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Abstract: Aqueous acetone extracts of mature leaves from 10 accessions of two
species of Sesbania piants were prepared and analysed by high-performance
liquid chromatography (HPLC). The HPLC phenolic profiles were used to
develop a classification rule to distinguish between accessions. Out of the 44
mature leal samples analysed, 27 had distinctive HPLC phenolic profiles and
were successfully assigned to the correct accession. Seedlings of these accessions
could be classified to the correct species after 3 months® growth. After 3 months’
growth, 8 out of 15 samples could be assigned to the correct accession and, at 6
months, 7 out of 20. However, when accessions with very similar phenolic pro-
files were grouped together, there was a 100% success rate for classifying the
correct accession at 3 months and 80% success rate at 6 months. It was con-
cluded that the method could distinguish between some accessions, or groups of
accessions, of Sesbania after 3 months’ growth. HPLC phenolic profiling is
potentially a relatively rapid, but not uniformly reliable, method for classifying

Sesbania accessions.
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INTRODUCTION

The use of chromatography in cultivar identification
was reviewed by Morgan (1989) who concluded that
these techniques offer considerable potential in chemo-
taxonomic characterisation. High-performance liquid
chromatography (HPLC) is well suited to such purposes
as it produces quantitative data and offers a high degree
of discrimination not obtainable through morphological
examination. Polyphenol profiles obtained by HPLC
have been used to identify cultivars of poinsettia
(Stewart et al 1980) and geranium florets (Asen and
Griesbach 1983). HPLC data can be analysed stat-
istically and such analyses have been used to indicate
varietal differences and responses to different environ-
ments in sorghum (Mueller-Harvey and Dhanoa 1991),
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predicting price and country of origin of black tea
liquors (McDowell et al 1991) and in distinguishing
between different cultivars of apple (McRae et al 1990).
Sesbania is a genus of leguminous shrubs and trees
which has been investigated for their use as multi-
purpose plants (Anon 1993). Sesbania sesban (L) Merrill
var. nubica Chiov and § goetzei Harms show promise as
fodder trees and both are native to sub-Saharan Africa.
The International Livestock Centre for Africa (ILCA)
has a germplasm collection of 300 accessions of 20
species of Sesbania. There are large differences both
between and within species in their agronomic proper-
ties (Tothill et al 1990; Hanson 1991). There is a need,
in various areas of research, for a rapid technique to
classify plant accessions at an early stage, rather than
wait for them to grow to maturity. The aim of this
study was to determine whether a distinctive phenolic
profile can be used to distinguish between young plants
from dlﬁ”erem Sesbania accessions and the stage of
-~ ~+whish the nrofile can be used.
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Leafl samples of five accessions of each of two Sesbania
taxa (8 sesban var nubica and § goerzei) were collected
from mature trees grown at three different sites (Zwai,
Debre Zeit and Shola) in Ethiopia. Table 1 gives the
origins and botanical names for the accessions. Her-
barium specimens have been retained at ILCA. Samples
were obrained in duplicate from different trees except in
two cases when only single trees were available (see
Table 2). Scedlings of some of the accessions were
grown at both Zwai and Debre Zeil, Leaves were
sampled after 3 and 6 months (see Table 2),

The leafl samples were freeze-dried and ground to
pass through a | mm sieve and sent to the UK. Hager-
man (1988} found that 700 ml litre™' agueous acetone
extracted more tannins than aguecus or acidic meth-
anol, hence this was the preferred solvent. Samples were
extracted as described by Wood er al (1994) except thar
they were homogenised for | min. 1t had been found
that extraction of extractable phenols was completed
within one minute (Powell € J unpublished datal.
Extracts were centrifuged at 2000 g for 10 min and then
filtered through a 043 ym millipore filter before
analysis by HPLC. The extract {20 pl) was analysed
directly by HPLC using the method of Mueller-Harvey
et al {1987),

Examination of the HPLC chromatograms of the
mature leal samples indicated that there were seven
major peaks that could be used to characterise the
accessions. The peaks were selected and assigned on the
basis of thelr retention tmes. For statistical analvsis
standardised peak heights were used where

standardised peak height

observed peak height
~ total peak height for all seven peaks

Jimilar results could be achieved using peak areas.
Linear discriminant functions were obtained using
canonical vanate analysis (CVA) by means of

TABLE 1
Botanical names and origing of selected Seshama aceessions

Boeranical name Origin Accession code

& seshan (L) Mernil var Ethiopia 2024
aubica Chioy India (1) 10865
lganda 13021

Rwanda 156322

Uganda L5036

5 goerzel Harms subsp Tanzania 1277
multiflora Tanzania [27¢
5 goerzel Harms subsp Ethiopia 13007
goerzel Ethiopia 13358
Kenva 15367

.
=

)

-
Species Age TLCA Sire Na
accession sampleg)
code Sitp g
——
5 seshan 1 months 2024 o 2
var nuhica Fi z =
10865 D ]
Z 2
15036 Z 2
& months 2024 D e
£ 2
10843 D i
Z ¥
13036 D 2
Mature 2024 D 1
108635 D 2
Z 2
5 2
15021 D 2
Z 2
5 i
13022 [ 2
F 2
5 2
13036 D 2
Z 2
] 2
& goetzel 1 months 1277 ] 2
1278 Z I
15007 £ 2
o months 1277 D 2
1273 ) 2
£ 2
[ 3007 Z 2
Mature 1277 [ 2
s 2
1278 Z 2
13007 D 2
Z 2
15358 D 2
£ 2
| 5367 o 2]
£ 2

* D, Debre Zeit: Z, Zwai: 5. Shola.

GENSTAT computer software. The discriminant func-
lions produced by CVA on the data rom mature leaves
were used as a classification rule. The mature leal and
seedling samples were distinguished and classified on
the basis of this rule. Correlation was also used as a
classification tool, the correlations being computed [or
all seedling samples with each mature profile and see_d-
ling samples classified as the mature accession with
which it was most highly positively correlated. Variance
components [or each of the seven HPLC peaks were
caleulated using the REML technique to quantify varia-



{each accession.

RESULTS

gon between the 10 aceessions and between samples for

§ HPLC chromatograms (at 260 nm) typical of Seshania
! T:‘Hbﬂn var nubica and § goetzel are given 1n Fig 1. The
4 spectra of the peaks with the same retention times used
for classification were compared and found to be closely
4 %ﬁsimilar for different accessions within species, indicating
-+ that the peaks were the same compounds. Spectra for
©peak six were, however, found to be different for §
4 sgshan var nubica and § goetzei
For the mature leaves linear discriminant functions
iweru obtained using CVA. The first three functions were

found to be important in discriminating between the 10
accessions. These functions are of the following form:

Y, =a, xpeak | + as x peak 2 +-- + a5
» peak 7 <+ constant

Yo=b wpedk | + b, x peak 2 -+ by
x peak 7 -+ constant

Yy=¢, xpeak | +¢; xpeak2 -+,
x peak 7 + constant

and the coefficients are provided in Table 3,

Table 4 gives the mean values of the coefficients
obtained from the first three discriminant functions. The
first canonical variate separates § sesban var nubica
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L. HPLC chromatograms of § seshan var mubica and 5§ goerzei at 260 nm showing numbers allocated to peaks wsed for
ification, Vertical scale is the absorption in absorption units (ALY, horizontal scale gives the relention Lime on the: HPLC
umn in minutes, {a) § goer=ei subsp multifiera ILCA accession code 1277, (b) § seshan var nubica ILCA accession code 15021,



I'ABLE 3 TABLE 4
The coeflicients of the first three diseriminant functions of the Mean values for each accession of the first three discriminasy
phenolic compounds functions . e
Srardardized Function Function Funerion ILCA Species® CV A means A
pek (¥ (¥ (¥s) -
st 2nd Jrd—=
Peak 1 24-46 1242 —0+34 function  function  fupeg;
Peak 2 4-60 — 2868 — 363
Peak 3 ~ 303 191 ~4.48 Accession No Y, Y ¥, o
Peak 4 —2:70 969 12:32 1277 G 16:24 184 _gg3
Peak $ ~0-29 077 875 1278 G 13-19 1-73 0-38
Peak € —(-Rd = 0-46 2024 5 162 —10:74 ~034 9
Peak 7 81-55 1293 ~ 843 10865 8 —9-59 0-36 167
Constant 545 078 161 o S e e "
% Variance 91-4% 6:2% 17% {s5 g _igles 077 —1p )
expiamsad 15036 S ~10-70 084 —13
15358 G 11:33 0-73 009
15367 G 11:64 — 37 -2

(values of 1-62 for accession ILCA 2024, otherwise
about —10) and § goerzei (values of about 12) profiles
from one another. The main basis of the discrimination
is that § goetzei had higher levels of peaks | and 7,
while § sesban var nubica had higher levels of peaks 3, 4,
5 and 6. The second canonical variate separated ILCA
2024 from the other accessions, primarily on the basis of
its higher level of peak 2, while the third canonical
variate separated accession [LCA 10863 from the
others, primarily on the basis of higher levels of peaks
4 and 5.

The discriminant functions produced by CVA were
used as a classification rule and Table 3 summarises its
success in categorising the mature leaves correctly. All
samples were classified correctly by species. Out of 44

* G, § goerzei; 5, 8 sesban var nubica.

samples. 27 were correctly classified by accession. For
some of the accessions all of the samples were correctly
assigned, for example, § goerzei ILCA 1277 and 12738
and § seshan var nubica TLCA 2024, Other accessions,

such as § sesban var nubica ILCA 15021, 15022 and =
15036, had very similar profiles and could not be distin-

guished from each other,

Table 6 shows the variance between accessions for
each HPLC peak, the vanance between samples pooled
over the 10 accessiens (due to sample to sample varia-
tion and site differences) and the mean peak heighis
of the accessions with the lowest and highest peaks.

TABLE 5
{Classification of accessions using HPLC prafiles of the mature leaf extracts

Species LA Accession Predicred accession Na of % samples
deCEssion rode samples carrectly
e A B D E FE G H FJ frt eweh idenrified
dceession
5 goerzen 1277 A 4 4 100
278 B 2 2 1 ()
15007 c P 2 1 4 30
15358 D | | 4 50
15367 E Z 2 4 18]
5 seshan 2024 F 3 3 100
var nubtea 10865 G 4 x fi a7
15021 H 3 5 100
15022 1 r S G | f 17
15036 ] L] B fy 33
44 61

Totals, all samples
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TABLE 6
Varidncs components and lowest and highest accession means for each HPLC peak

HPLC peak Variance between Variante hetween Mean of lowest  Maan of highest
accessions samples® accession aceession
1 00517 00014 00046 0-494
2 00195 00010 00003 0242
3 01195 0-0822 0-0a3 0:817
4 00018 040016 0016 0164
¥ 0-0008 00035 0-007 0-127
f 0-00%7 0-0100 0066 0-228
7 00037 000 14 0000 0151

" Pooled over ACCESSIOMNS,

siatistically  significant (P < 0-05) differences were
Jound between all accessions for all peaks except peak 5,
“where no  significant (P =003} differences were
observed between accessions. For peaks 1, 2, 3 and 7
flhe vartance between accessions was much greater than
| the variance between samples of the same accession. As
illustrated in Table 6, there was a wide range of peak
theights observed for all seven peaks over the range of
Accessions.

o Seedlings had profiles very similar to the matuze
Jeaves after 3 months and could be classified correctly
Dy species. At 3 months eight out of 13 could be classi-
ihed as the correct accession, but only seven out of 20
dlter 6 months {see Table 7). There was 100% success
rate in distinguishing the accessions with distinctive

profiles, such as § seshan var nubica ILCA 2024, in both
young and mature plants. If similar accessions, that is §
sesban var nubica ILCA 15021, 15022 and 15036 whose
adult leafl phenolic profiles could not be distinguished,
were considered as a single group the success rate was

100% for the 3 month samples and 80% for the &
month samples,

DISCUSSION AND CONCLUSIONS

The objective of this study was to assess the potential of
using HPLC-derived phenolic profiles 1o distinguish

TABLE 7
Classification of aceessions using HPLC profiles of

the young leaf extracts grown in Ethiopia

Speries ILCA4

decession

Predivied accessions No of Yo samples
aecession code samples correctly
no A B €D EFG H 1 in gach identifred
avcession
3 inonrhy
5. goetzef 1277 A Il 1 2 30
1278 B 1 I ]
13007 o 1 2 0
5 seshan 2024 F 4 4 100
Var mubica 108635 G 31 4 75
5036 ] | | 2 0
& months
5 goerze 1273 A 2 2 0
1278 B 2 2 4 i
L5007 G 1 | 2 11
8 geshan 2024 F dq 4 100
b Yar muhicg 10863 G 2 2 4 0
4 15036 J 4 4 0




between accessions of fodder free species. 1his would
benefit plant breeders and forage agronomists and, uli-
mately, livestock owners whose benefit would be from
improved feed availability and quality, The project has
- demonstrated that two species of Seshania can be distin-
guished by analysing leal extracts from young plants
and comparing them to mature leal extracts. Correctly
classifying plants by accession using this. method has
proved to be more difficult as some accessions have
similar phenolic profiles. Larger numbers of accessions
would probably increase this problem. However, the
method has potential to distinguish between some
accessions, or groups of similar accessions, Grouping is
the first step to forming defined core collections of agro-
nomic potential from large germplasm colleclions
Phenolic profiles could be used for such grouping and,
with information on agronomic properties and feeding
values, help identify improved accessions,
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