n o p or et e c h. c o m/ h o w -it-w or k s/ n a n o p or e -s e q u e n ci n g -w or kfl o w ;  C o m m er ci al  fl o w  c ells  h a v e  a 
m a xi m u m u s e f ul lif eti m e of ar o u n d 6 4-7 2 h o ur s. S e e htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ c o m p aris o n   
2 2 1   

 
2 2 2  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ c o m p ari s o n   
2 2 3  htt p s:// w w w. n at ur e. c o m/ arti cl es/s 4 1 5 9 8 -0 1 7 -0 3 9 9 6 - z  
2 2 4  htt p s:// st or e. n a n o p or et e c h. c o m/st art er -p a c k s   
2 2 5  I bi d. 
2 2 6  T h e  Mi nI O N  w a s  i ntr o d u c e d  i nt o  e arl y  a c c e ss  i n  2 0 1 4  a n d  m a d e  c o m m er ci all y  a v ail a bl e  i n  2 0 1 5.  S e e 
htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s  
2 2 7  O N T  2 0 1 7  A n n u al  r e p ort,  p.  4,  a v ail a bl e  at htt p s:// b et a. c o m p a ni e s h o us e. g o v . u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g-
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  

https://nanoporetech.com/about-us/history
https://nanoporetech.com/about-us
https://academic.oup.com/hmg/article/27/R2/R234/4996216
https://academic.oup.com/hmg/article/27/R2/R234/4996216
https://nanoporetech.com/how-it-works/nanopore-sequencing-workflow
https://www.nature.com/articles/s41598-017-03996-z
https://store.nanoporetech.com/starter-packs
https://nanoporetech.com/about-us
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
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Mi nI O N’s r el e as e, O N T r e p orts t h at its p erf or m a n c e h as i n cr e as e d a p pr o xi m at el y 4 0 -
f ol d.2 2 8  

2 0 0.  O N T d es cri b es t h e Gri dI O N as a m e di u m -t hr o u g h p ut b e n c ht o p s e q u e n c er b as e d o n t h e 
s a m e t e c h n ol o g y as t h e Mi nI O N. U nli k e t h e Mi nI O N, it i n cl u d es o n -b o ar d c o m p uti n g 
c a p a biliti es.  It  is  d esi g n e d  t o  r u n  u p  t o  fi v e  Mi nI O N  fl o w  c ells  i n  p ar all el,  off eri n g 
hi g h er  t hr o u g h p ut  a n d  e n a bli n g  c ust o m ers  t o  r u n  u p  t o  fi v e  e x p eri m e nts 
c o n c urr e ntl y. 2 2 9  

2 0 1.  T h e Pr o m et hI O N is m ar k et e d b y O N T as a hi g h -t hr o u g h p ut b e n c ht o p s e q u e n c er t h at 
c a n r u n u p t o 4 8 fl o w c ell s, d e p e n di n g o n t h e s e q u e n c er c o nfi g ur ati o n, e a c h c o nt ai ni n g 
u p t o 3, 0 0 0 n a n o p or es. 2 3 0  T h e Pr o m et hI O N h as b uilt-i n c o m p uti n g c a p a biliti es. 

2 0 2.  O N T als o c o m m er ci alis e s t h e V ol T R A X, a s m all, pr o gr a m m a bl e d e vi c e d esi g n e d f or 
a ut o m at e d  li br ar y  pr e p ar ati o n,  e n a bli n g  a  us er  t o  pr e p ar e  a  s a m pl e  f or  s e q u e n ci n g, 
h a n ds- fr e e. 2 3 1  

T a bl e 7:  O N T s e q u e n c ers 2 3 2   

 

 
2 2 8  O N T  2 0 1 7  A n n u al  r e p ort,  p.  4,  a v ail a bl e  at htt p s:// b et a. c o m p a ni e s h o us e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  
2 2 9  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ gri di o n   
2 3 0  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ pr o m et hi o n   
2 3 1  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ v oltr a x   
2 3 2  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ c o m p ari s o n   
2 3 3   

. 
2 3 4   
2 3 5   
2 3 6                

 
2 3 7               

 
2 3 8                

 
2 3 9   

 

https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://nanoporetech.com/products/gridion
https://nanoporetech.com/products/promethion
https://nanoporetech.com/products/voltrax
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2 0 3.   
 O N T r e p orts t h at, as of M a y 2 0 1 8, t h er e 

w er e a p pr o xi m at el y 6, 0 0 0 t o 7, 0 0 0 Mi nI O N s e q u e n c ers s hi p p e d t o us ers gl o b all y. 2 4 8  
Al s o i n M a y 2 0 1 8, O N T r e p ort e d t h at t h er e w er e o v er 1 0 0 Gri dI O N c ust o m ers i n 2 4 
c o u ntri es, a n d t h at at l e a st 4 0 Pr o m et hI O N s e q u e n c ers h a d s hi p p e d, wit h a n ot h er 2 0 
e x p e ct e d t o s hi p b y t h e e n d of J u n e 2 0 1 8, wit h f urt h er or d ers r e c ei v e d. 2 4 9   

 

 
 

 
2 4 0   

 
2 4 1   
2 4 2   

 
2 4 3  

 
2 4 4   

 
 

2 4 5  .  
2 4 6  .  
2 4 7   

. 
2 4 8  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ cli v e - g-br o w n -ct o -pl e n ar y -l o n d o n-c alli n g   
2 4 9  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ cli v e - g-br o w n -ct o -pl e n ar y -l o n d o n-c alli n g   

https://nanoporetech.com/about-us/news/clive-g-brown-cto-plenary-london-calling
https://nanoporetech.com/about-us/news/clive-g-brown-cto-plenary-london-calling
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2 0 4.  O N T’s 2 0 1 7 a n n u al r e p ort st at es t h at its r e v e n u es i n cr e as e d b y 2 0 4 % si n c e 2 0 1 6, wit h 
its  U K  r e v e n u es  i n cr e asi n g  b y  9 5 %.2 5 0  O N T’s  a v er a g e  h e a d c o u nt  i n  2 0 1 7 w as  4 0 % 
hi g h er t h a n i n 2 0 1 5. 2 5 1  

2 0 5.  F urt h er,  O N T  h as  attr a ct e d  f u n di n g  of  G B P  4 5 1  milli o n  i n  v ari o us  f u n dr aisi n g 
r o u n ds. 2 5 2  M ost  r e c e ntl y,  i n  M ar c h  2 0 1 8,  O N T  r e c ei v e d  G B P  1 0 0  milli o n  fr o m 
i n v est ors  fr o m  C hi n a,  Si n g a p or e  a n d  A ustr ali a,  al o n gsi d e  e xisti n g  i n v est ors.2 5 3  T h e 
f u n ds w er e r ais e d t o s u p p ort O N T’s n e xt p h as e of c o m m er ci al e x p a nsi o n, d e v el o p m e nt 
of n e w pr o d u cts 2 5 4  a n d a n e w  3 4, 0 0 0 s q u ar e f o ot hi g h -v ol u m e m a n uf a ct uri n g f a cilit y 
i n O xf or ds hir e n e c ess ar y t o m e et d e m a n d.2 5 5  

2 0 6.  Fi n all y, as e x pl ai n e d i n S e cti o n 2 2 b el o w, O N T i s c urr e ntl y d e v el o pi n g n e w s yst e ms, 
i n cl u di n g  t h e  S mi d gI O N,  a  hi g hl y  p ort a bl e  s e q u e n c er  d esi g n e d  f or  us e  wit h 
s m art p h o n es. 2 5 6  

7 7 
 

C.  P ar a m et ers of c o m p etiti o n f or s h ort r e a d a n d n ati v e l o n g r e a d s yst e ms 

2 0 7.  O n t h e p ot e nti al m ar k ets f or s h ort r e a d a n d n ati v e l o n g r e a d s yst e ms, s u p pli ers c o m p et e 
t hr o u g h i n n o v ati o n, s yst e m p erf or m a n c e, w or kfl o w si m pli cit y, pr o d u ct diff er e nti ati o n, 
a c c ur a c y, pr o d u ct si z e/ p ort a bilit y, s c al a bilit y a n d pri c e.  

2 0 8.  I n n o v ati o n is a k e y p ar a m et er of c o m p etiti o n, es p e ci all y c o nsi d eri n g t h e r a pi d r at e of 
i n n o v ati o n o v er t h e p ast t e n y e ars t h at h as r es ult e d i n dr a m ati c all y l o w er s e q u e n ci n g 
c osts c o u pl e d wit h si g nifi c a ntl y hi g h er t hr o u g h p ut a n d s c al a bilit y. S u p pli ers c o m p et e 
t hr o u g h  i n n o v ati o n  at  v ari o us  l e v els:  t o  d e v el o p  n e w  f u n d a m e nt al  t e c h n ol o gi es,  t o 
d e v el o p n e w s yst e ms t h at us e e xisti n g t e c h n ol o g y, a n d  t o i m pr o v e  t h e p erf or m a n c e, 
utilit y a n d v al u e of e xisti n g  s yst e ms.  

2 0 9.  D e p e n di n g o n t h eir s p e cifi c n e e ds a n d a p pli c ati o ns, c ust o m ers m a y f a v o ur s yst e ms wit h 
o n e  or  m or e  of  t h e  f oll o wi n g:  hi g h er  t hr o u g h p ut,  hi g h er  a c c ur a c y,  s h ort er  r u n  a n d 
t ur n ar o u n d ti m es, si m plifi e d w or kfl o ws, s m all er s e q u e n c er  f o ot pri nts, or l o w er c osts 
p er  d at a p oi nt  or  r e p ort.  A  s u p pli er  c a n  o ut c o m p et e  its  c o m p etit ors  b y  s u p pl yi n g  a 
s yst e m  t h at is s u p eri or o n s o m e or all of t h es e m etri cs d u e t o t e c h n ol o gi c al i n n o v ati o n. 
I m pr o vi n g s e q u e n ci n g s yst e ms a cr oss s o m e or all of t h es e m etri cs is als o i m p ort a nt f or 
e x p a n di n g t h e us e of s e q u e n ci n g, b e c a us e it c a n e n a bl e n e w a p pli c ati o ns a n d i n cr e as e 
a d o pti o n  of  e xisti n g  a p pli c ati o ns,  w hi c h  will  i n cr e as e  t h e  n u m b er  of  s a m pl es  b ei n g 
s e q u e n c e d.  

 

 
2 5 0  O N T 2 0 1 7 A n n u al R e p ort, p. 6, a v ail a bl e at htt p s:// b et a. c o m p a ni es h o u s e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  
2 5 1  I bi d. 
2 5 2  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s  
2 5 3  I bi d. 
2 5 4  O N T  2 0 1 7 A n n u al R e p ort, p. 6, a v ail a bl e at htt p s:// b et a. c o m p a ni es h o u s e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  
2 5 5  ht t p s:// n a n o p or et e c h. c o m/ a b o ut-us/ n e ws/ o xf or d -n a n o p or e -a n n o u n c e s -p s 1 0 0 -milli o n -1 4 0 m -f u n dr aisi n g-
gl o b al -i n v est or s  
2 5 6  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts # s mi d gi o n   

https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://nanoporetech.com/about-us
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://nanoporetech.com/about-us/news/oxford-nanopore-announces-ps100-million-140m-fundraising-global-investors
https://nanoporetech.com/about-us/news/oxford-nanopore-announces-ps100-million-140m-fundraising-global-investors
https://nanoporetech.com/products#smidgion
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2 1 0.  F or  e x a m pl e,  i n  t h e  p ot e nti al  m ar k et  f or  s h ort  r e a d  s yst e ms,  Ill u mi n a  h as  b e e n 
s u c c essf ul  wit h  its  r e c e nt  s yst e ms  b e c a us e  t h e y  off er  hi g h er  a c c ur a c y,  hi g h er 
t hr o ug h p ut  a n d  l o w er  c ost  p er  d at a p oi nt  (f or  its  hi g h  t hr o u g h p ut  s yst e ms)  t h a n 
c o m p eti n g s yst e ms.  

2 1 1.   
 
 
 
 

  

2 1 2.   
.  

2 1 3.  T h er e is als o m at eri al c o m p eti ti o n o n t h e b asis of diff er e nti at e d pri ci n g str at e gi es.  
 
 
 
 
 
 
 
 
 
 
 
 

D.  S e q u e n ci n g s er vi c es i n t h e U K  

i. Pr o vi d ers of s e q u e n ci n g s er vi c es i n t h e U K 

2 1 4.  T o t h e b est of Ill u mi n a’s k n o wl e d g e,  Ill u mi n a ar e t h e o nl y s u p pli er s 
of s e q u e n c ers t h at pr o vi d e s e q u e n ci n g s er vi c es i n t h e U K. 

2 1 5.  T h e r e ar e als o a n u m b er of a c a d e mi c a n d c o m m er ci al t hir d p arti es t h at off er s e q u e n ci n g 
s er vi c es i n t h e U K, i n cl u di n g: 

•  T h e  W ell c o m e  T r u st  C e nt r e  f o r  H u m a n  G e n eti cs ( “C e nt r e ”)  is  a  h u m a n 
g e n eti cs  r es e ar c h  c e ntr e  of  t h e  N uffi el d  D e p art m e nt  of  M e di ci n e  at  t h e 
U ni v ersit y of O xf or d, f u n d e d b y t h e U ni v ersit y, t h e W ell c o m e Tr ust a n d ot h er 

 

 
2 5 7   

 
2 5 8  . 
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s p o ns ors. 2 5 9  It b o ast s m or e t h a n 4 0 0 a cti v e r es e ar c h er s a n d ar o u n d 7 0 e m pl o y e es 
i n a d mi nistr ati v e a n d s u p p ort r ol es.2 6 0  T h e C e ntr e is a n i nt er n ati o n al l e a d er i n 
g e n eti cs, g e n o mi cs a n d str u ct ur al bi ol o g y , a n d c oll a b or at es wit h r es e ar c h t e a ms 
a cr oss  t h e  w orl d  o n  a  n u m b er  of  l ar g e -s c al e  st u di es  i n  t h es e  ar e as. 2 6 1  
R es e ar c h ers  at  t h e  C e ntr e  s p e n d  cl os e  t o  G B P  2 0  milli o n  a n n u all y  i n 
c o m p etiti v el y - w o n gr a nt s, a n d p u blis h ar o u n d 3 0 0 pri m ar y p a p ers p er y e ar. 2 6 2  

I n  a d diti o n  t o  t h e  r es e ar c h  pr o gr a m m es,  t h e  C e ntr e  als o  pr o vi d es  s er vi c es 
t hr o u g h its “s ci e ntifi c c or es ”. O n e s u c h c or e is t h e O xf o r d G e n o mi cs C e nt r e 
( “ O G C ”), w hi c h pr o vi d es a c o m pr e h e nsi v e off eri n g of g e n o mi c a p pli c ati o ns, 
usi n g m a n y of t h e l at est c o m m er ci al t e c h n ol o g y s yst e ms. O G C c urr e ntl y us es a 
n u m b er  of  Ill u mi n a  s yst e ms,  b ut  is  als o tri alli n g O N T  s yst e ms  i n  r o uti n e 
a p pli c ati o ns  f or  i nt er n al  pr oj e cts.  O G C  o p er at es  o n  a  c ost -r e c o v er y  b asis  f or 
a c a d e mi c pr oj e cts, a n d off ers c o m p etiti v e r at es f or c o m m er ci al or g a nis ati o n s; 2 6 3   

7 9 
 

•  D e e p S e q  i s t h e U ni v ersit y of N otti n g h a m’s N G S f a cilit y.2 6 4  It off ers r es e ar c h 
s ci e ntists a c c e ss t o hi g h t hr o u g h p ut s e q u e n ci n g t e c h n ol o g y. As w ell as r u n ni n g 
st a n d ar d  s e q u e n ci n g  pr oj e cts,  D e e p  S e q  als o  pr o vi d es  a n al ys es  s er vi c es. 2 6 5  
D e e p S e q c urr e ntl y us es t h e Ill u mi n a’s Mi S e q a n d N e xt S e q 5 0 0  s yst e ms f or l o w 
a n d  m e di u m  t hr o u g h p ut,  b ut  als o  r u ns  O N T’s  Gri dI O N,  Pr o m et hI O N  a n d 
Mi nI O N  s yst e ms,  h a vi n g  h el p e d  t o  d e v el o p  s oft w ar e  t o ols  f or  Mi nI O N  d at a 
a n al ysis. 2 6 6  It i s al s o t h e U K s ol e s u p pli er of  t h e  Bi o n a n o S a p h yr, a n o pti c al 
m a p pi n g  pl atf or m. 2 6 7  F or  l ar g er  pr oj e cts,  D e e p  S e q  c a n  o uts o ur c e  t o  hi g h 
t hr o u g h p ut s e q u e n ci n g s er vi c e s u p pli ers w hil e s u p p orti n g t h os e pr oj e cts wit h 
e x p eri m e nt d esi g n, li br ar y pr e p ar ati o n a n d bi oi nf or m ati cs; 2 6 8  

•  E u r ofi n s  S ci e ntifi c  ( “ E u r ofi n s ”)  is  a  p u bli c  lif e  s ci e n c es  c o m p a n y  w hi c h 
pr o vi d es  a  r a n g e  of  a n al yti c al  t esti n g  s er vi c es  t o  cli e nt s  a cr oss  m ulti pl e 
i n d ustri es.2 6 9  E ur ofi ns i s o n e of t h e gl o b al i n d e p e n d e nt m ar k et l e a d ers i n c ert ai n 
t esti n g  a n d  l a b or at or y  s er vi c es  f or  g e n o mi cs.2 7 0  It  h as  m or e  t h a n  4 5, 0 0 0 
e m pl o y e es  i n  m or e  t h a n  6 5 0  l a b or at ori es  i n  4 5  c o u ntri es  i n  E ur o p e,  N ort h 

 

 
2 5 9  htt p s:// w w w. w ell. o x. a c. u k/ a b o ut -us  
2 6 0  I bi d.  
2 6 1  I bi d.  
2 6 2  I bi d.  
2 6 3  htt p s:// w w w. w ell. o x. a c. u k/ o g c/ a b o ut -o g c/  
2 6 4  htt p s:// w w w. n otti n g h a m. a c. u k/lif e -s ci e n c es/f a ciliti es/ d e e p -s e q/i n d e x. a s p x  
2 6 5  htt p s:// w w w. n otti n g h a m. a c. u k/ d e e p s e q/i n d e x. as p x  
2 6 6  I bi d. 
2 6 7  I bi d.  
2 6 8  I bi d. 
2 6 9  htt p s:// w w w. e ur ofi n s. c o m/i n v est or -r el ati o n s/ o ur-b usi n e ss/ o ur -c o m p a n y/  
2 7 0  I bi d.  

https://www.well.ox.ac.uk/about-us
https://www.well.ox.ac.uk/ogc/about-ogc/
https://www.nottingham.ac.uk/life-sciences/facilities/deep-seq/index.aspx
https://www.nottingham.ac.uk/deepseq/index.aspx
https://www.eurofins.com/investor-relations/our-business/our-company/
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A m eri c a, S o ut h A m eri c a a n d t h e Asi a -P a cifi c. 2 7 1  T h e c o m p a n y off ers a wi d e 
r a n g e of N G S s er vi c es i n t h e U K, usi n g b ot h Ill u mi n a a n d P a c Bi o s yst e m s; 2 7 2  

•  G E N E WI Z  ( “ G e n e wi z ”)  is  a  gl o b al  pr o vi d er  of  g e n o mi cs  s er vi c es.  T h e 
c o m p a n y h as a gl o b al n et w or k of l a b or at ori es i n t h e U S, C hi n a, J a p a n a n d t h e 
U K. 2 7 3  T h e U K offi c e w as o p e n e d i n 2 0 1 1, dri v e n b y t h e c o m p a n y’s E ur o p e a n 
e x p a nsi o n  a n d  t o  a d dr ess  t h e  gr o wi n g  n e e d s  of  t h e  gl o b al  s ci e ntifi c 
c o m m u nit y. 2 7 4  G e n e wi z  pr o vi d es  t h e  w h ol e  s p e ctr u m  of  s e q u e n ci n g 
a p pli c ati o ns t o its c ust o m ers, usi n g b ot h Ill u mi n a a n d P a c Bi o s yst e ms; 2 7 5  

8 0 
 

•  T h e W ell c o m e S a n g e r I n stit ut e  ( “ W S I ”) is a Britis h n o n- pr ofit g e n o mi cs a n d 
g e n eti cs i nstit ut e s p e ci alisi n g i n r es e ar c h a n d i n n o v ati o n , t h at is f u n d e d b y t h e 
W ell c o m e Tr ust. W SI is a U K pi o n e er i n t h e fi el d of s e q u e n ci n g a n d w as t h e 
o nl y Britis h or g a nis ati o n i n v ol v e d i n t h e H u m a n G e n o m e Pr oj e ct, c arr yi n g o ut 
n e arl y o n e t hir d of t h e w or k. 2 7 6  It c a n l e v er a g e its s e q u e n ci n g c a p a biliti es i n t he 
c o nt e xt of wi d er c oll a b or ati o ns wit h a c a d e mi c, i n d ustri al a n d str at e gi c p art n ers, 
utilisi n g its “ D N A Pi p eli n es O p er ati o ns ” f a cilit y, w hi c h pr o vi d es t h e W SI wit h 
its  s e q u e n ci n g  n e e ds.2 7 7  T hi s  f a cilit y  is  cl ai m e d  t o  b e  o n e  of  t h e  l ar g est 
s e q u e n ci n g f a ciliti e s i n t h e w orl d a n d o v ers e as t h e d eli v er y of hi g h -q u alit y d at a 
vi a  a  r a n g e  of  t e c h n ol o gi es  a n d  s yst e ms. 2 7 8  W SI  us es  a  n u m b er  of  Ill u mi n a, 
P a c Bi o a n d O N T s yst e ms. 2 7 9  W SI h as a p pr o xi m at el y 1, 0 0 0 e m pl o y e es, r a n gi n g 
fr o m s ci e ntists t o d e v el o p ers a n d e n gi n e ers; 2 8 0  

•  N o v o g e n e  i s a pri v at el y-o w n e d pr o vi d er of g e n o mi c s er vi c es a n d s ol uti o ns. It 
h as a gl o b al f o ot pri nt wit h pr es e n c es i n t h e U K, C hi n a, U S, H o n g K o n g  a n d 
Si n g a p or e.  N o v o g e n e  cl ai ms  t o  h a v e  t h e  l ar g est  s e q u e n ci n g  c a p a cit y  i n  t h e 
w orl d, wit h o v er 1, 8 0 0 e m pl o y e es. It als o o w ns 4 9 N G S -r el at e d p at e nts a n d is 
t h e p u blis h er of o v er 1, 8 5 0 r es e ar c h p a p ers. It pr o vi d es a br o a d r a n g e of N G S 
s er vi c es  a cr oss  h u m a n,  pl a nt  a n d  a ni m al  s a m pl es,  u si n g  b ot h  Ill u mi n a  a n d 
P a c Bi o s yst e ms. 2 8 1  N o v o g e n e h as p erf or m e d a p pr o xi m at el y 1 0, 0 0 0 p r oj e cts i n 

 

 
2 7 1  htt p s:// w w w. e ur ofi n s. c o m/ a b o ut -us/ e ur ofi n s -f a ct-s h e et/  
2 7 2  htt p s:// w w w. e ur ofi ns. c o. u k/ o ur -s er vi c e s/  a n d htt p s:// w w w. e ur ofi ns g e n o mi cs. e u/ m e di a/ 9 5 6 1 7 4/ b u 4 _ br o c h ur e 
_ n gs _ o v er vi e w. p df  
2 7 3  htt p s:// w w w. g e n e wi z. c o m/ e n/ P u bli c/ C o m p a n y/ A b o ut -Us  
2 7 4  htt p s:// w w w. g e n e wi z. c o m/ e n -G B/ P u bli c/ C o m p a n y/ N e ws -a n d -E v e nts/ Pr ess -R el e as es/ G E N E WI Z -
A n n o u n c es -E ur o p e a n -E x p a nsi o n -A p p oi nt m e nt -E ur o p e a n -B u si n e ss -D e v el o p m e nt -M a n a g er -A n dr e -K ot z e  
2 7 5  htt p s:// w w w. g e n e wi z. c o m/ e n/ P u bli c/ S er vi c es/ N e xt -G e n er ati o n -S e q u e n ci n g  
2 7 6  htt p s:// w ell c o m e. a c. u k/ pr es s -r el e as e/fi ni s h e d-h u m a n -g e n o m e  
2 7 7  htt p s:// w w w. s a n g er. a c. u k/ s ci e n c e/ d n a -pi p eli n e s -o p er ati o ns  
2 7 8  I bi d.  
2 7 9  htt p s:// n a n o p or et e c h. c o m/sit e s/ d ef a ult/fil e s/s 3/lit er at ur e/ Gri dI O N -Br o c h ur e -0 3 0 1 1 9. p df  
2 8 0  htt p s:// w w w. s a n g er. a c. u k/ p e o pl e  
2 8 1  htt p s:// e n. n o v o g e n e. c o m/ n e xt -g e n er ati o n -s e q u e n ci n g -s er vi c e s/ ; 
htt p s:// e n. n o v o g e n e. c o m/t e c h n ol o g y/t e c h n ol o g y/ ; S p e cifi c all y,  N o v o g e n e’ s  p ortf oli o  of  s yst e ms  i n cl u d es 
Ill u mi n a’ s  N o v a S e q  6 0 0 0,  Hi S e q  X,  Hi S e q  4 0 0 0,  a n d  Hi S e q  2 5 0 0  a n d  P a c Bi o’s  S e q u el  S yst e m.  As  a  r es ult, 
N o v o g e n e  pr o vi d es  b ot h  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d  s e q u e n ci n g  s er vi c e s.  S e e 
htt p s:// e n. n o v o g e n e. c o m/t e c h n ol o g y/ill u mi n a -s yst e ms/  a n d htt p s:// e n. n o v o g e n e. c o m/t e c h n ol o g y/ p a c bi o -s e q u el -
s yst e m-a p pli c ati o ns/   

https://www.eurofins.com/about-us/eurofins-fact-sheet/
https://www.eurofins.co.uk/our-services/
https://www.eurofinsgenomics.eu/media/956174/bu4_brochure%20_ngs_overview.pdf
https://www.eurofinsgenomics.eu/media/956174/bu4_brochure%20_ngs_overview.pdf
https://www.genewiz.com/en/Public/Company/About-Us
https://www.genewiz.com/en-GB/Public/Company/News-and-Events/Press-Releases/GENEWIZ-Announces-European-Expansion-Appointment-European-Business-Development-Manager-Andre-Kotze
https://www.genewiz.com/en-GB/Public/Company/News-and-Events/Press-Releases/GENEWIZ-Announces-European-Expansion-Appointment-European-Business-Development-Manager-Andre-Kotze
https://www.genewiz.com/en/Public/Services/Next-Generation-Sequencing
https://wellcome.ac.uk/press-release/finished-human-genome
https://www.sanger.ac.uk/science/dna-pipelines-operations
https://nanoporetech.com/sites/default/files/s3/literature/GridION-Brochure-030119.pdf
https://www.sanger.ac.uk/people
https://en.novogene.com/next-generation-sequencing-services/
https://en.novogene.com/technology/technology/
https://en.novogene.com/technology/illumina-systems/
https://en.novogene.com/technology/pacbio-sequel-system-applications/
https://en.novogene.com/technology/pacbio-sequel-system-applications/
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a p eri o d of f o ur y e ars. 2 8 2  N o v o g e n e h as w or k e d wit h s o m e of t h e l ar g est a n d 
m ost  pr esti gi o us  i nstit uti o ns  i n  t h e  w orl d,  c o m pl eti n g  n e arl y  2 0, 0 0 0  pr oj e cts 
a n d s e q u e n ci n g 3 7 0, 0 0 0 s a m pl es f or m or e t h a n 1 0, 0 0 0 gl o b al c ust o m ers; 2 8 3  a n d  

•  M a c r o g e n  s er v es o v er 1 8, 0 0 0 c ust o m ers a cr oss 1 5 3 c o u ntri es, 2 8 4  i n cl u di n g i n 
t h e U K. T h e c o m p a n y pr o vi d es a wi d e v ari et y of g e n eti c t e c h n ol o g y s er vi c e s t o 
c ust o m ers. It off ers hi g hl y s p e ci alis e d s e q u e n ci n g s er vi c es  t h at h a v e b e e n u s e d 
b y r es e ar c h ers fr o m m a n y pr esti g i o us i nstit uti o ns s u c h as t h e N ati o n al I nstit ut e 
of  H e alt h,  t h e  F o o d  a n d  Dr u g  A d mi nistr ati o n a n d St a nf or d  U ni v ersit y. 2 8 5  
M a cr o g e n pr o vi d es  s h ort  r e a d, ass o ci at e d  s h ort  r e a d,  a n d  n ati v e  l o n g  r e a d 
s e q u e n ci n g s er vi c es. S p e cifi c all y, M a cr o g e n’s s yst e ms i n cl u di n g  t h e f oll o wi n g: 

o  Ill u mi n a’s N o v a S e q 6 0 0 0, Hi S e q X, Hi S e q 4 0 0 0, Hi S e q 2 5 0 0, N e xt S e q 
5 0 0, a n d Mi S e q; 

8 1 
 

o  T h er m o Fi s h er’s I o n P G M a n d I o n Pr ot o n; 

o  1 0 x’s C hr o mi u m c o ntr oll er; a n d 

o  P a c Bi o’s R S II a n d S e q u el S yst e ms. 2 8 6  

ii. R el ati v e a d v a nt a g es a n d s h ort c o mi n gs of s e q u e n ci n g s er vi c es  

2 1 6.  C ust o m ers wit h o ut c o nsist e nt hi g h v ol u m e  d e m a n d f or s e q u e n ci n g oft e n fi n d it m or e 
e c o n o mi c al t o a c q uir e s e q u e n ci n g s er vi c es, r at h er t h a n a c q uiri n g a s e q u e n ci n g s yst e m. 
S u c h c ust o m ers i n cl u d e c ust o m ers t h at: (i) ar e n ot o p er ati n g at s c al e, b ut h a v e a s p e cifi c 
pr oj e ct t h at r e q uir es s c al e, (ii) r e q uir e s e q u e n ci n g s p or a di c all y, (iii) h a v e s a m pl e t y p es 
or a p pli c ati o ns t h at r e q uir e s p e ci alis e d e q ui p m e nt or e x p ertis e t h at t h e y l a c k, (i v) h a v e 
pr oj e cts  t h at  n e e d  t o b e c o m pl et e d  wit hi n  a  ti m efr a m e  t h at  t h e y  c a n n ot  m e et  usi n g 
i nt er n al r es o ur c es, ( v) r e q uir e i nf or m ati cs or a n al ysis e x p ertis e t h e y l a c k, ( vi) r e q uir e 
a c c ess t o a r e g ul at e d e n vir o n m e nt, or ( vii) r e q uir e c a p a biliti es t h at t h e y c a n n ot a c c ess 
i nt er nall y.  

2 1 7.  F or s u c h c ust o m ers, s e q u e n ci n g s er vi c es off er a n u m b er of a d v a nt a g es. First, t h e y d o 
n ot n e e d t o i n v est i n a s e q u e n c er a n d ot h er r el at e d e q ui p m e nt or i n s o m e c as e s a n al yti c al 
s ol uti o ns. S e c o n d, t h e y d o n ot n e e d t o i n v est i n d e v el o pi n g t h e n e c ess ar y e x p ertis e t o 
pr e p ar e s e q u e n ci n g s a m pl es a n d o p er at e a s e q u e n c er ( w h et h er t hr o u g h hiri n g s p e ci alist 
st aff  or  tr ai ni n g  e xisti n g  st aff).  I n  s o m e  i nst a n c e s,  t h e y  mi g ht  n ot  n e e d  t o  d e v el o p 
e x p ertis e  i n  a n y  as p e ct  of  t h e  s e q u e n ci n g  pr o c ess  (i n cl u di n g  d at a  a n al ysi s  or 
i nt er pr et ati o n).  D at a  a n al ysis  a n d  e x p ertis e  is  si g nifi c a nt  f or  a p pli c ati o n s  f or  w hi c h 
t hir d-p art y  i nf or m ati cs  a n d  a n al yti c al  t o ols  d o  n ot  e xist.  T hir d,  t h e y  d o  n ot  n e e d  t o 
i n v est i n c o m pl yi n g wit h r e g ul ati o n r el ati n g t o t h eir f a ciliti es or pr o c ess es. F or e x a m pl e, 

 

 
 2 8 2  I bi d.  
2 8 3  htt p s:// e n. n o v o g e n e. c o m/ a b o ut/ a b o ut -n o v o g e n e/  
2 8 4  htt p:// w w w. m a cr o g e n. c o m/ e n/ c o m p a n y/s u m m ar y. p h p  
2 8 5  htt p:// m a cr o g e nl a b. c o m/ a b o ut -u s/ w h at -is-n e xt -g e n er ati o n -s e q u e n ci n g -n gs/  
2 8 6  htt p:// w w w. m a cr o g e n. c o m/ e n/ b usi n es s/ n g s _i n d e x. p h p  

https://en.novogene.com/about/about-novogene/
http://www.macrogen.com/en/company/summary.php
http://macrogenlab.com/about-us/what-is-next-generation-sequencing-ngs/
http://www.macrogen.com/en/business/ngs_index.php
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c ert ai n  s e q u e n ci n g  m ust  o c c ur  i n  cl e ar e d  e n vir o n m e nts  or  usi n g  cl e ar e d  d e vi c es. 
Fi n all y,  it  pr o vi d es  a d diti o n al  s e q u e n ci n g  c a p a cit y  w h e n  t h e  c ust o m er  e x p eri e n c es 
u n us u al  d e m a n d  ( p arti c ul arl y  w h e n  t h e  i n cr e as e  i n  d e m a n d  is  e x p e ct e d  t o  o nl y  b e 
t e m p or ar y).  

2 1 8.  T h at s ai d, t h er e ar e a n u m b er of dis a d v a nt a g es of a c q uiri n g s e q u e n ci n g s er vi c es r at h er 
t h a n a s e q u e n c er. First, o uts o ur ci n g s a m pl es t o a s er vi c e pr o vi d er is or di n aril y m or e 
e x p e nsi v e  o n  a p er  s a m pl e  b asis  t h a n  a c q uiri n g  a n d  r u n ni n g  a  s e q u e n c er .  W h e n 
o uts o ur ci n g s a m pl es t o a s er vi c e pr o vi d er, t h e pri c e p ai d i n cl u d es a pr e mi u m o n t o p of 
t h e  pr o vi d er’s c ost,  w hi c h  i n cl u d e s t h e  c ost  of  r e a g e nts,  d e pr e ci at e d  c ost  of  t h e 
s e q u e n c er, a n d l a b or, as i s us u all y t h e c as e w h e n o uts o ur ci n g t o a s er vi c e pr o vi d er.  T h e 
l o c ati o n of t h e s er vi c e pr o vi d er t y pi c all y h as li mit e d i m p a ct o n t h e c ost of o uts o ur ci n g 
or  ti m e  t o  r e c ei v e  r es ult s.  S hi p pi n g  s a m pl es  o ut si d e  of  t h e  U K  w o ul d  o nl y  h a v e  a 
m at eri al  i m p a ct  o n  ti m e  t o  r es ults  if  t h er e  w er e  a n  iss u e  i m p orti n g  s a m pl es  i nt o  t h e 
c o u ntr y i n w hi c h t h e s er vi c e pr o vi d er’s f a ciliti es ar e l o c at e d. H o w e v er, t his is r e a dil y 
d o n e t o d a y. T h e l o c ati o n of t h e s er vi c e pr o vi d er, i n cl u di n g  l o c ati o ns o utsi d e of t h e U K, 
t y pi c all y h as  mi ni m al  i m p a ct  o n  t h e  c ost  of  o uts o ur ci n g  s e q u e n ci n g.  H o w e v er, 
pr o c essi n g s a m pl es i n a c o u ntr y wit h c h e a p l a b or ( e. g. , C hi n a) c o ul d r e d u c e c osts.  

2 1 9.  S e c o n d, it t y pi c all y t a k es l o n g er t o r e c ei v e t h e s e q u e n ci n g r es ults. It c a n t a k e b et w e e n 
t w o a n d t e n ti m es l o n g er f or r es ults t o b e pr o vi d e d, d e p e n di n g o n t h e si z e of t h e pr oj e ct, 
a n d t h e r a n g e of a p pli c ati o ns a n d s a m pl es i n v ol v e d. T hir d, l oss of c o ntr ol o v er t h e c h ai n 
of c ust o d y of s a m pl es a n d r el a t e d d at a c a n p ot e nti all y c o m pr o mis e s e c urit y a n d pri v a c y. 
Fi n all y, if t h e e ntit y a c q uiri n g t h e s e q u e n ci n g s er vi c es is w or ki n g o n a n o v el s a m pl e or 
m et h o d, it ris ks c o m pr o misi n g i nt ell e ct u al pr o p ert y a n d k n o w h o w, b y e x p osi n g d et ails 
t o t h e s er vi c e pr o vi d er. 

III.  C u st o m e rs  

A.  P ar a m et ers of c ust o m er  c h oi c e 

i. C ust o m ers t a k e i nt o c o nsi d er ati o n m or e t h a n o n e f a ct or 

2 2 0.  C ust o m ers of s e q u e n ci n g s yst e ms ar e t y pi c all y s o p histi c at e d a n d c ar ef ull y  s el e ct t h e 
t e c h n ol o g y t h at will b est a d dr ess t h eir n e e ds. T h e y  d o n ot s el e ct a s e q u e n c er o n t h e 
b asis  of  a  si n gl e  f a ct or;  r at h er,  t h e y  w ei g h u p  a  s et  of  f a ct ors.  T h e y  will  st art  b y 
c o nsi d eri n g t h e a p pli c ati o ns a n d us e c as es t h at t h e y w a nt t o p erf or m. As e x pl ai n e d i n 
S e cti o n s  1 2  a n d   1 3  a b o v e,  diff er e nt  s ets  of  a p pli c ati o ns  a n d  us e  c as es  m ay  r e q uir e 
diff er e nt  attri b ut es,  i n cl u di n g  r e a d  l e n gt h,  r a w  r e a d  a c c ur a c y,  c o ns e ns u s  a c c ur a c y, 
s c al e, o ut p ut, n u m b er of r e a ds ( d e pt h), li br ar y pr e p ar ati o n r e q uir e m e nts, r u n ti m e, a n d 
t ur n ar o u n d ti m e. C ust o m ers c o nsi d er t h e s et of a p pli c ati o ns a n d us e c as es t h at t h e y wis h 
t o p erf or m a n d i d e ntif y t h e s yst e ms t h at h a v e t h e a p pr o pri at e attri b ut es t o b est p erf or m 
a cr oss t h at s et of a p pli c ati o ns a n d us e c as es. T h e n, c ust o m ers l o o k at t h e t ot al c ost of 
o w n ers hi p of t h os e s yst e ms (i n cl u di n g t h eir u pfr o nt c ost). Fi n all y, c ust o m ers oft e n t a k e 
i nt o  a c c o u nt  c ert ai n  s e c o n d ar y  c o nsi d er ati o ns,  s u c h  as  bi oi nf or m ati cs,  a ut o m ati o n, 
r e p ut ati o n, w or kfl o w, c u st o m er s u p p ort, et c . 
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Fi g ur e 1 3 : H o w c ust o m ers d e ci d e t o p ur c h a s e  

 

ii. C ust o m ers  p ur c h as e  s e q u e n ci n g s yst e ms  t o  p erf or m  m ulti pl e 
a p pli c ati o ns a n d us e c as e s 

2 2 1.  C ust o m ers  p ur c h as e  s e q u e n ci n g  s yst e ms  t o  p erf or m  m ulti pl e  a p pli c ati o ns  a n d  us e 
c as es. It is c o m m o n f or c ust o m ers t o p erf or m m ulti pl e a p pli c ati o ns a n d us e c as es o n a 
si n gl e s yst e m. S e q u e n ci n g s yst e ms s u p pli ers t h er ef or e off er s yst e ms t h at s u p p ort a wi d e 
r a n g e of a p pli c ati o ns a n d us e c as es. 

Fi g ur e 1 4 : A p pli c ati o ns p erf o r m e d o n Ill u mi n a s yst e m s 

 

2 2 2.  T h e  f a ct  t h at  c ust o m er s  p erf or m  m ulti pl e  a p pli c ati o ns  is  als o  cl e ar  fr o m  t h eir 
p ur c h asi n g  p att er n  of  c o ns u m a bl es.  A p pr o xi m at el y    of  Ill u mi n a’s  li br ar y 
pr e p ar ati o n kit c ust o m ers p ur c h as e m or e t h a n o n e t y p e of kit fr o m Ill u mi n a, m a ki n g it 
cl e ar t h at t h os e c ust o m er s p erf or m m ulti pl e a p pli c ati o ns, as diff er e nt a p pli c ati o ns us e 
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diff er e nt t y p es of li br ar y pr e p ar ati o n kits.  2 8 7   
 

 2 8 8  

 

2 2 3.  Ill u mi n a’s c ust o m ers  als o  us e  m or e  t h a n  o n e  t y p e  of  r e a g e nt  kit  o n  a  si n gl e  t y p e  of 
s e q u e n c er. F or e x a m pl e: a p pr o xi m at el y  

 b u y m or e  t h a n 
o n e  t y p e  of  r e a g e nt  kit .2 9 0  As  diff er e nt  a p pli c ati o ns  us e  diff er e nt  r e a g e nt  kits,  t h e 
p ur c h as e  of  m or e  t h a n  a  si n gl e  t y p e  of  r e a g e nt  kit  f or  a  s e q u e n c er  i n di c at es  t h at 
c ust o m ers ar e p erf or mi n g m ulti pl e a p pli c ati o ns o n a si n gl e s e q u e n c er.  

iii. C ust o m ers p ur c h as e m or e t h a n o n e s yst e m 

2 2 4.  M a n y Ill u mi n a s yst e ms o w n ers p ur c h as e m ulti pl e  Ill u mi n a s yst e ms. M or e t h a n   of 
Ill u mi n a  s yst e ms  o w n ers  h a v e  p ur c h as e d at  l e ast  t w o  t y p es  of s e q u e n c ers ; 
a p pr o xi m at el y   o w n m or e t h a n o n e s e q u e n c er  of t h e s a m e t y p e;  

2 9 1  
 

: 

 

 
2 8 7  I n a d diti o n, c ert ai n of t h es e li br ar y pr e p ar ati o n kits e n a bl e c ust o m er s t o p erf or m diff er e nt a p pli c ati o ns.  
2 8 8   

. 
2 8 9   

2 9 0   
 

. 
2 9 1  . 
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B.  C ust o m er gr o u ps 

2 2 5.   
 

  As a 
r es ult, t h e N otif yi n g P arti es d o n ot c o nsi d er t h at t h e p ot e nti al m ar k ets f or eit h er s h ort 
r e a d or n ati v e l o n g r e a d s yst e ms s h o ul d b e s e g m e nt e d o n t h e b asis of c ust o m er gr o u ps. 
H o w e v er, t h e y d es cri b e  b el o w t h e br o a d t y p es of  c ust o m ers w h o pr o c ur e s h ort r e a d 
a n d/ or n ati v e l o n g r e a d s yst e ms f or i n di c ati v e p ur p os es. 

2 2 6.  C ust o m ers a c q uiri n g eit h er or b ot h s h ort r e a d a n d n ati v e l o n g r e a d s yst e m s f all i nt o a 
n u m b er of diff er e nt c at e g ori es: 

•  B asi c  r es e a r c h  c u st o m e rs  us e  s e q u e n ci n g  t o  f urt h er  s ci e ntifi c  dis c o v er y 
r e g ar di n g h u m a n a n d n o n- h u m a n g e n o m es. I n t h e U K, t h es e c ust o m ers i n cl u d e 
u ni v ersiti es  a n d  g o v er n m e nt  a n d  n ot -f or-pr ofit  g e n o mi cs  r es e ar c h  i nstit ut es 
s u c h as t h e W ell c o m e S a n g er I nstit ut e a n d t h e E arl h a m I nst it ut e. 

T h es e c ust o m ers  als o i n cl u d e e ntiti es s et u p b y  t h e  g o v er n m e nt t o r u n m aj or 
p u bli c pr oj e cts, s u c h as G e n o mi cs E n gl a n d. G e n o mi cs E n gl a n d w as s et u p b y 
t h e  U K  D e p art m e nt  of  H e alt h  &  S o ci al  C ar e  t o  r u n  t h e  “ 1 0 0, 0 0 0  G e n o m es 
Pr oj e ct ”, i. e.,  t o  s e q u e n c e  10 0, 0 0 0  g e n o m es  fr o m  N ati o n al  H e alt h  S er vi c e 
( “ N H S ”)  p ati e nts  wit h  a  r ar e  dis e as e,  pl us  t h eir  f a mili es,  a n d  p ati e nts  wit h 
v ari o us  t y p es  of  c a n c er. 2 9 2  T h e  pr oj e ct  is  i nt e n d e d  t o  i m pr o v e  k n o wl e d g e  of 
t h es e  dis e ases. 2 9 3  O n  5  D e c e m b er  2 0 1 8,  it  w as  a n n o u n c e d  t h at  t h e  1 0 0, 0 0 0 
G e n o m es  Pr oj e ct  is  n o w  c o m pl et e,  a n d  t h at  1 0 0, 0 0 0  g e n o m es  h a v e  b e e n 

 

 
2 9 2  htt p s:// w w w. g e n o mi cs e n gl a n d. c o. u k/ a b o ut -g e n o mi c s -e n gl a n d/ h o w -w e -w o r k/  
2 9 3  htt p s:// w w w. g e n o mi cs e n gl a n d. c o. u k/t h e -j o ur n e y-t o-1 0 0 0 0 0 -g e n o m es/   

https://www.genomicsengland.co.uk/about-genomics-england/how-we-work/
https://www.genomicsengland.co.uk/the-journey-to-100000-genomes/
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s e q u e n c e d. 2 9 4  T h e  r es ult s  will  b e  r et ur n e d  t o  t h e  N H S  t hr o u g h o ut  2 0 1 9,  a n d 
ulti m at el y t o p arti ci p a nts. 2 9 5  

 
  

 
 
 

.2 9 7   

•  T r a n sl ati o n al  c u st o m e r s  b uil d  o n  b asi c  r es e ar c h  t o  cr e at e  n e w  t h er a pi es, 
m e di c al  pr o c e d ur es,  or  di a g n osti cs  t o i m pr o v e h u m a n  h e alt h.  I n  t h e  U K, 
m ol e c ul ar  di a g n osti cs  pr o vi d ers  s u c h  as  t h e  

us e  s e q u e n ci n g  t o 
d e v el o p di a g n osti c t o ols s u c h as o n c ol o g y p a n els. 

•  Cli ni c al  c u st o m e rs  us e  s e q u e n ci n g  t o  e v al u at e  ris ks,  di a g n os e  ill n ess,  a n d 
d esi g n tr e at m e nts  f or p ati e nts. I n t h e U K, t h e y i n cl u d e P u bli c H e alt h E n gl a n d, 
N H S tr usts, a n d pri v at e cli ni cs a n d cli ni c al l a b or at or y s er vi c e pr o vi d ers s u c h as 
N o v o g e n e w h o p erf or m r e pr o d u cti v e h e alt h t ests ( NI P T), o n c ol o g y t ests (li q ui d 
bi o psi es,  F F P E),  g e n eti c  dis e as e  t esti n g  ( R U G D)  a n d/ or  tr a ns pl a nt 
c o m p ati bilit y t ests (tiss u e t y pi n g).  

•  C o n s u m e r  g e n o mi cs  c u st o m e rs  us e  s e q u e n ci n g  t o  pr o vi d e  p ers o n alis e d 
g e n eti c d at a dir e ctl y t o c o ns u m ers ( e. g. , wit h o ut a d o ct or or ot h er i nt er m e di ar y) 
t h at  a n al ys e  a n c estr y,  dis e as e  pr e dis positi o n,  a n d  pl a n ni n g  ar o u n d  h e alt h, 
w ell n ess,  n utriti o n  a n d  fit n ess  t o  c o ns u m ers  i n  a  n o n -cli ni c al  s etti n g.  T h e y 
i n cl u d e  c o m p a ni es  s u c h  as  

.  C o m p a ni es  c urr e ntl y  usi n g  arr a ys  f or  c o ns u m er  g e n o mi cs  t esti ng, 
i n cl u di n g , ar e als o 
e x p e ct e d t o off er s e q u e n ci n g -b as e d t esti n g i n t h e f ut ur e.  

•  A g ri g e n o mi cs c u st o m e r s  us e s e q u e n ci n g t o e x pl or e t h e g e n eti c a n d bi ol o gi c al 
b asis  f or  pr o d u cti vit y  a n d  n utriti o n al  c o nstit uti o n  of  cr o ps  a n d  li v est o c k. 
F ar m ers  a n d  br e e d ers  c a n  t ail or  t h eir  c ulti v ati o n  a n d  br e e di n g  d e cisi o ns  t o 
pr o d u c e dis e as e -r esist a nt, h e alt hi er a n d hi g h er-yi el di n g cr o ps a n d li v est o c k. I n 
t h e  U K,  t h es e  c ust o m ers  i n cl u d e  a gri b usi n ess  c o m p a ni es  a n d  g e n o mi cs  l a bs 
s u c h as . 

•  P h a r m a c e uti c al c o m p a ni es  us e s e q u e n ci n g t o d e v el o p n e w t h er a p e uti cs a n d 
d e v el o p ass a ys t o a ct as c o m p a ni o n t esti n g ( c o m p a ni o n di a g n osti cs) f or c ert ai n 
t h er a p e uti cs. F or i nst a n c e, m a n y t h er a p e ut i cs o nl y w or k, or w or k o pti m all y, o n 

 

 
2 9 4  htt p s://f ut uris m. c o m/ 1 0 0 0 0 0 -g e n o m es -pr oj e ct -s u c c e ss   
2 9 5  htt p s:// w w w. g e n o mi cs e n gl a n d. c o. u k/ a b o ut -g e n o mi c s -e n gl a n d/t h e -1 0 0 0 0 0 -g e n o m es -pr oj e ct/   
2 9 6  

  
2 9 7    

https://futurism.com/100000-genomes-project-success
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p ati e nt s  h a vi n g  a  c ert ai n  g e n eti c  m a k e u p.  P h ar m a  c o m p a ni es  us e  or  d e v el o p 
s e q u e n ci n g-b as e d ass a ys as “ c o m p a ni o ns ” f or c ert ai n t h er a p e uti cs t o d et er mi n e 
or  e n h a n c e  b ef or e  tr e at m e nt  t h e  t h er a p e uti c  effi c a c y  or  a p pli c a bili t y  f or  a 
p arti c ul ar p ati e nt. P h ar m a c e uti c al c o m p a ni es, s u c h as , 
us e p h ar m a c o g e n o mi cs t o a n al ys e h o w p ati e nts’ D N A i nfl u e n c es t h eir r es p o ns e 
t o n e w dr u gs. T h e y als o c o n d u ct s ci e ntifi c r es e ar c h t h at is us e d t o i m pr o v e dr u g 
d e v el o p m e nt at a l at er st a g e.  

F or e x a m pl e, R e g e n er o n P h ar m a c e uti c als, A b b Vi e, Al n yl a m P h ar m a c e uti c als, 
Astr a Z e n e c a, Bi o g e n a n d Pfi z er I n c. h a v e f or m e d a c o ns orti u m t o a d v a n c e t h e 
U K  Bi o b a n k  pr oj e ct,  w hi c h  ai ms  t o  s e q u e n c e  t h e  w h ol e  e x o m e  of  5 0 0, 0 0 0 
v ol u nt e ers. 2 9 8  R e g e n er o n’s  g e n eti c  c e ntr e  p erf or ms  t h e  s e q u e n ci n g.  T h e  d at a 
o bt ai n e d  is  t h e n  p air e d  wit h  m e di c al  a n d  h e alt h  r e c or ds  i n  t h e  U K  Bi o b a n k, 
i n cl u di n g e n h a n c e d m e as ur es s u c h as br ai n, h e art a n d b o d y i m a gi n g, t o cr e at e a 
v al u a bl e  r es o ur c e  f or  li n ki n g  h u m a n  g e n eti c  v ari ati o ns  t o  dis e as e. 2 9 9  T his 
s e q u e n ci n g d at a will b e a v ail a bl e t o m e m b ers of t h e c o ns orti u m f or a li mit e d 
p eri o d b ef or e b ei n g m a d e a v ail a bl e t o ot h er r es e ar c h ers. 3 0 0  

P h ar m a c e uti c al  c o m p a ni es  als o  o uts o ur c e  t his  w or k  t o  c o ntr a ct  r es e ar c h 
or g a nis ati o ns or g e n o mi c s c e ntr es, s u c h as . 

C.  C ust o m ers e n g a g e i n c o m bi n ati o ns of b asi c r es e ar c h, tr a nsl ati o n al r es e ar c h a n d 
cli ni c al t esti n g  

2 2 7.  T h e r a pi d p a c e of r es e ar c h a n d i n n o v ati o n usi n g s e q u e n ci n g t o d e v el o p n o v el dis c o v er y 
a n d  t esti n g  m et h o ds  h as  l e d  t o  t h e  e m er g e n c e  of  n e w  a p pr o a c h es  t o  t esti n g  of,  a n d 
tr e ati n g,  p ati e nts.  I n  t h e  c o nt e xt  of  diff er e nt  a p pli c ati o ns  a n d  us e  c as es,  t h es e  n e w 
a p pr o a c h es  r a n g e  fr o m  w h at  tr a diti o n all y  mi g ht  b e  c o nsi d er e d  t o  b e  b a si c  r es e ar c h 
t hr o u g h  t o  cli ni c al  t esti n g  i n  a  r e g ul at e d  e n vir o n m e nt.  F or  e x a m pl e,  w hil e  Ill u mi n a 
r e c e ntl y o bt ai n e d C E-I V D m ar ki n g f or a n NI P T t est, t h e l a b or at ori es i n E ur o p e h a v e 
b e e n c arr yi n g o ut NI P T t ests f or m u c h of t h e l ast d e c a d e o n a n L D T b asis. I n a si mil ar 
v ei n,  li q ui d  bi o ps y  t esti n g  i n  E ur o p e  is  c urr e ntl y  c arri e d  o ut  o n  a n  L D T  b asis.  I n 
c o ntr ast,  T M B  t esti n g  o c c urs  b y  l a b or at ori es  usi n g  a p pr o a c h es  t o  t esti n g  m or e 
c o m m o nl y  ass o ci at e d  wit h  tr a nsl ati o n al  r es e ar c h,  a n d  R U G D  t esti n g  o c c urs  i n t h e 
b asi c/tr a nsl ati o n al r es e ar c h e n vir o n m e nt. Fi g ur e 1 5 b el o w ill ustr at es t his d e v el o p m e nt 
c o nti n u u m fr o m b asi c r e s e ar c h t hr o u g h t o cli ni c al us e (i n cl u di n g t ests wit h r e g ul at or y 
a p pr o v als): 

 

 
2 9 8  htt p s:// n e wsr o o m.r e g e n er o n. c o m/ n e ws -r el e as e s/ n e ws-r el e as e-d et ail s/r e g e n er o n -f or ms-c o ns orti u m -l e a di n g-
lif e-s ci e n c es -c o m p a ni e s   
2 9 9  htt p s:// n e wsr o o m.r e g e n er o n. c o m/ n e ws -r el e as e s/ n e ws-r el e as e-d et ail s/r e g e n er o n -f or ms-c o ns orti u m -l e a di n g-
lif e-s ci e n c es -c o m p a ni e s   
3 0 0  htt p s:// n e wsr o o m.r e g e n er o n. c o m/ n e ws -r el e as e s/ n e ws-r el e as e-d et ail s/r e g e n er o n -f or ms-c o ns orti u m -l e a di n g-
lif e-s ci e n c es -c o m p a ni e s  

https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-forms-consortium-leading-life-sciences-companies
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-forms-consortium-leading-life-sciences-companies
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-forms-consortium-leading-life-sciences-companies
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-forms-consortium-leading-life-sciences-companies
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-forms-consortium-leading-life-sciences-companies
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-forms-consortium-leading-life-sciences-companies
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Fi g ur e 1 5 : E x a m pl e p h a s es of a cti viti es 

 

2 2 8.  T h e d e v el o p m e nt of n e w t ests r e q uir es c ust o m ers t o s e q u e n c e s a m pl es i n a r a n g e of 
c o nt e xts  fr o m  b asi c  r es e ar c h  t hr o u g h  t o  cli ni c al  t esti n g.  T a bl e 8 ill ustr at es  h o w  t h e 
a cti viti es of a n u m b er of c ust o m ers s p a n a cr oss b asi c  r es e ar c h, tr a nsl ati o n al r es e ar c h 
a n d cli ni c al us e:  

T a bl e  8: E x a m pl es of c ust o m ers p erf o r mi n g a b r o a d r a n g e of a p pli c ati o ns a cr o ss s p a c es  

 

 

 

 

 

 

 

 

2 2 9.   
 
 
 
 

( e) a n  e x pl a n ati o n  of  h o w  p ri ci n g  is  d et e r mi n e d  (f o r  e x a m pl e,  w h et h e r  s et  b y 
s u p pli e rs,  n e g oti at e d  b et w e e n  s u p pli e rs  a n d  c u st o m e rs,  o r  t h e  r es ult  of  a 
bi d di n g p r o c ess o r g a nis e d b y c u st o m e rs), i n cl u di n g, i n a p p r o p ri at e c as es ( as 
e x pl ai n e d b el o w), s u p p o rti n g d o c u m e nt ati o n; a n d  

I V. P ri ci n g  a n d Su p pl y c h ai n  

 

 
3 0 1   

 
3 0 2    
3 0 3  
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2 3 0.  As e x pl ai n e d i n S e cti o n 1 3, t h e N otif yi n g P arti es s u b mit t h at s h ort a n d n ati v e l o n g r e a d 
s yst e ms  f all  i nt o  disti n ct  pr o d u ct  m ar k ets,  s u c h  t h at  t h e  a cti viti es  of  Ill u mi n a  a n d 
P a c Bi o d o n ot o v erl a p. H o w e v er, f or t h e s a k e of c o m pl et e n ess, t h e N otif yi n g P arti es 
d es cri b e  b el o w  pri ci n g  i n  t h e  p ot e nti al  m ar k ets  f or  s h ort  r e a d  a n d  n ati v e  l o n g  r e a d 
s yst e ms.  

A.  D et er mi n ati o n of pri c es i n t h e p ot e nti al m ar k et f or s h ort r e a d s yst e ms 

2 3 1.  As e x pl ai n e d a b o v e, w h e n c ust o m ers c o nsi d er t h e pri c e of s h ort r e a d s yst e m s, t h e y t a k e 
i nt o a c c o u nt t h e t ot al c ost of s e q u e n ci n g t h e r el e v a nt n u m b er of s a m pl es i n t h e r a n g e of 
t h eir  r el e v a nt  a p pli c ati o ns. I n  s h ort,  c ust o m ers  t a k e  i nt o  a c c o u nt  t h e  “t ot al  c ost  of 
o w n ers hi p ” ( or w h ol e lif e c ost) of  t h e s e q u e n ci n g s yst e ms t h e y ar e c o nsi d eri n g. T his 
i n cl u d es  t h e  c ost  of  t h e  s e q u e n cer  al o n g  wit h  c o ns u m a bl es  us e d  i n  t h e  li br ar y 
pr e p ar ati o n a n d t h e s e q u e n ci n g pr o c ess, a n d r el at e d s u p p ort s er vi c es, l a b or, o v er h e a d, 
f a ciliti es, a n d ot h er a u xili ar y c osts s u c h as d at a st or a g e, a n al ysis, a n d s e c urit y. 3 0 4  

2 3 2.  S h ort  r e a d  s yst e m  s u p pli ers  off er  diff er e nt  pri ci n g  m o d els.  H o w e v er,  t h e  pri c es  f or 
s e q u e n c ers  a n d  c o ns u m a bl es  ar e  i nt err el at e d,  s u c h  t h at  all  s u p pli ers  pri c e  t h e 
c o m bi n ati o n of s e q u e n c ers  a n d c o ns u m a bl es t o b e c o nsi d er e d t o g et h er. F or e x a m pl e, 

 
 
 
 
 
 
 
 
 

 

2 3 3.  I n t h e p ot e nti al m ar k et f or s h ort r e a d s yst e ms ( c o m prisi n g b ot h t h e s e q u e n c er s a n d t h eir 
c o ns u m a bl es  a n d  s er vi c es),  s u p pli ers  t a k e  i nt o  a c c o u nt  a  c o m bi n ati o n  of  diff er e nt 
f a ct ors w h e n s etti n g t h e pri c es f or t h eir s yst e ms as a w h ol e. W e list b el o w t h e m ai n 
f a ct ors t h at s h ort r e a d s yst e ms s u p pli ers us u all y t a k e i nt o a c c o u nt. T h e w ei g ht t h at e a c h 
s u p pli er pl a c es o n t h es e ( a n d p ot e nti all y ot h er) f a ct ors will d e p e n d o n t h at s u p pli er’s 
c o m m er ci al str at e g y a n d m a y c h a n g e as str at e gi es e v ol v e o v er ti m e:  

•  e n a bli n g  t h e  br o a d er  a d o pti o n  of  s e q u e n ci n g  i n  e xisti n g  a p pli c ati o ns  a n d  t h e 
d e v el o p m e nt of n e w a p pli c ati o ns; 

•  t h e v al u e t h at t h e n e w s yst e m will pr o vi d e t o t h e c ust o m er; 

•  e n a bli n g c ust o m ers t o attr a ct t hir d p art y or i nstit uti o n al f u n di n g t o c o n d u ct t h eir 
pr oj e cts;  

 

 
3 0 4  Pl e a s e s e e S e cti o n 1 3.  
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•  e x p a n di n g t h eir c ust o m er b as e;  

•  c o m p etit ors’ s yst e m pri c es;  

•  c osts of pr o d u ci n g t h e el e m e nts of t h e s yst e m; a n d 

•  p ositi o ni n g n e w s yst e ms wit hi n t h eir p ortf oli o.  

2 3 4.  I n  a d diti o n,  m a n y  s u p pli ers  off er  dis c o u nts,  s u c h  t h at  a ct u al  pri c es  r efl e ct  dis c o u nts 
off er e d, r at h er t h a n l ist pri c es.  

2 3 5.   
 

. 

i. Ill u mi n a 

2 3 6.  W h e n  s etti n g  t h e  pri c es of its s yst e ms,  Ill u mi n a  t a k es i nt o a c c o u nt t h e f a ct ors list e d 
a b o v e, w ei g hti n g c ert ai n f a ct ors m or e h e a vil y t h a n ot h ers.  

 
 

.  
 
 
 

. 

2 3 7.  As e x pl ai n e d i n S e cti o n 1 8  b el o w, Ill u mi n a’s R & D eff orts h a v e e n a bl e d it t o b e t h e 
dri vi n g  f or c e  i n  r e d u ci n g  t h e  c ost  of  s e q u e n ci n g.  Ill u mi n a  w as  t h e  first  c o m p a n y  t o 
e n a bl e a h u m a n g e n o m e t o b e s e q u e n c e d at a c ost of U S D 1, 0 0 0 wit h t h e l a u n c h of its 
Hi S e q X  s yst e m  i n  e arl y  2 0 1 4. Pr i or  t o  t his  mil est o n e  a n n o u n c e m e nt,  t h e  c ost  p er 
g e n o m e w as a p pr o xi m at el y U S D 5, 0 0 0. T h e Hi S e q X w as a n e w pr o d u ct i ntr o d u cti o n 
cr e at e d a n d m ar k et e d f or t h e s ol e p ur p os e of r e d u ci n g w h ol e g e n o m e s e q u e n ci n g c osts 
t o e n a bl e t h e U S D 1, 0 0 0 g e n o m e, a n d t o sti m ul at e W G S  a m o n gst ot h ers. 

2 3 8.  F urt h er i n n o v ati o n, i n cl u di n g t h e N o v a S e q a n n o u n c e d i n 2 0 1 7, h as e n a bl e d Ill u mi n a t o 
r e d u c e t h e c ost of s e q u e n ci n g a g e n o m e b y si g nifi c a nt a m o u nts. T o d a y t h e c urr e nt c ost 
of  s e q u e n ci n g  a  g e n o m e  usi n g  a  N o v a S e q  s yst e m  is  a p pr o xi m at el y  

 
3 0 5  Furt h er, w h e n it l a u n c h e d t h e N o v a S e q s yst e m i n 2 0 1 7, Ill u mi n a a n n o u n c e d 

its i nt e nti o n t o dri v e t h e c ost of s e q u e n ci n g a g e n o m e d o w n t o U S D 1 0 0 t hr o u g h f urt h er 
d e v el o p m e nt w or k b as e d o n t h e ar c hit e ct ur e of t h e N o v a S e q s yst e m.  

 

 
3 0 5   
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2 3 9.  Ill u mi n a als o r e c e ntl y a n n o u n c e d  i n F e br u ar y 2 0 1 9 t h at it w o ul d r e d u c e t h e pri c e of t w o 
t y p es  of  fl o w  c ells  f or  t he N o v a S e q, t h e S 1 a n d S 2, b y 2 5 %  a n d 1 0 % ,  r es p e cti v el y, 
f oll o wi n g  dis c ussi o ns  wit h  c ust o m ers i n  or d er  t o  off er  gr e at er  fl e xi bilit y  i n  t h eir 
w or kfl o w. 3 0 6   

 
 

.  

2 4 0.  Ill u mi n a off ers s yst e ms t h at m e et t h e n e e ds of e xisti n g a n d  n e w c ust o m ers ( w h et h er f or 
e xisti n g or n e w a p pli c ati o ns) t o br o a d e n its c u st o m er b as e. F or e x a m pl e,  t h e i S e q is 
i nt e n d e d t o e n a bl e s m all er l a bs a n d a c a d e mi c i nstit uti o ns, w h o m a y n ot h a v e t h e c a pit al 
b u d g et or v ol u m e of s a m pl es,  t o us e s h ort r e a d s yst e ms .  

 
 
 

. 

2 4 1.   
 
 
 
 
 
 
 
 
 
 
 

.  

2 4 2.   
 
 
 
 
 
 
 
 

  

 

 
3 0 6  htt p s:// w w w. g e n o m e w e b. c o m/ s e q u e n ci n g/ill u m i n a-e x p a n d s -cli ni c al -b usi n es s -i nt er n ati o n all y-di s c o u nts -
n o v as e q -fl o w-
c ells ? ut m _ s o ur c e = S ailt hr u & ut m _ m e di u m = e m ail & ut m _ c a m p ai g n = G W D N % 2 0 W e d % 2 0 P M % 2 0 2 0 1 9 -0 1 -
3 0 & ut m _t er m = G W % 2 0 D ail y % 2 0 N e ws % 2 0 B ull eti n #. X F c 8i O S Q y z k  

https://www.genomeweb.com/sequencing/illumina-expands-clinical-business-internationally-discounts-novaseq-flow-cells?utm_source=Sailthru&utm_medium=email&utm_campaign=GWDN%20Wed%20PM%202019-01-30&utm_term=GW%20Daily%20News%20Bulletin#.XFc8iOSQyzk
https://www.genomeweb.com/sequencing/illumina-expands-clinical-business-internationally-discounts-novaseq-flow-cells?utm_source=Sailthru&utm_medium=email&utm_campaign=GWDN%20Wed%20PM%202019-01-30&utm_term=GW%20Daily%20News%20Bulletin#.XFc8iOSQyzk
https://www.genomeweb.com/sequencing/illumina-expands-clinical-business-internationally-discounts-novaseq-flow-cells?utm_source=Sailthru&utm_medium=email&utm_campaign=GWDN%20Wed%20PM%202019-01-30&utm_term=GW%20Daily%20News%20Bulletin#.XFc8iOSQyzk
https://www.genomeweb.com/sequencing/illumina-expands-clinical-business-internationally-discounts-novaseq-flow-cells?utm_source=Sailthru&utm_medium=email&utm_campaign=GWDN%20Wed%20PM%202019-01-30&utm_term=GW%20Daily%20News%20Bulletin#.XFc8iOSQyzk
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ii. Ot h er s u p pli ers of s h ort r e a d s yst e ms  

2 4 3.  As  dis c uss e d  a b o v e,  diff er e nt  s u p pli ers  a d o pt  diff er e nt  pri ci n g  m o d el s  a n d  gi v e 
diff er e nt w ei g ht t o t h e f a ct ors list e d a b o v e], d e p e n di n g o n t h eir c o m m er ci al str at e g y. 

 
 
 

. 

2 4 4.   
 
 
 

 

2 4 5.   
 
 
 
 
 

. 

B.  D et er mi n ati o n of pri c es i n t h e p ot e nti al m ar k et f or n ati v e l o n g r e a d s yst e ms  

2 4 6.  As  e x pl ai n e d  i n  S e cti o n  1 3,  c ust o m ers  i n  t h e  p ot e nti al  m ar k et  f or  n ati v e  l o n g  r e a d 
s yst e ms als o t a k e i nt o a c c o u nt t h e “t ot al c ost of o w n ers hi p ” ( or w h ol e lif e c ost) w h e n 
s el e cti n g  s yst e ms f or p ur c h as e. As a r es ult, t h e d e s cri pti o n a b o v e als o a p pli es t o n ati v e 
l o n g r e a d s yst e ms. T h e t ot al c ost c al c ul ati o ns m a d e b y c ust o m ers i n t h e p ot e nti al m ar k et 
f or  n ati v e  l o n g  r e a d  s yst e ms  m e a n  t h at  diff er e nt  c o m p a ni es  h a v e  a d o pt e d  diff er e nt 
pri c i n g  str at e gi es.  F or  e x a m pl e,  

 
 
 

. 

2 4 7.  I n a d diti o n, a ct u al pri c es als o r efl e ct dis c o u nts off er e d b y e a c h s u p pli er t o its c ust o m ers.  

2 4 8.  Fi n all y,  a ct u al  pri c es  ar e  n e g oti at e d  b et w e e n s u p pli ers  a n d  c ust o m ers,  u nl ess  t h e 
c ust o m er  is  r e q uir e d  t o  c o m pl y  wit h  t h e  p u bli c  pr o c ur e m e nt  pr o c e d ur es  o utli n e d  i n 
S e cti o n 1 6.  

2 4 9.   
 

i. P a c Bi o  

2 5 0.   
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2 5 1.   

2 5 2.   
 
 
 

.  

2 5 3.   
 
 
 
 
 

 

2 5 4.   
 
 

 

ii.  

2 5 5.   
 
 
 
 
 
 

 

2 5 6.  . 

(f) a n  e x pl a n ati o n  of  t h e  s u p pl y  c h ai n  (i n cl u di n g  dist ri b uti o n  c h a n n els)  f o r  t h e 
p r o d u ct(s)/s e r vi c es(s),  a n d  of  a n y  diff e r e n c es  b et w e e n  s e p a r at e  g e o g r a p hi c 
a r e as, w h e r e t h e m e r g e r p a rti es o v e rl a p, i n r el ati o n t o t h e s u p pl y of t h e s a m e 
p r o d u cts/s e r vi c es.  

 

 
3 0 7  htt p s:// gl o b e n e ws wir e. c o m/ n e ws -r el e as e/ 2 0 1 8/ 0 9/ 1 3/ 1 5 7 0 4 2 3/ 0/ e n/ L ar g e-S c al e -Gl o b al -G e n o m e -Pr oj e cts -
C h o o s e -P a c Bi o -S e q u e n ci n g -t o-H el p -D e c o d e -Lif e. ht ml  a n d htt p s:/ / w w w. p a c b. c o m/ pr ess _r el e as es/ p a cifi c-
bi o s ci e n c es -t h e-w ell c o m e -tr ust-s a n g er -i nstit ut e-a n d -p u bli c -h e alt h -e n gl a n d -c oll a b or at e -t o-fi nis h-g e n o m e s -of -
3 0 0 0 -b a ct eri al -str ai n s/ .  
3 0 8  htt p s:// st or e. n a n o p or et e c h. c o m/st art er -p a c k s   

https://globenewswire.com/news-release/2018/09/13/1570423/0/en/Large-Scale-Global-Genome-Projects-Choose-PacBio-Sequencing-to-Help-Decode-Life.html
https://globenewswire.com/news-release/2018/09/13/1570423/0/en/Large-Scale-Global-Genome-Projects-Choose-PacBio-Sequencing-to-Help-Decode-Life.html
https://www.pacb.com/press_releases/pacific-biosciences-the-wellcome-trust-sanger-institute-and-public-health-england-collaborate-to-finish-genomes-of-3000-bacterial-strains/
https://www.pacb.com/press_releases/pacific-biosciences-the-wellcome-trust-sanger-institute-and-public-health-england-collaborate-to-finish-genomes-of-3000-bacterial-strains/
https://www.pacb.com/press_releases/pacific-biosciences-the-wellcome-trust-sanger-institute-and-public-health-england-collaborate-to-finish-genomes-of-3000-bacterial-strains/
https://store.nanoporetech.com/starter-packs
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257. As explained in Section 13, the Notifying Parties submit that short and native long read
systems fall into distinct product markets, such that the activities of Illumina and
PacBio do not overlap. However, for the sake of completeness, the Notifying Parties
describe below the supply chains in the potential markets for short read and native long
read systems.

258. The supply chain in each of the potential markets for short read and native long read
systems has three main levels.

259. The value creation process in both potential markets starts with suppliers of raw
materials and components that are used as inputs in the manufacture of the elements of
the sequencing systems. There are many specialised suppliers, supplying electronic,
mechanical, chemical and biochemical inputs (such as valves, cameras, flow cells,
computers, etc.). Suppliers include

260. In the next step, manufacturers use these inputs to produce their sequencers and
consumables. As explained earlier, the current commercialising manufacturers of short
read systems are Illumina, , and of native long read
systems are PacBio and . The extent to which system suppliers outsource the
manufacturing of their sequencers and consumables varies per supplier and may evolve
over time. In addition to manufacturing components and potentially sub-assemblies or
modules, contract manufacturers also test and validate the inputs that they supply to
ensure that they meet the sequencing system supplier’s specifications.

261. Finally, short read and native long read systems suppliers sell directly or through
authorised distributors to their customers (i.e., to research and/or translational, clinical,
consumer genomics, agrigenomics and pharmaceutical customers).309 To the best of the
Notifying Parties’ knowledge, all short read and native long read systems suppliers
distribute directly to customers in the UK.

309 Please see Section 15. III above. 
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Fi g ur e 1 6 : S u p pl y C h ai n 
 

 

2 6 2.  T h e N otif yi n g P arti es pr o vi d e i nf or m ati o n r e g ar di n g t h e pr o d u cti o n c a p a cit y of t h eir 
m a n uf a ct uri n g  f a ciliti es,  t o g et h er  wit h  a  bri ef  d es cri pti o n  of  t h eir  m a n uf a ct uri n g 
a cti viti es , i n  . 

1 6.  F o r  C a n di d at e  M a r k ets  c h a r a ct e ris e d  b y  bi d di n g  p r o c ess es  a n d/ o r  w h e r e 
c u st o m e rs t y pi c all y iss u e r e q u ests f o r q u ot ati o n s, p r o vi d e bi d di n g d at a s etti n g o ut 
a n y bi d s m a d e b y e a c h of t h e m e r g e r p a rti es t o wi n b u si n ess i n t h e o v e rl a p pi n g 
m a r k ets.  

2 6 3.  As dis c uss e d i n S e cti o n 1 3  a b o v e, s h ort r e a d a n d n ati v e l o n g r e a d s yst e m s b el o n g t o 
disti n ct pr o d u ct m ar k ets. T h e N otif yi n g P arti es’  a cti viti es, t h er ef or e, d o n ot o v erl a p. 
H o w e v er, f or t h e s a k e of c o m pl et e n ess, t h e N otif yi n g P arti es d es cri b e b el o w t h e t e n d er 
pr o c ess es t h at  ar e us e d i n t h e pr o c ur e m e nt of t h eir s yst e ms i n t h e U K.  

I. T y p es of t e n d e r p r o c e d u r es u s e d t o p r o c u r e s e q u e n ci n g s yst e ms i n t h e U K  

2 6 4.  As e x pl ai n e d i n S e cti o n 1 5  a b o v e, p ur c h as ers of s e q u e n ci n g s yst e ms i n t h e U K i n cl u d e 
p u bli c a ut h oriti es, s u c h a s u ni v ersiti es,  g o v er n m e nt r es e ar c h i nstit ut es, P u bli c H e alt h 
E n gl a n d,  G e n o mi cs  E n gl a n d,  a n d  t h e  N H S  a n d  N H S  tr ust  f u n ds.  T h e  p ur c h asi n g 
d e cisi o ns  of  t h es e  or g a nis ati o ns  ar e  or di n aril y  s u bj e ct  t o  t h e  P u bli c  C o ntr a cts 
R e g ul ati o ns  2 0 1 5  ( " P C R "),  w hi c h  i m pl e m e nts  Dir e cti v e  2 0 1 4/ 2 4/ E U  o n  p u bli c 
pr o c ur e m e nt (t h e " Dir e cti v e ").  

2 6 5.  F or Ill u mi n a, i n 2 0 1 8,  of t h os e c ust o m ers w er e o bt ai n e d t hr o u g h a 
t e n d er c o v er e d b y t h e Dir e cti v e.3 1 0  F or P a c Bi o, as dis c uss e d b el o w,  

 

 
3 1 0  As e x pl ai n e d b el o w,  

 
 
 

 

M a n uf a ct u r e rs  of 

r a w m at e ri als  a n d 

c o m p o n e nts : 

El e ctr o ni c, 

M e c h a ni c al, 

C h e mi c al, 

Bi o c h e mi c al p arts 

 

S h o rt r e a d s yst e m  

s u p pli e rs:  

Ill u mi n a,   

 

 

N ati v e l o n g r e a d 

s yst e m s u p pli e rs:  

P a c Bi o  

Fi n al C u st o m e rs:  

B asi c r es e ar c h a n d  

tr a nsl ati o n al 

c ust o m ers, cli ni c al 

c ust o m ers, c o ns u m er 

g e n o mi cs c ust o m ers, 

a gri g e n o mi cs 

c ust o m ers a n d 

bi o p h ar m a c ust o m ers  
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2 6 6.  W h e n a pr o c ur e m e nt f all s wit hi n t h e s c o p e of t h e P C R, t h e c o ntr a cti n g a ut h orit y m ust 
e ns ur e t h at t h e pr o c ess is r u n i n a c c or d a n c e  wit h t h e pri n ci pl es, a n d f oll o w s o n e of t h e 
pr o c e d ur es, s et o ut i n t h e P C R. T his m e a ns t h at t h e a ut h orit y m ust s et o ut cl e arl y its 
r e q uir e m e nts a n d t h e crit eri a a g ai nst w hi c h a w ar d s ar e m a d e. T h e P C R als o i m p os es a 
n u m b er of tr a ns p ar e n c y a n d p u bli c ati o n o bli g ati o n s. As a g e n er al pri n ci pl e, a n a ut h orit y 
m ust a w ar d a c o ntr a ct t o t h e " m ost e c o n o mi c all y a d v a nt a g e o us t e n d er " ( " M E A T ") ( als o 
r ef err e d t o as " b est v al u e f or m o n e y"). 3 1 1   

2 6 7.  T h er e  ar e  t hr e e  r el e v a nt  t y p es  of  c o m p etiti v e  t e n d er  pr o c e d ur es  us e d  t o  pr o c ur e 
se q u e n ci n g s yst e ms i n t h e U K:  

•  o p e n  p r o c e d u r es : 3 1 2  a n y  p ot e nti al  s u p pli er  c a n  p arti ci p at e.  T h e  a ut h orit y 
ass ess es all bi ds r e c ei v e d i n t h e s p e cifi e d ti m efr a m e a n d s c or es t h e m a g ai nst t h e 
pr e d et er mi n e d  a w ar d  crit eri a.  T h e  c o ntr a ct  is  a w ar d e d  t o  t h e  s u p pli er  w hi c h 
s u b mitt e d t h e M E A T;  

•  f r a m e w o r k  a g r e e m e nt s:3 1 3  a  s p e ci al  t y p e  of  c o ntr a ct  t h at  pr o vi d es  t h e 
c o ntr a cti n g  a ut h oriti es  wit h  s o m e  fl e xi bilit y  t h at  is  us u all y  t e n d er e d  t hr o u g h 
o p e n pr o c ur e m e nt. Fr a m e w or k a gr e e m e nts t y pi c all y d o n ot s p e cif y or g u ar a nt e e 
s p e cifi c  or d er  v ol u m es.  R at h er,  t h e y  o p er at e  as  a n  " u m br ell a ",  u n d er  w hi c h 
c o ntr a cti n g  a ut h oriti es  pl a c e  or d ers  usi n g  “ c all -off  c o ntr a cts ”.  T h es e  c all -off 
c o ntr a cts ar e n ot s u bj e ct t o s e p ar at e t e n d er pr o c ess es.  

A ut h oriti es c a n us e fr a m e w or k a gr e e m e nts i n diff er e nt w a ys. O n e a ut h orit y c a n 
e nt er i nt o a fr a m e w or k a gr e e m e nt, a n d t h e n iss u e c all -off c o ntr a cts t o m e et its 
o w n n e e ds. Alt er n ati v el y, a n a ut h orit y c a n e nt er i nt o a fr a m e w or k a gr e e m e nt 
t h at e n a bl es ot h er a ut h oriti es t o e nt er i nt o c all-off c o ntr a cts. F or e x a m pl e, P u bli c 
H e alt h E n gl a n d m a y e nt er i nt o a fr a m e w or k a gr e e m e nt t h at e n a bl es ot h er N H S 
or g a nis ati o ns ( e. g. , h os pit al tr usts) t o e nt er i nt o c all-off c o ntr a cts.   

A ut h oriti es c a n e nt er i nt o fr a m e w or k a gr e e m e nts wit h o n e or m or e s u p pli ers. A 
fr a m e w or k a gr e e m e nt will s et o ut t h e pr o c ess f or a w ar di n g c all-off c o ntr a cts, 
i. e., a c o ntr a cti n g a ut h orit y c a n ( a) dir e ctl y a w ar d a c all-off c o ntr a ct t o a s p e cifi c 
s u p pli er a n d/ or ( b) w h er e t h er e ar e s e v er al s u p pli ers u n d er t h e fr a m e w or k, r u n 
a n ot h er c o m p etiti o n a m o n g s u p p li ers ( als o k n o w n as " mi ni-c o m p etiti o ns ");  

 

 
3 1 1  R e g ul ati o n 6 7( 1) of t h e P C R.  
3 1 2  R e g ul ati o n 2 7 of t h e P C R.  
3 1 3  R e g ul ati o n 3 3 of t h e P C R.  
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•  b el o w  t h r es h ol d  p r o c u r e m e nt : 3 1 4  t h e  P C R  s ets  o ut  g e n er al  pri n ci pl es  f or 
pr o c ur e m e nt pr o c ess es t h at f all b el o w t h e s p e cifi e d t hr es h ol ds .3 1 5  I n  ess e n c e, 
c o ntr a cti n g  a ut h oriti es  m ust  p u blis h  o p p ort u niti es  a n d  a w ar d  n oti c es  o n 
C o ntr a cts Fi n d er. 3 1 6  G e n er al pri n ci pl es of tr a ns p ar e n c y a n d n o n -dis cri mi n ati o n 
als o a p pl y. 

2 6 8.  T h e P C R  p er mit p u bli c a ut h oriti es t o e nt er i nt o c o ntr a cts dir e ctl y wit h a c ert ai n s u p pli er 
wit h o ut r u n ni n g a f ull t e n d er pr o c ess i n c ert ai n cir c u mst a n c es ( i. e., R e g ul ati o n 3 2). T his 
a p pli es, f or e x a m pl e, w h er e o nl y o n e s u p pli er c a n s u p pl y t h e r el e v a nt pr o d u ct. F urt h er, 
a n a ut h orit y m a y als o a w ar d s u p pl y c o ntr a cts dir e ctl y t o a c ert ai n s u p pli er " w h er e t h e 
pr o d u cts  i n v ol v e d  ar e  m a n uf a ct ur e d  p ur el y  f or  t h e  p ur p os e  of  r es e ar c h, 
e x p eri m e nt ati o n, st u d y or d e v el o p m e nt ". W h er e a n a ut h orit y r eli es o n t his pr o c e d ur e, 
it m ust cl e arl y d o c u m e nt its r e as o ns f or d oi n g s o, a n d p u blis h a V E A T n oti c e  i n th e 
Offi ci al J o ur n al  of t h e E ur o p e a n U ni o n i n a c c or d a n c e wit h Dir e cti v e 2 0 0 4/ 1 8/ E C  o n 
t h e  c o or di n ati o n  of  pr o c e d ur es  f or  t h e  a w ar d  of  p u bli c  w or ks  c o ntr a cts. T h e  V E A T 
n oti c e m ust  als o  st at e  t h e  j ustifi c ati o n  f or  usi n g  t his  pr o c e d ur e.  T h e  c o ntr a cti n g 
a ut h ori t y m ust t h e n w ait t e n d a ys fr o m p u bli c ati o n of t h e n oti c e b ef or e c o n cl u di n g t h e 
c o ntr a ct, w hi c h e n a bl es c h all e n g es b y ot h er s u p pli ers w hi c h f e el t h e y c o ul d h a v e m et 
t h e c o ntr a cti n g e ntit y’s r e q uir e m e nts. 

2 6 9.  C o n cr et el y, if a n ot h er s e q u e n c er s u p pli er f e els t h at  it is u nf airl y e x cl u d e d fr o m bi d di n g 
f or a c o ntr a ct a n d h a s t h e t e c h ni c al a bilit y t o m e et t h e r e q uir e m e nts, it is e ntitl e d t o 
c h all e n g e  t h e  a w ar d.  As  a  r es ult,  e v e n  V E A T  n oti c es  ar e  t e c h ni c all y  o p e n  t o 
c o m p etiti o n.  

II. Ill u mi n a bi d di n g d at a  

2 7 0.   
 

.  

2 7 1.   
 
 

  
 

 
 

 

 
3 1 4  R e g ul ati o ns 1 0 9 -1 1 2 of t h e P C R.  
3 1 5  T h e t hr e s h ol d s diff er d e p e n di n g o n t h e t y p e of c o ntr a ct a n d t h e a ut h orit y i n v ol v e d.  F or s u p pl y c o ntr a cts t h e y 
ar e  s et  at  G B P  1 1 8, 1 3 3  (f or  c e ntr al  g o v er n m e nt,  i n cl u di n g  N H S  Tr usts)  a n d  G B P  1 8 1, 3 0 2  (f or  s u b -c e ntr al 
g o v er n m e nt).  
3 1 6  htt p s:// w w w. g o v. u k/ c o ntr a cts -fi n d er  
3 1 7   
3 1 8   



 

C as e M E/ 6 7 9 5/ 1 8 

C O N FI D E N TI A L  - C O N T AI N S B U SI N E S S S E C R E T S  

1 7 A pril 2 0 1 9 

 

9 8 
 

 
. 

2 7 2.   
 

  
 
 
 
 
 

  

2 7 3.   
  

   

    

   

2 7 4.   
  

 
 
 

 

 

 

 
3 1 9    

3 2 0   
 

 
3 2 1  

   
3 2 3  
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T a bl e 9: Ill u mi n a bi d di n g d at a  si n c e M a y 2 0 1 8  

 

 
3 2 4    
3 2 5   
3 2 6   
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3 2 7   
3 2 8  
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3 2 9   
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2 7 5.   
 
 
 

 

2 7 6.   
 
 
 

.3 3 0   
 
 

  

2 7 7.   
 
 
 

3 3 1  

I I I.  P a c Bi o bi d di n g d at a  

2 7 8.    
.   
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;3 3 2  
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3 3 0   
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3 3 1   
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.3 3 3  

•  s:  

o   
 
 

.  

2 7 9.   
3 3 4   

 
 
 
 

 

2 8 0.   
 
 

 

I n cr e as e  i n t h e m er g er p arti es’ b u y er p o w er 

1 7.  If a p pli c a bl e, f o r a n y p r o d u ct(s) (i n cl u di n g r a w m at e ri als) o r s e r vi c e(s) w hi c h t h e 
m e r g e r  p a rti es  b ot h  p u r c h as e,  p r o vi d e  d et ails  of  t h e  m e r g e r  p a rti es’  a bilit y  t o 
o bt ai n m o r e f a v o u r a bl e c o m m e r ci al c o n diti o n s f r o m s u p pli e rs as a r es ult of t his 
m e r g e r a n d t h e eff e cts , if a n y, of  s u c h i n c r e as e d a bilit y o n c o m p etiti o n at a n y l e v els 
of t h e s u p pl y c h ai n.  

2 8 1.  T h e  N otif yi n g P arti es s u b mit t h at t h e y will n ot a c q uir e si g nifi c a nt b u y er p o w er as a 
r es ult  of  t h e  Tr a ns a cti o n.  I n  p arti c ul ar,  t h eir  c o m bi n e d  s h ar e  of  pr o c ur e m e nt  i n  a n y 
p ot e nti al pr o c ur e m e nt m ar k et will b e m at eri all y l ess t h a n 2 5 %. As e x pl ai n e d b el o w, 
Ill u min a d o es n ot c urr e ntl y h a v e si g nifi c a nt  b u y er p o w er vis à vis  a n y of it s s u p pli ers, 
a n d t h e d e mi ni mis  i n cr e m e nt t h at will r es ult fr o m P a c Bi o’s p ur c h as es fr o m s o m e of 
t h es e s u p pli ers will n ot c h a n g e t his sit u ati o n.  

 

 
3 3 3  

 
 

 
3 3 4   
3 3 5  . 
3 3 6        
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I. T h e N otif yi n g P a rti es d o n ot h a v e t h e a bilit y t o i m p os e o n e r o u s t e r m s o n 
t h ei r s u p pli e rs 

2 8 2.  At pr es e nt, Ill u mi n a  
 

. M ost of Ill u min a’s s u p pli ers ar e gl o b al c o m p a ni es t h at h a v e 
a wi d e c ust o m er b as e t h at i n cl u d es c ust o m ers a cti v e n ot o nl y i n p ot e nti al s e q u e n ci n g 
s yst e m m ar k ets. Ill u mi n a esti m at es t h at its p ur c h a s es d o n ot r e pr es e nt m or e t h a n  
of t h e r e v e n u e of t h e v ast m aj ority of  its s u p pli ers, s u c h t h at it c a n n ot b e c o nsi d er e d t o 
b e a n i n dis p e ns a bl e c ust o m er f or its s u p pli ers. 3 3 7  

2 8 3.  T hi s  sit u ati o n  will  n ot  c h a n g e  p ost -Tr a ns a cti o n.  As  t h e  t a bl e  b el o w  s h o ws,  t h e 
N otif yi n g P arti es h a v e o nl y a li mit e d n u m b er of s u p pli ers i n c o m m o n  f or c ert ai n i n p uts.  

T a bl e 1 0 : N otif yi n g P a rti es’ c o m m o n s u p pli ers  

I n p ut S u p pli e r  

L as ers   

O pti cs   

Fl o w c ells/ S M R T  C ell s   

I n p ut s f or li br ar y pr e p ar ati o n kit s 
a n d c o ns u m a bl es us e d i n t h e 

s e q u e n ci n g pr o c ess  

 

 

 

 

 

 

 

 

 

 

2 8 4.  F urt h er, P a c Bi o esti m at es t h at its p ur c h as es fr o m t h es e s u p pli ers d o n ot r e pr es e nt m or e 
t h a n   of t h eir r e v e n u e.  

 
 

2 8 5.  Fi n all y, Ill u mi n a h as n eit h er t h e a bilit y n or t h e i n c e nti v e t o i m p os e o n er o us c o m m er ci al 
c o n diti o ns o n its s u p pli ers. As e x pl ai n e d i n  

 
 

 Q u alif yi n g s u p pli ers a bl e t o d o t his r e q uir es ti m e a n d 
ot h er i n v est m e nts b y Ill u mi n a. As  a r es ult, it s e e ks t o est a blis h l o n g -t er m c o m m er ci al 
r el ati o ns hi ps  wit h  its  s u p pli ers.  S u c h  r el ati o ns hi ps  c a n n ot  b e  m ai nt ai n e d  if  t h e 

 

 
3 3 7   
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p ur c h as er  w er e  t o  s e e k  t o  i m p os e  c o n diti o ns  t h at  a  s u p pli er  w o ul d  n ot  a c c e pt.  T h e 
Tr a ns a cti o n will n ot i n a n y w a y c h a n g e Ill u mi n a’ s i n c e nti v e t o est a blis h a n d m ai nt ai n 
t h es e r el ati o ns hi ps wit h its s u p pli ers. 

L oss of p ot e nti al c o m p etiti o n 

1 8.  D es c ri b e  w h et h e r a n y m e r g e r p a rt y h a s pl a n s o r  h as att e m pt e d i n t h e l ast  t h r e e 
y e a rs t o st a rt s u p pl yi n g p r o d u ct(s)/s e r vi c e(s)/ g e o g r a p hi c a r e a(s) w hi c h it d o es n ot 
c u r r e ntl y  s u p pl y  b ut  w hi c h  t h e  ot h e r  m e r g e r  p a rt y  is  al r e a d y  s u p pl yi n g  ( o r 
e x p e ct e d t o s u p pl y) . If  s o: 

( a) P r o vi d e a n y i nt e r n al  d o c u m e nts  s etti n g  o ut  pl a n s  of  a n y  m e r g e r p a rt y  t o 
e x p a n d i n t h e o v e rl a p pi n g p r o d u ct(s), s e r vi c e(s) a n d / o r g e o g r a p hi c a r e a(s) o r 
t o e nt e r a m a r k et w h e r e a n ot h e r m e r g e r p a rt y is o p e r ati n g. 

( b) E x pl ai n w h at b a r ri e rs  t o e nt r y o r e x p a n si o n e xist f o r e a c h  m e r g e r p a rt y t o 
st a rt  s u p pl yi n g p r o d u ct(s)/s e r vi c e(s)/ g e o g r a p hi c  a r e a(s)  w hi c h  it  d o es  n ot 
c u r r e ntl y s u p pl y b ut w hi c h t h e ot h e r m e r g e r p a rt y is al r e a d y s u p pl yi n g ( o r 
e x p e ct e d t o s u p pl y).  

I. Ill u mi n a’s st r o n g a n d c o nti n u e d c o m mit m e nt t o R & D  

2 8 6.  Ill u mi n a h as hist ori c all y m a d e s u bst a nti al i n v est m e nts i n R & D. T his is m oti v at e d b y 
Ill u mi n a’s  g o al  of  i n cr e asi n g  t h e  us e  of  s e q u e n ci n g  t hr o u g h  cr e ati n g  c o m p etiti v e 
off eri n gs t h at m e et n e w c ust o m er n e e ds, a n d i n cr e asi n g u pt a k e of e xisti n g a p pli c ati o ns 
b y c o nti n ui n g t o dri v e d o w n s e q u e n ci n g c osts a n d ot h er wis e. T o t his e n d, Ill u mi n a’s 
si g nifi c a nt i n v est m e nt i n R & D is a str at e g y t h at Ill u mi n a r e m ai ns c o m mitt e d t o.  

2 8 7.  I n 2 0 1 7, Ill u mi n a i n v est e d U S D  5 4 6 milli o n i n R & D, a p pr o xi m at el y 1 9. 8 % of its t ot al 
r e v e n u es  f or  t h at  y e ar. 3 3 8  T h at  i n cr e as e d  t o U S D    i n  2 0 1 8.  As  t h e  t a bl e 
b el o w  ill ustr at es,  Ill u mi n a  h as  i n v est e d  a p pr o xi m at el y    of  its  a n n u al  r e v e n u e  i n 
R & D i n e a c h of at l e ast t h e l ast si x y e ars. F urt h er, o v er t h at p eri o d, Ill u mi n a h as m or e 
t h a n d o u bl e d its R & D s p e n d i n a ct u al t er ms.  

T a bl e 1 1 : Ill u mi n a’ s R & D e x p e ns es 3 3 9  

Fi s c al y e a r  Ill u mi n a R & D e x p e ns es  ( b ot h 
s e q u e n ci n g a n d mi c r o a r r a ys) 3 4 0  

% of t ot al Ill u mi n a 
r e v e n u es  

2 0 1 8    

 

 
3 3 8   

 
 
 
 

 
3 3 9  T h e  fi g ur e s  i n  t his  t a bl e  w er e  t a k e n  fr o m  Ill u mi n a’ s  A n n u al  R e p orts,  a v ail a bl e  at 
htt p s:// w w w.ill u m i n a. c o m/ c o m p a n y/i n v e st or-i nf or m ati o n/fi n a n ci al-i nf or m ati o n/s e c-fili n g s. ht ml  
3 4 0   
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2 0 1 7  U S D  5 4 6 milli o n  1 9. 8 %  

2 0 1 6  U S D  5 0 4 milli o n  2 1. 0 %  

2 0 1 5  U S D  4 0 1 milli o n  1 8. 1 %  

2 0 1 4  U S D  3 8 8 milli o n  2 0. 8 %  

2 0 1 3  U S D  2 7 7 milli o n  1 9. 5 %    

2 8 8.  Ill u mi n a’s c o m mit m e nt t o R & D is d e m o nstr at e d b y t h e f a ct t h at it i n v ests m or e i n R & D 
t h a n a n y ot h er s e q u e n ci n g s yst e m d e v el o p er. If m e as ur e d as a p er c e nt a g e of r e v e n u e, 
Ill u mi n a  s p e n ds  m at eri all y  m or e  t h a n  its  i n d ustr y  p e ers.  T h e  pri m ar y  dri v er  of  t h e 
a d di ti o n al  R & D  s p e n d  o v er  i n d ustr y  p e ers  is  r efl e ct e d  b y  i n cr e as e d  h e a d c o u nt  as 
Ill u mi n a r e cr uits s ci e ntists, e n gi n e ers a n d ot h ers t o w or k o n R & D f or b ot h n e w pr o d u ct s 
a n d e n h a n c e m e nts t o its e xisti n g s yst e ms.  

Fi g ur e 1 7 : Ill u mi n a’ s i n n o v ati o n tr a c k r e c o r d 

 

2 8 9.  R efl e cti n g Ill u mi n a’s g o al of r e d u ci n g t h e c ost of s e q u e n ci n g, Ill u mi n a’s R & D eff orts 
h a v e  e n a bl e d  it  t o  r e p e at e dl y  r e d u c e  t h e  p er  g e n o m e  a n d  p er  G b  c ost  of  s h ort  r e a d 
s e q u e n ci n g. Ill u mi n a w a s t h e first c o m p a n y t o e n a bl e a g e n o m e t o b e s e q u e n c e d f or 
U S D 1, 0 0 0, wit h t h e l a u n c h of its Hi S e q X s yst e m i n e arl y 2 0 1 4. Pri or t o t his mil est o n e, 
t h e c ost p er g e n o m e w as a p pr o xi m at el y U S D 5, 0 0 0. T h e Hi S e q X w as a n e w pr o d u ct 
cr e at e d a n d m ar k et e d f or t h e s ol e p ur p os e of r e d u ci n g W G S c osts t o e n a bl e t h e U S D 
1, 0 0 0 g e n o m e, a n d t o sti m ul at e W G S a m o n gst us ers.  

2 9 0.  F urt h er i n n o v ati o n, i n cl u di n g t h e N o v a S e q a n n o u n c e d i n 2 0 1 7, h as e n a bl e d Ill u mi n a t o 
r e d u c e t h e c ost of s e q u e n ci n g a g e n o m e b y si g nifi c a nt a m o u nts. T o d a y, t h e c urr e nt c ost 
of  s e q u e n ci n g  a  g e n o m e  usi n g  a  N o v a S e q  s yst e m  is  

 
. F urt h er, w h e n it l a u n c h e d t h e N o v a S e q s yst e m i n 2 0 1 7, Ill u mi n a a n n o u n c e d 

its i nt e nti o n t o dri v e t h e c ost of s e q u e n ci n g a g e n o m e d o w n t o U S D  1 0 0 t hr o u g h f urt h er 
d e v el o p m e nt w or k b as e d o n t h e ar c hit e ct ur e of t h e n e wl y l a u n c h e d N o v a S e q s yst e m. 
Ill u mi n a vi e ws l o w eri n g s e q u e n ci n g c osts as ess e nti al t o e x p a n di n g t h e utilit y a n d us es 
of s e q u e n ci n g.  
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Fi g ur e 1 8 : E v ol uti o n of c o st p er g e n o m e 

 

2 9 1.  T h e p ot e nti al  s e q u e n ci n g  m ar k ets  ar e  n as c e nt,  i m pl yi n g  t h at  t h er e  is  a  gr e at  d e al  of 
gr o wt h o p p ort u nit y r e m ai ni n g. F or i nst a n c e, as of t o d a y, l ess t h a n 0. 0 1 % of s p e ci es a n d 
l ess t h a n 0. 0 2 % of h u m a n g e n o m es h a v e b e e n s e q u e n c e d, l ess t h a n 1 % of v ari a nts i n 
t h e hu m a n g e n o m e h a v e b e e n f ull y c h ar a ct eris e d, a n d t h e u n d erst a n di n g of c o m pl e x 
str u ct ur e f e at ur es of t h e h u m a n g e n o m e is at its b e gi n ni n g. T h er ef or e, t o c o nti n u e t o 
i n cr e as e d e m a n d, Ill u mi n a b eli e v es t h at it n e e ds t o c o nti n u e t o i n n o v at e b e c a us e t his 
will l e a d t o b ot h i n cr e as e d d e m a n d f or e xisti n g a p pli c ati o ns a n d t h e cr e ati o n of n e w 
a p pli c ati o ns.   

2 9 2.  T h e  i m p ort a n c e  of  i n n o v ati o n  t o  m e et  i n cr e asi n g  e x p e ct ati o ns  of  c ust o m ers  a n d 
c o nti n u e t o dri v e d o w n c osts is r efl e ct e d i n t h e r a pi d t e c h n ol o gi c al d e v el o p m e nt i n t h e 
s e q u e n ci n g  s e ct or  a n d  fr e q u e nt  i ntr o d u cti o n  of  n e w  t e c h n ol o gi es  ( a n d  pr o d u cts  a n d 
s er vi c es usi n g t h os e t e c h n ol o gi es).  

2 9 3.  Ill u mi n a  b eli e v es  t h at  its  c o nti n u e d  gr o wt h  a n d  s u c c ess  i n  s e q u e n ci n g  is  h e a vil y 
d e p e n d e nt o n d e v el o pi n g a n d c o m m er ci alisi n g n e w t e c h n o l o gi es, s yst e ms a n d s er vi c es, 
a n d  e n h a n ci n g  its  e xisti n g  t e c h n ol o gi es,  s yst e m s  a n d  s er vi c es,  i n  or d er  t o  a d dr ess 
e v ol vi n g m ar k et r e q uir e m e nts a n d t o c at al ys e y et u n k n o w n or e m er g e nt m ar k et n e e ds, 
o n a ti m el y b asis. If Ill u mi n a f ails t o i n n o v at e or a d e q u at el y i n v est i n n e w t e c h n ol o gi es, 
its pr o d u cts a n d s er vi c es m a y n ot b e attr a cti v e i n t h e li g ht of e v ol vi n g c ust o m er n e e ds 
a n d c o m p etiti v e off eri n gs.   

2 9 4.  T h es e str at e gi es dri v e Ill u mi n a’s si g nifi c a nt a n d v ari e d i n v est m e nts i n R & D. It i n v ests 
t o  d e v el o p  n e w  s yst e ms  (e. g. ,  i n cr e asi n g  e as e  of  us e,  i n cr e asi n g  t hr o u g h p ut  a n d 
d e cr e asi n g  t ur n ar o u n d  ti m e)  a n d  t o  e n h a n c e  a n d  i m pr o v e  its  e xisti n g  s yst e ms  ( e. g. , 
i n cr e asi n g t hr o u g h p ut a n d i n cr e asi n g r eli a bilit y). Ill u mi n a als o i n v ests t o d eli v er f ast er, 
si m pl er,  a n d  l o w er -c os t  w or kfl o ws.  Fi n all y,  Ill u mi n a  als o  m a k es  si g nifi c a nt 
i n v est m e nts  i n  bi oi nf or m ati cs  a n d  a n al yti cs  s oft w ar e,  i n cl u di n g  its  cl o u d  c o m p uti n g 
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e n vir o n m e nt f or a n al ysi n g s e q u e n ci n g d at a, B as e S p a c e. I n 2 0 1 8, Ill u mi n a al s o a c q uir e d 
E di c o G e n o m e I n c.  ( “ E di c o ”), a pr o vi d er of d at a a n al ysis a c c el er ati o n s ol uti o ns. 3 4 1   

2 9 5.  Ill u mi n a h as f a ciliti es ar o u n d t h e w orl d t h at e n g a g e i n R & D, i. e., i n C a m bri d g e ( U K); 
S a n  Di e g o,  C alif or ni a  ( U. S.);  S a n  Fr a n cis c o  B a y  Ar e a,  C alif or ni a  ( U. S.);  M a dis o n, 
Wis c o nsi n ( U. S.); a n d Si n g a p or e. I n e arl y 2 0 1 7, Ill u mi n a o p e n e d a n e w 2 7, 0 0 0 s q u ar e -
m et er  R & D  f a cilit y  i n  S a n  Di e g o. 3 4 2   

 
. 

II.  Ill u mi n a’s R & D p r o c es s  

2 9 6.  Ill u mi n a’s R & D pr o c ess is d esi g n e d t o m a xi mis e i n n o v ati o n t hr o u g h t h e effi ci e nt us e 
of  its  R & D  b u d g et.  T hi s  o bj e cti v e  is  a c hi e v e d  b ot h  or g a nis ati o n all y  a n d  t hr o u g h  a 
p h as e d R & D pr o c ess t o s el e ct f or t h e m ost c o m m er ci all y vi a bl e pr o d u cts.  

2 9 7.   
 

  

2 9 8.   
 
 

 
 

 

  
 
 
 
 

  

  
 

 

 
3 4 1  htt p s:// w w w.ill u mi n a. c o m/ c o m p a n y/ n e ws -c e nt er/ pr es s -r el e as es/ 2 0 1 8/ 2 3 4 9 1 4 7. ht ml;  

 
 
 
 
 

   
 

  
3 4 2  htt p s:// w w w. bi o s p a c e. c o m/ arti cl e/ b o o mi n g -ill u mi n a-e x p a n d s -wit h - a-s p a n ki n g -n e w -b uil di n g -i n-s a n-di e g o -
hiri n g -m or e -t h a n-1 0 0 -/  

https://www.biospace.com/article/booming-illumina-expands-with-a-spanking-new-building-in-san-diego-hiring-more-than-100-/
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2 9 9.   
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•   
 

 

•   
 

 

•   
 
 

 

•   
  

•  
 

 

III.  Il l u mi n a’s s e q u e n ci n g R & D p r o g r a ms  

3 0 0.  T h e   Tr a ns a cti o n  will  n ot  r e d u c e  Ill u mi n a’s  i n c e nti v es  t o  p urs u e  its  e xisti n g  R & D 
pr o gr a ms.  
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3 0 1.   
 
 
 
 
 
 
 
 

A.   

3 0 2.   
 
 
 

 

i.  

3 0 3.   
 
 
 
 
 
 
 
 

ii.  

3 0 4.   
 
 
 
 
 
 
 

 

 
3 4 3   
3 4 4 . 
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iii.  
 

3 0 5.   
 
 
 

 

3 0 6.   
 
 
 
 

3 0 7.   
 
 
 
 
 
 
 
 

  

3 0 8.   
 

  
 
 
 
 

  

 

 
3 4 5   

. 
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3 0 9.   
 

 

B.   

3 1 0.   
 
 
 
 

 

  

  

  

  

  

  

  

3 1 1.   
 
 

  

3 1 2.   
 

  

   

  

  
  

3 1 3.   
 

 

 
3 4 6  
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•   
 
 
 
 
 
 

•   
  

3 1 4.   
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3 1 5.   
  

C.  Ill u mi n a h as n o i n c e nti v e t o dis c o nti n u e or d el a y its R & D pr o gr a ms 

3 1 6.   
 

.  

3 1 7.   
 
 
 

 

3 1 8.   
 
 
 
 
 
 
 
 
 

.  

3 1 9.   
 
 

3 4 7  

3 2 0.   
 

 

 
3 4 7  . 
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V erti c al eff e cts  

1 9.  If  t h e  m e r g e r  p a rti es  a r e  a cti v e  i n  “ r el at e d ”  m a r k ets  ( e. g.  p r o d u ct s  t h at  a r e 
c o m pl e m e nt a r y o r t h at b el o n g t o a r a n g e of p r o d u cts g e n e r all y p u r c h as e d b y t h e 
s a m e s et of c u st o m e rs) a n d t h ei r i n di vi d u al s h a r e i n a n y s u c h r el at e d C a n di d at e 
M a r k et  e x c e e d s  3 0 %,  d es c ri b e  t h e  i m p a ct  of  t h e  m e r g e r  o n  t h e  a bilit y  a n d 
i n c e nti v e  of  t h e  m e r g e d  e ntit y  t o  f o r e cl os e  ri v als  (i n cl u di n g  p a rti al  a n d/ o r  f ull 
f o r e cl os u r e) p ost-t r a n s a cti o n, eit h e r b y li miti n g t h e s u p pl y of i n p uts o r a c c ess t o 
c u st o m e rs.  

3 2 1.  T h e  N otif yi n g P arti es d o n ot o p er at e at di ff er e nt l e v els of t h e s a m e s u p pl y c h ai n, a n d 
n eit h er of t h e m c urr e ntl y s u p pli es a n y i n p ut t o t h e ot h er. F oll o wi n g t h e Tr a ns a cti o n, 
t h er e is o nl y o n e f or es e e n i n p ut pr o d u c e d usi n g P a c Bi o s yst e ms t h at c o ul d b e us e d b y 
Ill u mi n a:  s e q u e n ci n g  d at a,  i n cl u di n g str u ct ur al  i nf or m ati o n ,  h a pl ot y p e  p h asi n g  a n d 
p ot e nti all y  e pi g e n eti c  i nf or m ati o n , w hi c h  is  i n  m a n y  c as es,  p u blis h e d  t o  e xt er n al, 
p u bli cl y a c c essi bl e r e p osit ori es b y P a c Bi o a n d/ or its c ust o m ers a n d c oll a b or at ors. 

I. S e q u e n ci n g d at a as a n i n p ut f o r bi oi nf o r m ati cs  

3 2 2.  B i oi nf or m ati cs ar e i m p ort a nt t o ols us e d t o a n al ys e r a w s e q u e n ci n g d at a. T h e t y pi c al 
bi oi nf or m ati cs w or kfl o w o n s e q u e n ci n g s yst e ms f oll o ws t h e f oll o wi n g m ai n st e ps: 3 4 8  

•  S e q u e n c e  g e n e r ati o n : t h e pr o c ess of i d e ntif yi n g t h e s e q u e n c e of  n u cl e oti d es 
f or e a c h of t h e fr a g m e nts of t h e D N A s a m pl e s e q u e n c e d; 

•  S e q u e n c e  ali g n m e nt/ ass e m bl y :  t h e  pr o c ess  of  d et er mi ni n g  w h er e  e a c h  r e a d 
ali g ns wit h e a c h ot h er a n d/ or a r ef er e n c e g e n o m e ; 

•  V a ri a nt  c alli n g :  t h e  pr o c ess  of  i d e ntif yi n g  v ari a nts  b et w e e n  t h e  r ef er e n c e 
g e n o m e a n d t h e s a m pl e s e q u e n c e d ; 

•  V a ri a nt filt e ri n g : t h e pr o c ess b y w hi c h f als e-p ositi v e v ari a nts ar e fl a g g e d or 
filt er e d; 

•  V a ri a nt  a n n ot ati o n :  q u eri es  m ulti pl e  d at a b as es  t o c h ar a ct eri s e  e a c h  c all e d 
v ari a nt  wit h  a  s et  of  m et a d at a,  s u c h  as  v ari a nt  l o c ati o n,  pr e di ct e d  c D N A  a n d 
a mi n o a ci d s e q u e n c e, mi n or all el e fr e q u e n ci es , et c .  

3 2 3.  S u p pli ers of s e q u e n ci n g s yst e ms us e s e q u e n ci n g d at a t o i m pr o v e t h e al g orit h ms us e d 
b y  t h eir  bi oi nf or m ati cs  t o ols  i n  or d er  t o  i m pr o v e  t h e  a n al ysis.  T his  d at a  (i n cl u di n g 
P a c Bi o’s  d at a)  c a n  e n a bl e  m or e  a c c ur at e  a n d  c o m pl et e  i d e ntifi c ati o n  of  v ari a nts. 
H o w e v er, it d o es  n ot o b vi at e t h e n e e d, i n m a n y c a s es, t o c arr y o ut f urt h er i nt er pr eti v e 
a n al ys es  t o  u n d erst a n d  t h e  si g nifi c a n c e  or  a cti o n a bilit y  of  v ari a nts,  i n cl u di n g 
i d e ntif yi n g t h e dis e as es, if a n y, t h at i d e ntifi e d v ari a nts c a us e.  

 

 
3 4 8  htt p s:// w w w. n c bi. nl m. ni h. g o v/ p u b m e d/ 2 9 1 5 4 8 5 3  p. 5  

https://www.ncbi.nlm.nih.gov/pubmed/29154853
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3 2 4.   
: 

•  ; 

•   
 

; 

•   
 
 
 
 
 

  
 
 
 

 

3 2 5.   
 

; 

3 2 6.   
 
 
 
 

. 

II. A b s e n c e of i n p ut f o r e cl os u r e c o n c e r n s  

3 2 7.  T h e  Tr a ns a cti o n  d o es  n ot  r ais e  a n y  c o n c er n  r el at e d  t o  p ossi bl e  r e d u c e d  a c c ess  t o 
P a c Bi o’s s e q u e n ci n g d at a.  

A.  T h e pr a cti c e r e g ar di n g d at a as a n i n p ut  

3 2 8.  As  t h e  e xisti n g  d e cisi o n al  pr a cti c e  of  t h e  C o m missi o n  r e g ar di n g  d at a -r el at e d 
tr a ns a cti o ns m a k es cl e ar, f or e cl os ur e c o n c er ns ari s e if t h e d at a c o n c er n e d is u ni q u e or 
n o n- r e pli c a bl e, s u c h t h at it c a n n ot b e o bt ai n e d b y c o m p etit ors t hr o u g h ot h er m e a ns. 3 5 0  

 

 
3 4 9  htt p s:// w w w.ill u mi n a. c o m/ pr o d u cts/ b y -t y p e/i nf or m ati cs-pr o d u cts/ b as es p a c e -s e q u e n c e -h u b/ a p p s. ht ml   
3 5 0  C o m mi ssi o n, D e ci si o n of 6 S e pt e m b er 2 0 1 8 i n C as e C O M P/ M. 8 7 8 8 A p pl e/ S h a z a m , p ar as. 3 1 6-3 1 9 a n d 3 2 4; 
C o m mis si o n, D e cisi o n of 3 O ct o b er 2 0 1 4 i n c as e C O M P/ M. 7 2 1 7 F a c e b o o k/ W h ats A p p , p ar a. 1 8 9; C o m mi ssi o n, 
D e cisi o n of 6 D e c e m b er 2 0 1 6 i n C a s e C O M P/ M. 8 1 2 4 Mi cr o s oft/ Li n k e dI n , p ar as. 2 6 2-2 6 4 a n d 2 7 6; C o m mis si o n, 
D e cisi o n of 1 1 M ar c h 2 0 0 8 i n C as e C O M P/ M. 4 7 3 1 G o o gl e/ D o u bl e Cli c k , p ar a. 2 6 9. 

https://www.illumina.com/products/by-type/informatics-products/basespace-sequence-hub/apps.html
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F or  e x a m pl e,  i n F a c e b o o k/ W h ats A p p ,  t h e  C o m missi o n  e x a mi n e d  w h et h er  t h e 
tr a ns a cti o n w o ul d m at eri all y str e n gt h e n F a c e b o o k's p ositi o n i n t h e pr o visi o n of o nli n e 
a d v ertisi n g s er vi c es as a r es ult of a c c ess t o d at a c oll e ct e d fr o m W h ats A p p us ers. 3 5 1  T h e 
C o m mi ssi o n n ot e d t h at W h ats A p p di d n ot c oll e ct us e r d at a at t h e ti m e a n d t h at, e v e n if 
t his c h a n g e d p ost-tr a ns a cti o n, t h er e w o ul d r e m ai n a l ar g e a m o u nt of v al u a bl e us er d at a 
c oll e ct e d  b y  c o m p etit ors  t h at  w o ul d  n ot  b e  u n d er  F a c e b o o k’s  c o ntr ol. 3 5 2  T h e 
C o m mi ssi o n  c o n cl u d e d  t h at  p ot e nti al  a c c ess  t o  W h ats A p p  us er  d at a  w o ul d  n ot 
m at eri all y str e n gt h e n F a c e b o o k’s p ositi o n o n t h e m ar k et f or o nli n e a d v erti si n g. 

3 2 9.  I n Mi cr os oft/ Li n k e dI n , t h e C o m missi o n c o nsi d er e d w h et h er Mi cr os oft c o ul d f or e cl os e 
its c o m p etit ors o n t h e m ar k et f or c ust o m er r el ati o ns hi p m a n a g e m e nt ( C R M) s oft w ar e 
b y r ef usi n g t o gr a nt t h e m a c c ess t o Li n k e dI n’s f ull d at a. 3 5 3  T h e C o m mi ssi o n o bs er v e d 
t h at, at t h e ti m e of t h e tr a ns a cti o n,  Li n k e dI n di d n ot off er  a c c ess t o its d at a t o t hir d 
p arti es, 3 5 4  a n d n ot e d t h at, t o t h e e xt e nt t h at Mi cr os oft c o ul d us e Li n k e dI n’s f u ll d at a t o 
i m pr o v e  its  C R M  s oft w ar e,  t h e  tr a ns a cti o n  w o ul d  b e  pr o-c o m p etiti v e,  a s  it  w o ul d 
pr o vi d e c ust o m ers wit h i m pr o v e d pr o d u cts. 3 5 5  T h e C o m mi ssi o n f urt h er o bs er v e d t h at 
Li n k e dI n’s d at a w as n ot e ss e nti al s u c h t h at, e v e n if Mi cr os oft d e ci d e d t o us e Li n k e dI n’s 
f ull d at a a n d r ef us e d  a c c ess t o its c o m p etit ors, t h er e w o ul d r e m ai n m a n y  alt er n ati v e 
s o ur c es of d at a f or C R M s oft w ar e s u p pli ers. 3 5 6  T h e C o m mi ssi o n t h er ef or e r ul e d o ut 
a n y f or e cl os ur e c o n c er ns.  

B.  P a c Bi o’s s e q u e n ci n g d at a is n ot u ni q u e or n o n- r e pli c a bl e 

3 3 0.  T h e Tr a ns a cti o n als o d o e s n ot r ais e f or e cl os ur e c o n c er ns, as P a c Bi o’s n ati v e l o n g r e a d 
s e q u e n ci n g  d at a,  i n cl u di n g  its  li br ar y  of  r ef er e n c e  g e n o m es,  is  n ot  u ni q u e  or  n o n -
r e pli c a bl e. T h er e ar e m a n y ot h er s o ur c es of n ati v e l o n g r e a d s e q u e n ci n g d at a a v ail a bl e 
t o  Ill u mi n a’s  c o m p etit or s,  i n cl u di n g  n ati v e  l o n g  r e a d  s e q u e n ci n g  d at a  g e n er at e d  b y 
us ers of n ati v e l o n g r e a d s yst e ms  

 
.  

3 3 1.  First, n ati v e l o n g r e a d s e q u e n ci n g d at a is i n t h e v ast m aj orit y of c as es pr o d u c e d b y us ers 
of n ati v e l o n g r e a d s yst e ms . T h os e us ers ar e t h e 
o w n ers of t h at d at a a n d a s u bst a nti al p art of t h e m m a k e t h at  d at a p u bli cl y  a v ail a bl e. 
M a n y  r es e ar c h  or g a nis ati o ns  u pl o a d  t h eir  s e q u e n ci n g  d at a  t o  p u bli cl y  a v ail a bl e 
d at a b as es, .3 5 7  F urt h er, m ost p e er r e vi e w e d j o ur n als r e q uir e p u bli c ati o n 
of s e q u e n ci n g d at a a n d t h e U S’ N ati o n al I nstit ut es of H e alt h als o  r e q uir e t h e p u bli c ati o n 

 

 
3 5 1  C o m mis si o n, D e ci si o n of 3 O ct o b er 2 0 1 4 i n c as e C O M P/ M. 7 2 1 7 F a c e b o o k/ W h ats A p p , p ar as. 1 8 0-1 8 9.  
3 5 2  C o m mis si o n, D e ci si o n of 3 O ct o b er 2 0 1 4 i n c as e C O M P/ M. 7 2 1 7 F a c e b o o k/ W h ats A p p , p ar a. 1 8 9. 
3 5 3  C o m mis si o n, D e ci si o n of 6 D e c e m b er 2 0 1 6 i n c as e C O M P/ M. 8 1 2 4 Mi cr o s oft/ Li n k e dI n , p ar a. 2 4 6-2 4 5 . 
3 5 4  C o m mis si o n, D e ci si o n of 6 D e c e m b er 2 0 1 6 i n c as e C O M P/ M. 8 1 2 4 Mi cr o s oft/ Li n k e dI n , p ar a. 2 4 7. 
3 5 5  C o m mis si o n, D e ci si o n of 6 D e c e m b er 2 0 1 6 i n C as e C O M P/ M. 8 1 2 4 Mi cr o s oft/ Li n k e dI n , p ar a. 2 4 9. 
3 5 6  C o m missi o n, D e cisi o n of 6 D e c e m b er 2 0 1 6 i n C as e C O M P/ M. 8 1 2 4 Mi cr o s oft/ Li n k e dI n , p ar as. 2 6 2-2 6 4 a n d 
2 7 6.  
3 5 7    
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of s e q u e n ci n g d at a  g at h er e d d uri n g f e d er all y -f u n d e d pr oj e cts ( a bs e nt p ati e nt pri v a c y 
c o n c er ns).  

3 3 2.  Aft er t h e Tr a ns a cti o n, c ust o m ers w h o us e a p pli c ati o ns a v ail a bl e o n B as e S p a c e t o st or e 
a n d a n al ys e d at a pr o d u c e d wit h P a c Bi o’s s yst e ms will r e m ai n i n c o ntr ol of t h eir d at a. 
T h e y will b e fr e e t o gi v e a c c ess t o it t o Ill u mi n a a n d t hir d p art y d e v el o p ers, or n ot, a n d 
m a y als o d e ci d e w h et h er t o pr o vi d e it t o Ill u mi n a’s c o m p etit ors or m a k e it ot h er wis e 
p u bli cl y a v ail a bl e.  

3 3 3.  F urt h er,  as  e x pl ai n e d  a b o v e,  s e q u e n ci n g  d at a  c a n  b e  pr o c ur e d  b y  s u p pli ers  of 
s e q u e n ci n g  s yst e ms  i n  m a n y  w a ys,  i n cl u di n g  b y  p erf or mi n g  n ati v e  l o n g  r e a d 
s e q u e n ci n g t h e ms el v es.  

. C o m p eti n g s u p pli ers c a n als o a c q uir e 
d at a fr o m t h eir o w n c ust o m ers or fr o m r es e ar c h b o di es, as Ill u mi n a d o es t o d a y. N ati v e 
l o n g r e a d s e q u e n ci n g d at a is als o pr o d u c e d b y   a n d   c ust o m ers. T h at d at a will 
als o r e m ai n a v ail a bl e t o s h ort r e a d s ys t e ms s u p pli ers aft er t h e Tr a ns a cti o n. F urt h er, it 
i s li k el y t h at d at a g e n er at e d  

  

3 3 4.  Fi n all y ,  a c c ess  t o  P a c Bi o’s  s e q u e n ci n g  d at a  is  pr o-c o m p etiti v e,  as  it  will  e n a bl e 
Ill u mi n a a n d t hir d p art y d e v el o p ers of B as e S p a c e a p pli c ati o ns t o i m pr o v e a n d d e v el o p 
n e w bi oi nf or m ati cs a p pli c ati o ns t o t h e b e n efit of c ust o m ers. 

C o n gl o m er at e eff e cts  

2 0.  If  t h e m e r g e r  p a rti es  a r e  a cti v e  i n  “ r el at e d ”  m a r k ets  ( e. g.  p r o d u ct s  t h at  a r e 
c o m pl e m e nt a r y o r t h at b el o n g t o a r a n g e of p r o d u cts g e n e r all y p u r c h as e d b y t h e 
s a m e s et of c u st o m e rs) a n d t h ei r i n di vi d u al s h a r e i n a n y s u c h r el at e d C a n di d at e 
M a r k et  e x c e e d s  3 0 %,  d es c ri b e  t h e  i m p a ct  of  t h e  m e r g e r  o n  t h e  a bilit y  a n d 
i n c e nti v e  of  t h e  m e r g e d  e ntit y  t o  f o r e cl os e  ri v als  (i n cl u di n g  p a rti al  a n d/ o r  f ull 
f o r e cl os u r e) p ost-t r a n s a cti o n, eit h e r b y li miti n g t h e s u p pl y of i n p uts o r a c c ess t o 
c u st o m e rs.  

3 3 5.  As  dis c uss e d  i n  S e cti o n  1 3   a b o v e,  s h ort  r e a d  a n d  n ati v e  l o n g r e a d  s yst e ms  ar e 
c o m pl e m e nt ar y, as t h e y ar e us e d b y c ust o m ers eit h er f or diff er e nt a p pli c ati o ns or i n a 
c o m pl e m e nt ar y f as hi o n f or t h e s a m e a p pli c ati o ns.  
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3 3 6.  Irr es p e cti v e of t h e m ar k et s h ar es of Ill u mi n a a n d P a c Bi o, t h e Tr a ns a cti o n d o es n ot r ais e 
c o n c er ns  r e g a r di n g  c o n gl o m er at e  eff e cts  t hr o u g h  b u n dli n g  or  t yi n g  pr a cti c es i n  t h e 
p ot e nti al m ar k ets f or s h ort r e a d s yst e ms a n d n ati v e l o n g r e a d s yst e ms .3 5 8 , 3 5 9  

3 3 7.  It f oll o ws fr o m t h e C o m missi o n’s a n d t h e C M A’s d e cisi o n al pr a cti c e t h at c o n gl o m er at e 
m er g ers  ar e  us u all y  b e ni g n  or  e v e n  pr o -c o m p etiti v e  b e c a us e  t h e y  gi v e  ris e  t o 
effi ci e n ci es. 3 6 0  B u n dli n g a n d t yi n g as s u c h ar e c o m m o n pr a cti c es t h at oft e n h a v e n o 
a nti c o m p etiti v e  c o ns e q u e n c es. 3 6 1  C o m p a ni es  e n g a g e  i n  t yi n g  or  b u n dli n g  t o  pr o vi d e 
t h eir c ust o m ers wit h b ett er pr o d u cts a n d off eri n gs i n c ost-eff e cti v e w a ys. C o n c er ns o nl y 
aris e  if  s u c h  str at e gi e s  c o ul d  si g nifi c a ntl y  l ess e n  c o m p etiti o n  b y  f or e cl osi n g 
c o m p etit ors. 3 6 2  

3 3 8.  I n t h e c as e at h a n d, t h e Tr a ns a cti o n will l e a d t o c o ns u m er b e n efits a n d d o es n ot r ais e 
f or e cl os ur e c o n c er ns, gi v e n t hat:  

•  c ust o m ers w o ul d c o nti n u e t o b e a bl e t o us e  Ill u mi n a’s s yst e ms a n d P a c Bi o’s 
s yst e ms  s e p ar at el y  a n d  n ot  e x cl usi v el y  i n  c o m bi n ati o n,  a n d  

 i n or d er t o e n a bl e us ers t o e x pl oit 
t h e c o m pl e m e nt ar y n at ur e of Ill u mi n a’s s h ort r e a d s yst e ms a n d P a c Bi o’s n ati v e 
l o n g r e a d s yst e ms w o ul d n ot r es ult i n a t e c h ni c al ti e; a n d 

•  Ill u mi n a  will  h a v e  n eit h er  t h e  a bilit y  n or  i n c e nti v e  t o  f or e cl os e  c o m p etit ors 
t hr o u g h b u n dli n g. 

I. T h e N otif yi n g P a rti es will n ot e n g a g e i n t e c h ni c a l t yi n g 

3 3 9.  As dis c uss e d i n m or e d et ail i n S e cti o n 2 4  b el o w, f oll o wi n g t h e Tr a ns a cti o n,  
 

 t o e n a bl e c ust o m ers t o e x pl oit t h e c o m pl e m e nt ar y n at ur e of s h ort r e ad 
s e q u e n ci n g a n d n ati v e l o n g r e a d s e q u e n ci n g.  

 

 
3 5 8  

 
 

. 
3 5 9   

 
 
 

. 
3 6 0  C o m mis si o n, G ui d eli n es o n t h e a ss ess m e nt of n o n -h o riz o nt al m er g ers u n d er t h e C o u n cil R e g ul ati o n o n t h e 
c o ntr ol of c o n c e ntr ati o n s b et w e e n u n d ert a ki n g s , OJ C 2 6 5, 1 8. 1 0. 2 0 0 8, p ar a. 9 3; C M A, D e cisi o n of 2 6 M a y 2 0 0 9, 
T h e C o c a -C ol a C o m p a n y/ F r es h Tr a di n g Li mit e d , p ar a. 2 8; O F T, D e cisi o n of 1 0 F e br u ar y 2 0 1 0, T h e A m b a ss a d o r 
T h e atr e Gr o u p Li mit e d/ Li v e N ati o n ( V e n u es) U K Li mit e d, p ar a. 9 5.  
3 6 1  C o m mis si o n, G ui d eli n es o n t h e a ss ess m e nt of n o n -h o riz o nt al m er g ers u n d er t h e C o u n cil R e g ul ati o n o n t h e 
c o ntr ol of c o n c e ntr ati o n s b et w e e n u n d ert a ki n g s , OJ C 2 6 5, 1 8. 1 0. 2 0 0 8, p ar a. 9 3. 
3 6 2  C o m mis si o n, G ui d eli n es o n t h e a ss ess m e nt of n o n -h o riz o nt al m er g ers u n d er t h e C o u n cil R e g ul ati o n o n t h e 
c o ntr ol of c o n c e ntr ati o n s b et w e e n u n d ert a ki n g s , OJ C 2 6 5, 1 8. 1 0. 2 0 0 8, p ar a. 9 3. 
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3 4 0.   
. 

A.  E xisti n g pr a cti c e o n t e c h ni c al t yi n g  

3 4 1.  As t h e C o m missi o n’s G ui d eli n es o n t h e ass ess m e nt  of n o n -h ori z o nt al m er g ers m a k e 
cl e ar, t yi n g i n v ol v es c ust o m ers p ur c h asi n g o n e pr o d u ct (t h e t yi n g pr o d u ct), als o b ei n g 
r e q uir e d  t o  p ur c h as e  a n ot h er  pr o d u ct  (t h e  ti e d  pr o d u ct). 3 6 3  T yi n g  c a n  o c c ur 
c o ntr a ct u all y 3 6 4  or  t e c h ni c all y. T e c h ni c al  t yi n g  o c c urs  w h er e  a  t yi n g  pr o d u ct  is 
d esi g n e d i n s u c h a w a y t h at it o nl y w or ks wit h t h e ti e d pr o d u ct, a n d n ot wit h alt er n ati v es 
off er e d b y c o m p etit ors. 3 6 5  

3 4 2.  T h e  C o m missi o n  h as  m a d e  cl e ar  t h at  t e c h ni c al  t yi n g  c o ul d  c o nsist  of  eit h er  (i) 
c o m bi ni n g  t h e  m er gi n g  p arti es’  pr o d u cts  i n  a p ersist e nt  f or m 3 6 6  or  (ii)  d e gr a di n g 
i nt er o p er a bilit y  b et w e e n  t h e  m er gi n g  p arti es’  pr o d u cts  a n d  c o m p etit ors’  pr o d u cts.3 6 7  
F or e x a m pl e, i n I nt el/ M c Af e e, t h e C o m missi o n c o nsi d er e d t h at e m b e d di n g M c Af e e’s 
s e c urit y  s ol uti o ns  i nt o  I nt el’s  C P U/ c hi ps et  pl atf or ms  w o ul d  r es ult  i n  t h e  t e c h ni c al 
c o m bi n ati o n of t h es e pr o d u cts i n a ‘ p ersist e nt f or m’ a n d t h us i n a t e c h ni c al ti e. 3 6 8   

3 4 3.  I n M ar el/ S F S ,  t h e  C o m missi o n  ass ess e d  w h et h er  M ar el  a n d  S F S  c o ul d  d e gr a d e  t h e 
i nt er o p er a bilit y  b et w e e n  t h eir  pr o d u cts  f or  t h e  pr o c essi n g  of  p o ultr y  a n d  t h eir 
c o m p etit ors’ pr o d u cts. It f o u n d t h at, w hil e M ar el a n d S F S w o ul d b e a bl e t o pr o vi d e n e w 
s ol uti o ns i nt e gr ati n g t h eir pr o d u cts, t h e y w o ul d h a v e n eit h er t h e a bilit y n or t h e i n c e nti v e 
t o  r e d u c e  e xisti n g  i nt er o p er a bilit y  of  t h eir  pr o d u cts  wit h  c o m p etit ors’  pr o d u cts.3 6 9  
C ust o m ers w o ul d r e m ai n fr e e t o p ur c h as e M ar el a n d S F S pr o d u cts o n a st a n d al o n e b asis 
a n d t o us e t h e m i n c o m bi n ati o n wit h c o m p etit ors’ pr o d u cts.   

B.   
 

3 4 4.   
 
 
 

 

 
3 6 3  C o m mis si o n, G ui d eli n es o n t h e a ss ess m e nt of n o n -h o riz o nt al m er g ers u n d er t h e C o u n cil R e g ul ati o n o n t h e 
c o ntr ol of c o n c e ntr ati o n s b et w e e n u n d ert a ki n g s , OJ C 2 6 5, 1 8. 1 0. 2 0 0 8, p ar a. 9 7.  
3 6 4  C o ntr a ct u al t yi n g f or c es c u st o m er s t o b u y t h e t yi n g pr o d u ct a n d t h e ti e d pr o d u ct t o g et h er, e v e n t h o u g h t h e y 
ar e s e p ar at e a n d c a n w or k i n d e p e n d e ntl y. T his i s a ki n t o a p ur e b u n dli n g a n d it i s as s u c h dis c uss e d b el o w i n 
s e cti o n B o n b u n dli n g.  
3 6 5  C o m mis si o n, G ui d eli n es o n t h e a ss ess m e nt of n o n -h o riz o nt al m er g ers u n d er t h e C o u n cil R e g ul ati o n o n t h e 
c o ntr ol of c o n c e ntr ati o n s b et w e e n u n d ert a ki n g s , OJ C 2 6 5, 1 8. 1 0. 2 0 0 8, p ar a. 9 7.  
3 6 6  C o m mis si o n, D e ci si o n of 2 6 J a n u ar y 2 0 1 1 i n C as e C O M P/ M. 5 9 8 4 I nt el/ M c Af e e p ar as.  1 7 5 -2 2 1.  
3 6 7  C o m mi ssi o n, D e ci si o n of 2 2 M a y 2 0 1 7 i n C as e M. 8 3 1 4 B r o a d c o m/ B r o c a d e, p ar as. 1 4 8 -2 0 7; C o m mis si o n, 
D e cisi o n of 2 2 M a y 2 0 1 7 i n C as e C O M P/ M. 5 1 2 5 M a r el/ S F S , p ar as. 4 8-5 5; C o m mis si o n, D e cisi o n of 0 5 M ar c h 
2 0 0 8 i n C as e C O M P/ M. 4 7 4 7  I B M/ T el el o gi c, p ar as. 2 4 8 -2 5 6.  
3 6 8  C o m mis si o n, D e ci si o n of 2 6 J a n u ar y 2 0 1 1 i n C as e C O M P/ M. 5 9 8 4 I nt el/ M c Af e e, p ar as. 1 7 5-1 7 6.  
3 6 9  C o m mis si o n, D e ci si o n of 2 2 M a y 2 0 1 7 i n C as e C O M P/ M. 5 1 2 5 M a r el/ S F S , p ar as. 3 7 a n d 4 8-5 5.  
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3 4 5.   
 
 
 
 

•   
 

•   

•   

•   

3 4 6.   
 

 

3 4 7.   
 

  
 
 
 
 
 
 
 

3 4 8.  Fi n all y, Ill u mi n a o p er at e s a n o p e n pl atf or m m o d el. It p u blis h es its pri m er s e q u e n c es, 
w hi c h e n a bl e t hir d p arti e s t o d e v el o p li br ar y pr e p ar ati o n kits f or its s yst e ms.   

 
. Ill u mi n a als o e n a bl es t hir d p art y d e v el o p er s t o d e v el o p a n al ysis s oft w ar e f or its 

pl atf or ms,  a n d  h as  str o n g  i n c e nti v es  t o  e n c o ur a g e  as  m a n y  t hir d  p art y  pr o vi d ers  as 
 

 
3 7 0   

 
 

  
3 7 1  Pl e a s e s e e S e cti o n 2 4 b el o w.  
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p ossi bl e t o c o nti n u e t o d e v el o p a n al yti c al a n d ot h er s oft w ar e f or us ers of its s er vi c es i n 
or d er t o a c c el er at e dis c o v er y a n d br o a d e n t h e utilit y of s e q u e n ci n g i nf or m ati o n . M a n y 
c o m p a ni es c urr e ntl y off er a n al ysis s oft w ar e a n d d at a st or a g e a n d s h ari n g s ol uti o ns, a n d 
t h e wi d es pr e a d us e of cl o u d st or a g e c a p a cit y f or s e q u e n ci n g d at a will f urt h er dri v e t his 
d e v el o p m e nt. 3 7 2  T h es e s ol uti o ns c a n b e us e d a cr oss a br o a d r a n g e of s e q u e n c ers. M ost, 
if n ot all, t hir d p art y a n al ysis a n d st or a g e s ol uti o ns ar e s e q u e n ci n g pl atf or m a g n osti c, 
s u c h t h at t h e y ar e n ot o pti mis e d f or a n y p arti c ul ar s e q u e n ci n g s yst e m.  

3 4 9.  T hir d p arti es c o ul d, t h er ef or e, als o d e v el o p s ol uti o ns t o f a cilit at e t h e us e of  
  or  a n y  ot h er  t hir d  p art y’ s  s yst e ms  t o g et h er  wit h  Ill u mi n a’s s yst e ms. 3 7 3  T h e 

P arti es b eli e v e t h at, as t h e n u m b er of c ust o m ers u si n g b ot h s h ort r e a d a n d n ati v e l o n g 
r e a d s yst e ms t o g et h er gr o ws, a n i n cr e asi n g n u m b er of t hir d p arti es will b e i n c e ntivis e d 
t o d e v el o p s u c h s ol uti o ns. B e c a us e Ill u mi n a b eli e v es t h at its o p e n m o d el e n c o ur a g es 
t h e gr o wt h of s e q u e n ci n g, b ot h i n t er ms of t h e n u m b er of a p pli c ati o ns f or w hi c h it is 
us e d a n d t h e n u m b er of s a m pl es t h at ar e r u n f or e a c h a p pli c ati o n, Ill u mi n a i nt e n ds t o 
m ai nt ai n t his m o d el f oll o wi n g t h e Tr a ns a cti o n. P a c Bi o is n ot a si g nifi c a nt pr o vi d er of 
a n al yti cs  s oft w ar e,  s u c h  t h at  t h e  Tr a ns a cti o n  will  h a v e  n o  i m p a ct  o n  Ill u mi n a’s 
i n c e nti v es i n t his c o nt e xt.  

II. B u n dli n g  

3 5 0.  T h e Tr a ns a cti o n will n ot e n a bl e Ill u mi n a t o l e v er a g e its p ositi o n i n t h e p ot e nti al m ar k et 
f or s h ort r e a d s yst e ms i nt o t h e p ot e nti al m ar k et f or n ati v e l o n g r e a d s yst e ms t hr o u g h 
b u n dli n g. 

A.  E xisti n g pr a cti c e o n b u n dli n g 

3 5 1.  T h e  C M A’s  a n d  t h e  C o m missi o n’s  pr a cti c e  cl e arl y  disti n g uis h  b et w e e n:  (i)  p ur e 
b u n dli n g, w h er e b y pr o d u cts ar e o nl y s ol d j oi ntl y i n fi x e d pr o p orti o ns; 3 7 4  a n d (ii)  mi x e d 
b u n dli n g, w h er e t h e pr o d u cts ar e a v ail a bl e s e p ar at el y, b ut t h e i n di vi d u al pri c es of t h e 
pr o d u cts st a n d- al o n e is hi g h er t h a n t h e b u n dl e d pri c e. 3 7 5   

 

 
3 7 2  S u p pli er s of a n al ysis s oft w ar e i n t h e U K i n cl u d e  

 
. 

3 7 3   
 
 
 
 
 

 
3 7 4  O F T,  D e cisi o n  of  1 0  F e br u ar y  2 0 1 0, T h e  A m b a ss a d o r  T h e atr e  Gr o u p  Li mit e d/ Li v e  N ati o n  ( V e n u es)  U K 
Li mit e d, p ar a. 1 0 6. C o m mi ssi o n, D e cisi o n of 2 1 J a n u ar y 2 0 0 4 i n C as e C O M P/ M. 3 3 0 4 G E/ A m ers h a m , p ar a. 4 3. 
3 7 5  O F T, D e cisi o n of 2 9 J ul y 2 0 0 3, D e cisi o n of t h e Offi c e of F air Tr a di n g u n d er s e cti o n 4 7 r el ati n g t o d e cisi o n 
C A 9 8/ 2 0/ 2 0 0 2: all e g e d i nfri n g e m e nt of t h e C h a pt er II p r o hi biti o n b y B S k y B, p ar a. 1 6 4  ; C o m mis si o n, D e cisi o n 
of 0 1 M ar c h 2 0 1 8 i n C as e M. 8 3 9 4 E ssil o r/ L u x otti c a , p ar a. 1 9 6. 
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3 5 2.  I n ass essi n g t h e li k eli h o o d of s u c h b u n dli n g, t h e k e y iss u es ar e w h et h er: 

•  t h e m er g e d e ntit y will h a v e t h e a bilit y  t o f or e cl os e ri v als; 

•  it will h a v e t h e e c o n o mi c i n c e nti v e t o d o s o; a n d  

•  t h e eff e cts  of s u c h a str at e g y w o ul d b e t o si g nifi c a ntl y l ess e n c o m p etiti o n ( or 
si g nifi c a ntl y i m p e d e eff e cti v e c o m p etiti o n i n t h e C o m missi o n’s c as e). 3 7 6  

3 5 3.  I n r el ati o n t o t h e ass ess m e nt of t h e m er gi n g p arti e s’ e c o n o mi c i n c e nti v es, t h e f o c us of 
a c o m p etiti o n a ut h orit y’s i n v esti g ati o n is o n t h e pr ofit a bilit y of a b u n dli n g str at e g y. 3 7 7  

T h e y al s o e x a mi n e w h et h er t h e m er gi n g p arti es h a v e e n g a g e d i n b u n dli n g i n t h e p ast. 3 7 8  
F or e x a m pl e, i n G E/ A m e rs h a m , t h e C o m missi o n e x a mi n e d w h et h er t h e m er g e d e ntit y 
w o ul d h a v e t h e  e c o n o mi c i n c e nti v e t o e n g a g e i n  p ur e b u n dli n g wit h r e g ar d t o G E’s 
di a g n osti c  i m a gi n g  e q ui p m e nt  a n d  A m ers h a m’s  di a g n osti c  p h ar m a c e uti c als.  It 
c o n cl u d e d t h at s u c h a str at e g y w o ul d d e n y t h e m er g e d e ntit y si g nifi c a nt s al es as G E 
w o ul d n e e d t o f or e g o s al e s f or di a g n osti c i m a gi n g e q ui p m e nt t o us ers t h at w o ul d pr ef er 
t o us e n o n-A m ers h a m di a g n osti c p h ar m a c e uti c als. Gi v e n t his, t h er e w as n o i n c e nti v e 
t o e n g a g e i n p ur e b u n dli n g.3 7 9   

3 5 4.  I n C o c a -C ol a/ Fr es h T r a di n g , t h e O F T r e vi e w e d T h e C o c a-C ol a C o m p a n y ( T C C C)’s 
a c q uisiti o n of a mi n orit y i nt er est i n Fr es h Tr a di n g Li mit e d ( Fr es h Tr a di n g) t h at e n a bl e d 
it t o m at eri all y i nfl u e n c e t h e p oli c y of Fr es h Tr a di n g. I n its a n al ysis, t h e O F T e x a mi n e d 
w h et h er T C C C h a d t h e i n c e nti v e t o b u n dl e its pr o d u cts wit h t h os e of Fr es h Tr a di n g i n 
or d er t o f or e cl os e c o m p etit ors. T h e O F T c o nsi d er e d t h at t h e i n c e nti v e t o f or e cl os e w as 
d e p e n d e n t  o n  w h et h er  t h e  b u n dli n g  w o ul d  b e  pr ofit  e n h a n ci n g,  a n d  c o n cl u d e d  t h at 
T C C C w as u nli k el y t o h a v e a n i n c e nti v e t o e n g a g e i n s u c h b e h a vi o ur as its mi n orit y 
i nt er est  i n  Fr es h  Tr a di n g  m e a nt  t h at  it  w o ul d  o nl y  r e c ei v e  a  p orti o n  of  t h e  pr ofit 
r es ulti n g fr o m a b u n dli n g str at e g y.3 8 0  

B.  T h e N otif yi n g P arti es  h a v e  n o  i n c e nti v e  t o  f or e cl os e  c o m p etit ors  t hr o u g h 
b u n dli n g 

3 5 5.   

 Ill u mi n a’s i n c e nti v e or a bilit y t o e n g a g e i n p ur e or mi x e d b u n dli n g 
of s yst e ms will n ot c h a n g e f oll o wi n g t h e Tr a ns a cti o n. 

3 5 6.  Ill u mi n a will n ot e n g a g e i n p ur e b u n dli n g as  t his str at e g y w o ul d m ost li k el y l e a d t o 
l oss es.  

 

 
3 7 6  C M A, M e r g e r a ss es s m e nt g ui d eli n es,  p ar a. 5. 6. 6 a n d 5. 6. 1 3  ; C o m mi ssi o n, G ui d eli n es o n t h e a ss ess m e nt of 
n o n -h o riz o nt al m er g ers u n d er t h e C o u n cil R e g ul ati o n o n t h e c o ntr ol of c o n c e ntr ati o n s b et w e e n u n d ert a ki n g s , OJ 
C 2 6 5, p ar a. 9 4.  ; C o m mi ssi o n, D e cisi o n of 1 M ar c h 2 0 1 8 i n C as e M. 8 3 9 4 E ssil o r/ L u x otti c a , p ar a. 1 9 4. 
3 7 7  O F T, D e cisi o n of 2 6 M a y 2 0 0 9, C o c a -C ol a C o m p a n y/ F r es h Tr a di n g Li mit e d, p ar a. 6 2 -6 4.  
3 7 8  O F T, D e cisi o n of 2 6 M a y 2 0 0 9, C o c a - Col a C o m p a n y/ Fr es h Tr a di n g Li mit e d, p ar a. 7 0; O F T, D e cisi o n of 1 0 
F e br u ar y 2 0 1 0, T h e A m b a ss a d or T h e atr e Gr o u p Li mit e d/ Li v e N ati o n ( V e n u e s) U K Li mit e d, p ar a. 1 1 3.  
3 7 9  C o m mis si o n, D e ci si o n of 2 1 J a n u ar y 2 0 0 4 i n C as e C O M P/ M. 3 3 0 4 G E/ A m ers h a m , p ar a. 4 3. 
3 8 0  O F T, D e c isi o n of 2 6 M a y 2 0 0 9, C o c a -C ol a C o m p a n y/ F r es h Tr a di n g Li mit e d, p ar a. 6 2 -6 4.  
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3 5 7.  O n t h e ot h er h a n d, Ill u mi n a c o ul d l os e a si g nifi c a nt n u m b er of c ust o m ers if it tri e d t o 
f or c e t h e m t o b u y a P a c Bi o s yst e m usi n g a p ur e b u n dli n g str at e g y.  

 
 
 
 

  

3 5 8.  A  mi x e d  b u n dli n g  str at e g y w o ul d b e  e q u all y  i n eff e cti v e  as  
.   

 
 
 
 
 
 
 
 
 

.  

3 5 9.   
 
 
 
 

  
 
 
 
 
 
 
 

  

 

 
3 8 1  Pl e a s e  s e e htt p s:// n a n o p or et e c h. c o m/ a b o ut -us/ n e ws/ n e w -r 1 0-n a n o p or e -r el e as e d-e arl y -a c c e ss .   

 
. 
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E nt r y or e x p a n si o n 

2 1.  W h e r e  n otif yi n g  p a rti es  w o ul d  li k e  t h e  C M A  t o  c o n si d e r  w h et h e r  o r  n ot  t h e 
m e r g e d  e ntit y  will  b e  s u bj e ct  t o  c o n st r ai nts f r o m  p ot e nti al  e nt r y  o r  e x p a n si o n, 
p r o vi d e a d es c ri pti o n of t h e  b a r ri e rs t o e nt r y a n d e x p a n si o n wit h r es p e ct t o t h e 
C a n di d at e M a r k et(s).  

3 6 0.  T h e N otif yi n g P arti es  s u b mit  t h at  t h er e  ar e  n o  si g nifi c a nt  b arri ers  t o  e ntr y  t o  ( or 
e x p a nsi o n i n) t h e p ot e nti al m ar k ets  f or eit h er s h ort r e a d or n ati v e l o n g r e a d s yst e ms, 
r es p e cti v el y.  A  n u m b er  of  c o m p a ni es  h a v e  e nt er e d  t h es e  p ot e nti al  m ar k ets  i n  r e c e nt 
y e ars, a n d s e v er al ot h ers ar e e x p e ct e d t o e nt er i n t h e s h ort -t er m.3 8 2  

3 6 1.  Ill u mi n a esti m at es t h at it t a k es b et w e e n , a n d o n a v er a g e  o v er   
, t o i n v e nt, r es e ar c h, d e v el o p a n d c o m m er ci alis e a n e w s e q u e n ci n g t e c h n ol o g y, 

a n d  a n ot h er   t o  a c hi e v e  s c al e d  c o m m er ci alis ati o n.  O n  l a u n c h, 
i n n o v ati v e  s e q u e n ci n g  t e c h n ol o gi es  c a n  r a pi dl y  g ai n  wi d e  a d o pti o n  a n d  e x p a n d 
si g nifi c a ntl y, .3 8 3  T h e ti m e r e q uir e d t o i n v e nt, 
r es e ar c h,  d e v el o p  a n d  c o m m er ci alis e  a  s e q u e n ci n g  t e c h n ol o g y  d e p e n ds  o n  m a n y 
f a ct ors, i n cl u di n g a c o m p a n y’ s a v ail a bl e fi n a n ci al a n d h u m a n r es o ur c es, a n d a bilit y t o 
i n n o v at e.  H o w e v er,  t h e  t a bl e  b el o w  ill ustr at es  t h at  t h e  ti m e  r e q uir e d  h as  n ot 
si g nifi c a ntl y diff er e d t o d at e d e p e n di n g o n w h et h er t h e r el e v a nt s e q u e n ci n g t e c h n ol o g y 
is s h ort r e a d or n ati v e l o n g r e a d. 

 

 
3 8 2  Pl e a s e s e e S e cti o n 2 2 b el o w.  
3 8 3   
3 8 4   

 
. 

3 8 5   
 
 

3 8 6   
 

 
3 8 7  

. 
3 8 8  
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3 6 2.  Ill u mi n a esti m at es t h at t h e i n v e nti o n, r es e ar c h, d e v el o p m e nt a n d c o m m er ci alis ati o n of 
a  n e w  s e q u e n ci n g  t e c h n ol o g y  w o ul d  c ost  a  n e w  e ntr a nt  

.3 9 5  Ill u mi n a  esti m at es  t h at  t h es e  c osts  c o ul d  b e  l o w er  f or  a  c o m p a n y  w hi c h 
alr e a d y h as a s e q u e n ci n g t e c h n ol o g y b e c a us e m u c h l ess i n v est m e nt w o ul d b e n e e d e d 
i n, a m o n g ot h er t hi n gs, a d v ertisi n g a n d pr o d u ct-s u p p ort s er vi c es.  T h e c ost of i n v e nti n g, 
r es e ar c hi n g,  d e v el o pi n g  a n d  c o m m er ci alisi n g  a  s e q u e n ci n g  t e c h n ol o g y  d e p e n ds  o n 
m a n y f a ct ors, i n cl u di n g t h e a nti ci p at e d s e q u e n ci n g c h e mistr y, t h e t y p e of s e q u e n ci n g 
s yst e m  ( e. g. ,  b e n c ht o p  vs  pr o d u cti o n-s c al e),  a n d  t h e  s yst e m’s  e n vis a g e d  attri b ut es. 
H o w e v er, t h es e c osts ar e n ot dri v e n b y w h et h er t h e a nti ci p at e d t e c h n ol o g y is s h ort r e a d 
or  n ati v e  l o n g  r e a d.  

 
 
 
 
 

 

 

 
3 8 9  

3 9 0   
 

3 9 1  
3 9 2   

 
3 9 3  

 
3 9 4   
3 9 5   

 
 
 

  
3 9 6   
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3 6 3.  W hil e  r es e ar c hi n g ,  d e v el o pi n g  a n d  c o m m er ci alisi n g  a  n e w  s e q u e n ci n g  t e c h n ol o g y 
r e q uir es  si g nifi c a nt  i n v est m e nt,  a  l ar g e  n u m b er  of  c o m p a ni es  h a v e  m a d e  t h at 
i n v est m e nt,  a n d  d u e  t o  t h e  gr o wt h  a n d  e x p a nsi o n  of  t h e  s e q u e n ci n g  m ar k ets,  n e w 
e ntr a nts  ar e  a bl e  t o  fi n d  willi n g  i n v est ors.  S e q u e n ci n g  c o m p a ni es  h a v e  attr a ct e d 
s u bst a nti al i n v est m e nts fr o m a n g el i n v est ors, i n v est m e nt fir ms, v e nt ur e c a pit alists, a n d 
l ar g e lif e s ci e n c e c o m p a ni es. F or e x a m pl e: 

•   
3 9 7  

•   
;3 9 8  

•   
 

4 0 0  

•   

•   
 

•   
 a n d  

•   
 

3 6 4.  T h e N otif yi n g P arti es b eli e v e t h es e i n v est m e nt a cti viti es r efl e ct t h e f a ct t h at t h er e is 
si g nifi c a nt  p ot e nti al  f or  br o a d er  us e  of  s e q u e n ci n g  t e c h n ol o g y.  As  dis c uss e d  i n 
S e cti o n  1 8,  a b o v e,  t h e  p ot e nti al  s e q u e n ci n g  m ar k ets  ar e  n as c e nt, wit h  a  si g nifi c a nt 
gr o wt h o p p ort u nit y r e m ai ni n g.  F or i nst a n c e, as of t o d a y, l ess t h a n 0. 0 1 % of s p e ci es a n d 
l ess t h a n 0. 0 2 % of h u m a n g e n o m es h a v e b e e n s e q u e n c e d, l ess t h a n 1 % of v ari a nts i n 
t h e h u m a n g e n o m e h a v e b e e n f ull y c h ar a ct eris e d, a n d t h e u n d erst a n di n g of c o m pl e x 
str u ct ur al  f e at ur es  of  t h e  h u m a n  g e n o m e  is  at  its  b e gi n ni n g.  S e q u e n ci n g  h as  t h e 
p ot e nti al t o b e a p art of e v er y d a y lif e, f or i nst a n c e, w h er e e v er y t u m or is s e q u e n c e d t o 

 

 
3 9 7  .  
3 9 8  

 
3 9 9    
4 0 0  

4 0 1   
4 0 2   
4 0 3    
4 0 4    
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h el p wit h di a g n o sis a n d t h er a p y s el e cti o n, g e n eti c dis e as es ar e di a g n os e d b ef or e birt h, 
a n d k n o wi n g y o ur D N A s e q u e n c e b e c o m es a n i nt e gr al p art of u n d erst a n di n g p ers o n al 
h e alt h a n d p ers o n alis e d m e di ci n e.  

3 6 5.  T h er e ar e n o si g nifi c a nt t ariff or n o n -t ariff b arri ers t o i m p orts of s e q u e n ci n g s yst e ms 
fr o m o utsi d e t h e E E A. I n a d diti o n, tr a ns p ort ati o n c osts ar e n ot si g nifi c a nt. T h er e ar e 
als o n o b arri ers pr e v e nti n g c o m p a ni es fr o m h a vi n g a c c ess t o r a w m at eri als.  

3 6 6.  Br a n d  i m a g e  is  n ot  a n  i m p ort a nt  c o m p etiti v e  diff er e nti at or,  as  t h e  m aj ori t y  of 
s e q u e n ci n g s yst e m s u p pli ers h a v e p ositi v e r e p ut ati o ns. R e p ut ati o n is pri m aril y dri v e n 
b y off eri n g a t e c h n ol o g y t h at m e ets c ust o m ers’ n e e ds, i n cl u di n g b y pr o d u ci n g r es ults 
t h at c a n b e r eli e d o n. 

3 6 7.  As e x pl ai n e d i n S e cti o n 1 5 a b o v e,  i n t h e U K, Ill u mi n a c urr e ntl y c o m p et es  
 o n t h e p ot e nti al m ar k et f or t h e s u p pl y of s h ort r e a d s yst e ms, a n d 

P a c Bi o c o m p et es wit h   o n t h e p ot e nti al m ar k et f or t h e s u p pl y of n ati v e l o n g r e a d 
s yst e ms.  

 
 

. T o  t h e  b est of  Ill u mi n a’s 
k n o wl e d g e, all s e q u e n ci n g s yst e m pr o vi d ers h ol d i nt ell e ct u al pr o p ert y cl ai mi n g c ert ai n 
as p e cts of t h eir s e q u e n ci n g t e c h n ol o g y.  

 
.4 0 5 , 4 0 6  

3 6 8.  T h e N otif yi n g P arti es als o b eli e v e t h at s wit c hi n g c osts ar e n ot si g nifi c a nt. S e q u e n ci n g 
pl atf or ms fr o m v ari o us m a n uf a ct ur ers c a n b e i nst all e d i nt o t h e s a m e l a b or pr o d u cti o n 
s etti n g,  as  n o n e  r e q uir e  c ust o mis e d  f a ciliti es.  As  e x pl ai n e d  b el o w,  s yst e m   s u p pli ers 
r el e as e n e w s yst e ms q uit e fr e q u e ntl y, a n d attr a ct c ust o m ers, s u g g esti n g t h at c ust o m ers 
ar e a bl e a n d willi n g t o s wit c h s u p pli er(s) if a s yst e m b ett er m e ets t h eir r e q uir e m e nts.  

3 6 9.  F urt h er,  s u p pli ers  h a v e  m a d e  a n d  c o nti n u e  t o  m a k e  s u bst a nti al  i n v est m e nts  i n 
si m plif yi n g  t h eir  w or kfl o ws,  t h er e b y  r e d u ci n g  t h e  ti m e  r e q uir e d  t o  r etr ai n  t h e 
t e c h ni ci a ns  r u n ni n g  s e q u e n c ers.  S u c h  si m plifi c ati o n  is  a  c o m p etiti v e  attri b ut e  t h at 
f a cilit at es  u pt a k e.  A d diti o n all y,  e m er g e n c e  of  n u m er o us  li br ar y  pr e p ar ati o n,  d at a 
m a n a g e m e nt  a n d  d at a  a n al ysis/ bi oi nf or m ati cs  c o m p a ni es  h a v e  si m plifi e d  a n d 
st a n d ar dis e d w or kfl o ws f or m ost a p pli c ati o ns. U nli k e a d e c a d e a g o w h e n us ers h a d t o 
c o n c ei v e a n d d e v el o p t h eir o w n li br ar y pr e p ar ati o n a n d bi oi nf or m ati cs s ol uti o ns, t o d a y 
us ers  c a n  si m pl y  p ur c h as e  off -t h e-s h elf  li br ar y  pr e p ar ati o n  kits  a n d 

 

 
4 0 5   

 
 
 
 
 

 
4 0 6   
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a n al ysi s/ bi oi nf or m ati cs  s oft w ar e  f or  n e arl y  all  a p pli c ati o ns  of  i nt er est,  m e a ni n g  t h at 
li br ar y  pr ep ar ati o n  a n d  d at a  a n al ysis  m a y  i n cr e asi n gl y  b e c o m e  m or e  si mil ar 
irr es p e cti v e of t h e s yst e m us e d. A v ail a bilit y of a wi d e arr a y of off -t h e-s h elf kits a n d 
a n al ysis s oft w ar e f urt h er si m plifi es s wit c hi n g fr o m o n e pl atf or m t o a n ot h er. I n a d diti o n, 
as  e x pl ai n e d  i n  S e cti o n  2 2  b el o w,  s e v er al  of  t h e  n e w  s yst e ms  b ei n g  d e v el o p e d  ar e 
e x pr essl y i nt e n d e d t o pr o vi d e l o w c ost, si m pl e a n d f ast s ol uti o ns. 

3 7 0.  Fi n all y,  a  m at eri al  n u m b er  of  c ust o m ers  w h o  b u y  s e q u e n ci n g  s yst e ms  ar e  n e w  t o 
s e q u e n ci n g  a n d  d o  n ot  f a c e  s wit c hi n g  c osts.  

 

.  Ill u mi n a b eli e v es t h at i n n o v ati o n will  l e a d  t o  b ot h  i n cr e as e d 
d e m a n d f or e xisti n g a p pli c ati o ns a n d t h e cr e ati o n of n e w a p pli c ati o ns. 4 0 7  

3 7 1.  T h e  f oll o wi n g  b ull et  p oi nts  s p e cif y  t h e  c osts  c ust o m ers  w o ul d  i n c ur  if  t h e y  w er e  t o 
s wit c h  b et w e e n  diff er e nt  pr o vi d ers  of  s e q u e n c ers,  s e q u e n ci n g  s er vi c es, s e c o n d ar y 
pr o d u cts/ c o ns u m a bl es,  a n d  d at a  a n al ysis  s oft w ar e  a n d  d at a  st or a g e  a n d  s h ari n g 
s ol uti o ns,  r es p e cti v el y.  T h e  P arti es  als o  pr o vi d e  e x a m pl es  of  c ust o m er s  s wit c hi n g 
b et w e e n t h e r es p e cti v e pr o vi d ers: 

•  Diff er e nt  pr o vi d ers  of  s e q u e n c ers :  th e  pri m ar y  c osts  of  s wit c hi n g  b et w e e n 
s yst e ms i n cl u d e t h e pri c e of t h e n e w s e q u e n c er ( w hi c h c a n r a n g e b et w e e n U S D 
2 0, 0 0 0  a n d  U S D  1  milli o n,  alt h o u g h  t his  c ost  c o ul d  eit h er  b e  c h ar g e d  a s  a n 
u pfr o nt  c ost  or  b e  s pr e a d  a cr oss  t h e  s al es  of  li br ar y  pr e p ar ati o n  kits  a n d 
c o ns u m a bl es o v er  ti m e),  a n d  t h e  (r el ati v el y  li mit e d)  ti m e  i n v est e d  t o  tr ai n 
e m pl o y e es  o n  t h e  n e w  w or kfl o w.  Tr ai ni n g  is  t y pi c all y  i n cl u d e d  wit h  t h e 
p ur c h as e of a s e q u e n c er a n d l asts b et w e e n t w o a n d fi v e d a ys.  

Ot h er wis e, t h e c ost of s wit c hi n g b et w e e n pr o vi d ers of s e q u e n c ers is n e gli gi bl e 
si n c e m ost of t h e n o n -s e q u e n c er i nfr astr u ct ur e a n d w or kfl o w t h at w o ul d b e i n 
pl a c e  f or  o n e  s e q u e n ci n g  s yst e m  c a n  r e a dil y  b e  us e d  f or  a n ot h er  s e q u e n ci n g 
s yst e m.  S a m pl e  a n d  li br ar y  pr e p ar ati o n  f or  m ost  s e q u e n ci n g  s yst e ms  c a n  b e 
a c c o m plis h e d  m a n u all y  or  usi n g  st a n d ar d  l a b or at or y  a ut o m ati o n  s ol uti o ns 
w hi c h ar e g e n er all y all p ur p os e a n d n ot s p e cifi c t o a n y p arti c ul ar s e q u e n ci n g 
s yst e m or t e c h n ol o g y. 

T h e c ost of s wit c hi n g r el at e d t o d at a st or a g e a n d i nf or m ati cs i nfr astr u ct ur e is 
als o n e gli gi bl e . T his is b e c a us e us ers g e n er all y us e st a n d ar d cl o u d-b as e d st or a g e 
off er e d b y pr o vi d ers s u c h as  

 
T h es e st or a g e s ol uti o ns c a n b e us e d i nt er c h a n g e a bl y wit h diff er e nt s e q u e n ci n g 
s yst e ms.  L astl y,  si n c e  t h er e  ar e  a  br o a d  r a n g e  of  a c a d e mi c  a n d  c o m m er ci al -
gr a d e i nf or m ati cs s ol uti o ns t h at w or k wit h n e arl y all s e q u e n ci n g s yst e ms, u s ers 
c a n s el e ct s ol uti o ns t h at i nt er o p er at e wit h t h eir s e q u e n c er of c h oi c e.   

 

 
4 0 7  Pl e a s e s e e S e cti o n 1 8 a b o v e.  
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Cli ni c al  c ust o m ers  m a y  i n c ur  a d diti o n al  c osts  f or  r e v ali d ati o n  of  t ests  a n d 
w or kfl o ws,  d e p e n di n g  o n  t h e  i niti al  t e c h n ol o g y  us e d  or  t h e  n e w  t e c h n ol o g y 
s el e ct e d. S u c h c osts r a n g e, d e p e n di n g o n t h e t ests a n d a p pli c ati o ns i n iss u e. 4 0 8  

O v er t h e y e ars, m a n y c ust o m ers h a v e s wit c h e d b et w e e n pr o vi d ers of s h ort r e a d 
s e q u e n ci n g.  

 
 
 
 
 

C ust o m ers s wit c h b et w e e n diff er e nt s h ort r e a d 
s yst e ms f or a n u m b er of r e as o ns, i n cl u di n g t h e f e at ur es ( hi g h er o ut p ut a n d f ast er 
t ur n ar o u n d ti m e), gr e at er a c c ur a c y, i m pr o v e d w or kfl o ws, r e gi o n al- or c o u ntr y -
s p e cifi c cl e ar a n c e st at us, a n d c ost. 

As  e x pl ai n e d  i n  S e cti o n  1 3  a b o v e,  s h ort  r e a d  s yst e ms  a n d  n ati v e  l o n g  r e a d 
s yst e ms  ar e  n ot  c o nsi d er e d  t o  b e  s u bstit ut a bl e  b y  c ust o m ers.  C ust o m ers  us e 
s h ort  r e a d  s yst e ms  a n d  n ati v e  l o n g  r e a d  s yst e m s  eit h er  f or  e ntir el y  diff er e nt 
a p pli c ati o ns or f or t h e s a m e a p pli c ati o n si d e -b y -si d e t o t a k e a d v a nt a g e of t h eir 
c o m pl e m e nt arit y. As a r e s ult, c ust o m ers d o n ot s wit c h b et w e e n s h ort r e a d a n d 
n ati v e l o n g r e a d s yst e ms, a n d t h e N otif yi n g P arti es ar e n ot a w ar e of a n y i nst a n c e 
w h er e a c ust o m er h as s wit c h e d b et w e e n n a ti v e l o n g r e a d a n d s h ort r e a d s yst e ms 
( or vi c e v ers a ). 

•  Diff er e nt  pr o vi d ers  of  s e q u e n ci n g  s er vi c es :  th e  c ost  of  s wit c hi n g  b et w e e n 
pr o vi d ers of s e q u e n ci n g s er vi c es is n e gli gi bl e, as diff er e nt s er vi c e pr o vi d ers us e 
si mil ar pr ot o c ols f or a n y gi v e n a p pli c ati o n.  As  a  r es ult,  c ust o m ers  c a n  e a sil y 
s wit c h b et w e e n s e q u e n ci n g s er vi c e pr o vi d ers. 

 
 
 
 
 
 
 

 

 
4 0 8   
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•  Diff er e nt  pr o vi d ers  of  s e c o n d ar y  pr o d u cts/ c o ns u m a bl es :  as  e x pl ai n e d  a b o v e, 
t h er e ar e a m at eri al n u m b er of t hir d -p art y pr o vi d ers of li br ar y pr e p ar ati o n kits 
t h at  c a n  b e  us e d  o n  t hir d-p art y  s e q u e n c ers.  As  a  r es ult,  c ust o m ers  r e g ul arl y 
s wit c h b et w e e n li br ar y pr e p ar ati o n kit pr o vi d ers. 

E x a m pl es  of  c ust o m ers  t h at  s wit c h e d  b et w e e n  diff er e nt  pr o vi d ers  of  li br ar y 
pr e p ar ati o n kits i n cl u d e:  

o   
 

 

o   
 

o   
 

o   

o   

o   
 

 

o   

•  Diff er e nt  pr o vi d ers  of  d at a  a n al ysis  s oft w ar e  a n d  d at a  st or a g e  a n d  s h ari n g 
s ol uti o ns : most, if n ot all, t hir d -p art y  d at a  a n al ysis  s oft w ar e  a n d  d at a  st or a g e 
s ol uti o ns ar e s e q u e n ci n g pl atf or m a g n osti c, s u c h t h at t h e y ar e n ot o pti mis e d f or 
a n y  p arti c ul ar  s e q u e n ci n g  s yst e m.  As  a  r es ult,  a  c ust o m er  usi n g  t hir d  p art y 
a n al ysis  a n d/ or  st or a g e  s ol uti o ns  w h o  c h o os e s  t o  s wit c h  t o  a  diff er e nt 
s e q u e n ci n g s yst e m, w o ul d or di n aril y h a v e n o n e e d t o s wit c h d at a a n al ysis a n d 
st or a g e  s ol uti o ns.  C ust o m ers  ar e  als o  a bl e  t o  us e  diff er e nt  pr o vi d ers 
si m ult a n e o usl y.  

R e c e nt  e x a m pl es  of c ust o m ers  s wit c hi n g  b et w e e n,  a n d  c o m bi ni n g,  s ol uti o ns 
i n cl u d e: 

o   
 

o   
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o   
 

 

o   
 

3 7 2.  F or a d es cri pti o n of t h e r e g ul at or y  r e q uir e m e nts of s u p pl yi n g s e q u e n ci n g s yst e ms i n t h e 
U K , pl e as e s e e . 

2 2.  If t h e n otif yi n g p a rti es wis h t h e C M A t o c o n si d e r p ot e nti al e nt r y o r e x p a n si o n i n 
its c o m p etiti v e ass ess m e nt, n otif yi n g p a rti es s h o ul d p r o vi d e: 

( a) d et ails of a n y e x p a n si o n, e nt r y o r e xit i n a n y of t h e C a n di d at e M a r k ets o v e r 
t h e p ast fi v e y e a rs, a n d  

( b) d et ails  of  a n y  c o m p a ni es  t h at  t h e  n otif yi n g  p a rti es b eli e v e  a r e  li k el y,  p ost -
m e r g e r, t o e nt e r o r e x p a n d i nt o a n y of t h e C a n di d at e M a r k ets i n a s uffi ci e ntl y 
ti m el y m a n n e r s o as t o a d e q u at el y c o n st r ai n t h e m e r g e d e ntit y,  

i n cl u di n g, i n eit h e r c as e, a n y a v ail a bl e e vi d e n c e f o r t h at s u b missi o n a n d c o nt a ct 
d et ails f o r a n y c o m p a ni es n a m e d. 

I. G r o wt h a n d e x p a n si o n of t h e p ot e nti al s e q u e n ci n g m a r k ets  

3 7 3.  T h e  m at eri al  r e c e nt  gr o wt h  a n d  si g nifi c a nt  f or e c ast e d  f ut ur e  gr owt h  i n  d e m a n d  of 
s e q u e n ci n g a p pli c ati o ns h as attr a ct e d n e w e ntr a nts a n d h as r ais e d si g nifi c a nt i n v est m e nt 
i nt er est  fr o m  v e nt ur e  c a pit al,  p h ar m a c e uti c al  c o m p a ni es,  di a g n osti cs  c o m p a ni es  a n d 
g o v er n m e n ts.4 0 9  T h e  gr o wt h  a n d  e x p a nsi o n  of  t h e  s e q u e n ci n g  i n d ustr y i n  l ar g e  p art 
r efl e cts t h e i n cr e asi n g n u m b er of s e q u e n ci n g pl atf or ms, r a pi d i m pr o v e m e nts i n s yst e m 
p erf or m a n c e, l o w er c osts, a n d r e d u c e d c o m pl e xit y of g e n er ati n g s e q u e n ci n g d at a ( e. g. , 
i m pr o v e m e nts  i n  w or kfl o w)  a n d  a n al ysi n g  t h e  r es ults  (e. g. ,  i m pr o v e m e nts  i n 
bi oi nf or m ati cs a n d a n al yti cs). 

3 7 4.  T h e  d e m a n d  f or  s e q u e n ci n g  s yst e ms  h as  gr o w n  si g nifi c a ntl y,  as  t e c h n ol o g y 
i m pr o v e m e nts  a n d  e n h a n c e m e nts  h a v e  e x p a n d e d  t h e  n u m b er  of  a p pli c ati o ns,  dri v e n 
n o v el dis c o v eri es a n d l e d t o i n cr e as e d cli ni c al utilit y. N e w a p pli c at i o ns e n a bl e d b y t h e 
e c o n o mi cs a n d hi g h t hr o u g h p ut of s h ort r e a d s yst e m s h a v e gr e atl y i n cr e as e d t h e n u m b er 
a n d di v ersit y of us ers. C o nti n u e d i m pr o v e m e nts ar e e x p e ct e d t o dri v e f urt h er e x p a nsi o n 
i n  t h e  a d o pti o n  of  e xisti n g  s e q u e n ci n g  a p pli c ati o ns  a n d  e x p a nsi o n  i nt o  n e w 
a p pli c ati o ns. As n ot e d a b o v e, t h e p ot e nti al s e q u e n ci n g m ar k ets ar e n as c e nt a n d, as of 

 

 
4 0 9  M ar k et a n al yst s, f or e x a m pl e,  h a v e f or e c ast t h at gl o b al N G S r e v e n u es will r e a c h G B P 1 2. 6 7 billi o n i n 2 0 2 4, 
u p  fr o m  G B P  4. 4 2  billi o n  i n  2 0 1 8,  r efl e cti n g  a  C A G R  of  1 9. 2 %.  S e e 
htt p s:// w w w. m ar k et s a n d m ar k e ts. c o m/ Pr ess R el e as e s/ n g s-t e c h n ol o gi es. as p. 

https://www.marketsandmarkets.com/PressReleases/ngs-technologies.asp


 

 

C as e M E/ 6 7 9 5/ 1 8 

C O N FI D E N TI A L  - C O N T AI N S B U SI N E S S S E C R E T S  

1 7 A pril  2 0 1 9 

 

1 3 4 
 

t o d a y, l ess t h a n 0. 0 1 % of s p e ci es a n d l ess t h a n 0. 0 2 % of h u m a n g e n o m es h a v e b e e n 
s e q u e n c e d, l ess t h a n 1 % of v ari a nts i n t h e h u m a n g e n o m e h a v e b e e n f ull y c h ar a ct eris e d, 
a n d  t h e  u n d erst a n di n g  of  c o m pl e x  str u ct ur al  f e at ur es  of  t h e  h u m a n  g e n o m e  is  at  its 
b e gi n ni n g. T h e e x p a nsi o n of a p pli c ati o ns ( a n d p ot e nti al c ust o m ers) will dri v e f urt h er 
gr o wt h, m ai nt ai ni n g i n c e nti v es f or f urt h er i n v est m e nt (i n cl u di n g b y n e w e ntr a nts).  

II. R e c e nt e nt r y a n d e x p a n si o n  

3 7 5.  M a n y of t h e c o m p a ni es t h at c urr e ntl y c o m m er ci alis e s e q u e n ci n g t e c h n ol o gi es e nt er e d 
t h e p ot e nti al m ar k ets f or s h ort r e a d a n d n ati v e l o n g r e a d s yst e ms, r es p e cti v el y, i n t h e 
l ast f e w y e ars. I n j ust a f e w y e ars, t h es e c o m p a ni es h a v e si g nifi c a ntl y e x p a n d e d t h eir 
off eri n gs  a n d  ar e  e x p e ct e d  t o  k e e p  d e v el o pi n g  a n d  l a u n c hi n g  n e w  pr o d u cts  a n d 
e n h a n ci n g t h eir e xisti n g o n es.  

A.  P ot e nti al m ar k et f or s h ort r e a d s yst e ms  

3 7 6.  T h e r m o Fis h e r  e nt er e d t h e  p ot e nti al m ar k et f or s h ort r e a d s yst e ms i n 2 0 1 4 t hr o u g h its 
G B P 1 0. 5 4 billi o n 4 1 0  a c q ui siti o n of Lif e T e c h n ol o gi es, w hi c h m ar k et e d a n d s ol d t h e 
S O Li D a n d I o n T orr e nt s h ort r e a d s e q u e n ci n g s yst e ms. 4 1 1 , 4 1 2  W hil e Lif e T e c h n ol o gi es 
h a d alr e a d y i ntr o d u c e d t h e I o n T orr e nt t e c h n ol o g y t o t h e m ar k et pri or t o its a c q uisiti o n 
b y T h er m o Fis h er, i. e., t h e I o n P G M ( 2 0 1 0) a n d I o n Pr ot o n ( 2 0 1 2), T h er m o Fis h er h as 
e x p a n d e d t h e I o n T orr e nt p ortf oli o. I n 2 0 1 5, T h er m o Fis h er l a u n c h e d its I o n S 5 a n d I o n 
S 5  X L  s yst e ms.  M or e  r e c e ntl y,  i n  2 0 1 8,  T h er m o  Fis h er  l a u n c h e d  t hr e e  a d diti o n al 
s e q u e n ci n g s yst e ms , i. e., t h e I o n G e n e St u di o S 5, I o n G e n e St u di o S 5 Pri m e, a n d I o n 
G e n e St u di o S 5 Pl us. W hil e t h es e t hr e e s yst e ms  us e si mil ar u n d erl yi n g t e c h n ol o g y t o 
t h e e arli er S 5 s yst e ms , t h e y cl ai m t o h a v e m at eri all y u p gr a d e d c o m p uti n g c a p a biliti es 
a n d  e n a bl e  i n cr e as e d  o ut p ut  a n d  f ast er  a n al ysi s.  A c c or di n g  t o  T h er m o  Fis h er,  its 
s yst e ms  ar e  hi g hl y  c o nfi g ur a bl e,  usi n g  v ari o us  c o ns u m a bl e  c hi ps  t h at  e n a bl e  t h e 

 

 
4 1 0  C o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’s 2 0 1 7 a v er a g e e x c h a n g e r at e of G B P 1 = U S D 1. 2 9 
(r o u n d e d t o t w o d e ci m al pl a c e s). 
4 1 1   

  S e e als o htt p s:// w w w.t h er m ofis h er. c o m/ b e/ e n/ h o m e/ a b o ut -us/ n e ws -g all er y/ pr ess -r el e as es/ 2 0 1 4/t h er m o-
fis h er-s ci e ntifi c -c o m pl et e s -a c q uisiti o n -of -lif e-t e c h n ol o gi e s-c or p or ati o n. ht ml  
4 1 2  Lif e T e c h n ol o gi es, i n t ur n, h a d a c q uir e d I o n T orr e nt f or u p t o G B P 5 6 2 milli o n i n 2 0 1 0. A p pli e d Bi o s yst e ms, 
w hi c h m er g e d wit h I n vitr o g e n t o f or m Lif e T e c h n ol o gi e s i n 2 0 0 8, h a d a c q uir e d A g e n c o urt P er s o n al G e n o mi c s, 
o w n er of t h e S O Li D br a n d, f or G B P 9 3 milli o n i n 2 0 0 6. T h er m o Fis h er’s S O Li D s yst e ms w er e dis c o nti n u e d as 
of M a y 1, 2 0 1 6. I n a d diti o n, Lif e T e c h n ol o gi es h a d a c q uir e d Visi g e n Bi ot e c h ol o gi e s, w hi c h w as d e v el o pi n g a 
si n gl e m ol e c ul e s e q u e n ci n g t e c h n ol o g y k n o w n b y t h e c o d e n a m e “ St arli g ht ”, i n 2 0 0 8 f or G B P 1 5. 5 milli o n. T h es e 
fi g ur es h a v e b e e n c o n v ert e d fr o m U S D t o G B P usi n g t h e B a n k of E n gl a n d’ s 2 0 1 7 a v er a g e e x c h a n g e r at e of G B P 
1  =  U S D  1. 2 9  (r o u n d e d  t o  t w o  d e ci m al  pl a c es).  S e e 
htt p s:// w w w. b u si n ess wir e. c o m/ n e ws/ h o m e/ 2 0 1 0 0 8 1 7 0 0 6 6 4 3/ e n/ L if e-T e c h n ol o gi e s -A n n o u n c es -A gr e e m e nt -
A c q uir e -I o n-T orr e nt , htt p s:// w w w. b usi n es s wir e. c o m/ n e ws/ h o m e/ 2 0 0 6 0 5 3 0 0 0 5 2 8 9/ e n/ A p pli e d -Bi o s yst e ms -
A c q uir e -A g e n c o urt -P er s o n al -G e n o mi c s -Pri v at el y -H el d ,  a n d htt p:// alls e q. c o m/ k n o wl e d g e -b a n k/ n gs -
n e cr o p olis/ vi si g e n/   

https://www.businesswire.com/news/home/20100817006643/en/Life-Technologies-Announces-Agreement-Acquire-Ion-Torrent
https://www.businesswire.com/news/home/20100817006643/en/Life-Technologies-Announces-Agreement-Acquire-Ion-Torrent
https://www.businesswire.com/news/home/20060530005289/en/Applied-Biosystems-Acquire-Agencourt-Personal-Genomics-Privately-Held
https://www.businesswire.com/news/home/20060530005289/en/Applied-Biosystems-Acquire-Agencourt-Personal-Genomics-Privately-Held
http://allseq.com/knowledge-bank/ngs-necropolis/visigen/
http://allseq.com/knowledge-bank/ngs-necropolis/visigen/
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d e vi c es t o pr o vi d e s e v er al t hr o u g h p ut o pti o ns, als o e n a bli n g fl e xi bilit y wit hi n a si n gl e 
s yst e m. 4 1 3   

3 7 7.  Qi a g e n e nt er e d  t h e   p ot e nti al m ar k et  f or  s h ort  r e a d  s yst e ms  i n  2 0 1 2  t hr o u g h  its 
a c q ui siti o n of I nt elli g e nt Bi o S yst e ms, w hi c h h a d r el e as e d its first s yst e m, t h e M A X -
S e q, i n 2 0 1 1 a n d w as w or ki n g o n a b e n c ht o p s e q u e n c er c all e d t h e Mi ni - 2 0. 4 1 4  Qi a g e n 
l a u n c h e d its G e n e R e a d er s yst e m i n 2 0 1 5. Qi a g e n’s c o nti n u e d e x p a nsi o n is ill ustr at e d 
b y  its  t ar g e t e d  2 2 %  i n cr e as e  i n s e q u e n ci n g r e v e n u es  i n  2 0 1 8  (i n cl u di n g  r e v e n u e 
g e n er at e d  fr o m  its  G e n e R e a d er  s yst e m,  li br ar y  pr e p  s ol uti o ns,  a ss a ys,  a n d 
bi oi nf or m ati cs). 4 1 5  At  t h e  b e gi n ni n g  of  2 0 1 8,  Qi a g e n  als o  a n n o u n c e d  s e v er al 
e n h a n c e m e nts  t o  its  G e n e R e a d er  s yst e m,  i n cl u di n g  u p gr a d e d  N G S  c h e mistr y  t h at 
w o ul d e n a bl e i n cr e as e d o ut p ut. 4 1 6   

1 3 5 
 

3 7 8.  O v er t h e l ast f e w y e ars, Qi a g e n h as a c q uir e d a n u m b er of a d diti o n al s e q u e n ci n g -r el at e d 
c o m p a ni es t h at pr o vi d e li br ar y pr e p s ol uti o ns, ass a ys a n d/ or bi oi nf or m ati c s s oft w ar e, 
i n cl u di n g C L C Bi o  ( 2 0 1 3),  I n g e n uit y  S yst e ms  ( 2 0 1 3),  E n z y m ati cs  ( 2 0 1 5),  E xi q o n 
( 2 0 1 6), O mi c S oft C or p or ati o n ( 2 0 1 7), a n d N - of-O n e ( 2 0 1 9). 4 1 7  O mi c S oft C or p or ati o n, 
f or i nst a n c e, w as a c q uir e d b y Qi a g e n t o e x p a n d its bi oi nf or m ati cs off eri n g wit h t h e ai m 
t o  e n a bl e  s ci e ntists  t o vis u alis e  a n d  mi n e  l ar g e  i nstit uti o n al  a n d  p u bli cl y  a v ail a bl e 
“ o mi cs ” d at as ets. T h e O mi c S oft s oft w ar e s ol uti o ns ar e i nt e n d e d t o assist i n dis c o v er y 
a n d tr a nsl ati o n al r es e ar c h t o a c c ess a n d m a n a g e l ar g e a m o u nts of d at a o n D N A, R N A 
a n d ot h er v ari a bl es i d e ntifi e d t hr o u g h s e q u e n ci n g. 4 1 8  

3 7 9.  I n J ul y 2 0 1 8, Qi a g e n a n n o u n c e d a p art n ers hi p wit h m ulti pl e or g a nis ati o ns t o s u p p ort 
t h e  cr e ati o n  of  a  gl o b al  g e n o mi cs  c a m p us  i n  M a n c h est er,  U K,  f or  i n n o v ati o n,  lif e 
s ci e n c es,  tr a nsl ati o n al  s ci e n c e  a n d  m ol e c ul ar  di a g n osti cs. 4 1 9  Qi a g e n  i s  w or ki n g  wit h 
H e alt h  I n n o v ati o n  M a n c h est er,  a  p art n ers hi p  bri n gi n g  t o g et h er  t h e  r e gi o n’s  p u bli c, 
a c a d e mi c  a n d  cli ni c al  r es o ur c es,  t o  d e v el o p  a  w orl d -l e a di n g  g e n o mi cs  c a m p us  i n 
M a n c h est er’s h e alt h i n n o v ati o n distri ct. 4 2 0  Qi a g e n st at e d t h at its e xisti n g M a n c h est er 
sit e  r e m ai ns  c e ntr al  t o  t h e  c o m p a n y’s  str at e gi c  pl a ns  f or  gl o b al  i n n o v ati o n  a n d 

 

 
4 1 3  htt p s://t o ols.t h er m ofi s h er. c o m/ c o nt e nt/sfs/ br o c h ur es/I o n -S 5 -S 5 X L -S p e c S h e et. p df ; 
htt p s://t o ols.t h er m ofi s h er. c o m/ c o nt e nt/sfs/ br o c h ur es/I o n -S 5 -S 5 X L -S p e c S h e et. p df   
4 1 4   

 
4 1 5  Qi a g e n  2 0 1 7  A n n u al  R e p ort ,  p.  5 6,  a v ail a bl e  at htt p s:// c or p or at e. qi a g e n. c o m/ -/ m e di a/ pr oj e ct/ qi a g e n-
c or p or at e/ c or p or at e -mi cr o sit e/ d o c u m e nts/i n v est or -r el ati o ns/ 2 0 1 7/r e p orts/ 2 0 1 7-ifr s-a n n u al -r e p ort-r 1 0 1-fi n al. p df 
4 1 6  htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ p r es s-r el e a s es/ 2 0 1 7/ 2 0 1 8 0 1 0 8 _ n gs _ p ortf oli o _ e x p a nsi o n  
4 1 7  htt p s:// w w w. g e n o m e w e b. c o m/i nf or m ati c s/ qi a g e n -a c q uir es -cl c -bi o #. X FI M 1l z 7 S 7 0 , 
htt p s:// w w w. pr n e ws wir e. c o m/ n e ws -r el e as e s/ qi a g e n-a c q uir es -i n g e n uit y-s yst e ms -a d di n g -l e a di n g-s ol uti o n -f or-
a n al ysis -a n d -i nt er pr et ati o n-of -c o m pl e x -bi ol o gi c al -d at a -2 0 5 2 7 9 9 5 1. ht ml , 
htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr ess -r el e as es/ 2 0 1 7/ 2 0 1 5 0 1 1 1 _ e n z y m ati c s, 
htt p s:// w w w. pr n e ws wir e. c o m/ n e ws -r el e as e s/ qi a g e n-a n n o u n c es -s u c c e ssf ul -c o m pl eti o n -of -t e n d er-off er -f or-
s h ar es -i n-e xi q o n -5 8 4 0 7 9 3 4 1. ht ml , htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr ess -
r el e as es/ 2 0 1 9/ 2 0 1 9 0 1 0 7 _ qi a g e n _ a c q uir es _ n _ of _ o n e  
4 1 8  Qi a g e n  2 0 1 7  A n n u al  R e p ort ,  p.  7  an d  2 4,  a v ail a bl e  at htt p s:// c or p or at e. qi a g e n. c o m/ -/ m e di a/ pr oj e ct/ qi a g e n-
c or p o r at e/ c or p or at e-mi cr o sit e/ d o c u m e nts/i n v est or -r el ati o ns/ 2 0 1 7/r e p orts/ 2 0 1 7-ifr s-a n n u al -r e p ort-r 1 0 1-fi n al. p df 
4 1 9  htt p s:// c or p or at e. qi a g e n. c o m/ n e wsr o o m/ pr es s -r el e a s es/ 20 1 8/ 2 0 1 8 0 7 1 1 _ m a n c h e st er   
4 2 0  I bi d. 

https://tools.thermofisher.com/content/sfs/brochures/Ion-S5-S5XL-SpecSheet.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/newsroom/press-releases/2017/20180108_ngs_portfolio_expansion
https://www.genomeweb.com/informatics/qiagen-acquires-clc-bio#.XFIM1lz7S70
https://www.prnewswire.com/news-releases/qiagen-acquires-ingenuity-systems-adding-leading-solution-for-analysis-and-interpretation-of-complex-biological-data-205279951.html
https://www.prnewswire.com/news-releases/qiagen-acquires-ingenuity-systems-adding-leading-solution-for-analysis-and-interpretation-of-complex-biological-data-205279951.html
https://corporate.qiagen.com/newsroom/press-releases/2017/20150111_enzymatics
https://www.prnewswire.com/news-releases/qiagen-announces-successful-completion-of-tender-offer-for-shares-in-exiqon-584079341.html
https://www.prnewswire.com/news-releases/qiagen-announces-successful-completion-of-tender-offer-for-shares-in-exiqon-584079341.html
https://corporate.qiagen.com/newsroom/press-releases/2019/20190107_qiagen_acquires_n_of_one
https://corporate.qiagen.com/newsroom/press-releases/2019/20190107_qiagen_acquires_n_of_one
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/-/media/project/qiagen-corporate/corporate-microsite/documents/investor-relations/2017/reports/2017-ifrs-annual-report-r101-final.pdf
https://corporate.qiagen.com/newsroom/press-releases/2018/20180711_manchester
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1 3 6 
 

d e v el o p m e nt. 4 2 1  Qi a g e n c urr e ntl y h as a p pr o xi m at el y 2 7 0 e m pl o y e es i n M a n c h est er a n d 
st at e d  t h at  it  is  c o m mitt e d  t o  f urt h er  gr o wt h. 4 2 2  Qi a g e n’s  M a n c h est er  o p er ati o n  will 
m o v e t o a n e w st at e - of-t h e- art f a cilit y i n 2 0 2 0 at t h e n e w g e n o mi cs c a m p us. 4 2 3  

3 8 0.  B GI  a c q uir e d C o m pl et e G e n o mi cs i n 2 0 1 3 a n d l a u n c h e d its first s h ort r e a d s e q u e n ci n g 
s yst e m, t h e  B GI S E Q -5 0 0, i n 2 0 1 5. 4 2 4  , 
B GI  h as  e x p a n d e d  si g nifi c a ntl y  i n  r e c e nt  y e ars  wit h  its  2 0 1 7  r e v e n u e  risi n g  b y 
a p pr o xi m at el y  2 2 %. 4 2 5  It  c urr e ntl y  s ells  s e v er al  s yst e ms,  i n cl u di n g  t h e  B GI S E Q-5 0 
l a u n c h e d  i n  2 0 1 6,4 2 6  a n d  b ot h  t h e  M GI S E Q -2 0 0  a n d  M GI S E Q- 2 0 0 0  l a u n c h e d  i n 
2 0 1 7. 4 2 7  B GI al s o l a u n c h e d a m o d ul ar N G S w or kst ati o n, c all e d M GI F L P, i n 2 0 1 7 ,4 2 8  
d esi g n e d  t o  i nt e gr at e  t h e  e ntir e  N G S  pr o c ess. 4 2 9  Al s o  i n  2 0 1 7,  B GI’s  i niti al  p u bli c 
off eri n g (I P O) o n t h e S h e n z h e n St o c k E x c h a n g e r ais e d U S D  8 1 milli o n, 4 3 0  wit h f u n ds 
b ei n g us e d t o s u p p ort B GI’ s c o nti n u e d gr o wt h a n d i n n o v ati o n. 4 3 1  B GI h as al s o r e c e ntl y 
u n v eil e d its hi g h est t hr o u g h p ut s yst e m , t h e M GI S E Q-T 7, i n O ct o b er 2 0 1 8, wit h e arl y -
a c c ess  e x p e ct e d  t o  b e gi n  i n  2 0 1 9. 4 3 2  I n  J a n u ar y  2 0 1 9,  M GI  a n n o u n c e d  t h at  it  h as 
i nst all ed 1, 0 0 0 s yst e ms i n 1 6 diff er e nt c o u ntri es. 4 3 3  

3 8 1.   
 
 
 
 
 
 

3 8 2.   
 
 

 

 
4 2 1  I bi d. 
4 2 2  I bi d. 
4 2 3  I bi d. 
4 2 4  htt p s:// w w w. b gi. c o m/ gl o b al/ c o m p a n y/ c ar e er s/ b gi -l a u n c h e s-it s-d es kt o p -s e q u e n c er -b gi s e q -5 0 0/ ;  Pr e vi o usl y, 
B GI  h a d  r el e as e d  t h e  B GI S E Q -1 0 0  a n d  B GI S E Q -1 0 0 0  f or  its  s e q u e n ci n g -a s - a-s er vi c e  b usi n ess.  S e e 
htt p:// w w w. bi o -it w orl d. c o m/ 2 0 1 5/ 1 0/ 2 8/ b gi-r et o ols-c o m pl et e -g e n o mi cs -t e c h n ol o g y-n e w -hi g h -t hr o u g h p ut-
b e n c ht o p -s e q u e n c er. ht ml   
4 2 5  htt p:// p df. df cf w. c o m/ p df/ H 2 _ A N 2 0 1 8 0 4 1 9 1 1 2 6 3 8 6 6 2 1 _ 1. p df , p. 2 7 
4 2 6   

 
4 2 7  htt p s:// w w w. b gi. c o m/ gl o b al/ c o m p a n y/ n e ws/ b gis -m gi -t e c h-l a u n c h es-t w o-n e w -n gs -pl atf or ms/   
4 2 8  htt p s:// w w w. b gi. c o m/ gl o b al/ c o m p a n y/ n e ws/ b gis -m gi -t e c h-l a u n c h es-t w o-n e w -n gs -pl atf or ms/   
4 2 9  htt p:// e n. m git e c h. c n/ pr o d u ct/ d et ail/ M GI F L P. ht ml   
4 3 0  htt p s:// w w w. b gi. c o m/ gl o b al/ c o m p a n y/ n e ws/ b gi -g e n o mi c s -a n n o u n c es -pri ci n g -i niti al-p u bli c -off eri n g/ ; 
htt p s:// w w w. g e n e n g n e ws. c o m/t o pi cs/ o mi cs/ b gi -g e n o mi cs -r ais es-8 1 m -i n-i p o/  
4 3 1  I bi d. 
4 3 2  htt p s:// w w w. pr n e ws wir e. c o m/i n/ n e ws -r el e as e s/ m gi-a n n o u n c es -mil e st o n e -of - 1-0 0 0 -s e q u e n c er s -i n st all e d-a n d -
o p e ns -e arl y -a c c e ss -pr o gr a m -f or-gr o u n d br e a ki n g -ultr a -hi g h -t hr o u g h p ut-s e q u e n c er -m gis e q -t 7-8 7 4 6 0 2 8 3 6. ht ml  
4 3 3  htt p:// e n. m git e c h. c n/ arti cl e/ d et ail/ m gi a n n o u n c es mil e s. ht ml   

https://www.bgi.com/global/company/careers/bgi-launches-its-desktop-sequencer-bgiseq-500/
http://www.bio-itworld.com/2015/10/28/bgi-retools-complete-genomics-technology-new-high-throughput-benchtop-sequencer.html
http://www.bio-itworld.com/2015/10/28/bgi-retools-complete-genomics-technology-new-high-throughput-benchtop-sequencer.html
https://www.bgi.com/global/company/news/bgis-mgi-tech-launches-two-new-ngs-platforms/
http://en.mgitech.cn/product/detail/MGIFLP.html
https://www.bgi.com/global/company/news/bgi-genomics-announces-pricing-initial-public-offering/
https://www.genengnews.com/topics/omics/bgi-genomics-raises-81m-in-ipo/
https://www.prnewswire.com/in/news-releases/mgi-announces-milestone-of-1-000-sequencers-installed-and-opens-early-access-program-for-groundbreaking-ultra-high-throughput-sequencer-mgiseq-t7-874602836.html
https://www.prnewswire.com/in/news-releases/mgi-announces-milestone-of-1-000-sequencers-installed-and-opens-early-access-program-for-groundbreaking-ultra-high-throughput-sequencer-mgiseq-t7-874602836.html
http://en.mgitech.cn/article/detail/mgiannouncesmiles.html
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1 3 7 
 

 
 

  

3 8 3.   
 
 
 
 
 
 

 

B.  P ot e nti al m ar k et f or n ati v e l o n g r e a d s yst e ms  

3 8 4.  O N T e nt er e d t h e  p ot e nti al m ar k et f or n ati v e l o n g r e a d s yst e ms wit h its Mi nI O N p o c k et -
s e q u e n c er , off eri n g e arl y a c c ess i n 2 0 1 4 a n d br o a dl y c o m m er ci alisi n g i n 2 0 1 5.4 3 5  O N T 
h as si n c e si g nifi c a ntl y e x p a n d e d t hr o u g h r a pi d u pt a k e of its s yst e ms,  fr e q u e nt u p d at es 
t o  its  bi oi nf or m ati cs  s oft w ar e,  b as e  c alli n g  h ar d w ar e,  o p er ati n g  s oft w ar e,  c h e mistr y, 
kits, fl o w  c ells,  li br ar y  pr e par ati o n  i nstr u m e nts,  a n d  n e w  pl atf or ms,  as  w ell  as 
si g nifi c a nt  b a c ki n g  fr o m  a  r a n g e  of  i n v est ors.  O N T  i ntr o d u c e d  t h e  Gri dI O N  a n d 
Pr o m et hI O N  b e n c ht o p  s e q u e n c ers  i n  2 0 1 7  a n d  2 0 1 8,  r es p e cti v el y. 4 3 6  I n  a d diti o n,  i n 
2 0 1 7,  O N T  i ntr o d u c e d  t h e  U S B  d e vi c e  V ol T R A X ,4 3 7  a  p ort a bl e,  a ut o m at e d  li br ar y 
pr e p ar ati o n d e vi c e. 4 3 8   

3 8 5.  O N T r e p orts t h at, as of M a y 2 0 1 8, a p pr o xi m at el y 6, 0 0 0 t o 7, 0 0 0 Mi nI O N s e q u e n c ers 
h a d s hi p p e d t o us ers gl o b all y. 4 3 9  Al s o i n M a y 2 0 1 8, O N T r e p ort e d t h at t h er e w er e o v er 
1 0 0 Gri dI O N c ust o m ers i n 2 4 c o u ntri es, a n d t h at at l e ast 4 0 Pr o m et hI O N s e q u e n c ers 
h a d s hi p p e d, wit h a n ot h er 2 0 e x p e ct e d t o s hi p b y t h e e n d of J u n e 2 0 1 8, wit h f urt h er 
or d ers r e c ei v e d. 4 4 0  

3 8 6.  O N T’s 2 0 1 7 a n n u al r e p ort st at es t h at its r e v e n u es i n cr e as e d b y 2 0 4 % si n c e 2 0 1 6, wit h 
its U K  r e v e n u es  i n cr e asi n g  b y  9 5 %. 4 4 1  O N T’s  a v er a g e  h e a d c o u nt  i n  2 0 1 7 w as  4 0 % 
hi g h er t h a n i n 2 0 1 5. 4 4 2  

 

 
4 3 4   
4 3 5  T h e Mi nI O N w a s i ntr o d u c e d i nt o e arl y a c c ess i n S pri n g 2 0 1 4 a n d m a d e c o m m er ci all y a v ail a bl e i n 2 0 1 5. S e e 
htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s   
4 3 6  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/i ntr o d u ci n g -gri di o n -x 5 ; htt p s:// n a n o p or et e c h . c o m/ a b o ut-us/ hist or y   
4 3 7  htt p:// w w w. d n a c oil. c o m/t a g/ v oltr a x/  
4 3 8  V ol T R A X v 1 h a s b e e n a v ail a bl e i n e arl y a c c ess pr o gr a m, a n d V ol T R A X v 2 h as b e e n r el e as e d i n 2 0 1 8. S e e 
htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/ v oltr a x   
4 3 9  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ cli v e - g-br o w n -ct o -pl e n ar y -l o n d o n-c alli n g   
4 4 0  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ cli v e - g-br o w n -ct o -pl e n ar y -l o n d o n-c alli n g   
4 4 1  O N T 2 0 1 7 A n n u al R e p ort, p. 6, a v ail a bl e at htt p s:// b et a. c o m p a ni es h o u s e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  
4 4 2  I bi d. 

https://nanoporetech.com/about-us
https://nanoporetech.com/about-us/news/introducing-gridion-x5
https://nanoporetech.com/about-us/history
http://www.dnacoil.com/tag/voltrax/
https://nanoporetech.com/products/voltrax
https://nanoporetech.com/about-us/news/clive-g-brown-cto-plenary-london-calling
https://nanoporetech.com/about-us/news/clive-g-brown-cto-plenary-london-calling
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
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1 3 8 
 

3 8 7.  F urt h er, O N T h as attr a ct e d f u n di n g of G B P 4 5 1 milli o n t o d at e i n v ari o us f u n dr aisi n g 
r o u n ds. 4 4 3  M ost  r e c e ntl y,  i n  M ar c h  2 0 1 8,  O N T  r e c ei v e d  G B P  1 0 0  milli o n  fr o m 
i n vest ors  fr o m  C hi n a,  Si n g a p or e  a n d  A ustr ali a,  al o n gsi d e  e xisti n g  i n v est ors. 4 4 4  T h e 
f u n ds w er e r ais e d t o s u p p ort O N T’s n e xt p h as e of c o m m er ci al e x p a nsi o n, d e v el o p m e nt 
of n e w pr o d u cts 4 4 5  a n d a n e w 3 4, 0 0 0 s q u ar e f o ot hi g h -v ol u m e m a n uf a ct uri n g f a cilit y 
i n O xf or ds hire n e c ess ar y t o m e et a c c el er ati n g d e m a n d. 4 4 6  

3 8 8.  O N T  c o nti n u es  t o  i n v est  i n  r es e ar c h  a n d  d e v el o p m e nt,  m a n uf a ct uri n g  b uil d -o ut  a n d 
c o m m er ci al  e x p a nsi o n. 4 4 7  It s  d e v el o p m e nt  pi p eli n e  is  r o b ust,  a n d  i n cl u d es  fr e q u e nt 
u p d at es  t o  its  fl o w  c ells,  c h e mistr y,  bi oi nf or m ati cs  s oft w ar e,  b as e  c alli n g  h ar d w ar e, 
V ol T R A X li br ar y pr e p ar ati o n  i nstr u m e nt, a n d pl atf or ms, i n cl u di n g t h e S mi d gI O N, a 
p ort a bl e s e q u e n ci n g d e vi c e d esi g n e d t o b e us e d wit h a s m art p h o n e. 4 4 8  O N T’s w e bsit e 
st at es t h at t h e S mi d gI O N is “ c o mi n g s o o n ”. 4 4 9  O N T h as al s o d e v el o p e d t h e “ Fl o n gl e ”, 
a n a d a pt or f or t h e Mi nI O N or Gri dI O N s yst e ms  d esi g n e d t o e n a bl e dir e ct, r e al -ti m e 
D N A or R N A s e q u e n ci n g o n s m all er, si n gl e -us e fl o w c ells t h at will h a v e a l o w pri c e 
p oi nt, a v er a gi n g a b o ut U S D  1 0 0 U S D p er fl o w c ell t h at is e x p e ct e d t o yi el d at l e ast 1 
G b of s e q u e n ci n g d at a. 4 5 0  T h e Fl o n gl e w as r el e as e d i nt o e arl y a c c ess i n l at e 2 0 1 8, a n d 
br o a d er r el e as e will f oll o w i n 2 0 1 9. 4 5 1   

3 8 9.  R e c e ntl y, O N T als o a n n o u n c e d t h e Mi nI O N M k 1 c - a s elf -c o nt ai n e d c o m bi n ati o n of 
t h e  Mi nI O N,  Mi nI T  ( a  si m pl e,  pr e c o nfi g ur e d  I T  s ol uti o n)  a n d  a  s cr e e n,  w hi c h  is 
n et w or k a bl e  usi n g  Wi -Fi/ Bl u et o ot h/ SI M - is  b ei n g  d e v el o p e d  f or  r el e a s e  i n  mi d-
2 0 1 9. 4 5 2  F urt h er  pl a n n e d  i ntr o d u cti o ns  i n  2 0 1 9  i n cl u d e  t w o  n e w  v ersi o ns  of  t h e 
Pr o m et hI O N ( 2 4 a n d 4 8). 4 5 3   

T a bl e 1 2 : O N T’ s p r o d u ct p o rtf oli o e x p a nsi o n  

P r o d u ct  D at e of c o m m e r ci al r el e as e  

S e q u e n c e rs  

 

 
4 4 3  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s  
4 4 4  I bi d. 
4 4 5  O N T 2 0 1 7 A n n u al R e p ort, p. 6, a v ail a bl e at htt p s:// b et a. c o m p a ni es h o u s e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  
4 4 6  htt p s:// n a n o p or et e c h. c o m/ a b o ut -us/ n e ws/ o xf or d -n a n o p or e -a n n o u n c e s -p s 1 0 0 -milli o n -1 4 0 m -f u n dr aisi n g-
gl o b al -i n v est or s  
4 4 7  O N T  2 0 1 7  A n n u al  R e p ort,  p.  6  a n d  2 5,  a v ail a bl e  at 
htt p s:// b et a. c o m p a ni e s h o us e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0  
4 4 8  O N T 2 0 1 7 A n n u al R e p ort, p. 8, a v ail a bl e at htt p s:// b et a. c o m p a ni es h o u s e. g o v. u k/ c o m p a n y/ 0 5 3 8 6 2 7 3/fili n g -
hist or y/ M zI w N z A 3 N z Q 4 M W F k a X F 6 a 2 N 4/ d o c u m e nt ?f or m at = p df & d o w nl o a d = 0 ; 
htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s ; htt p s:// n a n o p or et e c h. c o m/ pr o d u cts   
4 4 9  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts   
4 5 0  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/fl o n gl e   
4 5 1  I bi d. 
4 5 2  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ cli v e - g-br o w n -n a n o p or e -c o m m u nit y -m e eti n g -2 0 1 8 -t al k. 
4 5 3  I bi d. 

https://nanoporetech.com/about-us
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://nanoporetech.com/about-us/news/oxford-nanopore-announces-ps100-million-140m-fundraising-global-investors
https://nanoporetech.com/about-us/news/oxford-nanopore-announces-ps100-million-140m-fundraising-global-investors
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://beta.companieshouse.gov.uk/company/05386273/filing-history/MzIwNzA3NzQ4MWFkaXF6a2N4/document?format=pdf&download=0
https://nanoporetech.com/about-us
https://nanoporetech.com/products
https://nanoporetech.com/products
https://nanoporetech.com/products/flongle
https://nanoporetech.com/about-us/news/clive-g-brown-nanopore-community-meeting-2018-talk
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P r o d u ct  D at e of c o m m e r ci al r el e as e  

Mi nI O N  M a y 2 0 1 5 4 5 4  

Gri dI O N X 5  M a y 2 0 1 7 4 5 5  

Pr o m et hI O N ( b et a)  M a y 2 0 1 8 4 5 6  

Pr o m et hI O N 2 4  Esti m at e d Q 2 2 0 1 9 - pr e -or d er s n o w a v ail a bl e. 4 5 7  

Pr o m et hI O N 4 8  Esti m at e d Q 2 2 0 1 9 - pr e -or d er s n o w a v ail a bl e. 4 5 8  

Mi nI O N M k 1 c  E x p e ct e d mi d 2 0 1 9 4 5 9  

S mi d gI O N 
N o c o m m er ci al r el e as e d at e pr o vi d e d. O N T’s w e bsit e 

st at es t h e S mi d gI O N i s “ c o mi n g s o o n ”.  

Ot h e r d e vi c es  

Mi nI T  O ct o b er 2 0 1 8 4 6 0  

V ol T R A X v 1  O nl y a v ail a bl e i n e arl y a c c ess fr o m N o v e m b er 2 0 1 7.  

V ol T R A X v 2  2 0 1 8  

Fl o n gl e 
R el e as e d i nt o e arl y -a c c ess i n l at e 2 0 1 8. Br o a d er r el e as e 

st at e d t o f oll o w i n 2 0 1 9. 4 6 1  

U bi k 4 6 2  U n k n o w n  

3 9 0.   
 

  
 
 

  

3 9 1.   
 

  

 

 
4 5 4  T h e Mi nI O N w a s i ntr o d u c e d i nt o e arl y a c c es s i n S pri n g 2 0 1 4; S e e htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ hist or y  
4 5 5  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ hist or y ; 
htt p s://t witt er. c o m/ cli v e _ g _ br o w n/st at u s / 8 6 4 1 2 2 3 6 3 8 6 8 3 1 5 6 4 9 ?l a n g = e n 
4 5 6  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ pr o m et hi o n -2 4 -a n d -pr o m et hi o n -4 8 -n o w -a v ail a bl e  
4 5 7  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ pr o m et hi o n -2 4 -a n d -pr o m et hi o n -4 8 -n o w -a v ail a bl e  
4 5 8  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ pr o m et hi o n -2 4 -a n d -pr o m et hi o n -4 8 -n o w -a v ail a bl e  
4 5 9  htt p s:// n a n o p or et e c h. c o m/ a b o ut - us/ n e ws/ cli v e - g-br o w n -n a n o p or e -c o m m u nit y -m e eti n g -2 0 1 8 -t al k 
4 6 0  htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s/ n e ws/ mi nit -l a u n c h 
4 6 1  htt p s:// n a n o p or et e c h. c o m/ pr o d u cts/fl o n gl e  
4 6 2  U bi k is a l o w c o st, p ort a bl e, s a m pl e pr e p ar ati o n d e vi c e. Pl e as e s e e htt p s:// n a n o p or et e c h. c o m/ a b o ut -u s   
4 6 3  Pl e a s e s e e p a g es 2 4 -2 8 of A n n e x  2 s u b mitt e d o n 2 7 F e br u ar y 2 0 1 9 .  

 

4 6 4  htt p s:// w w w. g e n o m e w e b. c o m/ s e q u e n ci n g/ gr a n d o mi cs -r ais e s-n e arl y -r m b-1 0 0 m -s eri e s- b-
fi n a n ci n g #. XI q Y 7 C h Ki U k.  

https://nanoporetech.com/about-us/history
https://nanoporetech.com/about-us/history
https://twitter.com/clive_g_brown/status/864122363868315649?lang=en
https://nanoporetech.com/about-us/news/promethion-24-and-promethion-48-now-available
https://nanoporetech.com/about-us/news/promethion-24-and-promethion-48-now-available
https://nanoporetech.com/about-us/news/promethion-24-and-promethion-48-now-available
https://nanoporetech.com/about-us/news/clive-g-brown-nanopore-community-meeting-2018-talk
https://nanoporetech.com/about-us/news/minit-launch
https://nanoporetech.com/products/flongle
https://www.genomeweb.com/sequencing/grandomics-raises-nearly-rmb-100m-series-b-financing#.XIqY7ChKiUk
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3 9 2.   
 
 
 
 

 

3 9 3.   

III.  P ot e nti al e nt r y  

3 9 4.  As ill ustr at e d b y t h e  c h art b el o w, t h er e  ar e n u m er o us c o m p a ni es pl a n ni n g t o l a u n c h 
s e q u e n ci n g s yst e ms. M ost of t h es e p ot e nti al e ntr a nts h a v e r e c ei v e d si g nifi c a nt f u n di n g 
fr o m i n v est ors, a n d m a n y h a v e b e e n a c q uir e d b y l ar g e lif e s ci e n c e c o m p a ni e s. 

Fi g ur e 2 2 : P ot e nti al e ntr a nt s  

3 9 5.  T h e  t a bl e  b el o w  r efl e cts  t h e  P arti es’  b est  c urr e nt  u n d erst a n di n g  of  w h et h er  e a c h 
c o m p a n y is e x p e ct e d t o  e nt er t h e p ot e nti al m ar k et f or s h ort  r e a d o r n ati v e l o n g r e a d 
s yst e ms,  r es p e cti v el y.  Li mit e d  i nf or m ati o n  is c urr e ntl y  a v ail a bl e  r e g ar di n g  c ert ai n 
p ot e nti al  e ntr a nts’  s e q u e n ci n g  t e c h n ol o gi es.  At  t his  st a g e,  t h e  P arti es  d o  n ot  h a v e 
s uffi ci e nt  i nf or m ati o n  a b o ut  t h e  t e c h n ol o gi es  u n d er  d e v el o p m e nt  b y ,4 6 5  

 

 
4 6 5   
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4 6 6  t o  d efi niti v el y  i d e ntif y  t h e m  as  w or ki n g  o n 
s h ort r e a d or n ati v e l o n g r e a d s yst e ms, r es p e cti v el y.  

3 9 6.  T h e t a bl e a b o v e lists n u m er o us p ot e nti al e ntr a nts i n t h e p ot e nti al m ar k ets f or s h ort r e a d 
a n d n ati v e  l o n g  r e a d  s yst e ms,  r efl e cti n g  t h e  w ell -a p pr e ci at e d  o p p ort u niti es  i n  b ot h 
p ot e nti al m ar k ets. As dis c uss e d b el o w, of t h e p ot e nti al e ntr a nts list e d, a gr e at er n u m b er 
of t h os e p ois e d t o e nt er wit hi n t h e  ar e e x p e ct e d t o s u p pl y s h ort 
r e a d s yst e ms , r at h er t h a n n ati v e l o n g r e a d s yst e ms (i. e., 

). 4 6 8   

3 9 7.  T h er e ar e v ari o us r e as o n s w h y a p arti c u l ar e ntr a nt mi g ht s el e ct eit h er of s h ort r e a d or 
n ati v e  l o n g  r e a d  t e c h n ol o g y  o v er  t h e  ot h er.  E ntr a nts  g e n er all y  s e e k  t o  off er  a n 

 

 
 

 
4 6 6  

 
 
 

 

  
4 6 7  . 
4 6 8   
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i n n o v ati v e s e q u e n ci n g t e c h n ol o g y. T h e u n d erl yi n g s e q u e n ci n g t e c h n ol o g y i n n o v ati o ns 
a v ail a bl e t o a n e ntr a nt m a y p arti all y b e a f u n cti o n of cir c u mst a n c e ( e. g. , a n e w s e nsi n g 
m et h o d is dis c o v er e d a n d s u bs e q u e ntl y c o m m er ci alis e d). C ert ai n i n n o v ati o ns m a y b e 
b ett er s uit e d f or s h ort r e a ds or n ati v e l o n g r e a ds. F or i nst a n c e, n a n o p or es t e n d t o l e n d 
t h e ms el v es  t o  n ati v e  l o n g  r e a d  t e c h n ol o gi es,  a n d  m a n y  of  t h e  n ati v e  l o n g  r e a d 
t e c h n ol o gi es  b ei n g  d e v el o p e d  b y  p ot e nti al  e ntr a nts  (e. g. ,  

) ar e n a n o p or e-b as e d.  

3 9 8.  T h er e ar e n o c o m p a ni es w hi c h c urr e ntl y s u p pl y b ot h s h ort r e a d a n d n ati v e l o n g r e a d 
s yst e ms. Ill u mi n a,  o nl y s u p pl y s h ort r e a d s yst e ms.4 6 9  
P a c Bi o a n d  o nl y s u p pl y n ati v e l o n g r e a d s yst e ms.  

.4 7 0  
T h e P arti es ar e n ot a w ar e of a n y s u p pli er w hi c h i s li k el y t o st art s u p pl yi n g b ot h s h ort 
r e a d a n d n ati v e l o n g r e a d s yst e ms i n t h e n e ar f ut ur e.  

1 4 2 
 

3 9 9.  Of t h e m a n y c o m p a ni es c urr e ntl y d e v el o pi n g s e q u e n ci n g t e c h n ol o gi es,  
 ar e e x p e ct e d t o a n n o u n c e, or h a v e a n n o u n c e d, 

t h e i nt e nti o n t o e nt er i n t h e n e xt . A d es cri pti o n of t h es e   c o m p a ni es 
a n d t h eir a nti ci p at e d s e q u e n ci n g t e c h n ol o gi es is pr o vi d e d b el o w. 

4 0 0.   
 
 
 

4 7 3   

4 0 1.   
 
 
 
 
 
 

 

 

 
4 6 9  . 
4 7 0   

 

4 7 1   

  
4 7 2  .  
4 7 3   
4 7 4  h   
4 7 5  . 
4 7 6  I . 
4 7 7    
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4 0 2.   
 

. 

4 0 3.   
  

  
 
 

  
 
 

 

4 0 4.   
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4 0 5.   

4 0 6.   
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•   
 
 

  
 
 
 
 
 
 

  
 

  
 
 

C o u nt er v aili n g b u y er p o w er 

2 3.  W h e r e n otif yi n g  p a rti es  w o ul d  li k e  t h e  C M A  t o  c o n si d e r  w h et h e r  o r  n ot  t h e 
m e r g e d  e ntit y  will  b e  s u bj e ct  t o  c o u nt e r v aili n g  b u y e r  p o w e r,  e x pl ai n,  wit h 
e vi d e n c e w h e r e a v ail a bl e, h o w t h e m e r g e d e ntit y will b e s u bj e ct t o t his c o n st r ai nt. 

4 1 3.  S e q u e n ci n g a d o pti o n is still at a v er y e arl y st a g e a n d is o nl y us e d i n a s m all n u m b er of 
a p pli c ati o ns wit h r e g ul arit y a n d at  s c al e. H o w e v er, t h e N otif yi n g P arti es b eli e v e t h at 
t h er e is si g nifi c a nt p ot e nti al f or m at eri all y br o a d er a d o pti o n of e xisti n g a p pli c ati o ns a n d 
t h e d e v el o p m e nt of a w h ol e r a n g e of n e w a p pli c ati o ns t h at c o ul d, a m o n g ot h er t hi n gs, 
tr a nsf or m t h e di a g n osis a n d tr e at m e nt of c ert ai n di s e as es.  

4 1 4.  Ill u mi n a’s c o m m er ci al str at e g y r efl e cts t his. It is b as e d o n l o n g-t er m, r at h er t h a n s h ort 
t er m,  c o nsi d er ati o ns.  Ill u mi n a  t a k es  t h e  vi e w  t h at  t h e  e x p a nsi o n  of  t h e  us e  of 
s e q u e n ci n g  will  o nl y  o c c ur  if  r es e ar c h  c ust o m er s  ar e  a bl e  t o  c o n d u ct  t h e  l ar g e  s c al e 

 

 
5 0 7  

5 0 8  

5 0 9   
5 1 0  
5 1 1   

 
5 1 2  
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pr oj e ct s t h at will d e m o nstr at e t h e utilit y of, a n d p a v e t h e w a y f or, t h e us e of s e q u e n ci n g 
i n n e w fi el ds a n d a p pli c ati o ns.  

4 1 5.  As  a  r es ult,  c ust o m ers  w h o  c o n d u ct  t h es e  oft e n  l ar g e  s c al e   n o v el r es e ar c h  pr oj e cts 
est a blis h  t h e  utilit y  of  s e q u e n ci n g  i n  n e w  fi el ds  a n d  a p pli c ati o ns.  T his  m a k es  t h es e 
c ust o m ers,  a n d  t h eir  pr oj e cts,  criti c al  t o  Ill u mi n a  a n d  ot h er  s e q u e n ci n g  s yst e m 
s u p pli ers. I n pr a cti c al t er ms, t his m e a ns t h at t h es e c ust o m ers m ust b e a bl e t o c o n d u ct 
t h eir r es e ar c h at t h e n e c ess ar y s c al e, wit h o ut t h eir a bilit y t o d o s o b ei n g i m p e d e d b y 
c ost, a n d o v er oft e n e xt e n d e d ti m efr a m es.  

4 1 6.  Tr a nsl ati o n al a n d cli ni c al c ust o m ers als o fill i m p ort a nt r ol es i n t h e o n g oi n g gr o wt h of 
s e q u e n ci n g,  d e v el o pi n g t h e  t ests  a n d  ass a ys  t h at  will  e n a bl e  t h e  r o uti n e  cli ni c al  a n d 
di a g n osti c a d o pti o n of n e w t ests t h at c a n b e us e d i n d e v el o pi n g n e w  di a g n osti c t o ols 
a n d n e w p ers o n alis e d tr e at m e nts f or c ust o m ers wit h dis e as es.  

4 1 7.  As a r es ult of t h es e d y n a mi cs, Ill u mi n a s e e ks t o b uil d l o n g -t er m r el ati o ns hi ps wit h its 
c ust o m ers,  t o  e n c o ur a g e  a n d  f a cilit at e  br o a d e ni n g  t h e  u n d erst a n di n g,  utilit y,  a n d 
a d o pti o n of s e q u e n ci n g. 

4 1 8.  T h e f oll o wi n g p ar a gr a p h s pr o vi d e s o m e e x a m pl es of c ust o m ers t h at ar e i m p ort a nt t o 
Ill u mi n a, f or t h e r e as o ns des cri b e d a b o v e,  a n d  w h os e a bilit y t o n e g oti at e wit h Ill u mi n a 
will n ot b e i m p air e d as a r es ult of t h e Tr a ns a cti o n.  

I. T h e r e  a r e  c u st o m e rs  wit h  t h e  a bilit y  t o  n e g oti at e  f o r  hi g hl y  f a v o u r a bl e 
t e r ms i n t h e U K a n d gl o b all y 

4 1 9.  Wit hi n t h e v ari o us c ust o m er gr o u ps d es cri b e d i n S e cti o n 1 5, t h er e ar e c ust o m ers ( b ot h 
i n t h e U K a n d gl o b all y) t h at ar e p arti c ul arl y w ell pl a c e d t o n e g oti at e wit h t h e N otif yi n g 
P arti es. T h es e c ust o m ers i n cl u d e:  

•   
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•   
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•                 
 
 
 
 
 
 
 
 
 

•   

 
 
 
 
 

  

4 2 0.   
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4 2 1.   
 
 
 
 
 
 
 
 
 
 
 

 

4 2 2.   
 

  
 
 
 
 
 
 
 

 

II. T h e T r a n s a cti o n will n ot r e d u c e c u st o m e rs’ n e g oti ati n g st r e n gt h  

4 2 3.  P ost -Tr a ns a cti o n, l ar g e c ust o m ers t h at p a v e t h e w a y f or t h e us e of s e q u e n ci n g i n n e w 
fi el ds a n d a p pli c ati o ns will r e m ai n criti c al f or Ill u mi n a. T h e a c q uisiti o n of P a c Bi o will 
n ot c h a n g e Ill u mi n a’s c o m m er ci al str at e g y b as e d o n b uil di n g l o n g -t er m r el ati o ns hi ps 
wit h c ust o m ers a n d e n a bli n g t h e m t o u n d ert a k e pi o n e eri n g pr oj e cts. 

 

 
  

   
5 3 4
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4 2 4.  As e x pl ai n e d i n S e cti o n 1 3, t h e N otif yi n g P arti es s u b mit t h at s h ort r e a d a n d n ati v e l o n g 
r e a d s yst e ms f all i nt o disti n ct pr o d u ct m ar k ets, s u c h t h at t h e a cti viti es of Ill u mi n a a n d 
P a c Bi o  d o  n ot  o v erl a p.  As  a  r es ult,  t h e  Tr a ns a cti o n  will  n ot  gi v e  ris e  t o  h ori z o nt al 
c o n c er ns. F urt h er, as e x pl ai n e d i n S e cti o ns 1 9 a n d 2 0, t h e Tr a ns a cti o n will n ot r ais e 
eit h er v erti c al or c o n gl o m er at e c o n c er ns.  

4 2 5.  As a r es ult, t h e Tr a ns a cti o n will n ot gi v e ris e t o a S L C i n t h e p ot e nti al m ar k ets f or s h ort 
r e a d  a n d  n ati v e  l o n g  r e a d  s yst e ms  i n  w hi c h  Ill u mi n a  a n d  P a c Bi o,  r es p e cti v el y,  ar e 
a cti v e,  t h at  c o ul d  r e d u c e  t h e  a bilit y  of  c ust o m ers  t o  n e g oti at e.  I n  ess e n c e,  si n c e  t h e 
N otif yi n g P arti es ar e n ot c o m p etit ors, t h e c o m p etiti v e l a n ds c a p e aft er t h e Tr a ns a cti o n 
will r e m ai n t h e s a m e i n b ot h  p ot e nti al m ar k ets.  

E ffi ci e n ci es a n d c u st o m er b e n efits 

2 4.  W h e r e n otif yi n g p a rti es w o ul d li k e t h e C M A  s p e cifi c all y t o c o n si d e r at p h as e 1 
a n y effi ci e n ci es o r r el e v a nt c u st o m e r b e n efits t h at t h e n otif yi n g p a rti es b eli e v e will 
a ris e  f r o m  t h e  m e r g e r,  d es c ri b e  s u c h  effi ci e n ci es  a n d  p r o vi d e  a n y  d o c u m e nts 
p r e p a r e d  i nt e r n all y  o r  b y  e xt e r n al  c o n s ult a nts  t h at  dis c u ss  s u c h  e x p e ct e d 
effi ci e n ci es o r r el e v a nt c u st o m e r b e n efits.  

4 2 6.  As e x pl ai n e d i n S e cti o ns 1 3 a n d 1 5, t h e Tr a ns a cti o n wil l n ot gi v e ris e t o a S L C b e c a us e 
t h e  N otif yi n g  P arti es  d o  n ot  c o m p et e.  R at h er,  t h eir  t e c h n ol o gi es  ar e  us e d eit h er  f or 
diff er e nt  a p pli c ati o ns  or f or  t h e  s a m e a p pli c ati o n s  i n  a  c o m pl e m e nt ar y  f a s hi o n.  T h e 
N otif yi n g P arti es t a k e t h e vi e w t h at t h e Tr a ns a cti o n will g e n er at e si g nifi c a nt m er g er -
s p e cifi c effi ci e n ci es a n d c ust o m er b e n efits i n b ot h t h e s h ort-t er m a n d l o n g- t er m. 

4 2 7.  T h e  N otif yi n g  P arti es  s u b mit  t h at  i n  its  ass ess m e nt  t h e  C M A  s h o ul d  c o nsi d er  t h e 
f oll o wi n g effi ci e n ci es a n d c ust o m er b e n efits w hi c h f or m t h e c or e of  t h e Tr a ns a cti o n’s 
str at e gi c a n d e c o n o mi c r ati o n al e:  

•  fa cilit at e wi d er distri b uti o n of/ a c c ess t o P a c Bi o’s pr o d u cts a n d t e c h n ol o g y b y 
e n a bli n g P a c Bi o t o b e n efit fr o m Ill u mi n a’s gl o b al pr o d u cti o n, a n d s u p p ort a n d 
s er vi c e i nfr astr u ct ur e;  

•  in cr e as e a d o pti o n of P a c Bi o’s s yst e ms b y cli ni c al a n d di a g n osti c c ust o m er s b y 
e n h a n ci n g P a c Bi o s yst e m q u alit y wit h Ill u mi n a’ s q u alit y s yst e ms a n d s yst e m 
m a n a g e m e nt pr o c ess es;  

•  i m pr o v e P a c Bi o’s s yst e m s usi n g Ill u mi n a’s pr o pri et ar y t e c h n ol o gi es; 

•  e n a bl e Ill u mi n a t o d e v el o p c o or di n at e d s ol uti o ns (i n cl u di n g bi oi nf or m ati cs) t o 
e n a bl e c ust o m ers t o h ar n ess t h e c o m pl e m e nt ar y n at ur e of t h e t e c h n ol o gi es; a n d  

•  a c c el er at e i n n o v ati o n.  
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I. F a cilit at e  dist ri b uti o n  of  P a c Bi o’s  s yst e ms  a n d  t e c h n ol o g y  b y  e n a bli n g 
P a c Bi o  t o  b e n efit  f r o m  Ill u mi n a’s  gl o b al  p r o d u cti o n,  a n d  s u p p o rt  a n d 
s e r vi c e i nf r ast r u ct u r e  

4 2 8.   
 
 
 
 
 
 

4 2 9.  Ill u mi n a  is  u ni q u el y  p ositi o n e d  t o  si g nifi c a ntl y  e n h a n c e  P a c Bi o’s  a bilit y  t o 
c o m m er ci alis e its n ati v e l o n g r e a d s yst e ms i n t h e s h ort -t er m, as a r es ult of its: 

•  h i g h  v ol u m e  m a n uf a ct uri n g  i nfr astr u ct ur e  a n d  e n gi n e eri n g  c a p a biliti es.  
 
 
 
 
 
 
 

•  e xt e nsi v e s p e ci alist c o m m er ci al t e a ms.  
 

 

•  e xt e nsi v e c ust o m er b as e, wit h Ill u mi n a’s c ust o m er r e a c h b ei n g   t h at of 
P a c Bi o’s;  

•  e x p eri e n c e a n d e x p ertis e i n d e v el o pi n g r e pr o d u ci bl e w or kfl o ws a n d pr o c e ss es 
f or us e i n cli ni c al s etti n gs ); a n d 

•  b r a n d  r e c o g niti o n  a n d  q u alit y  of  c ust o m er  s er vi c e.  
. 

4 3 0.  Aft er  cl osi n g,  P a c Bi o  will  g ai n  a c c ess  t o  Ill u mi n a’s  gl o b al  distri b uti o n  a n d 
c o m m er ci alis ati o n  i nfr astr u ct ur e,  t e a ms,  a n d  c ust o m er  b as e,  t h er e b y  br o a d e ni n g  its 
a c c ess  t o  c ust o m ers  m or e  t h a n   .5 3 5  R efl e cti n g  t his,  Ill u mi n a  pr e di cts  t h at,  

 
 
 

 

 

 
5 3 5  . 
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Fi g ur e 2 4 :  

4 3 1.  Ill u mi n a h as a tr a c k r e c or d i n pri or s e q u e n ci n g a c q uisiti o ns of dri vi n g d e v el o p m e nt of 
a c q uir e d t e c h n ol o g y a n d r e d u ci n g c osts, t h er e b y a c c el er ati n g c ust o m er a d o pti o n of t h at 
t e c h n ol o g y.  F or  e x a m pl e,  i n  2 0 0 6,  Ill u mi n a  b o u g ht  S ol e x a.  Pri or  t o  t h e  a c q uisiti o n, 
Ill u mi n a  w as  a  g e n e-t e sti n g  t e c h n ol o g y  c o m p a n y  usi n g  g e n ot y pi n g  arr a ys,  n ot 
s e q u e n ci n g, a n d S ol e x a h a d j ust l a u n c h e d its first s e q u e n c er ( t h e G e n o m e A n al y z er). 
Ill u mi n a  t o o k  t h e  vi e w  t h at  S ol e x a  h a d  a  pr o misi n g, n as c e nt  t e c h n ol o g y  t h at  c o ul d 
b e c o m e  c o m m e r ci all y  vi a bl e  wit h  si g nifi c a nt  a d diti o n al  d e v el o p m e nt.  

 
 
 

S ol e x a’s s e q u e n ci n g t e c h n ol o g y f or ms t h e b asis f or   of  Ill u mi n a’s t ot al r e v e n u e 
( 2 0 1 8). 

4 3 2.  Ot h er  i nst a n c es  w h er e  Ill u mi n a  a c q uir e d  c o m p a ni es  a n d  a c c el er at e d  t h eir  gr o wt h, 
f urt h er r e d u ci n g t h e c ost of s e q u e n ci n g, i n cl u d e: 

•  A v a nt o m e :  a  c o m p a n y  wit h  a n  e arl y-st a g e  t e c h n ol o g y  f or  d et e cti o n  a n d 
s e q u e n ci n g  of  D N A  o n  a  C M O S  c hi p.  Aft er  Ill u mi n a  a c q uir e d  A v a nt o m e  i n 
2 0 0 8, .  

 
 

. 

•  E pi c e ntr e : a pr o vi d er of li br ar y pr e p ar ati o n t e c h n ol o g y a n d s p e ci alt y e n z y m es. 
E pi c e ntr e  d e v el o p e d  a  t e c h n ol o g y  c all e d  “ N e xt er a ”,  a  tr a nsf or m ati v e  li br ar y 
pr e p ar ati o n t e c h n ol o g y, si m plif yi n g a n d i m pr o vi n g t h e s e q u e n ci n g w or kfl o w. 

 
 

.  
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•  E di c o : a n i nf or m ati cs a n d d at a-a n al ysis c o m p a n y w h os e t e c h n ol o g y a c c el er at e s 
a n d  si m plifi es  t h e  r e al -ti m e  a n al ysis  of  g e n o mi c  i nf or m ati o n  at  t h e  ti m e  of 
s e q u e n ci n g.  Ill u mi n a  a c q uir e d  E di c o  i n  2 0 1 8  a n d  

 
 
 
 

 

4 3 3.  Ill u mi n a  b eli e v es  t h at,  t hr o u g h  c o nti n u e d  R & D  i n v est m e nt  a n d  i n n o v ati o n,  it  c a n 
f urt h er d e v el o p P a c Bi o’s t e c h n ol o g y t o i n cr e as e o ut p ut a n d l o w er t h e n ati v e l o n g r e a d 
s e q u e n ci n g c ost p er G b. 

A.  S u p pl y- si d e effi ci e n c y: c ost r e d u cti o ns  

4 3 4.  T h e  Tr a ns a cti o n  will  e n a bl e  P a c Bi o  t o  b e n efit  fr o m  si g nifi c a nt  e c o n o mi es  of  s c al e 
t hr o u g h a c c ess t o Ill u mi n a’s distri b uti o n i nfr astr u ct ur e a n d c o m m er ci al or g a nis ati o n, 
t h er e b y r e d u ci n g its distri b uti o n c osts. I n a d diti o n, P a c Bi o’s pr o d u cts will b e n efit fr o m 
t h e m or e effi ci e nt pr o d u cti o n pr o c ess es t h at Ill u mi n a h as d e v el o p e d a n d w hi c h P a c Bi o 
w o ul d  ot h er wis e  b e  u n a bl e  t o  r e pli c at e  i n  t h e  s h ort -t o- m e di u m-t er m.  All  f u n ds  t h at 
P a c Bi o w o ul d h a v e  s p e nt t o d e v el o p its c o m m er ci al or g a nis ati o n if it r e m ai n e d a st a n d -
al o n e  c o m p a n y  c o ul d  t h e n  b e  i n v est e d  i n  R & D  eff orts  t o  i m pr o v e  t h e  q u alit y  of  its 
e xisti n g, a n d t o d e v el o p n e w, s yst e ms. 

4 3 5.  I n  a d diti o n  t o  l o w er  c osts,  t h e  Tr a ns a cti o n  will  bri n g  a  n u m b er  of ot h er  s h ort -t er m 
b e n efits  t o  P a c Bi o,  i n cl u di n g  a d diti o n al  r es o ur c e s  f or  c ust o m er  s er vi c e  a n d  s u p p ort, 
i n cr e as e d br a n d r e c o g niti o n, a n d m or e effi ci e nt m a n uf a ct uri n g a n d distri b uti o n. 

B.  Ill u mi n a d o es n ot h a v e t h e a bilit y or i n c e nti v e t o f a cilit at e distri b uti on of/ a c c ess 
t o P a c Bi o’s t e c h n ol o g y i n t h e a bs e n c e of t h e Tr a n s a cti o n 

4 3 6.  A bs e nt t h e  Tr a ns a cti o n,  Ill u mi n a  w o ul d h a v e n eit h er t h e  a bilit y  n or t h e i n c e nti v e t o 
g e n er at e  t h es e  effi ci e n ci es  at  P a c Bi o.  T o  g e n er at e  t h e  b e n efits  c o nt e m pl at e d  b y 
Ill u mi n a, P a c Bi o m ust h a v e dir e ct a c c ess t o Ill u mi n a’s m a n uf a ct uri n g, distri b uti o n a n d 
ot h er s er vi c e a n d s u p p ort i nfr astr u ct ur e. I n t h e l o n g er t er m, Ill u mi n a w o ul d als o l a c k 
t h e a bilit y a n d i n c e nti v e t o dri v e t e c h ni c al d e v el o p m e nt, i n cl u di n g n e w s ol uti o ns a n d 
c o or di n at e d w or kfl o ws.  

II. E n h a n c e a d o pti o n of P a c Bi o’s s yst e ms b y cli ni c al a n d di a g n osti c c u st o m e r s 
b y e n h a n ci n g s yst e m q u alit y  

4 3 7.  As e x pl ai n e d i n r es p o ns e t o S e cti o n 1 2, P a c Bi o’ s n ati v e l o n g r e a d t e c h n ol o g y is n ot 
wi d el y  a d o pt e d  i n  t h e  cli ni c al  a n d  di a g n osti c  c o nt e xt,  a n d  

. 

4 3 8.  D e v el o pi n g a n d o bt ai ni n g r e g ul at or y a p pr o v al f or cli ni c al a n d di a g n osti c a p pli c ati o ns 
is diffi c ult, e x p e nsi v e, a n d ti m e- c o ns u mi n g, a n d r e q uir es: 

•  si g nifi c a nt r es o ur c es t o d esi g n  a n d c arr y o ut st u di es f or r e g ul at or y a p pr o v al;  
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•  si g nifi c a nt e x p eri e n c e a n d e x p ertis e w or ki n g wit h r e g ul at or y a g e n ci es t o o bt ai n 
r el e v a nt a p pr o v als;  

•  t h e a bilit y t o d e v el o p a n d r e pr o d u ci bl y m a n uf a ct ur e r o b ust s yst e ms a n d ass a ys;  

•  r e pr o d u ci bilit y a n d pr o c e ss s c al a bilit y i n cli ni c al or di a g n osti c s etti n gs;  

•  i nf or m ati cs a bl e t o pr o d u c e a cti o n a bl e r es ults f or cli ni c al di a g n osis or tr e at m e nt; 
a n d  

•  c ust o m er s er vi c e a n d s u p p ort. 

4 3 9.   
 

 

4 4 0.  I n c o ntr ast, Ill u mi n a h as s u c c essf ull y d e v el o p e d a n d o bt ai n e d r e g ul at or y a p pr o v al f or 
cli ni c a l  s e q u e n ci n g,  wit h  t h e  Mi S e q D X  syst e m  b ei n g  t h e  first F D A -a p pr o v e d  N G S 
s yst e m  i n t h e U S, a n d e n d-t o-e n d s ol uti o ns f or p arti c ul ar a p pli c ati o ns. I n a d diti o n t o 
e x p ertis e a n d e x p eri e n c e, Ill u mi n a h as t h e R & D a n d fi n a n ci al r es o ur c es t o d e v el o p s u c h 
r e g ul at e d s yst e ms  a n d a p pli c ati o ns.  

4 4 1.  Ill u mi n a  
  a  cli ni c al-gr a d e  i nfr astr u ct ur e  a n d  a n  or g a nis ati o n  t o  s u p p ort  t h e  cr e ati o n  of 

r e g ul at or y a p pr o v e d pr o d u cts, s u c h as t h e Mi S e q D x, w hi c h i n 2 0 1 3 b e c a m e t h e first 
N G S s yst e m  t o  r e c ei v e  F D A  cl e ar an c e.  S u bs e q u e ntl y,  Ill u mi n a  h as  r e c ei v e d  F D A 
cl e ar a n c e  f or  its  N e xt S e q  5 5 0 D x  s e q u e n ci n g  s yst e m  a n d  h as  r e c ei v e d  r e g ul at or y 
a p pr o v als i n C hi n a a n d  C E -I V D m ar ki n g i n E ur o p e (f or  NI P T).  

 
 

  

4 4 2.  B uil di n g  a  cli ni c al -gr a d e  i nfr astr u ct ur e  a n d  a n  or g a nis ati o n  t o  o bt ai n  r e g ul at or y 
a p pr o v als a n d m ar ki n gs of s e q u e n ci n g pr o d u cts h as r e q uir e d si g nifi c a nt a n d o n g oi n g 
i n v est m e nt i nt o, a m o n g ot h er t hi n gs: b uil di n g a n d m ai nt ai ni n g  r o b ust, c o m pl e x, a n d 
I S O-c ertifi e d q u alit y a n d c o ntr ol s yst e ms, m a n uf a ct uri n g, a n d o p er ati o ns ; a n d a l ar g e 
n u m b er of p ers o n n el wit h hi g hl y s p e ci alis e d e x p ertis e, i n cl u di n g a c q uiri n g a c o m p a n y 
t h at f o c us e d o n bri n gi n g r e g ul at or y-cl e ar e d pr o d u cts t o m ar k et.  

A.  D e m a n d -si d e effi ci e n c y: I ntr o d u cti o n of n e w pr o d u cts f or cli ni c al a n d di a g n osti c 
c ust o m ers  

4 4 3.  T h e Tr a ns a cti o n will e n a bl e Ill u mi n a t o d e v el o p P a c Bi o’s n ati v e l o n g r e a d s yst e ms f or 
cli ni c al a n d di a g n osti c a p pli c ati o ns. P a c Bi o will b e n efit fr o m Ill u mi n a’s e x p eri e n c e a n d 
e x p ertis e i n d e v el o pi n g a n d r e pr o d u ci bl y m a n uf a ct uri n g r o b ust s yst e ms a n d ass a ys f o r 
us e i n cli ni c al a n d di a g n o sti c a p pli c ati o ns.  

4 4 4.  As e x pl ai n e d a b o v e i n S e cti o n 1 3, t h er e ar e c ert ai n a p pli c ati o ns f or w hi c h c ust o m ers 
c a n us e b ot h s h ort r e a d a n d n ati v e l o n g r e a d t e c h n ol o gi es t o t a k e a d v a nt a g e of t h eir 
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c o m pl e m e nt ar y str e n gt hs. T h e c o m pl e m e nt ar y n at ur e of Ill u mi n a’s s h ort r e a d s yst e ms 
a n d P a c Bi o’s n ati v e l o n g r e a d s yst e ms c o ul d b e us e d i n cli ni c al a n d di a g n osti c s etti n gs 
t o r es ol v e S Vs, H L A, h a pl ot y p e p h asi n g (e. g. , C F T R), a n d R U G D, f or e x a m pl e: 

•  H L A : as e x pl ai n e d e arli er, s h ort r e a d s yst e ms ar e w ell-s uit e d f or s cr e e ni n g a 
t y pi c all y  l ar g e  n u m b er  of  p ot e nti al  d o n ors  a n d  i d e ntif yi n g  t h e  i n c o m p ati bl e 
o n es.  N ati v e  l o n g  r e a d  s yst e ms  c a n  t h e n  b e  us e d  t o  pr o vi d e  a d diti o n al 
i nf or m ati o n  a b o ut  p ot e nti all y  c o m p ati bl e  d o n ors.  Ill u mi n a  c a n  us e  P a c Bi o’s 
n ati v e l o n g r e a d s yst e ms t o d e v el o p a cli ni c al di a g n osti c t est, w hi c h will b e us e d 
as  a  “r efl e x ”  t est  t o  pr o vi d e  a d diti o n al  i nf or m ati o n  a b o ut  c o m p ati bilit y  t o 
p ot e nti al r e ci pi e nts;  

•  C F T R H a pl ot y p e p h asi n g : w h er e l ess c ostl y s h ort r e a d s e q u e n ci n g c a n b e us e d 
t o scr e e n w h et h er c ert ai n v ari a nts t h at c a n c a us e dis e as es o nl y w h e n b ot h g e n e 
c o pi es of t h e all el e ar e d ef e cti v e i n a gi v e n s a m pl e, f or e x a m pl e. If s u c h v ari a nts 
ar e pr es e nt, n ati v e l o n g-r e a d s e q u e n ci n g c a n t h e n b e us e d t o d et er mi n e w h et h er 
or n ot s u c h dis e as e- c a usi n g v ari a nts e xist o n b ot h t h e m at er n al a n d p at er n al g e n e 
c o pi es, t o el u ci d at e t h e pr es e n c e a n d s e v erit y of t h e dis e as e, or if s u c h v ari a nts 
e xist o nl y o n o n e g e n e c o p y, t o i n di c at e t h e a bs e n c e of t h e dis e as e. T his a bilit y 
of n ati v e l o n g r e a d s yst e ms  c o ul d f or m t h e b asis of cli ni c al a p pli c ati o ns w h er e 
P a c Bi o’s n ati v e l o n g r e a d d at a ar e us e d as a “r efl e x t est ” t o c o nfir m or a u g m e nt 
t h e r es ults pr o d u c e d b y s h ort r e ad s yst e ms;  

•  R U G D :  w h er e  s h ort  r e a d  s yst e ms,  s u c h  as  Ill u mi n a’s,  ar e  t h e  first  li n e 
s e q u e n c i n g  t e c h n ol o g y  us e d  d u e  t o  t h eir  l o w er  c ost,  hi g h  a c c ur a c y  a n d 
t hr o u g h p ut, a n d a bilit y t o s e q u e n c e t h e m ost k n o w n a cti o n a bl e v ari a nts (e. g. , 
S N Vs).  W h e n  t esti n g  b e y o n d  first  li n e  s h ort  r e a d  s e q u e n ci n g  is  a p pr o pri at e, 
cli ni c al t ests usi n g n ati v e l o n g r e a d s yst e ms c o ul d b e d e v el o p e d t o: 

o  “ p h as e ” v ari a nts wit h t h e ai m of i d e ntif yi n g a n all el e c a usi n g t h e dis e as e ; 
or 

o  t o p ot e nti all y el u ci d at e w h et h er t h e dis e as e is c a us e d b y a l ar g er v ari a nt 
s u c h as a l ar g er S V.  

4 4 5.  Ill u mi n a  a nti ci p at es  t h at  it  c a n  m at eri all y  a c c el erat e  t h e  i ntr o d u cti o n  of  P a c Bi o’ s 
s yst e ms i nt o cli ni c al a n d di a g n osti c a p pli c ati o ns.  

III.  I m p r o v e P a c Bi o’s s yst e ms u si n g Ill u mi n a’s p r o p ri et a r y t e c h n ol o gi es 

4 4 6.  Ill u mi n a e n visi o ns m a n y o p p ort u niti es t o us e its e xisti n g pr o pri et ar y t e c h n ol o gi es a n d 
k n o w- h o w t o i m pr o v e P a c Bi o’s s yst e ms.  

 
 

 

4 4 7.   
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4 4 8.   
 
 
 
 

. 

4 4 9.   
 
 
 
 
 

I V. E n a bli n g Ill u mi n a t o d e v el o p c o o r di n at e d s ol uti o n s  

4 5 0.  T h e  Tr a ns a cti o n  w o ul d  e n a bl e  Ill u mi n a  t o  d e v el o p  c o or di n at e d,  c o m pl e m e nt ar y 
s ol uti o ns  f or  “r efl e x ”  t esti n g, i niti al  dis c o v er y,  a n d  c o or di n at e d  s e q u e n ci n g 
a p pli c ati o ns. 5 3 6  

4 5 1.   
 
 

 

•   
 
 
 

 

 
5 3 6  Pl e a s e s e e S e cti o n 1 3 a b o v e.  
5 3 7   
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•   
 
 
 
 
 

.  

 
 
 

  

 
 

•   
 
 
 
 
 

 

 
 

•   
 
 

  

 
 
 

 

  
 



 

 

C as e M E/ 6 7 9 5/ 1 8 

C O N FI D E N TI A L  - C O N T AI N S B U SI N E S S S E C R E T S  

1 7 A pril  2 0 1 9 

 

1 5 9 
 

o   
 

 
 
 

. 

4 5 2.   
 
 

 

4 5 3.  T h e d e v el o p m e nt of c o or di n at e d w or kfl o ws c a n n ot b e a c hi e v e d i n t h e a bs e n c e of t h e 
Tr a ns a cti o n.  

4 5 4.  T h e N otif yi n g P arti es h a v e n ot h a d t h e a bilit y n or i n c e nti v e t o c oll a b or at e i n t h e m a n n er 
e n a bl e d b y t h e Tr a ns a cti o n. 

4 5 5.  I n a d diti o n, r e pli c ati n g t h e i n c e nti v es t o d e v el o p s ol uti o ns t o c o-or di n at e a n d a n al ys e 
d at as ets i n t h e d y n a mi c s e q u e n ci n g s e ct or, w h er e t h er e ar e diff er e nt t e c h ni c al s ol uti o ns 
(i n  t h e  f a c e  of  diff er e nt  pr o pri et ar y  s ol uti o ns  t o d a y),  w o ul d  b e  diffi c ult  a bs e nt  t h e 
Tr a ns a cti o n. I n a d y n a mi c e n vir o n m e nt of t his n at ur e, t h e v al u e of u n d ert a ki n g s u c h a n 
i niti ati v e  t hr o u g h  c oll a b or ati o n,  a n d  t h e  u n c ert ai nt y  ass o ci at e d  wit h  m a ki n g  s u c h 
i n v est m e nts,  i m p os e  c o ntr a cti n g  a n d  m o nit ori n g  c osts t h at  ar e  a v oi d e d  t hr o u g h 
c o m m o n o w n ers hi p of t h e t w o t e c h n ol o gi es. 
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V.  T h e T r a n s a cti o n will a c c el e r at e i n n o v ati o n 

4 5 6.  Ill u mi n a’s str o n g i n c e nti v es t o i n n o v at e will n ot b e r e d u c e d b y t h e Tr a ns a cti o n. B e c a us e 
t h e  N otif yi n g  P arti es  ar e  n ot  c o m p etit ors  t o d a y,  t h e  Tr ans a cti o n  will  n ot  r e d u c e 
Ill u mi n a’s a bilit y a n d i n c e nti v es t o i n n o v at e i n cl u di n g usi n g P a c Bi o’s t e c h n ol o g y. 5 3 8  

4 5 7.   
 
 
 
 

 

4 5 8.   
 
 
 
 

 

4 5 9.   
 
 
 
 
 
 
 
 
 
 

 

 

  

 

 
5 3 8  Pl e a s e s e e S e cti o n 1 8, r e g ar di n g h o w Ill u mi n a h as b e e n t h e dri vi n g f or c e i n c o n st a ntl y r e d u ci n g s e q u e n ci n g 
c o sts.  
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Ot h er i nf or m ati o n  

2 5.  P r o vi d e a n y ot h e r i nf o r m ati o n t h at t h e n otif yi n g p a rti es c o n si d e r m a y b e r el e v a nt 
t o t h e C M A’s P h as e 1 i n v esti g ati o n. 

N ot a p pli c a bl e.  
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P A R T V – T H I R D P A R T Y C O N T A C T D E T AI L S  

2 6.  P r o vi d e c o nt a ct d et ails f o r t h e r el e v a nt c o m p etit o rs a n d c u st o m e rs of t h e m e r g e r 
p a rti es f o r  ( w h e r e a p pli c a bl e): 

( a) e a c h of t h e C a n di d at e M a r k et s i n w hi c h t h e y o v e rl a p;  

( b) e a c h  of  t h e  C a n di d at e  M a r k ets  i n  w hi c h  t h e  m e r g e r  p a rti es  h a v e  a  v e rti c al 
r el ati o n s hi p  ( p r o vi di n g  c o nt a ct  d et ails  f o r  t h e  r el e v a nt  c o m p etit o rs  a n d 
c u st o m e rs of t h e m e r g e r p a rti es o n t h e u p st r e a m a n d d o w n st r e a m m a r k ets o n 
w hi c h e a c h  m e r g e r p a rt y is a cti v e); a n d  

( c) e a c h of t h e C a n di d at e M a r k et s i n w hi c h e a c h of t h e m e r g e r p a rti es p r o vi d es 
r el at e d p r o d u cts/s e r vi c es.  

4 6 0.  Pl e as e s e e  

2 7.  T o t h e e xt e nt a p pli c a bl e, p r o vi d e c o nt a ct d et ails f o r r el e v a nt s u p pli e rs p r o vi di n g 
a n esti m at e of t h e a n n u al v al u e a n d/ o r v ol u m e of p u r c h as es. 

4 6 1.  Pl e as e s e e . 

2 8.  T o t h e e xt e nt a p pli c a bl e, p r o vi d e c o nt a ct d et ails f o r e a c h of t h e c o m p a ni es t h at t h e 
n otif yi n g p a rti es c o n si d e r a r e li k el y t o e nt e r a n d e x p a n d i nt o a n y of t h e C a n di d at es 
M a r k ets.  

4 6 2.  Pl e as e s e e . 

2 9.  P r o vi d e t h e n a m e a n d c o nt a ct d et ails, i n cl u di n g a d d r ess, a n d e m ail a d d r ess a n d 
t el e p h o n e n u m b e r, of: 

( a) a n y r el e v a n t r e g ul at o r y a ut h o riti es c o v e ri n g t h e i n d u st r y i n w hi c h t h e m e r g e r 
p a rti es  o v e rl a p,  h a v e  a  v e rti c al  r el ati o n s hi p,  o r  s u p pl y  r el at e d 
p r o d u ct(s)/s e r vi c e(s).  

( b) a n y t r a d e ass o ci ati o n s w hi c h c o v e r t h e i n d u st r y i n w hi c h t h e m e r g e r p a rti es 
o v e rl a p, h a v e a v e rti c al r el ati o n s hi p, o r s u p pl y r el at e d p r o d u ct(s)/s e r vi c e(s).  

4 6 3.  Pl e as e s e e . 
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