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»Cotton is one of the most important economic crops

75 cotton-producing
countries located between
32° south and 47° north
latitude on the globe, about
33 miillion ha or 5% of the
world’s arable land is used
for cotton planting
annually.

From http.//farmhub.textileexchange.org/learning-zone/growing-regions



»Cotton is an excellent model system for studying
salinity tolerance and draught tolerance.

Variation in seed trichome
(fiber) morphology in wild and
domesticated cottons.

Wild AD,

Gossypium seeds exhibits Cult. AD,
remarkable variation among the
~50 wild and domesticated
species.

http.//cottonevolution.info/



Background

Germplasm identification
Mechanism of salinity tolerance

Salinity-tolerant genes isolated



Drought and semi-drought regions
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China: 3.5X107 ha saline land of the total land,
Second to :Australia,Mexico,and Argentina.

Damage:O
n average,
saline
stress
results in

¢ 70% to 80%
Distribution : Xinjiang

| L. /7 loss of
province,Shangdong,Jiangsh ¥ ] productivity
u,Sea beach, Henan,Hebei. W

in cotton.




Cotton production and consumption in China
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Annual cotton yield in China
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Cotton Genome Projecct
Sino-US, In 2007
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3 species

/ / ' Australian C-genome
. African-Arabian
E-genome, 7 species. | natu re

A genome (2014)

D genome(2012)



ablotic stress

‘Damage: On average, saline or draught stress results in
30% to 40% loss of productivity in cotton.
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Germplasm 1dentification



ablotic stress




LUMEN




Species US China

G.hirsutum L. 3400 7522
G.barbadense L. 1600 565
G.herbaceum L. 190 17
G.arboreum L. 1700 378
G.hirsutum L.landrances 2200 350
others 250 41

total 9340 8873




Screening systems for salt- /drought-stress




1. Germplasm: 8873.

2. Few of them are resistant to salinity, as
well as to drought, chilling.

3. Distribution of salinity-resisted:
G.herbceum, 33.33%

G.barbadense, 3.86%

G.hirsutum, 0.09%
G.arboreum, none



«26 of 5053 pairs of SSR core
primers were screened.

*A new SSR multi-markers _
salinity-identification method,

was initially established to

identify salinity-tolerance of
cotton.

*The combination of 3 markers
are Y190, Y159 and Y258. e
‘It showed the coincidence of == Y190(T)
90.91% in consistence with the ...

identification result of f;'j;- Y159(T)
0.4%NaCl identification oone
S)
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Y190(T)

Y159(T)

Y258(
5)




« The genetic diversity of cotton germlasm was analyzed among 48
cotton salinity-tolerance relevant accessions using 95 SSR molecular
markers, which showed that most of germplasm had closer genetic
relationship.

« The genealogy of the 60 cotton salinity-tolerant varieties were clustered
into four basic germplasms such as Deltapine, King,Uganda and Russia.
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Mechanism of salinity-tolerance



Fig. 2-1 Cotton seedlings under different salt stresses

A) Zhong07—-dH,0; B) Zhong07—NaCl; C) Zhong07-NaHCO5; D) Zhong07—
Na,COs; E) ZhongS9612—dH,0; F) ZhongS9612—-NaCl; G) ZhongS9612—
NaHCOj;; H) ZhongS9612—Na,CO;
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Fig. 2-2 MSAP amplification
map of genome DNA of leaves
of Zhong07 under NaCl stress
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Fig. 2-4 The pattern of DNA methylation
transformation and its percentages
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oiv (> 1) Fig. 2-3 MSAP amplification results between the salt
stress and the control

*Different salt stresses exerted distinct
effects on cotton seedling growth.

*Neutral salt NaCl<alkalescent salt NaHCO,
< alkaline salt Na,CO;,




Table 1 Salt-tolerance
level of different
cotton accessions

Table 2 DNA methylation * ' °

patterns of different cotton @ o o0

accessions detected by

MSAP

Cotton accession Germination ratio under (Germination ratio Relative germination Salt tolerance
salt treatment (%) of control (%) ratio (RGR, %) level
Zhong (7 66.53 83.67 79.51° Tolerant
(CCRI 35 64.32 84.38 23 Tolerant
CCRI 12 2521 80.44 3134 Sensitive
Type Enzyme Methylation pattemn Number or ratio of loci
digestion
H M CCRI 35 Zhong 07 CCRI 12
Salt stress Control Salt stress Control Salt stress  Control
| 0 1 COGG 339 838 410 977 793 588
(Cefae
CCGG or CCGG 658 792 679 496 375 22
GGCC--GGOC
COGG or OCGG or OCGG or CCGG or 1668 356 1191 447 in 838
COGG
I\Y 1 1 CCGG or CAGG 425 1104 410 770 694 525
GGCC---GGCC
Type I loci no/primer combination 10.6%* 26.2 12.8%* 305 24.8% 184
Type II loci no./primer combination 206 24.8 212 155 1.7+ 6.9
Type II loci no./primer combination 52.1%* 11.1 37.2%* 14 9 7%x 26.2
Methylation loci no./primer combination 83.3%* 62.1 T1.3%* 60 46.2 515
Total methylation loci (I + II + II)/ratio to total loci 2665%%/ 1986/ 2280%%/ 1920/ 1479/ 1648/
86.2 % 643 % 848 % T4 % 68.1 % 158 %
Total amplified loci (I + II + III + IV) 3090 3090 2690 2690 2173 2173




e The higher DNA methylation diversity (CHG methylation being more
diverse than CG methylation) in cotton genotypes suggest epigenetic
regulation may be important for cotton.
*The change in DNA methylation between genetypes indicates
epigenetically developed in various spp.
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Fig. 2-5 Methylation patterns

induced by salt Table 3 Expression analysis of homologous sequences



Table 4 Salt-tolerance
level of CCRI29 and

its two parents

Fig.2-6 DNA methylation
patterns of CCRI 29
detected in CE with the
primer combination

Salt-tolerance Salt-tolerance

Cotton material

index (%)* level
CCRI29 60.84a Tolerant
Pl 54.50b Tolerant
RP4 42.39¢ Sensitive
Mid-parent heterosis of 75 59

salt-tolerance level
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*Most cytosine methylation sites in hybrid CCRI 29 shared the same status as
that of at least one of the parents

*The number of parents hypomethylation is significantly higher than that of
hypermethylation in CCRI 29 under both control and salt stress.

* Demethylation could be the mechanism to explain heterosis in cotton hybrid.

.« e . Sequencing no.  Description Banding  E-vale Accession
Table 4 Variation of DNA methylation paten”
p atterns thWCCIl COIltI'Ol and S alt JP6 (P1) Gossypium hirsutun clone NBRI_GE8639 microsatellite ~ C3 400E-24  JX576916.1
sequence
tre atment JP7 (RP4) Theobroma cacao Ce-nbs-lir resistance protein, putative A3 400E-24  XM_007033081.1
(TCM_019334) mRNA, complete cds
JP13 (CCRI29)  Gossypium hirsutum isolate DSR8518 ATP synthase A3 J00E-28  KC149534.1
subunit 1 (atpl) mRNA, partial cds
JP14 (CCRI29)  Gossypium hirsutum clone NBRI_GE27012 microsatellite A3 500E-08  JX591776.1
sequence
JP16 (CCRI29) Theobroma cacao Peroxidase superfamily protein A3 400E-21  XM_007031838.1
(TCM_017229) mRNA, complete cds
JP19 (RP4) Theobroma cacao UDP-Glycosyltransferase superfamily 3 400E-23  XM_007051538.1
protein (TCM_005182) mRNA, complete cds
JP20 (CCRI29)  Gossypium hil itochondrion, complete g Al LOOE-16  JX065074.1
JP25 (RP4) Gossypium arboreum alcohol dehydrogenase A gene, B5 1.00E-15  EF457752.1
- partial cds
'g JP31 (CCRI29) Theobroma cacao Glycosyltransferase family 61 protein, A3 800E-09  XM_007045897.1
3 putative (TCM_011607) mRNA, complete cds
.,Z.. JP32 (RP4) Trochodendron aralivides ribosomal protein L2 (pl2)and ~ B5 J00E-42  HQ664595.1
§ ribosomal protein L23 (rpl23) genes, complete cds
JP35 (RP4) Pyrus communis putative ATP synthase gamma chain C5 800E-06  AY4354221
mRNA, partial cds
JP37 (CCRIZ)  Theobroma cacao cytochrome P450, family 710, subfamily A2 6.00E-16  XM_007025041.1
A, polypeptide 1 (TCM_029501) mRNA, complete cds

Contiol Banding Mode] 52!t Treamment Table 5 Results of BLASTn for part of methylated
sequences




*10,820 IncRNAs of high-confidence were observed, Small RNAs revealed that
196 IncRNAs may be the precursors to small RNAs, most of which (35.7%, 70)

were miRNAs.
LncRNAs may be likely to involve in regulating plant hormones pathway in

response to drought stress.




*Salt-tolerant cotton might have a mechanism of increasing the methylation

level when responding to salt stress;

*Increasing level of DNA methylation and different methylation patterns
might play important roles in active responding to salt stress in cotton.

Cotton aocession Germisation ratho under Cermtination ratio Relatie germisation Sak wkrace
sal treatment (%) of contre (%) i (RGR, %) level
Thoeg (7 66.53 il ws Toleramt
CCRI 3 M3 Hy ny Tolerat
CCRI12 82 0y e Seasitive
Type Eanyme Methylation putem Number or rstio of loc
digesson
H M CCR1 35 Thoag 07 ocH 12
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Cquo
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W11 CO00 or COGG 45 1 410 e 525
GOOC - GHC
Type | loxi soo/prismer combisaion 1064 » e 248 4
Type Il loch noUprimer combinstion mh M3 22 nr (L]
Type I loci mo./primer combination 24w i N2 a1 M2
Mathylatus log soprime comhinstion e 621 A 462 ns
Total matylation loci {1 + I + Hi¥ra to wtal loci WeS 1K 2Ee 19w 1648/
01% 6% A% 1% MA%
Total amplified loci (1 + B + 1 + V) 1090 a0 290 um 1
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Genes of salinity-tolerance



pBI121-GFP vector

Xmal
pBI121-GFP T
—— vector
Gene code In-fusion

G-l: Biorad PDS-1000 G-2: Biorad helios G-3: Wealtec GDS-80









GhVP
GhSAMS



50 psi/3 cm (1 ug : 10kb/0.6 mg)



No. receptor genes No.of seeds
1 ccrids GhVP 180
2 ccri6d GhVP 60
3 ymz21 GhVP 96
4 sGK958 GhVP 87
S ccrids GhSAMS 99
6 ccri6od GhSAMS 120
7 ymz21 GhSAMS 78
8 sGK958 GhSAMS 56







Y Ay 4 resist
resistance | Salinity resistance resistance | Salinity resistance
Race No. index/% level Race No. index/% level

ccri9806 | 76.5 resistant | 804129 | 58.2 |tolerant
806081 74.9 tolerant 805021 | 55.3 |tolerant
810151 72.3 tolerant 810011 | 50.6 |tolerant
807071 72.3 tolerant 804137 | 64.3 |tolerant
807017 71.2 tolerant 805133 | 63.2 |tolerant
810121 65.3 tolerant 806011 | 58.9 |tolerant
807067 55.2 tolerant | ccr1i9612 | 21.5 |sensitive




CRI9806 grown in the saline(0.4%NacCl) land.
7 . ——

salinity tolerant salinity sensitive

CRI9806 CCRI12

CRI9806
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