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ABSTRACT 

An experiment was conducted during 1999-2000 to study the genetic similarities and DNA fingerprinting of 
bread wheat (Triticum aestivtllll L. emend. Fiori & Pao].), durum wheat (TriticlIlII durUIII Desf.) and triticale cultivars 
using molccular markers). In this study 14 varieties of bread wheat, 1 of durum and 1 of triticale released for gencral 
cultivation since 1920, were analysed using amplified fragment length polymorphism (AFLP), random amplified 
polymorphic DNA (RAP D) and simple sequence repeat (SSR) markers. Since these varieties represent the spectrum 
of gcrmplasm present in breeders' working crossing blocks, the objective of this study was to establ ish the mugnitude 
of genetic diversity and to fingerprint the individual lines for intellectual property protcction. Total numbcl' of assay 
units were 31 random primers fot' RAP Os, 6 primer combinations for AFLPs and 25 primer pairs for SSR markers. 
Highest number of polymorphic bands per assay unit was observed for AFLPs (39.7), followed by RAPDs (12.7) 
and SSRs (4.0) but polymorphic information content (PIC) range was highest for SSRs (0.13-0.86). Based on 
estimation of genetic similarities, more realistic dendrogram was obtained from SSR cOl1lp~lrcd to that obtained 
frol11 AFLP or RAPD data. Most of the cultivars could be uniquely identified (fingerprinted) with SSR and RAPD 
markers but not with AFLPs. 
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The information concerning diversity and relationship 
among gel111plasmlines can be obtained fro1lll110rphological 
traits, pedigree data or DNA-based variation. The DNA­
based markers are more powerful in assessing the genetic 
similarity (Paterson et af. 1992, Lee 1995) and for genetic 
fingerprinting (Smith and Smith 1992) among germplasm 
lines. Restriction fragment length polymorphic (RFLP) 
markers were initially \Ised for estimating genetic distance 
and fingerprinting in wheat (McGuire and Qualset 1997) 
and other crops (Lee 1995). However, low l~vel of 
polymorphism present in RFLPs in wheat has restricted the 
use of this technique. 

The PeR·based markers like random amplified 
polymorphic DNA (RAPD), amplified fragment length 
po lymorphism (AFLPTM) and simple sequence repeats 
(SSRs- a Iso termed as micl'osatellites) are simpler and 
cheaper compared to RFLPs. These are being rontinely used 
for fingerprinting and estimation of genetic variability in 
several crops lil(e rice (Ol)lza sativa L.) (Mackill et af. 1996, 
Garland et nf. 1996), maize (Zea mays L.) (Pejic et af. 
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1998), soybean [Glycine max (L.) Men.] (Powell et al. 
1996); barley (Hardeum vulgare L.s. 1.) (Russel et al. 1997), 
sorghum (Sorghllm bicolor. CL.) Moench) CBohn el af. 1999) 
and wheat (Ti'iticum aestivum L. emend. Fiori & Pao!.) (Dje 
et al. 2000). 

At Punjab Agricll1111l'ul University, several varieties have 
been developed since 1920 involving diverse germF 1[\8111 

like-land races, and spring and winter wheals introduced 
fro111 other countries. Working crossing blocks of' wheat 
breeding programmes have the germplasm composition 
matching the history of wheat breecling at the PAU. 
Therefore, estimates of genetic similarity or distances in a 
set of released varieties may be a reflection of the magnitude 
of genetic diversity available ill breeders' crossing blocks. 
This can act as a guide to wheat breeders, as how to utilize 
the old wheat varieties for further improving wheat 
productivity. Also with the present intellectual property 
rights (IPR). scenario, it becomes imperative to fingerprint 
the released varieties for safeguarding the interests of public 
institutes. The present study was therefore aimed at (i) 
estimating the magnitude of genetic variability in a set of 
wheat and triticale cultivars released since 1920 and (ii) 
fingerprinting of these varieties. Relative efficiency of these 
marker systems for studying genetic variability' and 
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fingerprinting was also studied. 

MATERIALS AND METHODS 

Plant material 
A set of 16 varieties of bread wheat; durum wheat and 

triticale released in Punjab for general cultivation since 1919 
were used. These varieties along with their parentage are 
presented in Table I. Out of these 16 varieties, a set of 11 
varieties was analysed using all the 3 marker systems, 
RAPD, AFLP, and SSR. The complete set of 16 lines was 
analysed using SSR primers. 

DNA isolation 
DNA was isolated from young leaves of field-grown 

plants at maximum tillering stage. A small- quantity of DNA 
was isolated from each line using CTAB method as 
described by Murray et al. (1992). 

SSI? assay 
Sequence tagged mierosatellite (STMS) primers, 

developed and mapped by Roder et at. (1998) were used in 
this study. A set of 25 primer pairs, mapping throughout 
the genome, was selected. Polymcrase chain reaction (PCR) 
was performed in 25Jll reaction mixture as described by 

Table L Pecligree of wheat and triticale lines used in the study 

Cultivar 

Bread wheat 
'8 A' 
'C 591' 
'C 273' 
'C 306' 

'Kalyansona' 
'S~nalika' 

'HD 2009' 
'WL7!!' 
'HD 2329' 

'PBW!38' 
'PBW 175' 

'CPAN 3004' 

'WI-! 542' 
'PBW 343' 

DUI'II1Il wheat 
'PBW 34' 
Triticale 
~TL 1210' ,. 

Pedigree 

Local selection 
Type 9/8B 
C 591/C 209 
RGN/CSK3/3*C591/3C217/N141 
C281 
PJ's'IGB55 
MIDA-U/KI17A/2*TH/3/FNI 
4*TH/4/ANIS/YT54/N 1 OBI/LRl61 
B4946-A4-18-I/Y53/13*Y50 
LR64A/NA 160 
S309ICI-IR/KAL 
SL·s'/NP85214/Pj"s'IPJ4/KT548/3J 
K651SISKAI6/UP262 
WG337·s'lHD2177 
H D2160/4/JN/GAGEI/JN/KALI 
3PYIS/C273 
GLLlAUST.lI 61-157/ICNO/NOI 
3/VEE 
JUP/BJy's'I/URES 
ND,VG91441IKALlBB/3/YACO's', 
4/vEE's· 

AA'S·/FGO's' 
CINNAMONIRAJ821/IINIA/ 
TUm<v~O/3/ ARM'S', 

Year of 
release 

1919 
1934 
1957 

1965 
1967 
1967 

1974 
1979 
1985 

1986 
1989 

1991 
1992 
1995 

1985 
1986 

Roder et al. (1998) with little modifications. The initial 
denaturation was carried at 94°C for 3 min, followed by 3D 
cycles at 940e for 1 min, annealing temperature 50-60°C 
for I min, extension at nOe for 2 min and final extension 
at nOe for 15 min. The amplification products wcrc resolved 
on 3% high-resolution gel, prepared by mixing agarose and 
metaphore in equalproportions, in 0.5 X TBE buffer. These 
gels were routinely reused for 5-6 times. 

RAPD assay 
A set of 31 random primers was used for amplification. 

PCR amplification as described by Willian et a!. (1990) was 
performed in a 25JlI reaction mixture containing 3.91l1 of 
10 X PCR buffer, 2.3JlI of ImM dNTPs, 1.5111 primer, 0.8JlI 
eIU Jll) Ta polymerase, 1.21l1 of DNA (30 ng/Jll). The initial 
denaturation was carried out at 9SoC for 3 min followed by 
10 cycles of denaturation at 95()C for 30 sec, annealing of 
primers at 35°C for 2 min and primer extension at nOc for 
1 min 30 sec. PCR was further continued for another 39 
cycles, following denaturation at nOc for 30 sec, annealing 
at 40°C for 30 sec, primer extension at nOc for 30 sec 
a"d final extel)sioll was carried at nOc for 5 min, 

AFLP analysis 
AFLPs were generated using AFLP analysis system 

following manufacturer's instructions and as described by 
Vas et al. (1995) using EcoR I/Msel enzyme combination. 
Selective amplicaLion. was performed using 6 primer 
combinations, The PCR was pcrfomcd using aliquots of the 
pre-amplified fragments diluted 50 fold, lIsing 32p labelled 
EcoRI +3 primers and unlabelled Mse I +3 primers (AT/CIT, 
AT/CAA, AGICAC, AC/CAC, AT/eTG, AG/CAG), 
Amplifications w~\s carrieq out Llsing I cycle at 940e for 30 
sec, 6S QC for 30 sec and nOc for I min, followed by 
lowering the annealing temperature, each cycle by O.7oC for 
12 cycles. Further amplication was curried out for 23 cycles 
at 94°C for 30 sec, 56°C for 30 sec, 7ilc for I min. The 
PCR products were separated on 6% polyacrylamide 
denaturing gel contaning 7.5 M urea. Autoradiogmphs were 
taken by exposing BioMax MR-2 film to the dried gel 
overnight with intensifying screens. 

Data analysis 
Scoring oj gels: Gels were scored in a binary format with 

the presence of bands scored liS unity and its abscnce scored 
as zero. The binary data were Llsed for computing similarity 
matrices and generation of dendrograms. 

Estiinatioll of polymorphic information content: AlIeli.c 
polymorphic information content (PIC) was calculated using 
formula: 

PIC == J- :r. (PI)2 

where Pi is the proportion of thepopulatiol1 carrying i1h 

allele, calculated for each locus (Bolstein et al; 1(80), 
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Estimation of genetic similarity: Genetic similarity (OS) however, were used for studying variability in 16 varieties 
was calculated for each marker system as per the formula that included pre-green-revolution releases (1S well. These 
given by Nei and Li (1979). marker system were compared (Ti\ble 2). The total number 

Gsij = 2Ni/(Ni + N} 

where N., is the number of bands in common between 
'I . l' lines i and J' 'and N-and No are total number of bands 111 Illes 

I J • 
i and j respectively. Thus Gsij reflects proporllon of bands 
eomlllon between 2 lines and may vary from 0 (no common 
band) to 1 (identical profile of 2 lines). Bands that were 
monomorphic across the entire set of genotypes were omitted 
from the analysis. A similarity matrix for the whole set of 
genotypes was thus oblilined. 

Cluster Anlaysis : The similarity matrices obtained using 
Nci and Lf (l979) formula were used for cluster all:llysis, 
Llsing un weighted pair group method with arithmetic 
averages (UPGMA) t\lgorilhm on NTSYS-PC version 2.02. 
Dendro<Tl'ml1S were obtained lIsing graphics module of 

'" NTSYS. Cophenetic correlation coelTicicnls for each cluster 
were also estirnated llsing MXCOMP module of NTSYS. 

RESULTS AND DISCUSSION 

POlential applicatilons of molecular markers in plant 
breeding are (i) asscsing the genetic similarity among pnrcllls 
and (ii) fingerpinting of genotypes for variety indentificntion 
and protection. Several marker systems like AFLPs, RAPDs 
and SSRs are being used routinely for estimating magnitude 
of genetic variability and fingerprinting. Of these, RFLPs are 
based 01\ southern hybridization and are time consuming and 
I::xpensive. We used peR· based marker system, viz RAPDs, 
AFLPs and SSRs, for assessing genetic variability ancl 
fingerprinting of wheat varieties released and recoillmendcd 
for general cultivation by the PAU. Here we report overall 
genetic variability in wheat varieties released since 1920 and 
spedJic fingerprints that could be used for their identificalion ' 
nnd protection. 

Comparison. of 1I1Qrke r systems 
Markel' systems, viz RAPDs, AFLPs and SSRs were lIsed 

for studying variability in II wheat varieties. The SSRs, 

Tablc 2 Variution in banding patterns gencrated by RAPDs, 
AFLPs and SSRs for wheat ,lilt! triticale cultivars 

Markel' No. of No. at' Polymorphic PIell 

system assay polYlHorphic bunds per value 
units bands aSSY unit 

RA.PDs 31 393 11."1 ().~"1 

(0.81-0.98) 
AFLPs 06 238 39.7 0.97 

(0.96-0.99) 
SSRs 25 100 4:0 0.53 

(0.13-0.86) 

"Figures in parentheses represent the range in PIC values 
obtained for different marker systems 

of assay units used were 31 random primers (lO mel's) for 
RAPDs 6 primm' combinations for AFLPs and 25 primer 
pairs for SSRs. Tattll polymophic bands observed were 393 
for RAPDs, 238 for AFLPs and only 100 for SSRs. The 
polymorphic bands PCI' assay unit were 4 for SSRs, 12.7 for 
RAPDs and 39.7 for AFLPs. The AFLPs thus generated 
highest number of polymorphic bands pCI' primer 
combination. 

The average PIC Ytllues were also highest for AFLPs 
(0.97) compared with R.APDs (0.87) and for SSRs (0.53). 
However, the range wm; wider for SSRs, being O. I 3 to 0.86 
compared to a very narrow range ror AFLP::; (0.96-0.99) and 
RAPDs (0.81-0.98). This highest PIC value for AFLPs is 
attributable to large nUl1lcbr of loci detected per AFLP 
primer combination. The highest PIC WIllie for AFLPs and 
lowest for SSRs is in t\grecl1lent wilh results reported for 
rice (Mackil et al. 1996), soybean (Powel et al. 1996), barlcy 
(Russell et af. 1997), maize (Pcjic et al. 1998) and wheal 
(Bohn e/ al. 1999). 
Estimates of genetic sill!ilari/ies 

Genetic similarities estimates obtained from Nei and Li 
(1979) formula were used for generating dencirograms based 
on UPGMA. Dendrograms generated bused all binary data 
obtuined from RAPD, AFLP und SSRs nre presented in Fig 
I. The cophenetic correlation coclTicienls provided for cach 
Jllarker system indicate the extent to which the clustering of 
genotypes depicted in the trees accurately represents (he 
estimll(CS of gcnctic similarity between the lines obtained 
with that marker t;ystem. Overall eophenelic coeCficiel1ts 
were higher, being 0.91 for RAPDs, D.98 for AFLPs and 
0.90 for SSRs (Fig I) The dcndrognlll1s generated revealed 
thut these marker systems were able to differentiate all the 

Table 3 The STMS primers that can fingcrprint wheat 
varieties uniqucly 

Wheat variety DistingUishing pl'illlCI' 

'C 951' 
'C 30G' 
'Kalyansona' 
'HD 2009' 
'WL 711' 
'PBW 175' 
'CPAN 3004' 
'WH 54.2' 
'PBW 34' 

'TL 1210' 

gWlll136 (278)" 
gWIll382 (H6, 184 1(8), gWIll 136 (278) 
gW1l1292 (214) 
gWIll136 (278) 
gwm617 (154/133), gwrn 292 (214) 
gwn\140 (223) 
gwm251 (110) 
gwn'\34G (\59) 
gW111335 (203), gWlll 382 (86, 184, 1(3), gwm \36 
(278), gWI11140 (223), gwm340 (159) 
gwm639 (141, 166, 130), gWI11121 (1071141), 
gwm369 (184), gWl1l60 (190), gWI11617 
(J 54, 133) 

"Figures in parcnthes()s are the approximllte l11oleculal' weights 
Qf the variety specific bands 
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WL 711'J L-_________ TL 1210' 

'------------'PBW 34' 
,------'PBW 138' 
L-----_'PBW 175' 

'-------·CPAN 3004' 
,--------WH 542' II 
'------- 'HD 2329' 

'--_______ 'PBW 343' 
L-________ 'HD2009' 

r'..,....,..--r---T-r-r-r-..-....,....-T-r-->-.--r-..'::::;:::;=;=;:::;=;::::;::::;:::;::;=;:;=;::::::;:=:.:·son qli ka' 

AFLPs 
r'" 0.98 

WL 711' 

'TL 1210' 
'PBW34' 
'PBW 175' 
'CPAN 3004' 
'WH542' 

'---_ 'PBW 343' 
,.-------1 '---- 'Sonalika' 

L---_'HD 2329' 
1..-________ 'Paw 138' II 

,.-,-,-,...-,....-r-,--,--:~~~:::;::;:::;::;::::;=;:::::;:::;::;:::;~:;:::;::;:::;:~'Hb 2009' III 

SSRs 
r = 0.89 

_--

'8A' 
J 'C273' 1 r '--____ 'C 591' 

1'-------------- 'C 306' 
~-_--r----'WH542· . 

. 'PBW 343'] 
'---------'PBW 175' II 

'PBW 138' 
'HD 2009' 

r--..,..--------'Sonalika' ] 
L _-l======'CPAN 3004' 'WL71i' III 

'------------·HD 2329' 
L-....~ ___________ 'Kalyansona' 

L~ __ r-------___'_--- 'PBW 34J 
t_., ,--,--,,-,-<....LJ....L-L-.J...i...L.....,.':w::;::r:;::;::;:;::w::w::::w::::;:::c::;::;::w::::c:::u::W:::'JL 121 o· IV 

0.3 0.4 0.5 0.6 0.7 0.8 0,9 1.0 
Coefficient 

Fig I Dendrograms of wheat and triticale varieties generated, using RAPD, AFLP and SSR marker \ 
systems. Scale at the boltom is genetic distances from Nei's coefficient of similarities 

lines. However, the 3 marker systems showed some 
discrepancies in clust(;)ring these genotypes (Fig I), For 
example, 'TL 1210' and 'WL 711' were grouped in the same 
cluster when analysed using RAPD and AFLP markers but 
were grouped in differenl clusters when analysed with SSR 
markers. These 2 Jines showed 62% 'and 96% similarity, 
respectively when analysed with RAPDs and AFLP 
markers. 

343' and 'WH 542' derived from spring x winter wheat 
crosses and 'PBW 343' has 'Veery' (::::WH 542) as one of the 
parents in its pedigree. AFLPs on the other hand produced 
only 3 clusters at 70% similarity. but were able to separate 
9 out of 11 Jines from each other. RAPDs however, produced 
6 clusters at 70% similarity. The AFLP-based genetic 
similarity estimates grouped most ofthe genotypes very close 
to each other but it was not the case with RAPD-and SSR· 
based genetic similarity estimates, Overall RAPDs l'eve.aled 
lhe lowest similarly values, followed by SSRSSlnd AFLPs, 
but RAPD-and SSR~bascd dusters ~ecm ri}.OI;.e re.~\1istic as 

At 70% similarity, SSRs produced 9 distinct clusters, 
thus differentiating all but 'PB 343' and'WH 542' and 
"CPAN 3004' and 'WL 711' fron1 each other. Both 'PBW 
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'a Gwm136;.lAS 

1 2 3 4 5 6 7 8 9 10 il 12 13 
.-

14 . IS 16,'11\1 ,-- . ~\ 

b 
G",~61-1DS 

Fig 2 Banding p~ttern of 14 varieties of bread wheat, 1 of ,iurum 
wheat and 1 oftri(icaJe generated by microsatellite primcrs, 
gWI11 136 anel gWIll 261. Lanes 1-16 are, '8 A', 'C 2'73', 'C 
591'. 'WI{ 542"8W 343', 'PBW 138', 'PBW 175', 'PBW 34', 
'T 121()', 'Sonaliku', 'Kalyansonn', 'HD 2009', 'C 30(!', 'HD 
:!32Sl', 'CPAN 3004', and 'WL 711' in that order 

corroborntt;d by pedigree records of these varieties. 
Based 011 SSR data, the pre green-revolution releases 

('SA', C 273', 'e 591' and 'e 306') formed separate cluster 
and post-green-revolution releases formed 2 clusters (cluster 
II and III Fig 1) at 55% sirnilal'ity, 

Similarly, dUrtllll variety 'PBW 34' and triticale vilriety 
'TL 1210' also clubbed together at 55% similarity. Tbis is 
cxpecwd because tritic<lle was synthesized by crossillg T. 
dlll'ltlil with rye (Secede ceren/e). 'TL 1210' althmlgh a 
secondary tritic;ale, is expected to have higher similarity with 
the 'A' and 'B' genomes of dUrLlm wheat. Marker sy,tems 
showing differences in clustering a set of genotypes has been 
observed by other groups for wheat (Bol1l1 et al. 1989), 
nmizt' (Pejic 131 al. 1998) und rice (Mackill et al. 1996) as 
well. 

A It hough highest PIC values were obtained in RAPl) and 
AFLP markers but the range was widest in SSR markers 
(Table 2). This indicates that SSRs are more infornmtive 
than either AFLPs or RAPDs. This is in good agreement 
with the other studies in barley (Beckel' et al. 1995), pea 
(Lu el al. 1996), soybean (Powell et al. 1996), rice (Mackill 
el ul. 1996), maize (Pejic et al. 1998) andwheat (801m el 

(II. 1998). Not only the level of polymorphism was high in 
SSRs, but these aloo gave more realistic clustering of the 
wheat varieties. Our analysis of a small sample of rclensed 
varieties indicated that the traditional wheat lines f01'111 a 
distinct group that is presently stored in gene banks ~md is 
not a part of active crossing blocks of wheat breeders because 
of their tall stature and susceptibility to diseases. Involving 
these lines in crosses with modern varieties, using 111oh.:cular 
breeding techniques may help in pyramiding of desirable 
alleles for quantitative trait loci (QTL) in one line. 

DNA .fillg(;l'pr;nlil1g of the genotypes 
Fingerprinting of gel'l:otypes for variety indentific:ation 

and protection has now become necessary for all the 
institutes. Three marker systems RAPDs, AFLPs and SSRs 
were used for obtaining unique fingerprints 0 f eae h VLll'lety. 
These markers systems differ ill theil; ability to uniquely 
identify all the varieties. for 6 AFLP primer combinations 
no variety specific bands were obtained. In RAPDs, 3 I 

,random primers yieJded 59 variety specific bands, thus 
differentiating all the 11 varieties studied. Similarly in SSRs, 
out of 25 primers pairs II yielded 20 variety specific bands. 
Results show that a single microsatellite marker gWI1l 136 
was able to differentiate 4 genotypes (Table 3, Fig 2). Two 
micl'Osatellite markers, gWI1 136 and gW/Il 617 together could 
differentiate 6 genotypes. Similarly, additional 4 
microsatellite markers, making a total of 6, could 
dofferentiate only 10 genotypes but n01 all the 16. A 
complete set of 25 markers did not make any difference, ie 
only 10 genotypes could be given a uniq.ue fingeprint. The 
number of alleles per locus for microsatellites varied from 
2 to 6 with an average of 3 (Fig 2). 

Although RAPDs also yielded variety specific bands, but 
reproducibility ofRAPD bands makes its use questionable. 
AFLPs yielded largest number of bands, bUI no variety 
specific pattern was obtained. This, however. is in contrast 
to the results of Bohn et (ll. (1999), who could identify each 
of the 11 wheat cultivars with a single AFLP unit and 
recommended AFLPs for fingerprinting and plant variety 
protection. As per this study the SSRs rel11ain the best choice 
for fingell1rinting, as well as for estil11uting magnitude of 
genctic variability. 
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