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Transcriptome analysis of different cotton varieties’ leaves in response to
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Abstract: Thidiazuron (TDZ) is the main chemical agent for cotton defoliation, which plays a key role in realizing cotton me-
chanical harvesting. At present, there are few studies on the molecular regulation mechanism of TDZ induced cotton leaf abscis-
sion in the field environment. In this study, TDZ sensitive variety (Jifeng 914) and non-sensitive line (04-1685) were used as the
experimental materials. Ethylene, cytokinin, and abscisic acid contents in leaves were determined. RNA-seq was used to analyze
the changes of gene expression in leaves at 0, 1, 3, and 5 d after TDZ treatment. WGCNA (Weighted gene coexpression network
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analysis), GO and KEGG were used to analyze and screen gene coexpression modules and gene functions, respectively. The re-
sults showed that the ethylene, cytokinin, and abscisic acid contents of Jifeng 914 reached the highest level at 1 d after treatment,
and the hormone contents of 04-1685 reached the highest level at 3 d after treatment. A total of 33,283 differentially expressed
genes (DEGs) were screened by RNA-seq. Through WGCNA analysis, 2 and 3 modules highly related to hormone and samples
were screened respectively. The genes in the modules mainly participate in abiotic stress response, circadian rhythm, and material
metabolism. By analyzing the relative expression of plant hormone, stress response, and circadian rhythm related genes, the ex-
pression of hormone related genes in sensitive variety Jifeng 914 was higher, among which ethylene signal response genes were
kept at a higher expression level within 5 days after treatment, abscisic acid signal response genes were kept at a higher expression
level within 1 day after treatment, and cytokinin metabolism related genes expressed very low within 1 day after treatment and
increased sharply at 3 d and 5 d after treatment. At 1 d and 3 d after treatment, heat shock protein genes (HSP70, HSP90, and
ATJ3), calcium homeostasis regulating genes (CRT3, NCL), and circadian rhythm genes (LNK2, APRRY, CCAI) were significantly
down regulated, while circadian rhythm genes (4RR8) were up regulated. Spraying TDZ in the field environment, while causing
changes in hormone content, may damage the plant’s circadian rhythm and reduce the stress ability to abiotic stress, and thus ac-
celerating leaf senescence and abscission. This study provides more ideas for enriching the molecular regulation mechanism of
TDZ induced leaf abscission.

Keywords: upland cotton; thidiazuron; RNA-seq; plant hormone; abiotic stress; circadian rhythm
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Table 1 Gene and primer sequences used in qRT-PCR
Gene Forward primer (5'-3") Reverse primer (5'-3")
GhHis3 TCAAGACTGATTTGCGTTTCCA GCGCAAAGGTTGGTGTCTTC
Ghir_D07G009830 CAATCAGACAAGCCAACA CTAAACCGACTTCTATGC
Ghir_D08G005270 CAAGGCTCGTCGTAAGGG TTGGCATAGTTGACTTTGTTGA
Ghir_A01G018610 AAGTTCACCACCGTCAGA CTCAAAGGACCATCAATC
Ghir_D08G001540 GGCTAACGCTGACCCTAC ATCCTCCGTGACTCCAAG
Ghir_D07G008630 AGGGTTGGAATCTTGGTA CCAGGTTTCGCTTGAATA
Ghir_D11G029010 ATCCAACAATAGGCAAGG TCAAACTCCGACCACTCT
Ghir_A05G006740 GAACACTTGCCTCCTTCT CTTAATAGCCTGTGGGTC
Ghir_A04G002920 CTCCTCTGGATTGGGTTTA GGTTCCTTGGCAGTTGGT
Ghir_D08G020190 GCAACATCCTCCTTCACC AAGCCCTCCAATACCAAT
Ghir_A06G003210 CAATAGCCAGGCAAGCGG GGGCAATAGCAAACAGCA




2708 49

5d, 914 60%, TDZ ,
04-1685 ( 50%); , 914 04-1685
10d, 914 90% ,
04-1685 70%; 90% (1 d), ;
, 914  04-1685 10d 3 d), 914 , 04-1685
> ) ( I-¢) 1-d , TDZ
TDZ 914  04-1685 2 R
, 1d 914 914 1d ,04-1685 3d
(330 ng L™, 04-1685 R TDZ 914  04-1685
, (290 ng L),
TDZ 914 ; 914 s
(  1-b) , , TDZ
120.0 - (@) — . JF914 JF914-CK +weeoee 04-1685 ----04-1685-ck ~ ~ 340.01 (b)
= 3200} RS
o 1000F T £ 30001 VA
g 00} T 5 2800} ;S RN
g e £ 26001 R N
£ 60.0F 2 5 2u00] / T
L_é ................... E 2200 F 5 & ‘4\
g 0or T T £ 2000} /
,,,,,,, Z 1800} /7
20.0 - 5 :
- = 1600} g
0 5d l 0d 54 0d 400 0d ' 1d ' 3d ' 5d '
650 () £ 32001 (@)
= -
[ o~ o 30001 ~
ER 7 T = 2800} N
§ ssof 7/ ~el £ 2600t e =
% ./. ................... \ ;&"3 2400 F ./ = H—_
g 0o ) £ 2200} /
S et -
2 4sof g 2000F /
2 400 e g 1800F
> 2 1600F : L .
35.0 L L L <1400 : : . )
0d 1d 3d 5d 0d 1d 3d 5d
Days after treatment Days after treatment

1 BERELEFHRMEMYERISTNH

Fig. 1 Changes of leaf defoliation rate and hormone contents after TDZ treatment

JF914: 914; CK: JF914: Jifeng 914; CK: control.
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Fig. 2 Principal component analysis among samples based on RNA-seq data
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Table 2 Number of differentially expressed genes (DEGs) among the sample stages and materials
DEGs
Comparison Total DEGs Up regulated Down regulated
JF914-0d vs JF914-1d 2151 1180 971
JF914-1d vs JF914-3d 20,189 8045 12,144
JF914-3d vs JF914-5d 5039 2476 2563
JF914-0d vs 04-1685-0d 644 269 375
JF914-1d vs 04-1685-1d 539 218 321
JF914-3d vs 04-1685-3d 339 133 206
JF914-5d vs 04-1685-5d 1971 740 1231
04-1685-0d vs 04-1685-1d 3355 1892 1463
04-1685-1d vs 04-1685-3d 22,461 9019 13,442
04-1685-3d vs 04-1685-5d 5790 2520 3270
JF914: 914 JF914: Jifeng 914.
20,189 (JF914-1d vs JF914-3d, 8045 , 12,144 qRT-PCR R R
) 5039 (JF914-3d vs JF914-5d, 2476 , 2563 RNA-seq
) DEGs 04-1685 ( 3), RNA-seq
3355 (04-1685-0d vs 04-1685-1d, 1892 , 1463 2.3 WGCNA
) 22,461 (04-1685-1d vs 04-1685-3d, 9019 , 4-A WGCNA s
13,442 ) 4790 (04-1685-3d vs 04-1685-5d, 2520 , yellow
, 3270 ) DEGs , 1~3 ,  JF914-5d (r = 0.537, P =
d, 914  04-1685 , 0.006,82) ; brown  turquoise
1~3d

RNA-seq , 10 , brown JF914-1d (r = 0.573, P = 0.003,43)
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1d 34, (AtCRT3 AtNCL) (LNK2 APRR9 AtCCAI)
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*3 SIERRAMNERFEEERIN GO £H

Table 3 GO items enriched by genes in each module

GO P
Trait Module GO ID Description Term type Gene number P-adjust
G0:0003913 DNA DNA photolyase activity MF 5 0
Hormone = Brown 6.0016703 . MF 6 0.002
. (
)
Oxidoreductase activity, acting on single donors
with incorporation of molecular oxygen, incorpora-
tion of one atom of oxygen (internal monooxy-
genases or internal mixed function oxidases)
G0:0010277 a [ 1] MF 6 0.002
Chlorophyllide a oxygenase [overall] activity
G0:0005372 MF 6 0.003
Water transmembrane transporter activity
G0:0042044 Fluid transport BP 6 0
G0:0006833 Water transport BP 6 0
G0:0009628 Response to abiotic stimulus BP 31 0.007
G0:0007623 Circadian rhythm BP 6 0.017
GO0:0048511 Rhythmic process BP 6 0.017
G0:0042752 Regulation of circadian rthythm BP 4 0.001
Magenta  0.0042753 BP 3 0.009
Positive regulation of circadian rthythm
G0:0005198 Structural molecule activity MF 59 0.013
Sample Brown  56.0003735 MF 53 0.020
Structural constituent of ribosome
G0:0047334 -6- -1- MF 4 0.043
Diphosphate-fructose-6-phosphate-
1-phosphotransferase activity
G0:0005840 Ribosome CcC 55 0.011
G0:0043228 cC 67 0.038
Non-membrane-bounded organelle
G0:0043232 cC 67 0.038
Intracellular non-membrane-bounded organelle
G0:0006412 Translation BP 49 0.044
GO0:0003951 NAD" NAD" kinase activity MF 3 0.938
Magenta
G0:0042752 Regulation of circadian rthythm BP 4 0.008
Pink GO:0042753 BP 3 0.066
Positive regulation of circadian rhythm
MF: ; BP: ; CC:

MF: molecular function; BP: biological process; CC: cellular component.
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Table 4 KEGG pathways enrich by genes in each module

KEGG P
Trait Module KEGG pathway ID Description Gene number P-adjust
map04712 - 13 3.02E-06
Hormone Brown Circadian rhythm-plant

map00760 5 0.079
Nicotinate and nicotinamide metabolism

map04141 18 0.162
Protein processing in endoplasmic reticulum

map04146 9 0.494
Peroxisome

map03060 6 0.647
Protein export

map04120 11 0.698
Ubiquitin mediated proteolysis

map04075 5 0.006

Magenta Plant hormone signal transduction

map00230 2 0.168
Purine metabolism

map00400 1 0.769
Phenylalanine, tyrosine, and tryptophan biosynthesis

map00240 1 0.992
Pyrimidine metabolism

map00010 / 18 0.062

Sample Brown Glycolysis/Gluconeogenesis

map03010 38 0.088
Ribosome

map00520 17 0.170
Amino sugar and nucleotide sugar metabolism

map04145 14 0.586
Phagosome

map00030 8 0.830
Pentose phosphate pathway

map00600 6 0.867
Sphingolipid metabolism

map00730 2 0.195

Magenta Thiamine metabolism

map04144 4 0.426
Endocytosis

map04145 3 0.527
Phagosome

map04075 5 0.420

Pink Plant hormone signal transduction
map00900 2 0.740

Terpenoid backbone biosynthesis

3 it ,

[10,13]
[13]

[1,14] [10] [13]
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