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Abstract: The random amplified polymorphic DNA (RAPD) markers were used to study the nature of genome
differentiation betvveen natural populations of L. sativus. The degree of band sharing vwas used as a criterion to calculate
the genetic distance and to construct phylogenetic trees. The 28 populations from Pakistan, India and Ethiopia differed
in the amount of B - N - oxalyl -L- o, B - diamino propionic acid [B-ODAP) in their kernels. Irrespective of their
geographical diversity high toxin and low toxin varieties clustered into genetic groups in the phylogenetic tree. The
results would suggest that the variation betvween populations in the neurotoxin content is governed by genetic factors

and has occurred for this trait during evolution
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Introduction

Lathyrism has been known to occur in grasspea areas of the
world for a long time. The disease was recorded first in the
Narovval area of district Sialkot (Shah, 1939). In many parts
of the world, efforts are being to develop toxin free loww ODAP
variation in grasspea {Campbell ef el., 1994]. In Pakistan
Lathyrus sativus, locally known as “"matter” is grown in an
area of 140 thousand hectares every year and the production
is around 70 thousand metric tones per annum Khawvaja et el.,
1996). Several species of Lafthyrus synthesize one or more
types of toxic non-protein amine acids. Ressler et al. {1961)
identified toxic amino acid «, Y, diminobutyric acid in L.
latifolius and L. sylvesfris which cause neurolathyrism in
animals. Since the discovery of B-ODAP as a causative agent
several attempts have been made by plant breeders to
eliminate the toxic substance by careful selection so far and
through hybridization between low and high toxin varieties.
The breeding efforts have been unsuccessful. Campbell and
Briggs [1987) reported L. sativus variety (\Var. 8246) having
a loww ODAP content of 0.0259 to 0.0401 % ww/vw of dry seed.
Random amplified polymorphic DNAs (RAPDs), may also have
a role in molecular study of genome differentiation. The RAPD
assay does not require prior knowledge of the target DNA
sequence. The method has been varicusly termed as RAFPD
(Williams ef al., 1990), AP-PCR [Arbitrary primed polymerase
chain reaction, Welsh et al, 1991), DAFs (DNA amplification
fingerprints, Caetano-Anclles et al, 1991} and AFLPs
{amplified fragments length polymorphism, Vosa ef al., 1995].
Many opportunities now exist for the exploitation of genetic
markers in crop improvement programs. Central to this
challenge is the requirement to locate markers to specific
regions of the genome, which are important in controlling the
expression of traits of economic and biological importance.
Delourme et al. (1994] employed bulk segregation analysis to
identify the RAPD markers linked to the restorer gene (Rf,)
used in " Ogura radish cytoplasmic male sterility '’ of
rapeseed. Chalmers et al [1993), used a double haploid
population of barley in combination with PCR-based
polymorphic assay. Their results indicated that double haploids
in combination with RAPD and bulk segregation analysis
provided an efficient method for locating QTLs in barley. Yang
and Quiros (1993) studied the usefulness of RAPD markers in
the identification and classification of celery cultivars. Rowland
and Levi (1994], Wachira et al. {1995}, Virk et al (1995}, Zhu
et al. (1998) and Khan et al. (2000] also made similar studies
in different crop species of the genome differentiation in

evolution.

Despite the human health problems and the serious
consequences of the disease in mankind ., no attempts have
been made at molecular level to study the nature of genome
differentiation between natural populations of L. safivus. In
this investigation we have used RAPD markers to compare the
genetic polymorphism in the genomes of natural populations
of L. sativus. Using the proportion of shared PCR amplified
DNA sequences as a criterion, phylogenetic trees wwould be
constructed. The estimated genetic distances in the
phylogenetic trees between populations would tell us about
the nature of phylogenetic differentiation between populations
in evolution.

Materials and Methods

Plant materials, DNA isolation: The research project was
carried out in the Institute of Biolegical Sciences, University of
Wales, Aberystwyth during 1992-1996 using twwenty eight
accessions of Lathyrus sativus occurring as natural populations
in Pakistan and Ethiopia. The seeds of L. sativus high toxin and
low toxin varieties 8607 and 8246 respectively were obtained
from Dr. Campbell, Agriculture Canada Research Station,
Manitoba Canada. The variety 8246 wvas a selection from loww
toxin Indian variety Pusa-24.

For the extraction of nucleic acids the plants wvere grown
under glasshouse conditions. Young leaves wvere collected
when seedlings vwere about two weeks old shoots for DNA
extraction. The plant material was washed thoroughly in
distilled water, dried between folds of a blotting paper and
frozen immediately in liquid nitrogen at -70°C. The DNA
extraction method wvas used as described by Khan ef al
{2000).

Polymerase chain reaction (PCR) and analysis of RAPD data:
PCR analysis was run on a Perkin Elmer 9600 PCR machine.
PCR conditions were used as described by Khan et al (2000].
PCR products vwere separated in 1.2% agarose gel containing
0.5 ug/ml ethidium bromide. Separated PCR products were
visualized under UV light and photographed to examine the
banding pattern of different varieties. The RAPD generated
banding profiles vvere analyzed as described by Khan et al.
{2000).

Results and Discussion
Genetic differentiation between varieties of L. safivus: The
genomic DNA of 28 L. safivus varieties vvas extracted and
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Table 1: Matrixof * F * and ~d ° wvalues estimmated for 28 warieties of L. sethas. (Proportional vales of shared fragments F) are on the right of the diagonal and the
geretic distance values (d ) on the left of the diagonal

war. 1 2 3 4 5 5 7 5] ] 10 11 12 13 14

1 b L8880 7030 L7840 JB¥80 5000 .FE80 JFRTO. L7180 .Foao L8110 F7B0 .FETO L6830
2 .0040  FEe L8210 8000 JBEOO0 7140 7800 .B210 L7800 JFE20 L8210 .B420 8210 .F440
3 o121 (0087 e JF320 L6340 5370 JFE20 .8500 L8100 Fe10 JFRO0 .5210 8500 LFT30
4 .0oE1 0078 0107 e L7140 FFI0 Fe10 L7800 .o7a10o FTF30 L5290 JFBOO0 .F3z20 LBE70
5 0180 01453 0167 L0118 e L6820 L6050 L6340 L6980 6520 L6340 (6500 . 6340 .B780
5 0078 0118 .0os0 0053 L0131 rEET LFES0 .8370 .5440 .8260 7810 .8100  .¥810 LF230
7 .00s9 . 0035 00493 .0as0 L0174 0095 b .8570 .8180 .5oao0 L8570 .§290 8100 L7390
g .o08s 0057 0055 .0oss L0187 0050 .oos0 A .B570 L8370 L5000 .89230 8500 LFT30
9 L0113 0038 .0a7z .0as0 L0123 0057 0058 .oosz2 e R=1=::]u] L8570 L8780 8570 L7830
10 .0122 0093 .00S0 0055 L0131 0065 0078 0080 .0o40 e .8370 .8570 .8370 LTG50
11 .0a7 (0087 .0o9s 0053 L0187 .0030 .oosz2 007 s o052 .oos0 e L3720 8000 LF270
12 .00ss 0085 .OOST 0093 .0148 0072 (00683 .ooz27 L0044 .oosz2 0046 e L8720 L7810
13 .0085 0057  .0O0&E 0107 L0187 0080 .00y 2 0085 L0052 .0080 0078 0045 vvF .8180
14 L0131 .01an .0oss 0392 L0181 L0111 0103 o038 0053 Nalui=h] .010%8 0050 0068 e
15 .o08s 0057 0055 .0oss L0187 .0030 0072 .00ss .oarz2 .oos0 L0076 0057 L0055 0055
16 L0131 0123 .o 09 .0a7& L0139 0091 0103 .010%9 0053 Nalui=h] .00ss .o1m L0109 0118
17 .0oE1 0075 0035 .oos2 0186 0109 .0oso0 0035 .o1m .ooso0 .00s5 .0o09s L0085 0098
18 L0131 .01an .o 09 L0138 .02z20 0132 0124 .010%9 o124 0132 .010%8 .o1m L0109 0118
149 .o08s 0057 0055 .0oss L0187 .0030 0072 007 s .oarz2 .oos0 L0076 0057 L0055 0055
20 0122 0118 .o 0053 L0186 0103 017 0123 0098 0103 L0101 011 01 .01
21 .0104 0095 .00S85 0093 01866 .0109 01m .01o7 .01 .0108 .01o7 .0122 0085 0117
22 0130 0095 0085 0093 0166  .0038 .01an 0035 .00s0 .0oss .00s5 L0122 L0085 0098
23 .0189  .O0122 .o o7 L0118 L0185 0131 0123 0035 .o1m .010%9 .0107 .o1zz 01m L0138
24 0133 004 0113 L0122 .0208 0139 L0131 0033 L0131 L0118 0113 .0130 0113 .0148
25 0139 0159 .0199 0148 .0282 .01495 0186 0168 0186 0195 0139 0190 0199 0235
26 o129 0121 .0 30 L0138 .0234 0167 077 .0184%9 0148 L0187 L0130 .0148 0188 .01498
27 0160 0748 01589 .01 65 027 .0187 077 .0184%9 0148 L0187 L0130 .0148 0188 .01498
28 0051 0075 0205 L0121 01580 168 01549 .0139 L0158 L0168 01349 L0128 0138 L0177

Warieties code: 1. Ethiopian, 2. var. 8607, 3. K247, 4. K268, & K266, 6. K302, 7. K333, 8 K286, 9. K247, 10 K298, 11. K285, 12, K271, 13 K290, 14, K249,
16, K482, 16 K304, 17, K27, 18 K447, 19, KBB4, 20, KBOG, 21, K387, 22 K491, 23. K434, 24, K104, 26, KEBE, 26. KEG61, 27. K663, 28 var. 5246

Table 1: (Cont)

war. 15 16 17 15 149 20 21 22 23 24 25 26 27 25

1 FETO 6830 .¥580 (G830 LFEFO L OO0 T30 (65840 (6320 LBET0 LBET0 (6860 6290 L7880
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3 .8500 7270 .¥500 JF2T0 .BE00 7440 L7800 L7800 L3220 L7180 B540 6840 6320 .BBE0
4 JF800 {000 8570 LB570 .7800 .FF30 L7620 FG20 L7140 .Foo0o L6500 LB570 . 5150 L7030
5 6340 6670 6180 .B330 L6340 6360 L6180 L6180 B710 .BEOO L4500 B130 4520 .B850
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149 0017 00585 0044 0049 e 7810 .8280 L7800 .5290 8210 LBET0 6840 7370 L7220
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23 L0085 0139 0093 0138 L0083 .03 0139 L0093 e L5000 L6500 L6180 7180 5980
24 0039 048 o122 0148 L0087 .0139 o2z 007 s L0076 b L6840 JFEFO .FETO L6290
25 0168 0145 122 L0174 L0139 0166 0148 0148 0148 L0130 e .6490 8110 N-1=1=u]
28 0130 MEs 0138 01395 0130 088 0168 0113 0168 .0035 .0149 e L8330 JFEEOD
27 0130 0166 0139 .01 66 L0104 0131 0113 0113 0113 .008s 0071 o052 e 050
25 (0111 0177 (0121 0177 .033 0165 01449 0149 0150 0180 0129 0091 01149 i

Fig. 1: PCR analysis with primer IM4 among 28 wvarigties. M-molecular size marker A DMA restricted with Hindl!! and EcoR!
indicated in kilobases. Lanes 1-28 codes listed in Table 1.
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Fig. 2: Phylogenetic tree of Lathyrus sativus varieties. Genetic distances are indicated along each arm of the tree.

purified. The purified DNA wwas PCR amplified. The PCR
amplified DNA sequences using RAPD primers vvere separated
on 1.2 % agarose gel by electrophoresis. The gels were
stained with ethidium bromide and photographed under UV.
The banding pattern generated by IM4 ( 5'-GCTTAGAACC-3)
primer for 28 varieties of L. sativusis shown in Fig. 1. The 28
varieties differed in the number of fragments amplified and in
the fragment length distribution. Howewver, most varieties
showed DNA bands identical in molecular weights (Fig. 1).
The amplified fragments wvere scored for the presence and
absence of shared fragments. Similarly sequences wvere
amplified using primer sequences IM5 { 5’-GAGCTACTGT-3"}.
IM& | 5’-GGTACAGTCA-3’ ) and IM2 | 5’-GGTATCCTCA-3},
data not shown. For each primer sequence varieties showed
several amplified DNA bands identical in length. When
compared to IM4 primer sequences IMb, IM6 and IM2
produced a less level of polymorphism. The data of shared
fragment lengths for L. safivus varieties for IM4, IM5B, IM& and
IM2, primers vwere combined. The combined matrix vwas used
to calculate the proportion of shared fragments " F " as
described earlier. From the F ratios of the shared fragments
the genetic distances were computed. In Table 1 the F value
{the proportion of shared fragments between varieties) are
shown on the right of the diagonal, and the d values (the

genetic distance) are shown on the left of the diagonal. The
genetic distance values vvere put into the PHYLIP computer
pregramme (Felsentein, 1993). The best tree constructed
using the method of Fitch and Margoliash {1967) is showvn in
Fig. 2. The genetic distances between different varieties vvere
estimated by summing the genetic distance values given on
the branches of the tree.

In RAPD generated dendrogram the genetic distances between
varieties range from 0.00085 to 0.000794. This is
substantialy smaller than the genetic distances calculated for
species which range between 0.01090 and 0.04396. As
would be expected, the genetic distances between the two
sibling species L. sylvesiris and L. fatifoliusis greater than the
genetic distance between the most widely diversed varieties
of L. sativus (Khan et al, 2000]. Based on their neurotoxin
contents the 28 L. sativus populations may be arbitrarily
classified into 3 groups. They are {a) low toxin varieties {0.04
-0.05 % [}-ODAP) (b) medium toxin varieties (0.14-0.16 %
[B-ODAP) and high toxin varieties (0.20 - 0.40 % [-ODAP). The
low toxin group includes varieties 8246, K663, K661 and
K65656. The medium toxin group includes varieties K104 and
K434. The remainder (varieties from Pakistan, the Ethiopian
variety and selection 8507] have high toxin content. In
dendrogram the low toxin varieties cluster into one
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phylogenetic group. Similarly the medium toxin varieties K104
and K434 form a phylogenetic group with very small genetic
distances betvveen them.

The major phylogenetic group in the tree is made up of high
toxin varieties. This group includes 20 varieties. Within this
group, there are subgroups of species that are clustered very
closely. For example var. 8507 and the variety from Ethiopia,
although of different geographical corigin clustered together.
The average ODAP value for the two varieties is 0.4%.
Varieties Kbb4, K482, K27 and K491 {ODAP values range
narrowly from 0.2-0.28 %] clustered very closely together in
dendrogram. K241 has a higher ODAP value of 0.4%. It is
also seen in the dendrogram that the varieties K295, K333,
K271, K285, K290, K298, K247 and K302 show close
relationship to each other. The ODAP values for these varieties
range between 0.32-0.36%. High toxin varieties K302, K258,
K397, KB0b, K304, K447 and K. 266 show a great scatter of
ODAP values ranging from 0.23 % to 0.37 %. They show a
greater range of genetic distances in dendrogram. Variety
K256 showvs the greatest genetic divergence in phylogenetic
tree.

The RAPD generated phylegenetic tree showvs a close genetic
relation among the 28 varieties of L. sativus. The estimated
genetic distances reflect the degree of genome differentiation
betvween populations from different geographic regions. The
phylogenetic tree in Fig. 2 represents the best of genetic
distance estimates selected from a cheoice of 4276 different
trees. The results show that RAPD analysis may be used to
study the genome differentiation at population level. It also
shows that phylogenetic trees may be used for the study of
genetic relatedness between varieties with different toxin
contents. The 28 varieties were of different geographical
origin. Lovv toxin variety 8246 was a selection from the Indian
cultivar Pusa-24. The high toxin variety 8b07 was from
Canada. The Ethiopian variety is a natural population from
Addis Ababa. TLC analysis and high voltage electrophoresis
have confirmed that the Ethiopian variety has neurctoxin
content similar to that of the high toxin wvariety 8507
{Getachewv, 1992). The remainder varieties with high, low and
medium toxin content wvere collected from Pakistan.
Reproducible DNA fingerprints linked to neurotoxin content
will be useful to screen and identify low and high toxin
varieties from germplasm collections of L. sativus.

Several markers are tightly linked to useful genes and the
method has revolutionized the gene mapping in several crop
species. The RAPD phylogeny analysis as a method is
applicable to only closely related groups of species. This is
well exemplified in the study of Lofium/Festuca complex
(Stammers ef al., 1995]).

Thus the analysis of randomly amplified sequences from
diverse regions of the genome will give data on the divergence
of the genome as a whole. The present investigation includes
studies of the nature of genome differentiation between
varieties within the species of L. safivus. The nature of genetic
differentiation between intraspecific natural populations of 28
varieties of L. sativus were studied by RAPD analysis. The 28
varieties indigenous to Pakistan, India and Ethiopia differed in
the amount of neurotoxin (B - ODAP]) in their kernels. The
genetic make up differed greatly betvveen species due to the
large evolutionary divergence between them. In contrast,
varieties within a species shovv differences of a smaller scale.
The range of genetic distances between varieties (0.00085 to
0.000974) is smaller than the range of genetic distances
between species {0.01090 to 0.04396]) in the respective
dendrograms {Khan et e/, 2000]}. The varieties within species
are not reproductively separated and should therefore show

genetic similarity betvween them.

All  four primers used in this investigation revealed
polymaorphism  wvhich suggests substantial genetic
differentiation between 28 natural populations of L. sativus.
Similar findings vvere reported in Brassica populations (Hu and
Quiros, 1991). In the dendrogram constructed using
phylogenetic distances, the 28 wvarieties clustered into 3
groups. The low toxin varieties clustered into a group with
close genetic distances betwween them. The high toxin varieties
show substantial genetic differentiation from low toxin
varieties and they form a different genetic group . Variety
8b07 and the Ethiopian accession have higher toxin content
(0.4 %). Irrespective of their diverse geographical origins, they
showv close genetic affinity. The results would suggest that the
variation in toxin content between varieties is governed by a
strong genetic factor and the differentiation between varieties
for this factor has occurred during evolution. The results show
that RAPD analysis may be used to generate reliable molecular
markers to distinguish between varieties different in toxin
content. A larger selection of primer sequences, a greater
number of varieties of diverse geographic origins and of
different toxin content wwould improve significantly the
resolution of experimental results.
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