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ABSTRACT

The objective of present investigation was to utilize and validate tetraploid species derived EST SSR
markers linked to fiber quality traits to generate markers for mapping in diploid cotton species. Sx lines
of allotetraploid species viz, G. hirsutum (AD1) and seven and eleven lines of its putative diploid
ancestorsviz, G. arboreum (A2) and G. herbaceum (A1) respectively were used for comparative analysis.
Of the total of 41 tetraploid-derived SSR primers, 85.36% gave amplification in both diploid species,
indicating that flanking sequences around repeats are conserved in the diploid and tetraploid species of
cotton. Average number of bands amplified by each primer was 15.57. The average observed mean
heterozygosity was 0.60. DNA sequence information of 10 randomly selected SSR amplicons were used
for phylogenetic analysis of Gossypium sps.which revealed that two diploid species of Gossypium (i.e.;
G.herbaceum & G.arboreum), shares a close genetic similarity with each other. Tetraploid-derived
microsatellites may be useful in comparative genetic mapping of both diploid Gossypium species, for
evolutionary studies and marker assisted selection (MAS) for introgression of agriculturally important
traits from exotic diploid and tetraploid germplasm sources. BLASTn analysis of randomly selected SSR
sequence data showed significant similarity (70-97%) between diploid G. arboreum and G.herbaceum
species and (10-27%) between diploid and tetraploids G. hirsutum species. BLASTx analysis of most of
SSR markers reveal ed identity with hypothetical and uncharacterized plant protein.

Keywords- Cottons, Tetraploid, Diploid, Gossypium hirsutum, Gossypium herbaceum, Gossypium
arboreum, SSR markers, BLASTn, BLASTX.

INTRODUCTION
The word ‘cotton’ refers to four species in the geGossypium (family Malvaceae), namely Ghirsutum
L, G.barbadense L, G.arboreum L and Gherbaceum L. that were domesticated independently as sources
of textile fiber. Globally, th&Gossypium genus comprises of about 50 species (Fryxell, 1982)genus
Gossypium occurs naturally throughout tropical and subtrapiegions, and includes 50 species split
across two ploidy levels, 45 species are diploid=gx=26) and five are allotetraploid (2n=4x=52)
12 (Percival and Wendet al., 1999; Wendal and Cronn, 2003). The haploid gensiaes are estimated
to be 880-Mb foiGossypium raimondii, 1.75-Gb forGossypium arboreum L, and ~2.5-Gb fof0ssypium
hirsutum L.(Hendrix and Stewart,2005). Among these apprexémb0 species four are cultivated viz.
Gossypium arboreum L. (n=x=13, A2) andGossypium herbaceum L. (n=x=13 Al) are diploids while
Gossypium barbadense L.[n=2x=26, (AD)2] andGossypium hirsutum L.[n=2x=26, (AD)2] are teraploid
Cotton is an important source of natural fiber, athplays an important role in global economy and as
raw material in the textile industry. Globally amitcrops is grown on 32 million hectares (mha) with
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appoximately 71% of the production in developingrinies. India, USA, China, Australia, Pakistan and
Uzbekistan are main producers of cotton in the aévdBossypium barbadense L is grown on very less
average area (3%) in Tamilnadu and Andhra Pradesssypium herbaceum L is limited to Gujarat and
KarnatakaGossypium hirsutum L andGaossypium arboreum L are grown in all the major cotton growing
states of India.

Enhanced cotton resources are needed to facilitatenprovement of this important crop. Therefane,
important area of cotton genomics is germplasm agttarization and utilization. Analysis of genetic
diversity and relatedness between species and amemgtypes is useful in plant breeding programs
because it provides a tool for accurate organimatib germplasm and efficient parental selection.
Moreover exotic germplasm is an important sourcgenfes which can be transferred in cultivated gjgeci
through marker assisted selection. With advancenmentolecular marker technology, marker-assisted
selection (MAS) combined with conventional breedivas been one way in which fiber quality can be
improved.

Molecular markers have been widely used in genatialysis, breeding studies and investigation of
genetic diversity and the relationship betweeniatied species and their wild parents becausehbhey
several advantages as compared to morphologicakemsar including high polymorphism and
independence from environmental effects and phygichl stages of the plant. Simple sequence repeat
(SSR) markers (microsatellite) are tandem repeBtdé motifs (1-6bp long) which may vary in the
number of repeats at given locus, have been sufatigssmployed in many genetic diversity studiesu(L

et al., 2000; Gutierrezt al.,2002) and are useful for a variety of applicatiamsplant genetics and
breeding because of their reproducibility, mulgfd nature, codominant, relative abundance andi goo
genomic coverage (Powel al., 1996). SSR are easy to use and analyze (MorgamteOlivieri 1993).
The variation among microsatellite is thought to chee to the slippage of DNA polymerase during
replication or unequal crossing over, resultingliiferences in the copy number of the actual nuaeo
sequences (Yet al.,1999). Polymorphism among individuals arises fradmanges in the number of the
repeats. In other words, these markers meet mdbeatequirements for ideal markers in assessing ge
flow. Tracking of microsatellite markers requirgsesifically designed primers for conserved flanking
region of repeats and PCR amplification of thisaagThe availability and abundance of microsatelli
markers throughout the cotton genome coupled wighfact that they are polymorphic, codominant and
are based on polymerase chain reaction (PCR) nmake particularly useful in genetic diversity studie
of cotton (Redd¥t al., 2006). With in excess of 1000 microsatellite primkaving already been isolated
from cotton DNA genomic libraries (Nguyest al.,2004) for molecular studies of the genetic digrs
However, more attention is needed to investigai @mpare the genetic diversity of cotton plants
cultivated in several countries of Asia with theegfic objectives of estimating the informativeneds
cotton microsatellite loci and selecting a set ofrosatellite primers able to differentiate betwebka
various cultivars studied and to estimate the gekttance among various cotton cultivars in Asia.

MATERIALS AND METHODS
Plant genotypes
The genotypes of cotton were procured from Ceritrafitute of Cotton Research Nagpur, Regional
Research Station, AAU Anand, Main Cotton Reseatelic®, Surat, Regional Cotton Research Station
Viramgam and Regional Cotton Research Station, BiarTotal 24 cotton genotypes were used for
study, out of which 11 genotypes were @f herbaceum, 7 genotypes were db. arboreum and 6
genotypes were db. hirsutum.
DNA isolation and quantification
Fresh leaves (3 gm) of young plant genotypes welteated from polyhouse and crushed in the presence
of liquid nitrogen. DNA extraction buffer (CTAB) ataining 2.5 % polyvinyl pyrrolidone (PVP) was
used to isolate DNA. Spectrophotometry was perfartoedetermine DNA concentration by using
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Nanodrop N.D.1000 (Software V.3.3.0, Thermo ScfentSA) at absorbance ratio 260/280 nm and the
quality of obtained DNA was checked on 0.8% agagmse

Simple Sequence Repeat (SSR) analysis

A total of 41simple sequence repeat primers belonging to JESAR,KIR, BNL and Gh series were
chosen randomly across the cotton genome and dadedbfrom Cotton Marker Database(CMD). The
sequences for these SSRs are available at httpv//eattonmarker.org/projects/cm/. They were custom
synthesized by MWG Biotech Pvt. Ltd, Bangalore jand

SSR amplification and electrophoresis

An initial denaturing step of 4 min at 94°C waddaled by 42 PCR cycles (denaturing at 94°C for &, mi
primer annealing at 40-60°C for, 1 min and primeeasion at 72°C for 2 min). A final step of 7 nah
72°C was carried out for polishing the ends of RE&ducts. The PCR amplification cycles were carried
out in a thermal cycler (T-Gradient, Bio-metra, BRAD). Agarose gel of 2.5 % concentration was
prepared in 1X TBE (2.5 g agarose in 100 ml 1X T&td 2.5 pl Ethidium bromide from 10 mg/ml
stock). PCR amplified products (9 pl and 1 ul 6X4dmg dye) were loaded into the wells. The 100 bp
standard DNA ladder (1 pl) (marker) was also ruongl with the samples. The electrophoresis was
conducted at 100 V current (constant) for 2.5 tosseparate the amplified bands. The separatedsband
were visualized under UV transilluminator (Biometr&ermany) and photographed using gel
documentation system (Bio-rad, California).

Sequencing of SSR amplicon

Two genotypes one each frdn herbaceum (Gcot13) ands.arboreum (824) were randomly selected for
cycle sequencing for five classes of primer (Anigdfby BNL 3482, NAU 1369, NAU 1200, CIR 30 &
Gh-G1) used for SSR markers amplicon analySigcle sequencing was performed following the
instructions supplied along with Big Dye® Termina#3.1 Cycle Sequencing Kit (Applied Biosystems).
The reaction was carried out in a final reactioturee of 20ul using 200ul capacity thin walls PCR
tube. The tubes containing the mixture were tapgeatly, spun briefly and then were transferred to
thermal cycler. The cycling protocol was designed9 cycles with the thermal ramp rate of 1°C per
second. After the reaction, the extension prodwet® purified by Ethanol-EDTA protocol.
Electrophoresis and Data Analysis

Electrophoresis and data analysis was carried nuhe ABI PRISM® 310 Genetic Analyzer (Perkin-
Elmer, Applied Biosystems) using appropriate ModuBase caller, Dyeset/Primer and Matrix files.
Sequencing Analyzer Software of Applied Biosystgmmpvided with Genetic analyzer was used to
analyze the raw data obtained through genetic aeal\By using Seq Scape Software, forward and
reverse sequences of each representative sampéelnfSSR locus were assembled against most closely
related reference sequence of respective genetaldength sequence was obtained.

SSR amplicon sequence analysis.

The SSR sequencing data@dssypium sps were aligned using ClustalW 2.0 (Larkin e2a807) at their
default alignment parameter and manually correbteMEGA 4.0. Phylogenetic analysis was performed
with MEGA 4.0 using the Neighbor-Joining method i{@a et al, 1987). The bootstrap consensus tree
inferred from 1000 replicates is taken to represinat evolutionary history of the taxa analyzed
(Felsenstein et al. 1985). Branches correspondingattitions reproduced in less than 50% bootstrap
replicates are collapsed. The tree is drawn taesedth branch lengths in the same units as thbsleeo
evolutionary distances used to infer the phylogerieee. The evolutionary distances were computed
using the Maximum Composite Likelihood method (Taaet al. 2004) and are in the units of the
number of base substitutions per site. All posgi@ontaining gaps and missing data were eliminated
from the dataset (Complete deletion option). BLAShalysis was done for alignment and comparative
analysis of diploid cotton SSR marker DNA sequenidls other tetraploid cotton DNA sequences along
with other species DNA sequences in the NCBI dambaith standard search statistics (Reddy et
al.2006). BLAST x analysis were used for analgdipredicted protein sequence derived from cotton
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SSR DNA sequence amplified by respective primesearch the protein databases for similar proteins.

RESULTS AND DISCUSSION
SSR analysis for genetic diversity and polymorphism
In the present SSR analysis with 41 microsatettisekers only 35 markers gave the results. All yhirt
five markers produced 83 alleles. The average nurobealleles per locus were found to be 2.47. A
maximum of 5 alleles were recorded for marker BN23@ JESPR 208 and NAU 923 which were
followed by BNL 2920, JESPR 307, NAU 4024 AND NAB31L which produced 4 alleles. BNL 1317,
BNL 580, CIR30, NAU 1200 and NAU3393 produced thadleles each and BNL1531, CIR 246, CIR
307, JESPR65, NAU 1369, NAU2035, Gh-G1 and Gh-G&lpced lalleles which was lowest in the
present investigation. SSR markers amplified bynpri CIR 30, NAU1200, NAU4024, NAU1531,
BNL2920, JESPR208, JESPR127 and NAU923 gavepgogmorphism and they are also abundant in
both diploid G. herbaceum,G.arboreum) genotypes therefore, they are best markersifarker assisted
selection (MAS) in both diploid@. herbaceum and G.arboreum) genotypes for fibre quality traits. The
highest PIC value was recorded for NAU 923 (0.73048hd lowest for JESPR 29 (0.165289) whereas
mean PIC value from all tested microsatellite wa469411. The average heterozygosity for 35 SSR
markers was 0.60 (Banerjekal, 2007).
Dendrogram Based on Nei's (1978) unbiased measfigsnetic distance by UPGMA method formed
two major clusters which grouped all 24 cotton dgpes. Cluster 1(B) which was smallest in all tdus
included Gvhv 235. Second cluster formed two sulygsoviz. A1 and A2. Cluster Al included two
genotypes Lintless DDK and 592. The A2 clusterimfprmed two sub group viz. A2A and A2B. A2A
includes 11 genotypes viz. Gvhvl133, G.cotH16, Git6t G.cot20 , G.cot8, CINA329, CINA31S,
CINA344, Jawar Tapti , CINA333 and DLSA17. A2B indks 10 genotypes viz. G.cotH4 , G.cotH12,
824, G. cot21l, Gvhv104, Gvhv505, G.cotl3, G.cot¥3797 and Gvhv544. Gvhv133, G.cotH16,
G.cotH10, G.cot20, G.cot8, CINA329, CINA318, CINAB4Yawar Tapti , CINA333 and DLSA17 which
leads us to assume that the A2A subgroup clustduded the varieties of similar genetic origin and
which can be helpful for consideration of thesdetas for the hybridization programme, while th2BA
subgroup cluster contained G.cotH4 , G.cotH12, 8&4;0t21, Gvhv104, Gvhv505, G.cotl3, G.cotl3, V-
797 and Gvhv544. The involvement of genotypes anghme cluster again indicated that the varieties
with the same genetic composition were falling fre tone cluster and this can help to conduct a
hybridization programme with these genotypes. Tihelarity coefficients ranged from 0 to 0.71 fot al
accessions (Adawy et al, 2007). Thus, the relatsinéthe cultivars studied was efficiently eststidid
through the use of SSR markers though with somferdiices in the positioning of some cultivars at
various clusters. Dendrograms generated for SSFarsg of cotton genotypes reflect relationships
among most of the diploidsG( herbaceum,G.arboreum) and tetraploids G.hirsutum)  cultivars,
depending upon their fiber quality traits.
Primer wise Sequence Homology of SSR sequence betwediploid A1 and A2 genome and the
tetraploid AD1 Genome.
The SSR sequencing dataossypium sps.) were aligned using ClustalW 2.0 (Laréiral, 2007) at their
default alignment parameter and manually correbieMEGA 4.0. There were considerable similarities
and differences between SSR markers in tetra@otdrsutum and diploid species (Patersetral,2004).
These differences might be due to the genomicriistbetween the tetraploid and diploid speciesedls w
as mismatches during DNA amplification process. Ddé§uence alignment for locus BNL 3482, CIR30,
Gh-G1, NAU1200 and NAU1369 using a single repregtere amplicon from each diploid species were
done. The SSR sequences from PCR products of pih@idispecies showed a high degree of identity for
sequence with a sequence of the same primer prémuctthe tetraploid cotton obtained from the cotto
database. Amplicon variation was observed amongesags derived from both diploid species, which
may be attributable to primer mismatch and or ial\griation due to heterozygosity (Jenkeisl,
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2004). DNA sequence analysis of individual amplieonplification products confirmed the presence of
SSR repeats in both of the diploid species. A higbree of sequence conservation was detected among
the flanking regions of diploid and tetraploid sies¢ although single nucleotide differences andouar
pairwise insertion or deletion polymorphisms digtiished each of the species (Redudg, 2006).
Phylogenetic analysis with MEGA 4.0 using Neighbodoining method.

Phylogenetic analysis dbossypium sps. reveals that two species of Gossypium Geherbaceum &
G.arboreum), shares a close genetic similarity with each otRkerrther, G.herbaceum & G.arboreum
forms three distinct phylogenetic clusters, whiclghm be due to the independent cultivation eveffits o
this species. Overall.hirsutum shows a distant phylogenetic relationship with pttveo species of
Gossypium, which was in accordance with the sequerairwise mean percentage identity among
Gossypium sps. (G.herbaceum vs. G.arboreum, 72.00% & G.herbaceumyG.arboreum vs G.hirsutum
17.00%).

Phylogenetic analysis of SSR sequencing datagypium sps.) was performed with MEGA 4.0 using the
Neighbor-Joining method (Saitou et al, 1987). Thetstrap consensus tree inferred from 1000 repkcat
is taken to represent the evolutionary historyhe taxa analyzed (Felsenstein et al. 1985). Branche
corresponding to partitions reproduced in less th@¥% bootstrap replicates are collapsed. The gee i
drawn to scale, with branch lengths in the sam&swas those of the evolutionary distances usedféo i
the phylogenetic tree. The evolutionary distancesewcomputed using the Maximum Composite
Likelihood method (Tamura et al. 2004) and arehm wnits of the number of base substitutions ger si
All positions containing gaps and missing data weliminated from the dataset (Complete deletion
option).

A dendrogram was generated from 10 amplicon DNAierges ofs. herbaceum andG. arboreum and
DNA sequences oB. hirsutum from the cotton database for the same SSR priffibe.combined data
generated by flanking regions of 5 primer pairsidggiished three species at DNA sequence levete€elrh
group of phylogenic cluster combinations were obsgr First, three primer pairs (CIR30,Gh-G1 and
NAU1200) produced closely related homologous secgenwith less substitutions betwedn
herbaceum and G. arboreum indicating the conservation of this region betwdbhase two species.
Second, two primer pairs (NAU1200 and NAU1369) biked homology betwee®. herbaceum andG.
arboreum with little variation. Third, another set of thregimer pairs (BNL3482 and NAU1369) also
targeted a conserved region betwdenherbaceum and G. arboreum with a range of nucleotide
substitution. Fourth, there were three major gronfpthese DNA sequences among three species with a
varying numbers of nucleotide substitutions reveathat SSR flanking regions contained a high numbe
of informative substitutions and such variationya to be particularly useful for distinguishingween
very closely related species, such@sherbaceum and G arboreum. Dendrograms of SSR amplicon
sequence reflect relationships among most of tpwids G. herbaceum,G.arboreum) and tetraploids
(G.hirsutum) cultivars, depending upon their fiber qualitgits.

Pairwise percentage identity profile Gbssypium sps. reveals that two species of Gossypium (i.e.;
G.herbaceum & G.arboreum), shares a close genetic similarity with each otberafl five primer pairs.
Primer pair BNL3482 ,NAU 1200, CIR30, Gh-G1 and NABG69 shows 92%,89%, 85%, 58% and 52%
similarity respectively betweeB.herbaceum (G.cotl3) &G.arboreum (824) FurtherG.hirsutum shows

a distant phylogenetic relationship with other tdiploid species of Gossypium arboreum and
G.herbaceum. Primer pair BNL3482 ,NAU 1200, CIR30, Gh-G1 aNAU 1369 showed 19%, 27%,
10%, 15% and 10% similarity betwe&rherbaceum & G.arboreum (Reddyet al,2006).

BLASTn Analysis: BLASTn analysis were done for alignment and contparaanalysis of diploid
cotton SSR marker DNA sequences with other tetidmotton DNA sequences along with other species
DNA sequences in the NCBI database with standatheststisticsBLASTn alignment of diploid SSR
amplicon sequence with all species shows signifioatch with tetraploid cotton species as well theio
plants and animal speci¢aurther BLASTn alignment with only Gossypium spscdecific alignment has
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vary between 70-97% with Gossypium hirsutum. Gossgpspecies secific alignment clearly reveals that
large portions of SSR flanking regions appear tedieserved among diploid and tetraploid genomes of

cotton.

BLASTX Analysis: BLASTx analysis were used for analysis of predigteotein sequence derived from
cotton SSR DNA sequence amplified by respectivémerr to search the protein databases for similar
proteins. BLASTx analysis of most of SSR markegqusace amplified by primer BNL3482, Gh-G1 and
NAU1369 reveals identity with hypothetical and uadcterized plant proteins from different plant
species (Arabidopsis, Glycine max, Hordeum vulg@ejza sativa Japonica and Zea mays etc). Two
other primer CIR30 and NAU1200 SSR sequence ddm# @ny similarity with any predicted, known,
Unknown or hypothetical protein.

Int. J. Pure App. Biosci. 1 (3): 81-93 (2013)
been done and % identity of sequenced amplicorotf 8 herbaceum & G. arboreum species were

Table-1 List of genotypes:

ISSN: 2320 — 7051

Sr. No. Gossypium Sr. No. Gossypium Sr. No. Gossypium
herbaceum arboreum hirsutum

1. Lintless DDK 12. 824 19. G. cot H12
2. Gvhv133 13. CINA 329 20. G. cot H4
3. 592 14. CINA318 21. G. cot H16
4, Gvhv235 15. Jawahar Tapti 22, G. cot H10
5. Gvhv544 16. CINA344 23. G cot 8
6. V-797 17. CINA333 24. G. cot 20
7. G. cot 13 18. DLSA17
8. G.cot 21
9. G. cot 23

Table-2 Simple Sequence Repeats (SSR) QTL Primeesnplicon size and repeat length.

Sl. | Primer sequence Primer QTL Amplicon SSR Linked

No size(bp) Repeat length

1. TTTGGAGCCATTTACATGCA BNL1030 (F) QTL 164-190 (GT)16 (CA)13

2. AAACCACTTCTGCATCTGGA BNL1030(R) QTL 164-190 (GT)16 (CA)13

3. AAAAATCAGCCAAATTGGGA BNL1317 (F) QTL 154-350 (AG)14

4. CGTCAACAATTGTCCCAAGA BNL1317(R) QTL 154-350 (AG)14

5. AAAAACCCCTTTCCATCCAT BNL1414(F) QTL 127-197 (AG)16

6. GGGTGTCCTTCCCAAAAATT BNL1414(R) QTL 127-197 (AG)16

7. TAATAAAAGGGAAAGGAAAGAGTT BNL1231(F) QTL 197 (AG)15

8. TATGGCTCTAGAATATTCCCTCG BNL1231(R) QTL 197 (AG)15

9. CCTCCCTCACTTAAGGTGCA BNL4030(F) QTL 156-679 (GT)10

10. | ATGTTGTAAGGGTGCAAGGC BNL4030(R) QTL 156-679 (GT)10

11. | CACCATTGTGGCAACTGAGT BIL3140(F) QTL - (GA)11

12. | GGAAAAGGGAAAGCCATTGT BNL3140(R) QTL - (GA)11

13. | TCGATTTCCTTATTTGATTTCTG BNL3650(F) QTL 76-110 (TC)15+(TA)6

14. | AATTTGTCCAGATTCATTCTTCA BNL3650(R QTL 76-110 TC)15+(TA)6

15. | ATCCAAACCATTGCACCACT BNL3408(F) QTL 110-138 GT2AT(GT)12

16. | GTGTACGTTGAGAAGTCATCTGC BNL3408(F) QTL 110-138 GT2AT(GT)12

17. | CATGTTCTAATCATATATATATGTATAT | BNL3874(F) QTL 195-328 (AT)5+G+(TA)4(GT)1
ATATGTGT 0

18. | AAAATAACAAAAGCCATGGAATAA BNL3874(R) QTL 195-328 (AT)5+G+(TA)4(GT)1

0

19. | TTGAGGGCATCCAAATCCAT BNL3994(F) QTL - (CT)25+(GA)25

20. | CCTCCACCATACACGTGCTA BNL3994(R) QTL - (CT)25+(GA)25

21. | ATTTGCCCCAGGTTTTTTTT BNL3482(F) QTL 230-340 (AC)12

22. | GCAACACCTTTTCCTCCCTA BNL3482(R) QTL 230-340 (AC)12

23. | CTGCAACAAGAGCCTGTGTC BNL1531(F) QTL 223 (AG)14
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24. | ATGGAGATTGGCTGAGATGG BNL1531(R) | QTL 223 (AG)14

25. | TTICTTGCATTGAATAATACTGGC BNL2920(F) | QTL 154-340 | (AG)12

26. | CTTAATTCTAAAAATCAATAA BNL2920(R) | QTL 154-340 | (AG)12

27. | CTATGTTTGGCCTTGGCATT BNL580(F) QTL 165210 | (GT)+(GT)+(CT)14
28. | TAGTGACAGATATCCCCGGC BNL580(R) QTL 165-210 | (GT)+(GT)+(CT)14
29. | ACCTGGGGTACTTGTCCACA BNL341(F) QTL 80-125 | (GA)14

30. | CCATCCCATTTGTGATACCC BNL341(R) QTL 80-125 | (GA)14

31. | TTAGGGTTTAGTTGAATGG CIR246(F) QTL 230 (TG)6

32. | ATGAACACACGCACG CIR246(R) QTL 230 (TG)6

33. | ACTAGCAGTGCGAATACA CIR45(F) QTL 104-167 | (TG)7

34. | TGGTTAAGGGTTGGG CIR45(R) QTL 104-167 | (TG)7

35. | TTTCCATCCTTTTGTGA CIR381(F) QTL - (AC)7

36 | AAGGAGAAGAACAAGCAA CIR381(R) QTL - (AC)7

37 | CAATATCTCACTTGGACCT CIR030(F) QTL 117-356 | (C)8(TC)6(CA)8
38 | TGCTACACATCATAGTTGG CIR030(R) QTL 117-356 | (C)8(TC)6(CA)8
39. | TGCATGATGAAGTTAGA CIR078(F) QTL 295-336 | (GT)7

40. | ACATAAATCCCAAGAAC CIR078(R) QTL 295-336 | (GT)7

41. | CTTCATCATAGTAGCGAGTT CIR182(F) QTL - (AC)10

42. | GAATCAAGCAGAGGATTT CIR182(R) QTL - (AC)10

43. | GACTTGAAAAGATTACACAC CIR307(F) QTL 235 (AC)18

44. | GAATTTGCTGGCTCT CIR307(R) QTL 235 (AC)18

45. | AACCACCAACCATTCA CIR070(F) QTL 156-286 | (AC)8

46. | TGGGACTCGGTCATC CIR070(R) QTL 156-286 | (AC)8

47. | CCACCCAATTTAAGAAGAAATTG JESPR65(F) | QTL 316 (GAA)25

48. | GGTTAGTTGTATTAGGGTCGTTG JESPR65(R) | QTL 316 (GAA)25

49. | CTTGGCCATGTATTCCTTCA JESPR307(F) | QTL 94-388 | (TGA)11

50. | GAAAGACACTAAGCTGAGGC JESPR307(R) | QTL 94-388 | (TGA)11

51 | CGCAACCAAACATATACTTCACAC JESPR208(F) | QTL 116526 | (CT)15

52. | CCCTTTCCATCCATAGAACG JESPR208(R) | QTL 116526 | (CT)15

53. | GATTTGGGTAACATTGGCTC JESPR127(F) | QTL 192-386 | (GA)9AA(GA)5
54. | CTGCAGTGTTGTGTTGGGTAGA JESPR127(R) | QTL 192-386 | (GA)9AA(GA)5
55. | CACCGTTTCCAAGTAAGATT JESPR29(F) | QTL 110-156 | (CTT)18

56. | GGTTAATCTTAGTTGAGGTC JESPR29(R) | QTL 110-156 | (CTT)18

57. | TTTTGCAGATGTTTGTAGGG NAU3260(F) | QTL 132-179 | (CT)4 4CA(CT)4
58. | TTTCTTCAACAGGGGCTAAG NAU3260(R) | QTL 132-179 | (CT)4 4CA(CT)4
59. | TTCGGGAAAGTTAGAGGAGA NAU1233(F) | QTL - (AAT)6

60 | TCCTCAGAGCTCGGAATAGT NAU1233(R) | QTL - (AAT)6

61. | CAACAGCAACAACCACAA NAU1200(F) | QTL 108-276 | (CAG)11

62 | CTGCCTCGAGGACAAATAGT NAU1200(R) | QTL 108-276 | (CAG)11

63. | CAGCCATCCCTCCTCTAATA NAU3393(F) | QTL 259294 | (CTG)7

64 | GTCAGCAGCCATTCTAACCT NAU3393(R) | QTL 2502904 | (CTG)7

65 | ACAAGCATCTTCATGGACCT NAU4024(F) | QTL 102-569 | (GTC)6

66 | AGAAGGATGATGCAAAGAGG NAU4024(R) | QTL 102-569 | (GTC)6

67 | TTACCAGCAGCCAACACTAA NAU3654(F) | QTL 96-276 | (TGA)5

68 | TCCCCTTCAACATCTTCTTC NAU3654(R) | QTL 96-276 | (TGA)5

69 | TGGCAGAGATGAATGTAAGC NAU1369(F) | QTL 369 (AGGCGG)3
70. | GGTAACGGATGGAAAATCAC NAU1369(R) | QTL 369 (AGGCGG)3
71. | CGAGAAACTTCACTGGACCT NAU2035(F) | QTL 282 (GATA)4

72 | GAAAAGGTAGGCTTGTTGGA NAU2035(R) | QTL 282 (GATA)4

73 | GGAATTCAAGGTTGAAGGAG NAU923(F) QTL 260-524 | (TCTTTT)4

74 | CCTCTTCTTTGGCTCTGAAA NAU923(R) QTL 260-524 | (TCTTTT)4

75. | GTATCCGCCCACAAATAAAG NAU1043(F) | QTL - (TTC)14

76. | GCATCGTGAGAGAAAGTGAA NAU1043(R) | QTL - (TTC)14

77. | GCATGCTATCAATTGGGTTTGCATG Gh-G1(F) QTL - (CATG)3

78. | TTGGATTTCCGTTAGCTTCTTGAGC Gh-G1(R) QTL - (CATG)3

79. | GAATTGAAGCAAACCTCATTAATTACC | Gh-G2(F) QTL 117 (CTT)12

80. | CTACCCTCATCTCATTCCAAAAAAC Gh-G2(R) QTL 117 (CTT)12

81. | CTCAACCTCCCACATGGC Gh-G3(F) QTL 121 (CAA)3

82. | GCTGCTCACAAGAGGGATG Gh-G3(R) QTL 121 (CAA)3
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Table-3 Result of multiple sequence alignment fonidividual primer amplicon sequence for diploid coton
(G. arboreum and G.herbaceum)

Alignment length
Sample ID Alignment Length (after alignment Conserved sites Variable sites
gap subtraction)

BLN 3482 317 114 78 36
CIR 030 114 LT 81 30
GhGl 543 89 39, 32
NAU 1200 356 111 81 30
NAU 1369 341 91 47 4

Fig.1: Dendrogram showing the genetic relationshippetween different cotton genotypes based on Nei'$978)
similarity, coefficients using UPGMA as the clusteing method for the polymorphism data obtained at 35
microsatellite (SSR) loci.

T T
0.06 0.23 0.39 0.55 01
Coeficient

Lintless DDK; 2.Gvhv133; 3.592; 4.Gvhv235; 5.Gvhv3# 6.V-797; 7.G. cot 13; 8.G.cot21; 9.G. cot 23;
10.Gvhv505; 11.Gvhv104; 12.824; 13.CINA 329; 14.CAB18; 15.Jawahar Tapti; 16.CINA344; 17.CINA333;
18.DLSA17; 19.G. cot H12; 20.G. cot H4; 21.G. cot1h; 22.G. cot H10; 23.G cot 8; 24.G. cot 20.
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Fig .2: Frequency of PIC value of individual primerand their diversity for SSR marker
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Fig.3: Gel photograph SSR markers for cycle sequeimg (Amplified by BNL 3482, NAU 1369 NAU 1200 CIR
30 Gh-G1).

1.Lintless DDK; 2. G. cot 13; 3. G. cot 13 ;4. G. cot 13 ; 5. G. cot 13; 6. G cot 13;7. 824 ; 8.
824; 9. 824 10. 824; 11. 824
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Fig.4: Sequence alignment of three species from SSBquence amplified products using one teraploid deed
SSR primer pair (BNL3482). DNA sequence fofs. hirsutum was obtained from cotton database. DNA
sequence identities across three species are indegwith different colour.
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Fig.5: Result of multiple sequence alignment for fquency distribution of conserved and variables st
across alignment length before gap subtraction
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CONCLUSION
From this comparative study between tetraploid difloid cotton species it could be very well
concluded that:
a. Tetraploid-derived EST SSR primers for fibre lyaraits could be successfully used in diploid
species of cotton for marker assisted breeding.
b. Large portions of SSR flanking regions appedre¢a@onserved among diploid and tetraploid genomes
of cotton.
c. SSR markers amplified by primer CIR 30, NAU128IAU4024, NAU1531, BNL2920, JESPR208,
JESPR127 and NAU923 gave high polymorphism #my are also abundant in both diploi@. (
herbaceum,G.arboreum) species therefore, they are best markers forkenassisted selection (MAS) in
both diploid G. herbaceum and G.arboreum) species for fibre quality traits.
d. Dendrograms generated for SSR markers of cgootypes reflect relationships among most of the
diploids @G. herbaceum, G.arboreum) and tetraploidsG.hirsutum) cultivars, depending upon their fibre
quality traits which can help to conduct hybridiaatprogramme with closely related genotypes.
e. Multiple Sequence alignment between SSR markérgenotypes through clustal W 2.0 reveals
considerable similarities between SSR marketstimaploids G. hirsutum) and diploids(G. herbaceum
andG. arboreum) species.
f. Phylogenetic and Pairwise percentage identitfiler analysis ofGossypium species reveals that two
species of Gossypium (i.e5.herbaceum & G.arboreum), shares very close genetic similarity with each
other.
g. BLASTx analysis of most of EST SSR markers saqeeamplified by primers reveals identity with
hypothetical and uncharacterized plant proteinsfdifferent plant species.
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