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. Random arnpli{ied polymorphic DNA {RAPD) analysis was used to evaluate the genetic diversity
among the identified restorer lines in cotton. Twelve ganotypes belonging to Gossyf,ium hirsutum L.
and one to.G. barbadense L. were analysed witll 23 random decanrr prinrrs using the polynrrase
chain reaction (rcR). All the 23 prinrers used in the analysis showed polynnrphism between the l3

. 
. 
lines- Annng the 188 RAPD nu.rkers arnplified, S,e.66yA were unique to G- barbadense cullivar' 
Pima. The arnplified products varied in number and intensity armng the selscted genotypes. Cluster 

'

analysis by the unweighted pair group nnthod of arithmetic neans lUecMe)showed that 13 genotypes
can be placed in two groups with a similarity ranging from 43. 2o/o to gs.4vo.ileg€notypes niSAfi-i f ,
DPL-15, PK-863 and LL-60 which had the potentiality to be used as thereslorerbased on the pollen
Ibrtility, pollert abundancy and selfi:d seed set per cent, also showed their sinfrlarity atnnlecula level, by
qouping thenrelveS in a cluster having atleast one stable restorer. The results reveal the ganetic relationship
of the identified partial restorers with the already avaitattC idtlti resto€ys so that rlectim of res-tuers fo
testing the exFession of heterosis when crossed with the CMS line can be mdertaken.

Keywords : Cotlon; Molecular similarig; Restorir lines; RApD.

Introduction limited number of marker loci .g*"raf fu"t
The analysis ofgenetic diversity and relation ofpolyrnorphism for these loci inelie brEedfug

betweengenodes is apre-requisite forthe materials, and'the chance of variability in
exploitati-bn oilybrid uigouri, any crop banding patterns being due to plant

improrcmeht pr.gr"-.", 3*a-ai.l"li"* develof ment3. The random 3mPlifi ed

il;;;-;iirt;; ;;;;;,i;;";;;td porvmorphic |N| (RAPD) tecriniquea

present within the avaiiable g;;;ri; poYtde.s an unlimited number cf makers,'

crop species to synthesize*;J;;;:;;; ;; which can be used fot assessing the extent

hybrids.Moryholosr"dfr;;;r;;;;;; of'genetic 
flversrtr of genetic similarities

;l,hJ;";;fi;ffi;;;;;;;;bt;;,, 1d 
the curtivar anarvsis orvarious prant

a rew lroci 1"",,."*T ;;:; :"1+';;:,':;,, itinf";:, :I ".X. ;#::#;enough number of characters avarlable.
M;;:,"; ;], ;; i,'J,i;;;#;; t?i'j:: :i!';T:il::*;Tj: #*:environmental factors and growth practices.';.-;.' ,':.'-:.*--:' already available stable restorers and newly
I o have an accurate and relrable estrmate--- -__--:- _.----:-- ldentrtled restorers rn cotton.
of genetic relationships and genetic diversit5r, '---,----

a large number of polymorphic markers are Materials and Methods
essentially required. Biochemical markers Seeds of the cotton genotypes used for
such as isozymes have been used to analysis are shown io fuUf. l. These
distinguish between homozygous and qenotypes include tenGossypium hirsutui
heteno--zygousindividuarsanato"".ti*tetn;;;-6ffi ;ffiJi-iitliirT*ini-ii,
level of genetic variability in plant A 6lg-GF, DpL-15, pKg63, LL 60, B-50
populationsr. Thegenetic distances ofa large and AC-133) which were identified as partial
numberofaccessionsofuplandcottonfrom restorers based on the extent ofpollen
different locations by isozyme analysis was fertility, pollen abundance and sefeh seed
studied2. However, isozyme analysis has set percentage when crossd with the cMS
certain liniltations due to the availability of line, and the three already existing stable
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restorer lines Mex-685-9, Demeter and Pima. of 94oC for 2 Min. Each cyCle consisted of a

rhe genomic DNA was rsorate! ao1 ffTilTJ$:iH."j,'"-::J;,il"1T#If,
lH.'$ff .',T,S:lfl J":,ffi rl,l:lll"fi : j:.1;:::ff #g'[:1f Lil',l.:il#l
DNA isolationprocedure *I"lI:111::T: by maintenance of the reaction mixture at
about 100 mg seed tissue (imbtbed tor lo 

+6Cuorittheywereremoved.PCRproducts
hrs) in a 1.5 ml eppentlorf 

Pb" 
*iT 

" 
try:l1 

were analysed by electrophoresis on 1 .5%

I iil?il.':f#, lU Jl:i:J$lHlill :fml-Xl'#; H:;l-5',*ffi
8.0; 0.5M NaCl). To this, ?0 t l_g^1,t 

p"t 
witnetniaiumbromideandvisualizedunder

cent sodium-dodecyl :rlf?::J:.":L*"i: Uv light and photographed using
added. Thetube was maintarned at 6)\- ror nentation System.
r0 min. rhe tubes *"d;;;;;;;;-0 

rAlnharmasl Gel Docur:

pl of 5M potassium acetate was added and Amplifrcation profiles of 13 cotton

vortexed. The tubes were maintained at 4bC genotypes were com_pared with each other

i". iO 
"rf" "i 

14,0fi) rpm. About 100 pl of and bands of DNA fragments were scored

the clear sup€rnarant was taken in a fros'h:*T6st1esent.(1) or ablent (0). The data for all

tube. To this tube was added 25 pl of 10 M the 23 primers was used to estimate the

;;;;;""ai" *d zs pl of isopropanol. similarity onthe basis ofthe number of Scored

The contents of the tube were mixed and amplification productsts. A dendrogram

centrifugedatroomtemperatur,eforl0min. - based on similarity coefficients wa.s

at 14,0d0 rpm. The p"lt"t obtuined was constructed !V usine ft: ""*tig1ld- ry:
.ir,r"d *i*, Zb per cent ethanol, air-dried and group method ofarithmetic mean (UPGMA)'

dissolved in 100 pl of 0.01 M Tris-HCl Results and Discussion
conaining 0.00 I M EDTA, pH 7.4. The isolated

g"",,-f"DNAwasquantifiedusingArnplificationofgenomicDNAfromeach
fluorometer (Dyna Quant, usA) and then of the 13 restorer lines using all 23 primers

ffiil;ii i"rinip".i- rt tit" wdtei"to gct a revealed a varirtv 
"f 

RAI? flerns' 
with a

final DNA concentratiron of 25 ng p". r-rl , total of 188 amplifred DNA fragments or

t"*r",*r""iirtt"'rro.*atyrecorinended 
' RAPD markers' Among these 188 RAPD

DNAconcentrationrornapbanalysis.The markers' 159 (s4'57%) y"l'-ry1{*:Pl1:
isolated genomic DNA was also verified for for the 13 genotypes studied (Table 2)' All

size, intactness, homogeneity and purity by the 23 p-'i"''-tt l:Yled polymorphism'

running0.8per"*tuguror"g"iefecmptroiais' Among the 188 RAPD markers' 5 (2'66%)

A totar of 23 random primers used [:::xl1trilsiJiY'![!Jifll";,T:,il1
for DNA amplification were obtainrcd from .ottirrurr;. The degree of polymorphism
Operon Technologies Inc. (Alameda, CA. detectedbydiffeienipriqrersvariedandthus
USA) as listed in Table-2. Genomic DNA 

ther" *u, io*iderabig variation in tlre ability
wasusedasatemplateforPCRamptfic{ion oi inait idual primers to detect DNA
Amplification reactions were done in'20 lrl p"f,*"rpt i.-. Ooty the reproducible
volumes containing,50 mM 19], ]9 -y if""o",,,,irpUs were scored and considered
Tris-HClpH 9.0, 1.5 mM MgCPr 0l.ry i;r;r,il;lysis. Exampleofthelevelof
each of dATP, dCTP, dGTP and dTTP, 0'2 d is shown in Fig l.
pmprimer; zs og of gJ;o;" oNe u"i o's {i$ffI":Trflffiresolved per primer
unitofTaqDNApolymerase. r""g;dil;aminimumof4(Oirtl;toa

Amplification was performed in a maximum of 13) oPF 7 and oPAH 3)'

PTC 100 ihermal cycler (MJ Reaseaich, variationsintheintendityofthesameband
USA) for45 cycles after an initial denaturation in different restorer lines were noticed'



Table l.
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Gossypiumgenotypes used for RAPD analysis

Table- 2. RAPD products generated using 23 random primers in three known restorers and
ten identified / newly identified restorers.
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I
2

J
A+

5

6

8

9

10

11

t2
t3

BAR7I8-r
H-I05
0737-3

ALBAR-sI
A 6I8-GF
DPL-I5
PK 863

LL60
B-50
AC-133

Mex 685-9
Demeter

Pfuna'

G. hirsutum .

G. hirsuium
G. hirsutum

G. hirsutum
G. hirsutum
G. hirsutum-

G. hirsutum
G. hirsutum
G. hirsutam
G. hirsutum
G. hirsutum
G. hirsutum
G. barbadense

Egyptian Sudan

Iran
TNAU,India

rTanganyka

Barbadgs

Arkansas

Periyakula4 India
Punjab, India
France,

Pakistan

USA
USA
USA

Blackarm resistant

Extra long strple group
Extra long.staple group
Long staple group
Long staple group
Fibre length and srength group

High ginning group
High ginning group
High sinnhg $oup
High ginning gsup
Restorer

Restorer

S. No.

Primers
Number of
polymorphic

bands

Number of
monomorphic

bands

Total
number of
RAPD

fragments

Name Sequence
(5'to 3!)

I
2

J

4
5

6

7

8

9
10
11

l2
13

t4
15

t6
t7
l8
t9
20
2t
22

23

OPC 10

OPC II
oPc t2
OPC 15

OPC 16

OPC 17

OPC 19

OPC 20
OPF4
OPF 7

OPF 8

OPE IO
oPF 11

OPF 13

OPF 17
.oPF 18

OPF 20
OPAH 3
OPAH 12

OPAII.I5
OPAH 16

OPAH 17

OPAH 18

TGTCTGGGTG
AAAGCTGCGG
TGTCATCCCC
GACGGATCAG
CACACTCCAG
TTCCCCCCAG
GTTGCCAGCC
ACTTCGCCAC
GGTGATCACTG
CCGATATCCC
GGGATATCGG
GGAAGCTTGG
TTGGTACCCC
GGCTGCAGAA
AACCCGGGAA
TTCCCGGGTT
GGTCTAGAGG
GGTTACTGCC
TCCAACGGCT
CTACAGCGAG
CAAGGTGGGT
CAGTGGGGAG
GGGCTAGTCA

Total

l0
4
8

5

J

1l
6

ll
5

10

lt
6
6
3

3
3

5

t2
4.
l0
6
9
8

159

2

2

3

I
2

1

2

3

I
2
2

2
I
I

.l
I
2

=

:

29

l0
6
oo

7
6
t2
8

t2
7
l3
t2
8
I
5

4
4
6
t3
6
10

6
9
8

188
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Fig. 2. Cluster dendrogram of l3 restorer lines based on RAPD markers

i)
The main objective of the present

study was to estimate the molecular similarity
of the identified restorer l,ines with the
known restorer lines. The similarity matrix
obtained after multivariate analysis using
coefficientsri is shown in Table 3. These
similarity coefficient were used to generate
a dendrogram (Fig 2) by UPGMA analysis in
order to determine the grouping of different
restorer lines. The analysis revealed that the
variation in the similarity indexranged from
43.23/o to 95.4Yo between the restorers, the
genotypes having ttre maximumvalues being
similar betwben them. The genotype Pima
belonging to G. barbadense L. was grouped
along with G. hirsutumL. cultivars indicating
narrow genetic base. The dendrogram
constructed using the similarity index
obtained from RAPD clearly grouped the 13

restorers into two major clusters. Nine lines
including, two stable restorers and those

identified as partial restorers vrz., LL-6O,
B-50, AC-l 33, BAR 7/8-1, H-105 and 0737-3
were gror@ rmder one m,ajor cfuster. The fi rst
major cluster consisted of two sub-groups,
comprising of Mex 685-9, Pima, LL-60 aud
B-50 in the first and AC-133, BAR 7/8-1,
H-105, DPLI5 andffi37-3 in.' e second. The
second majbr cluster included one known
restorer D€rnet€r and three identified restorers

ALBAR-SI, A 618-cF and PK-863.

The level of polyrnorphismper prime
(6.91) is high and 2.660/o ofRAPD markers
were unique to G. barbadense cultivar Pima.
Similar inference was reported while strdying
Pima with other Australian cultivarsr6. The
degree of polymorphism was detected using
different primers by taking into account the
reproducible RAPD markers in order to get
reliable conchsions. Howwer, ndwithshnding
reproducibility problems, genetic matrices
computed from RAPD bands are suffrciently
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reliable in germplasm studiesrT. The number possibility that these lines may also restore
of RAPD markers in this study ranged from good fertility in cytoplasms other than

1 
a 

J3' 
These.figures are in agreement with G. harknessii. Preliminary selection of cot-

the'hypothesis proposed by Waugh and tonaccessionsbasedonRApDmarkerdata,
Powellr8, who postulated that in most plants may maximize the chance of recovering or
lO-mer primers are atile to generate 2 to l0 identifying superior and stable restorer liies.
diffe.rentarrplifrcationproducts. The variation Combining the results of fertility restoration
in the intensity of the same band in different obtained fiom field study and the grouping
restorerlinesmaybeduetothefactthatthe of genotypes based on their molecular
specific site chosen by the primer has been similarity, there is much scope for the stable
found in abundance when compared with expression of heterosis for economic
otherrestorer lines. Similarly,Welshet al.te characters whencrossedwiththe CMS lines.
reported that the variation in band intensity This in turn will result in the identification
was due to the abundance of specific sites of the superior restorer lines for G.
chosenbytheprimerinonegenotypecompared lror*n"rrrif,u;-CM;il.s for commercial
to others. The similarity index between the exploitation.
restorers ranged from 43.2%o to 95.4o/o.
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