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Abstract

In order to increase the fiber productivity in cotton, it is imperative to genetically improve the fiber
component traits and such effort can be quickened by use of molecular markers. Totally, seventy-four
simple sequence repeat (SSR) markers that were previously shown to be linked to fibre strength, boll
weight, and fibre elongation were used to differentiate Gossypium hirsutum var. MCU5 and TCH1218
and among them two were found to be polymorphic markers. These two polymorphic markers viz., TMB
0409 and CGR 6889 were used to genotype 220 F13 recombinant inbred lines (RILs) derived from MCU5
and TCH1218 and single marker analysis was used to confirm their linkage with target traits using the
phenotypic data collected on cotton fiber yield component traits such as plant height, days to 50 percent
flowering data, boll weight, number of monopodial and sympodial branches and bolls. These identified
and validated markers across genetic background can be employed to genetically improve cotton through
marker assisted selection.
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Introduction

Cotton fiber, the largest contributor of natural fiber used by mankind, is the backbone of textile
industry. Cotton is “king of fibres” and popularly known as “White Gold”. India is the largest
producer of cotton in the world (~ 35.2 million bales) accounting for about 22% of world
cotton  production  (https://cotcorp.org.in/national_cotton.aspx) 3. India’s  climate,
specifically, the north and south part of country, is very favourable for cotton production.

The genus Gossypium contains four cultivated species and among them, the tetraploids
(2n=4x=52), G. hirsutum and G. barbadense are known as new world cotton. The rest of two
cultivated species viz., G. arboreum L. and G. herbaceum L. are diploids (2n=2x=26) and
known as old world cotton. Among these four cultivated species, Gossypium hirsutum is
predominantly cultivated in more than 95 per cent of global cotton area as it has global
demand for its natural textile fibre and vegetable oil (Zhang et al., 2015) [*1,

Genetic improvement of fiber quality and quantity is the main objective of cotton breeding
program. Both yield and quality are controlled by multiple genes interacting with growing
environment (Zhang et al., 2011) 8. For improvement of fiber quality, there is need to
improve both fiber strength and length (Yang et al., 2016) [l Hinderance of negative
correlation of yield and fiber quality limits the process of evolving elite cotton cultivar and
thus, conventional method of breeding found to be challenging as it involves complex
inheritance of fiber yield and quality traits. Recent advances in molecular markers and QTL
mapping paved way for alternative route to speed-up the cotton breeding program and several
QTLs have been identified (Kushanov et al., 2021) 1. However, it is important to validate the
association of marker with the fiber yield or quality traits in the parents that are used in the
regional breeding program. As validated marker for genetic improvement of fiber quality traits
in cotton are not available, this study was designed to identify and validate stable QTL linked
to fiber traits in cotton.

In the present study, intraspecific F13 RIL population derived from G. hirsutum var. MCU 5
and TCH 1218 was evaluated using published SSRs linked to fiber traits and two markers
linked to fiber strength were identified and validated in the above RILs.
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Materials and Methods

Plant Materials: An intraspecific Fi3 population with 220
recombinant inbred lines was developed in which G. hirsutum
var. MCU 5 and TCH 1218 were used as parents. The F; was
developed at Tamil Nadu Agricultural University (TNAU),
Coimbatore (Boopathi et al., 2014) ! and advanced to Fi3
generation. The female parent MCU 5 is a medium staple
fiber and during flowering stage it cannot withstand water
stress whereas TCH 1218 male parent is drought tolerant.

Phenotypic data

A two-row randomised block design with 26 plants was laid
out during August, 2021. The spacing adopted between plant
to plant was 45cm and between rows was 90cm. Data on days
to 50% flowering was collected 45 days after sowing (DAS)
and plant height (cm), number of monopodial branches,
number of sympodial branches, number of bolls per plant,
boll weigh (g), number of locules per boll were collected from
the RILs at the time of harvest. Throughout the growing
season, essential intercultural operations including pesticide
application were carried out consistently in all plots at regular

https://www.thepharmajournal.com

intervals.

DNA isolation and genotyping

Genomic DNA was extracted from the young and fresh leaves
of parents and 221 RILs using cetyltrimethylammonium
bromide (CTAB) technique (Aboul-Maaty and Oraby, 2019)
[, Using a Nano Drop spectrophotometer, the purity of DNA
was determined and DNA was electrophoresed through 0.8%
(w/v) agarose gel.

PCR amplification

PCR reaction (Proflex PCR system) for the DNA extracted
samples was carried out using 74 SSR markers belonging to
TMB, NAU, HAU, BNL, JESPER, CIR, DPL, CGR, CM, DC
and GH series (Table 1) linked to fibre quality and boll
weight. These markers were used to analyse parental
polymorphism and were further screened among the
recombinant inbred lines derived from these two parents. The
PCR product was resolved using 3% (w/v) agarose gel and the
gel was documented using documentation unit (UVITEC,
Cambridge).

Table 1: Details of SSR markers used in this study

S.NO| SSR Sequence 5' TO 3' Trait Chr. | Temp. (°C) | PVE Reference
é CMO076 FFQ G'IT ;?::Igégﬁééigigligg C?'Iér':%;% G Fiber elongation 15 61.02 9.15 | Sunetal., 2012
z BNL3649 ; %%ﬁéé??%g?ggg?fngT Fiber length 1 56.28 471 | Sunetal., 2012
2 NAU2600 F'Z :gggg;?ﬁi%%iimgﬁg Fiber length 1 54.23 4.71 | Sunetal., 2012
; HAU2489 Fi G%%%%’%iiﬁgﬁéé‘é;gé?&% Fiber elongation | 15 60.92 | 47.1 Zhagglezt al,
S| oion [ T JSSICTSTATCCOTICATIC | pierimgn | 1 | sezs | ws| Do
] s [ | ARCASACSCCTAIATCTER | rirgn | 1 | sass | 00| 2™
ﬁ CIR213 ; 1(;(,6::?:"?'\523-19&2;;2?22222 Fiber strength 1 49.13 9.2 Zhagglezt al,
ig DC40175 ; L-FG%QFECS'GG?O\TJJZ'??&SIE Fiber strength 1 53.02 7.92 |Liang et al., 2013
g HAU1417 ; T%:’%ﬁggfggggm%%’; Fiber strength 1 53.2 12.46 |Liang et al., 2013
19 s £ | SCTTICCITTCOMIGACAT | ooy | 1 | w02 | a5 | “pposts”
;; DPL0490 FF{ ACGTEA;\FTCGGC-I:%CJJE ;f&%ﬁ\%-rACT%A Fiber length 1 59.09 7 |Shaoetal., 2014
;i NAU2165 FFi gm;l;;ig%@m%ﬁ%?ﬁr Fiber length 15 53.2 18.1 |Shao et al., 2014
;2 HAU1619 ; A(\;ér?éé'?ﬁfg (C;;(? mﬁ;ﬁ%iTAGAT Micronaire loril5 51.15 16 |[Shaoetal., 2014
% NAU3291 ; i%i?g?%éﬁggﬁgéﬁgéﬁ Fiber yellowness | 12 56.28  |0.0479\Wang et al., 2007
29 | \yasas | £ | ACCTGAACCTGAATGTCCAC e lngth | 1 | 8525 | 77 | huetal, 2017
:::; BNL3994 ; EE?@SESS:IXSQ@QIES?X Boll weight 12 57.3 0.0614|Wang et al., 2007
3?1 BNL2495 E ﬁiﬁggi’i?ﬁ.’?g;i%@%mg Boll weight 12 55.25 0.0479|Wang et al., 2007
gg JESPR234 ; G%ﬁ;ﬁ%ﬁg@ﬁ%g%ﬁ%}%Tc Boll weight 12 56.28 0.0614|Wang et al., 2007
g; NAU2355 Fi :Xéﬁ‘émgggﬂggg Boll weight 1 53.83 | 0.13 Sassze(;lei al,
ig NAU2820 ; $§§:$§é£::£f§gﬁg;g; Boll weight 1 53.2 0.22 |Wang et al., 2007
41 |NAU5380| F CTTTGCCTCCTCATTACCAT Boll weight 1 55.25 Wei etal., 2011
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42 R TTGAGTTGGGGGCTTAGTAG
] e [ TGOS | o | 1|

ig BNL3033 ; TQEECGCTCTCT:TCCAC%CACTAGATGCC Boll weight 1 56.86 | 0.48

1| izaan | | CAACCTITGOTAATCTICTITCE | oo™ | 1 | soar | oas |Lusnetal 209
£ o uaops | £ | GCOCATOTTGARATGARTCA | oo ™ (o [ o

g; BNL2986 ; Zﬁéﬁéﬁéﬁi}?‘é}?ﬂ?ﬁ% Boll weight 1 573 |0.0966\Wang et al., 2007
55 | Cimoea | £ | CCTCCACCAAAGAGACATC solwoign | 15 | 55 | |wereral o
gg BNL2920 ; CTT;;$'1I:2$CATTG%;':"AFLAAi-l'—I'C';I’?iGCC Boll weight 15 55.34 | 0.07 | Wuetal., 2009
ST | \auniso| £ | ACACTOTCTCASCTGOMACE | oo ™| 1o | soms | |weietal, 2o
28 NAUS5107 ; %GT'AATGGCﬁﬁTAggTAcTiiTCCTGATT;; Micronaire 1 5628 | 6.82 |//angetal, 2015
g; HAU1693 FFQ ;ﬁ?@gﬁ;ﬁﬁ%’;ﬁmgﬁg Micronaire 1 53.2 9.6

2431 HAU1038 Fi ;gmgiﬂzgél%g'ﬁg Micronaire 1 5423 | 96 |Vangetal,2016
22 HAU4220 ; EE%?.E.??Q;E?@.??;—EEXS; Fiber strength 15 60.38 8.4

A P s 5 | ws

sg CGR5826 ; gggﬁg@éggﬁf:;ﬁééﬂ; fiber uniformity | 15 57.3 26.3 Zhagglezta"'
;; DPL0790 ; Tﬁgéﬂg?g%ﬁg(gg@gﬁc Fiber strength 1 57.17 5 Ma et al., 2017
;i DPL0090 |:Fz %ﬁggiﬁgﬁgglg$lég§éi$lz¢g Fiber elongation 1 61.87 12.51 | Maetal., 2017
;g BNL3902 ; gég;ﬂ;%?ﬁi?g;g;g;ég? Micronaire 15 59.35 0.116

T | e [L | GOCTCCAAAATIGAMGSTS | o™ | 1o | sozs |ous

9 | Nnauois [-F CCCATGATCAAAAGACAACA Fiber elongation | 1 5423 | 7.1 e etal. 2005
80 R GCTTAAAGATCGAGGACGAA

g; NAU974 FFi ggg;?’gﬁ?é;mgiéiiéﬁ Fiber elongation 1 54.23 295

gi NAU2343 FF{ i'?:\ETFEELLTSC%%?EGAQié-{ Fiber elongation 15 55.25 5.02 | Sanetal., 2012
gg DPL0322 ; ﬁﬁéggiggléizié;ﬁ‘g?gggﬁéé Fiber elongation 15 59.3 8.67 Sun et al. 2012
57 | Ciraaa | £ ACCCTTGACAGTTACCAC Fiverclongation | 15 | s0s2 | o1 |
gg NAU3881 ; ?ggggggfgﬁ:&iggllg%% Fiber length 12 56.28 Dong et al., 2018
S [ |— STECETCETE | o |1 | wa || Pga”
gi BNL3867 Fi TA’.?(EE%ﬁ%ﬁ;ECgTT?:g;SCC Boll weight 12 5481 | 2.18 | Daietal., 2019
gg BNL2921 ; nggﬁg%g&éﬁ?ggmA Boll weight 1 55.98 Zeng et al., 2009
gg CIR307 ; GAC;’%TA?&GT%TGTCA}%ATCAC Fiber elongation | 15 4813 | 0.07 Shaggfga"’
19090 BNL1693 [ CE%I;%??QQEGT?%%?G Fiber elongation | 15 | 6047 |12.47| “Mar9®al,
] conm [ ] BSACEACCTCAATON | o | 15 | 7 | s | PRI
igi DPL0182 ; I;ggﬁ?;gﬁégff;g:ﬁﬁgg% Fiber strength | 15 5818 | 7.92 |Liangetal, 2013
182 NAU2437 E ?12;%:2?@@22222@22@2 Fiber uniformity 1 54.23 6.5 | Tanetal., 2015
18; DPL0526 II; $Z\£%E§;}%é;%%ﬁii2@i%ﬁﬁ Fiber elongation 1 59.3 7.1 | Tanetal., 2015
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1(1]3 BNL1454 FFQ Ag.?.ﬁ%%%’é?ggéﬁﬁiéﬁiéG Fiber elongation 15 58.33 8.5 | Tanetal, 2015
L \ayaspa [ E | TCATAACOGAAGCATITIAC ' ciocrvnitmiy | 15 | 532 | 53

13 | Clrosa [-E AGCACTCATCCATCACA viooie | 15 | soms | 85 | oo
114 R GCACCCTTTAGAAACAAG

ﬂg CGR5372 Fi 2$£T(:g§GA§gI;(T:I;TT%Aé%AAiAc§ Micronaire 1 5833 | 9.84 NVangetal., 2016
ﬂ; NAU0902 ; G'ECA(;G&G;:(?%';?TGC%:@;%;G Fiber length 15 5456 | 50.8 Zhagglezt al,

gg TMB0409 FFQ ?ggf_‘g g é?.?%’:%iﬁégiéﬁ fiber elongation |1 or 15 57.04 6.15

121 foy 105y [ E | AGGOTCTGTCATGGTIGOAS [ o [1or1s| 5833 | 467

gi BNL3345 ; imggii%@g&;ﬁigﬁgﬁg Fiber strength |1 or 15 57.3 4.87

125 | s 074 | E | CAGAGCCAGTTGCCGAGGAG Vicorae  [1or15| 243 | 629

1;; BNL2599 ; ﬁgﬁﬁiﬁ?ﬁggg@?@gggﬁ Micronaire lor15 52.18 6.29

151 oo | | oo AT ICOCATCCACTACTS 1 Foerdorgion [10r5] 5570 | 090 |t
131 oy ogsp | £ | GCTTACGTGTATGATIARATCGCC [ i coincion | 1 | 6016 | 774 |

133 | Comasgs | L | CTCGCCTCTICAGAGAMAGAA | oo cionccion [10rs| 5759 | 774

122 HAU3923 FFQ Tg (C;; gg.?fc-ré‘ &%ﬁg?gﬁf&%ﬁ Fiber elongation |1 or 15 59.35 11.63

g; CGR5001 ; ;?Zggé;iﬁgzi%ﬁg%%ﬁg& Fiber elongation |1 or 15 56.28 11.63

ﬁg HAU1001 F'Z ﬁgﬁgﬁgg?f%? GT g'?(—:rAG,S Fiber elongation |1 or 15 54.23 6.54

12; HAU3319 FF{ (? ;fgg:;g?&ﬁ%%ﬂ% & Fiber elongation |1 or 15 57.3 6.54

145 1 ogs | £ | CAGAARGAAGARGGGARGACC | o conguiion [10r15| 5654 | 1281

132 HAU4228 Fi C&%ﬁ?gg;&%gg?ﬁ;ﬁ? Fiber elongation |1or15| 6038 | 121 [Vangetal, 2015
12; NAU5138 ; Eﬁ%%%g;;%?‘fgg:;ﬁg;? Fiber elongation 15 54.56 8.14 | Yuetal., 2013

Trait = Trait to which marker is linked, Chr. — Chromosome number; Temp (°C) = annealing temperature of the given primer which was used to
set PCR profile, PVE = Phenotypic variance explained (%).

Results and Discussion

In this study, 220 Fi3 RILs derived from G hirusutum var
MCU5 and TCH 1218 were evaluated phenotypically for
quantitative traits and significant variation for plant height (20

— 160 cm), boll number (1 - 19), boll weight (1.2 - 5.69),
sympodial branches (2 - 29), days to 50 percent flowering (70
— 85 DAS) and monopodial branches (0 - 3) were noticed
(Table 2).

Table 2: Variation in phenotypic data of 220 Fi3RILs derived from MCU 5 and TCH 1218

Traits Mean Minimum value Maximum value
Plant height (cm) 78.95 20 160
Number of bolls 4.6 1 19
Boll weight 3.8 1.2 5.6
Days 50% flowering data 72.6 70 85
Number of Sympodial branches 14.9 2 29
Number of Monopodial branches 1.22 0 3

Genotyping with seventy-four SSR markers exhibited that
two markers viz.,, TMB 0409 and CGR 6889 (which had
amplicon size of 221 bp and 131 bp, respectively) that were

already shown to be linked with fiber strength (Table 1) were
also found to be polymorphic between the investigated
parents (Figure 1).
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Fig 1: Agarose gel electrophoresis of PCR products amplified by TMB 0409 and CGR 6889. Lane 1- 100bp ladder; Lane 2 and 3- PCR product
amplified by TMB 0409 in MCU 5 and TCH 1218, respectively; Lane 4 and 5- PCR product amplified by CGR 6889 in MCU 5 and TCH 1218,
respectively

On further screening among the recombinant inbred lines
(RIL) derived from these two parents with identified two
polymorphic markers, a total of 183 RIL and 198 RIL
progenies were found to possess the allele for fiber strength,
respectively. While 137 RILs found to have allele for both the
polymorphic markers.

Genotypic mean performance of progenies was found to be
more when compared with parents for quantitative traits like

Plant height Days to 50% No of bolls
¥ . 5.1
81 flowering
20 72 N T
72.8 49
79 726 =43
= 78 #72.4 2 47
= . -
& =722 = a6
Q77 =
|7 Z 45
76 71.8 4.4
75 716 43
5 714 a2
A B A B A B
Alleles Alleles Alleles
. rs to 509 ,
Plant height Days to . 0% No of bolls
21 flowering 5,00
80 74 4.80 T
79 .[ 73.5 ;_4.60
78 @
8 .- 2 73 .Ea.ao
&) = =4.20
76 8725 Z.00
75 :
74 72 3.80
73 -_ 3.60
A B A B A B
Alleles Alleles Alleles

Grams

plant height (cm), boll weight (g), number of bolls, days to 50
percent flowering data, monopodial branches.

The mean phenotypic performance of quantitative traits for
TMB 0409 marker and CGR 6889, as indicated in Figure 2,
demonstrated that there was a significance difference for plant
height, 50% flowering data, number of sympodial branches,
boll weight and boll number.

Boll weight Sympodial Monopodial
4 156 branches branches
33 15.4 T 124
39
@385 & 152 _ 122
= 38 a2 15 2 12
B3.75 g 148 S 118
37 Z 146 4
365 144 1.16
3.6 14.2 1.14
A B A 8 A B
Alleles Alleles Alleles
. Sympodial .
, 9Bull weight 155  branches Monopodial

125 branches

1.26

3.8 I s
T =124
3.7 43 H122 T
z Z 12
3.6 14 1.18
1.16
35 13.5 A B

AAlleles® A Alleles ® Alleles

Number

Fig 2: Histogram showing variation in quantitative traits with respect to marker alleles that were measured from 220 RILs derived from
Gossypium hirsutum var MCU5 and TCH1218 for two SSR markers viz., TMB 0409 (1a to 1f) and CGR 6889 (1g to 1I).

A significance difference in the expression of quantitative
trait between the two alleles indicates that the given marker is
linked to particular QTL (Meena et al., 2017) . Studies on
single marker analysis conducted by Semizer-cuming et al.,
2015 [ jdentified 43 QTLs for fiber colour and fiber quality
traits. Similarly, 11 markers linked to node of first fruit
branch (NFFB) and first node of highest fruiting bodies
(FNHB) were identified (Li et al., 2012) [, In present study,
single marker analysis of two polymorphic markers observed
significance difference in the expression of various
guantitative traits and this reveals that these markers were

linked to fiber strength.

In earlier studies QTLs linked to wilt resistance were
identified and they were precisely introgressed into G
hirsutum from G barbadense through marker assisted
backcross breeding program (Li et al., 2013) [ By
identifying markers linked to fiber quality traits and
introgressing them from diverse Uzbek cotton germplasm
(Abdurakhmonov et al., 2008; Abdurakhmonov et al., 2009)
[1.2 new varieties with fiber qualities traits such as “Ravnag-
1” and “Ravnaq-2” were developed (Darmanov et al., 2015)
Bl Therefore, the major and consistent breeder friendly
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markers viz., CGR 6889 and TMB 0409

(Shang et al., 2015; Wang et al., 2015) It 2 that were
reported elsewhere have also been validated in this study
using another independent mapping population.

Conclusion

As these markers that were linked to fiber strength in upland
cotton are consistent across genetic backgrounds, they may be
useful in efficient marker assisted selection for fiber quality
trait improvement in cotton.
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