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ABSTRACT

A total of six AP-PCR and AFLP primer combinatiovexe used to study the genetic diversity in 55dndioybean
varieties. The average numbers of amplified bargtsagsay unit were significantly (p<0.1) high foFl& (121)
than AP-PCR (82). The average number of polymorphitds for AFLP (27.1) was significantly (p<0.1gher
than AP-PCR (17.6). The average polymorphism pé¢ages for AP-PCR and AFLP were comparable. However,
the average marker indexes of AFLP (8.5) primer wioations were significantly (p<0.1) higher as coamgd to
AP-PCR (5.8), the high index was mainly attributechigh average number of bands, while the PIC eslper
assay unit of AFLP and AP-PCR were comparable. sthdy revealed that AFLPs are more efficient atedwng
polymorphic loci than AP-PCR techniqublantel's tests for correlation using Jaccard’s demity matrices
between AP-PCR with combined AP-PCR+AFLP data afidPAwith combined AP-PCR+AFLP data was carried
out and r = 0.8 and 0.9 were obtained respectivialjicating strong significant correlation. The ctagng of
varieties in dendrogram generated by UPGMA analysicated no trend with respect to pedigree and roam
parentage analysis indicating that, two varietiesided from same cross might be diverse if thectiele pressure
operating is different. Over all genetic diversitylndian soybean varieties was moderate revealed by AP-PCR,
AFLP and AP-PCR+AFLP data.
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INTRODUCTION

The soybeanGlycine max(L.) Merr.), rich in seed protein (range 30-48%egei@age 40) and oil (rangel3-22%
average 20%), is an economically important cropféed, oil and soybean products [1]. Soybean ikegdmumber
one in world oil production (48%) in the internatad trade market. Soybean is a world crop cultidatéely in the
United States, Brazil, Argentina, China and Indihe United States is the leader in soybean proaluctn India,
soybean is important oilseed crop after groundrageseed and mustard. At present, it occupies lmthectare
with a production of about 6 million tonnes. Fromagal of 7.28 million tonnes of edible oil per yesoybean
accounts for about 0.6 million tonnes.

Genetic diversity in the germplasm is an importanmponent of plant improvement programme. Accurate
estimation of level and pattern of diversity canitpealuable in crop breeding for diverse applicasidor example,
in selection of diverse parents for genetic cro$8gand introgressing of desirable genes from divessenglasm
into available genetic base [3]. The genetic ditgisas been traditionally assessed by analysisaifphology or
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biochemical traits. The assessment of phenotype nwdybe reliable measure of genetic difference esirthe
environment influences the phenotypic traits. Henmwlecular methods for measuring genetic diversitg
nowadays preferred over traditional methods. Pitgsararge number of molecular marker methodsaasglable.

In our study we have used AP-PCR and AFLP techsiqoessess the genetic diversity. AP-PCR invdiesuse
of single long primer of 10-50 bp, there by genieatiscrete amplification pattern. In comparisorRAPD, AP-
PCR often produces reproducible band since amalifin occurs at more stringent conditions. AP-PGR heen
used to analyze genetic diversity in many plards eikample inPopulus[4], olive [5], rice [6], mungbean [7], and
also in cultivated soybean [8]. AFLP markers ar@ogeic restriction fragments detected after selecRCR
amplification [9]. The major advantage of AFLP marks the generation of multiple marker bands ingkd assay.
In addition AFLP markers were shown to be highlgroelucible [10]. AFLP has been used in many plaeties
for the study of genetic diversity. For exampleHordeum[11], Lens[12], Vitis vinifera [13], Camellia [14],
Lactuna[15], and Miscanthus[16]. In soybean Powell et al. [17], Maughan kt[48], Ude et al. [19] and
Satyavathi et al. [20] used AFLPs to study genditiersity.

In India, there are over 72 soybean varieties seléadrom different breeding stations since 1960 thay are
adapted to grow in wide range of geographical zofiee low genetic diversity in soybean is one @f tbasons why
soybean varieties have made only modest advancgelthfor last 20 years [1]. However, Satyavathiak [20]
reported a very high genetic diversity. Hencecdnfirm the extent of diversity among 55 variet@ssoybean
grown under diverse geographical zones, analysts aaaried out by AP-PCR and AFLP markers. The tesofl
genetic diversity analysis by the two methods veemrapared.

MATERIALSAND METHODS

Plant material

The 55 varieties of soybean used for genetic diyeealysis were obtained from National Researemt for
Soybean (NRCS) Indore, India and Agharkar Reselmstitute (ARI), Pune, India. The list of varietiased, their
parentage, area of adaptation and maturity periedigen in Table 1.

Isolation and quantification of DNA

The seedlings were allowed to grow and the tendaves from 5-7 days old seedlings were used for DNA
extraction. Genomic DNA was isolated from leafuisg~ 0.5g) by the method described by Nalini ef2dl]. The
qguantity and quality of DNA was estimated by eleptroresis on agarose gel and comparing the relaiigasities

of ethidium bromide staining [22] of sample andsta#ndard molecular size marker (Hind 111 digestdaNA).

AP-PCR amplification

A total of 30 AP-PCR primers (size/length> 17bpYevecreened using two varieties (out of 55) on 2#ra@se gel
for consistent polymorphic profile, of which 12 tlshowed good profile were furthest checked on PA@EuUsing
20 varieties. Out of these 12, six primers (listedable 2) showing 14 or more polymorphic bandsemgsed for
genotyping all the varieties (listed in Table The PCR reaction was carried out similar to Sairale[7], except
few modifications of 15mM Tris-HCI, pH 9.0; 100 uééch of dNTP, (Banglore genei Pvt Ltd.), and 1.0 efiTaq
DNA polymerase (Banglore genei Pvt Ltd.). Ampliticeas were performed in an Eppendorf Master Cygtadient
(Eppendorf Germany). The PCR cycling conditionsevas follows, one cycle at 82, 55C and 73C for 5min,
followed by 35cycles at €, 45C and 72C for 1 min and a final extension at’@2for 10 min. Amplification
products were separated by electrophoresis at starttrpower of 50 watts, for approximately 3 hooms4 or 5 %
polyacryamide gel depending on the size of prodoulecular markerpX174 Hae Ill) and detected by silver
staining.
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Table 1. List of Indian soybean varieties analyzed, their parentage, area of adaptation and maturity period.
SNo. | Varietiesof soybean Pedigree adgpzte;b(i)lfity Duration (Days)
1 ADT-1
2 Ankur Single plant selection from a composit@®fcross | NP 115-120
3 BirsaSoy Mutant of Sepaya black NE 106-110
4 Bragg JacksonxD49-2491 CZ,NP,NH 112-115
5 Co-1 Selection from EC 39821 85-90
6 DS-40
7 Durga EC 14437xBragg 102-105
8 GujratSoy-1 Secetion form Punjab-1 variety 90-95
9 GujratSoy-2 Selection from Geduld variety 10911
10 HaraSoy Himso-1520 x Bragg CZ,SZ 108-130
11 Improved Pelica [Tanloxi xP.1.6040 SZ 112-11F
12 IndiraSoy-9 Selection from JS 80-21 CZNE 106
13 JS-2 Selection from Tehri-Garhwal material. Ccz 0-9%
14 JS-335 JS-78-77 xJS 75-1 Ccz 95-100
15 JS-39-05
16 JS-71-05 Selection from Lectype exotic material CZ 90-95
17 JS-75-46 Improved lelicanx Semme Ccz 10C-10€
18 JS-76-205 Bragg x Kalitu Ccz 105-11C
19 JS-79-81 Bragg x Harasoy Ccz 102-105
20 JS-80-21 JS75-1xPK 73-49 CZNE 90-109
21 JS-90-41 P73-7 x Hark Ccz 90-95
22 KB-79 Hardee xMonetta SZ 85-93
23 Lee S-100 x CNS NH 105-115
24 Lsb-1 Selection form MAC:-33C SZ 70-75
25 MACS-124 JS-2x |.P SZ 95-105
26 MACS-13 Hamptonx EC7034 Ccz 90-100
27 MACS-57 JS-2x |.P Sz 85-100
28 MACS-58 JS-2x LF Ccz 90-10C
29 MAUS-1 Mutant from DS 87-14 Ccz,sZ 90-95
30 MAUS-2 Selection from SH 84-14 Sz 105-110
31 MAUS-32 Selection from JS-80-21 Cz,5Z 100-105
32 MAUS-47 PS 73-7 x Hardee Cz,5Z 90-95
33 MAUS-61-2
34 MAUS-71
35 Monette /An exotic variety EC 25¢ CZ,Sz 80-85
36 NRC-12 Bragg mutant (Mutant 95-10) [o¥4 96-99
37 NRC-2 Induced mutant of Bragg NH, CZ 103-106
38 NRC-37 Punjab-1x Gaurav Cz 96-100
39 NRC-7 Selection from S-69-96 CZ 90-99
40 PalamSoy JS72-45-1 x Punjab-1 NH 100-115
41 PB-1
42 PK-1092
43 PK-308 T-31x Hardee NH, NP 110-115
44 PK-327 UPSM-82 x Semmes NH, NP 100-105
45 PK-472 Hardeex Pb.1 CZ 100-105
46 PS-102¢ PK-327 x Pk-41€ SZ 90-95
47 PUSA-16 CNSx Lee NP, NH, NE |105-115
48 PUSA-22 Punjab x Clark 63 NP, NH, CZ 105-110
49 PUSA-24 Shelbyx Bragg NP, NH, NE| 110-115
50 PUSA-37 Bragg Java-16 NP, CZ, SZ 105-115
51 PUSA-40 8-3 x Lee SZ 110-115
52 RAUS-5
53 Shilagee Selection frim EC930! NP, NH 10C-10%
54 VLS-1 Mutant of Bragg NH 110-113
55 VLS-21 Selection from VHC 3055 NH 120-122
CZ- central Zone, NE- North Eastern zone, NP-Nartti#lain zone, NH-Northern Hill zone and SZ-southeone.
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Table 2. Primersused for AP-PCR analysis
Sr.No. | Primer name Sequence No. of base pair
1 SS9L 5-TTAATATCACCACCACAC-3 18
2 SS11l 5'-TGGTATTGTGCGTGTTGA3 18
3 SS11R 5'-TCTTCAGCCTCATTGTGC-3 18
4 SS19R 5'-TGAGACACAGACACAACTCT-3'| 20
5 SS24L 5-TTTAATATCACCACCACACC-3 20
6 SS26R 5'-CAGGCATAGTGTCACTCTT-3' 19

AFLP amplifications

A total of 35 primer combinations of the naturgand M., were used on a set of 20 varieties to select psmer
yielding high number of polymorphic bands. Amonggé combinations six that yielded 16 or more baneie
used for analysis. AFLP analysis was performed excribed by Vos et al. [9]. The preselective anécsee
amplification were performed according to Vos andigér [23]. The primers for preselective and sékect
amplifications are given in Table 3. The PCR prddueere denatured by incubating at®4or 3 min, and
immediately transferred on chilled ice, which we¢hen separated by electrophoresis at a constanémofvs0
watts, for approximately 2 hours, on 4% polyacnjldergels and detected by silver staining.

Table 3. Details of the adapter and preselective and selective amplification primers

Primer/Adapter Sequence Length (in bp)
Double stranded Adapters

Mse la 5'-GACGATGAGTCCTGAG-3’ 16

EcoF la 5'-CTCGTAGACTGCGTAC(3 17
Preselective amplification primers

Ea 5-GACTGCGTACCAATTCA-3’ 17

Mc 5'-GATGAGTCCTGAGTAAC-3’ 17
Selective amplification primers No. of base pair

Eaca+Mcrr 5'-GACTGCGTACCAATTCACA-3' + 19
5-GATGAGTCCTGAGTAACTT-3' 19

Eact+Mcar 5-GACTGCGTACCAATTCAGT-3'+ 19
5'-GATGAGTCCTGAGTAACAT-3' 19

Eact+Mcaa 5-GACTGCGTACCAATTCACT-3'+ 19
5-GATGAGTCCTGAGTAACAA-3' 19

EacctMcaa 5-GACTGCGTACCAATTCACC-3'+ 19
5-GATGAGTCCTGAGTAACAA-3 19

EacetMcre 5'-GACTGCGTACCAATTCAGG-3'+ 19
5'-GATGAGTCCTGAGTAACTG-3’ 19

EacctMcac 5-GACTGCGTACCAATTCAGG-3'+ 19
5'-GATGAGTCCTGAGTAACAC-3' 19

Data analysis

The AP-PCR and AFLP bands were scored as pres¢nand absent (0), each of which was treated as an
independent characteristic regardless of its iitgn$olymorphic information content for each markeas
calculated using the formula; PIC=X- Pij* were Pij is the frequency ojth pattern for marker summed over n
pattern. The marker index was calculated as théymtoof PIC and the number of polymorphic bandsgssay unit.
All the data analysis was performed using NTSYSNemerical Taxonomy System, version g, Rohlf 1990)e
SIMQUAL programme was used to calculate the Jatzardefficient .The Jaccard’s coefficient was cédted
using the formula; J= Nab/ (Nab+Na+Nb) where Nathésnumber of bands shared by sampliés, Na isuimder
of bands in sample a and Nb is number of bandsampte b. Similarity matrix based on these indicesew
calculated. Similarity matrix was utilized to constt dendrogram by UPGMA (Un weighted Paii Grouptivbe
with Arithmetic Average). Correlation between treedard’s similarity coefficient matrices obtainethathe AP-
PCR, AFLP and combined AP-PCR+AFLP was compareiagtel’s test [24]. This test measures the coria@iat
of the matrices and a correlation valug dreater than 0.5 is considered statistically ificgnt at a probability of
0.01, if the number of OUT (Operational Taxonominits) exceeds 15 [25]. Principle coordinate analysas
performed in order to highlight the resolving powéthe ordination.

RESULTS
AP-PCR analysis
The analysis using six primers yielded a total 82 4&corable fragments (size range 270 to 2000 dfpyvhich
21.8% were found to be polymorphic (Table 4).
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Table4. Total number of bands, number of polymor phic bands, per centage polymor phism, polymor phic infor mation
content and marker index, for AP-PCR and AFLP primers.
Sr.No. |Primer Amplified bandgPolymor phic band |Per centage polymor phism|PIC Marker index
1 2 1 2 1 2 1 2 1 2 1 2
1 SS9.1 FcctMcaa 81 148 21 28 25.9 18.9 0.38 081 7095 8.2
2 SS11.1 Rer+Mcaa 100 100 14 38 14.0 38.0 0.27 0.80 3j74 11}41
3 SS11. EacctMcac 73 124 21 21 28.¢ 16.¢ 0.31] 0.37 | 6.4¢ | 7.6¢
4 SS19.: EacctMcac 64 11z 12 16 18.¢ 14.2 0.32 | 0.31] 3.8¢| 5.0¢
5 SS24.1 FeatMcrr 92 135 23 25 25.0 18.5 0.32 028 734 7.p6
6 SS26.2 Fet+Mcar 82 107 15 38 18.3 35.5 0.37 030 549 1121
Total 492 726 106 166
Average 82 121 17.67  27.17F 21.8 23.7 0]33 (0.%82| 8.5*
*- Significant at p<0.1, 1-Data for AP-PCR, 2-Dé&ta AFLP.

The number of fragments obtained per primer ranfgech 64 to 100 with an average of 82. The number of
polymorphic fragments per primer ranged from 128with an average of 17.6. The polymorphic infotioma
content (PIC) for primers ranged from 0.27 to Oa8®# an average of 0.33. The marker index rangechf8.7 to 7.3
with an average of 5.8. Fig. 1 shows the fragmeotfilp of some varieties on 4% polyacrylamide gging primer
24.1.

Fig. 1: Denaturing (4%) polyacrylamide gel showing AP-PCR profilesusing primer 24.1

Varieties

Arrows indicate polvmorphic bands
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AFLP analysis

AFLP analysis using six primers yielded a totaV26 scorable fragments (size range 190 2000 bphath 23.7%
were polymorphic. The number of fragments obtaiped primer ranged from 107 to 148 with an averafgg2d.
The number of polymorphic fragments per primer egh§fom 16 to 38 with an average of 27.1. The paiyhic
information content (PIC) ranged from 0.28 to Ov@th an average of 0.31. The marker index rangethf6.0 to
11.4 with an average of 8.5.

AP-PCR and AFLP data

The average number of total bands scored by AFRR)(fechnique was significantly £ 4.2, p<0.05) higher than
AP-PCR (82). The average number of polymorphic baauiplified by AFLP (27.1) was significantly £ 2.43,
p<0.05) higher than AP-PCR (17.6). The averageevafipercentage polymorphism and PIC for the aasitg for
both techniques were comparable, whereas the averagker index of AFLP (8.5) was significantly< 2.16,
p<0.1) high as compared to AP-PCR (5.8).

Matrix correlation

The correlation between the distance matricestervarieties obtained by AP-PCR and combined matfriAP-
PCR+AFLP was significant witli = 0.79, p< 0.01. The correlation between distamadrices of AFLP and
combined AP-PCR+AFLP was also significant witk0.9, p< 0.01. The correlation between the distamatrices
of AP-PCR and AFLP techniques was analyzedran@.45, p< 0.01 was obtained.

Clustering of varieties

A dendrogram generated by UPGMA analysis usinqadist matrix obtained by AP-PCR, grouped the 55etias
into major three clusters at a J value of 0.48.(B&). The Jaccard’s similarity coefficient randezin 0.41 to 0.94.
Cluster | comprises of 18 varieties. The cluster ba further subdivided into two subclusters la #nevith nine
varieties each. Cluster Il comprises of 12 andteluBl of 24 varieties respectively. Only one \&yi Lsb-1 was
separate from all other varieties.

The results of PCoA analysis were comparable talingter analysis (Fig. 3a). The first three magbimative co-
ordinates explained 59.5% of total variation. Theiety Lsb-1 appears to be distinct from all theeotvarieties.

A dendrogram based on UPGMA analysis using distamagix obtained by AFLP, grouped the 55 varietigs

five clusters at a J value of 0.56 (Fig. 2b). Thecard's similarity coefficient ranged from 0.440®3. Cluster |
comprises of seven varieties. Cluster Il is thgdat and subdivided into two subclusters lla, dbdcdmprising of

13 and 14 varieties respectively. Cluster Il coisgs of ten varieties. Cluster IV and V comprisefoar and three
varieties respectively, four varieties (Ankur, PRO9R, MACS-124 and MACS-58) appear as separate OUTs
(Operational Taxonomic Units).

The results of PCoA analysis were comparable tahhster analysis (Fig. 3b). The first three mo$bimative co-
ordinates explained 62.9 % of total variation.

A dendrogram based on UPGMA analysis using distanat&ices obtained by AFLP+AP-PCR combined data,
grouped the 55 varieties into major three clustéérs J value of 0.50 (Fig. 2c.). The Jaccard’slanity coefficient
ranged from 0.46 to 0.94. Cluster | comprises of/@deties, which were subdivided into three susidts of 4, 13
and 7 varieties each respectively. Cluster Il igdat with 26 varieties and is subdivided into suster Ila and Ilb
with 4 and 22 varieties each respectively. Clustiecomprises of three varieties and two variet{gsb-land
MACS-58) was separate from all other varieties.

The results of PCoA analysis were comparable tahirgter analysis (Fig. 3c). The first three modbimative co-
ordinates explained 60.7 % of total variation.
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AFLP
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APPCR-AFLP Combined
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Fig. 3b
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DISCUSSION

Polymor phism and marker efficiency

AFLP has been used for diversity analysis by Maumgét al. [18] and Ude et al. [19] among soybeamssions
from different countries and they reported an ayeraf 8.5 and 18 polymorphic bands with percentage
polymorphism of 17 and 27 respectively. These \alagee comparable to our results that is, averagebeu of
polymorphic bands 27.1 and percentage polymorploisg8.7 (Table 4). In contrast, Satyavathi et 20][reported

a range of 51 to 128 fragments per primer with\arage of 104 and a percentage polymorphism rarfgimg 83

to 100 per primer with an average of 95%. The Vegh percentage polymorphism (95%) reported by Satthi et

al. [20] could be due to, the methodl+bp tolerance limit set during data scoring usfluprescent primers,
analyzed in a sequencer that gives numerous pesdsponding to amplified fragments.

There are two distinct concepts of genetic vamai population level first, richness which cormasgs to total
number of genotypes or alleles present in the fadjou second, evenness or frequency of differgmegyof alleles
in the population [26]. The overall utility of avgin marker system is a balance between, the |éymlgmorphism
detected and the extent to which an assay canifigemtltiple polymorphism [27]. Not much differenée average
percent polymorphism between AP-PCR and AFLP wasmied, but AFLP detected more number of polymarphi
loci with an average of 27.1 in comparison with6Léf AP-PCR. The average marker index for AFLP prim
combinations was high (8.5) as compared to AP-P&EB),(the high index was mainly attributed to hegrerage
number of bands, while the PIC values per AFLP ARePCR bands were similar. Similar results werereggl for
barley [28] and wheat [29].

Matrix correlation

The correlation between the matrices of AP-PCR ARHP is moderate (50%), whereas correlation betwien
matrices of AP-PCR and AFLP with the combined matfi AP-PCR+ AFLP was highr£0.8 for AP-PCR and
r=0.9 for AFLP at p<0.01). This suggests that bbth techniques are essentially leading to consemsuthe data
from both the techniques (AP-PCR and AFLP) matcth wombined data (AP-PCR+ AFLP). Comparable results
with respect to genetic similarity estimates byfatiEnt marker system have been reported in soyldédrand also

in other crops [28, 29]. The range of Jaccard’silanity coefficient by AP-PCR, AFLP and combined AP
PCR+AFLP were comparable that is 0.41 to 0.94, 4193 and 0.46 to 0.94 respectively.

Clustering of varieties

The pattern of diversity in both AP-PCR and AFLPndi®gram were similar to combined AP-PCR+AFLP
dendrogram (reflected in high correlation valuésjen though there are some differences among trstecing
pattern in dendrogram from AP-PCR and AFLP, it banseen that among the clusters the grouping ddties is
very similar. Similar grouping of varieties was ebged in AP-PCR and AFLP dendrogra(frgy. 2a and 2b) which
were as follows; 1) MAUS 61-2, MAUS-32 and IndiBay-2; 2) PalamSoy, Shilageet and JS-2; 3) MACS57,
PK308 and PB-1; 4) Gujrat Soy-2, Bragg and PK-&)2NRC-2, MAUS-2 and Monetta; 6) NRC-12, NRC-7 and
JS71-05; 7) RAUS-5, JS-335 and MAUS-71, 8) Durg8;4D and MACS13; 9) Birsa Soy, and Hara Soy; 1®)1C
and ADT-1.

According to Loarce et al. [30], larger the numbéparameters used to compare individuals genstittad more
accurate the estimate of diversity between thene fHttor affecting the genetic diversity estimatedifferent
marker techniques is the number of markers useghianalysis [31, 32]. Generally, precision improassmore
marker loci are detected in the analysis [33]. Degchm constructed using combined data of AP-PCRFAWwill
hence provide better estimate of diversity, as amegbto individual dendrogram of AP-PCR and AFLP.

The dendrogram generated by UPGMA analysis usiagAfiLP+AP-PCR combined data, grouped the 55 vaseti
into three major clusters at a J value of 0.50.(Bg. The clustering of theses varieties indicatedirend with
respect to pedigree and common parentage anatgitating that, two varieties derived from samessrmight be
diverse if the selection pressure operating isediffit. However, IndiraSoy-9 and MAUS-32 are plaicesame sub
cluster as that of JS-80-21 and these two varietiesselection from JS-80-21. These three varigesiped
together in all the three dendrograms (AP-PCR, ARhB AP-PCR+AFLP) and also in all three PCoA plélg.
2a, 2b, 2c, 3a 3b and 3c). The mutant varietieBrafyg that are; VLS-1, NRC-2 and NRC-12 were plaired
different clusters indicating changes in genomendumutagenesis. The pattern of clustering obtaineslr study
carried out by AP-PCR, AFLP and AP-PCR+AFLP amotgditan varieties is different than reported byyaaathi
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et al. [20]. This can be explained due to diffeeeit, the total number of varieties, techniquesdugeotocol for
AFLP amplifications, primers used and the methoddetfection. In our method comparative analysis Ibthe
varieties was carried out in a single gel and pres@nd absence of bands is scored at the samdrtig@mmparison
to automated sequencers were samples are loadednsiadly and require stringent conditions to exl@werror in
each run. In comparison, their detection methodgufluorescent primers, is highly sensitive and etoas peaks
corresponding to amplified fragments would be detkcTo identify real polymorphism and exclude rsignificant
background the restrictive parameters df bp may not be sufficient for analysis. In thipd of analysis fragments
that may be significant, but are not very frequerthe genome, are not considered for calculafidrerefore, can
carry frequent mistake, similar reasoning is als@my by Maluf et al[34] in study of genetic diversity dfoffea
Arabica, using fluorescent primers and detection by ABI adutomated sequencer.

The diversity among soybean varieties was studygdabmakar et al. [35] using phenotypic characéerd clustered
41 varieties into six clusters. Seven varieties@P40, VLS-1, PUSA-16, Ankur, BirsaSoy, PUSA-37 &kd327)
which group in cluster Il (Fig. 2¢) in our analysie common to cluster Il in analysis by Karmakaale[35]. The
varieties Lee and Co-1 grouped in cluster Il and®8-57, JS-80-21, GujratSoy-1 and GujratSoy-2 Veesegroup
in cluster | in our analysis similar grouping waported by Karmakar et al. [35]. The genetic distafor 40
genotypes of soybean collected from different stafeindia and abroad was estimated usiAgtistics by Tyagi
and Sethi [36]. These genotypes were grouped irtolgsters. The overall clustering of varietiestleir analysis
was different than our analysis, as around 50%hefuarieties included in their study were differedbwever,
PUSA-24, PUSA-37 and VLS-21 which grouped in clusitéFig 2c) in our analysis are similarly grouplegdthem.
The range of Jaccard’s similarity coefficient by -RER, AFLP and combined AP-PCR-AFLP are comparable
which were 0.41 to 0.94, 0.44 to 0.93 and 0.46.8d @espectively. The soybean varieties in Indemendeveloped
from both the introduced varieties and the natoaal land races [37]. Indian soybean varietiestmgrouped into
four, first comprising of varieties Bragg, lee, Imped Pelican, Hardee, Monetta and Shilajeet wiaigh direct
introductions. Second, comprising of Co-1, Gujr8dy-1, GujratSoy-2, VLS-2 and JS 71-5, which anedi
selections from exotic or indigenous material. @hicomprising of varieties developed by hybridiaati Fourth,
comprising of varieties developed through mutatiwaeding [38]. The recent use of local varietiedbireding
program is useful in broadening genetic base. Tthesextent of diversity among the soybean vaseenot very
low as reported earlier, but moderate, this coeldécause of the genetic improvement programmbxlia which
apart from the introduced varieties (from USA),lutes varieties developed by direct selections fetic or
indigenous material [37], hybridization and mutatlreeding [38]

Our study indicated that, clustering of these vm$eindicated no trend with respect to pedigreé eommon
parentage analysis. Diversity among soybean vasiéi not very high as reported recently [20] aodvery low as
reported earlier [1] but moderate, as revealed PR, AFLP and AP-PCR+AFLP data. AFLPs are more
efficient at revealing polymorphic loci than othmarker techniques, similar to other reports by Bizaet al. [12] in
lens, Maguire et al. [27] in mangrove, Russelllef28] in barley, Bohn et al. [29] in wheat.
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