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Transgenic CarNAC1 gene improves the drought resistance of cotton

WANG Shu-jun, QU Yan-ying, NI Zhi-yong, WANG Li-ping, GAO Wen-wei, CHEN Quan-jia
(College of Agronomy/Key Laboratory of Agricultural Biotechnology ,Xinjiang Agricultural University, Urumqi 830052)

Abstract; In this paper, 15 stable gebetically transgenic cotton plants with CarNAC1 gene and the receptor ma-
terials K62 were used for filed and laboratory tests, cotton photosynthesis index, agronomic traits, yield traits and
fiber quality and physiological indicators were compared by weighted membership function method, principal com-
ponent analysis and cluster analysis. The results showed that after drought stress, the stomatal conductance de-
creased and net photosynthetic rate of the transgenic cotton lines was significantly higher than that of the receptor
material K62. the average boll weight of the transgenic cotton lines was higher than that of the receptor material
0.363~0.657 g; In addition the content of MDA was lower than the receptor material of K62 transgenic cotton
lines, proline, soluble sugar content and catalase, peroxidase and superoxide dismutase activity in transgenic cotton
lines were higher than that of the receptor material. Based on the results of principal components analysis of agro-
nomic traits and yield traits indicators, the 9 indexes of 16 lines were integrated into 2 independent comprehensive
indexes, which combined with D value and cluster analysis results can still maintain relatively high yield after
drought stress. The lines; ZK62 — 10, ZK62 — 6, ZK62 — 1. Baesed on the results of principal components analysis
of fiber quality index, the 7 indicators of 16 lines were integrated into 3 independent comprehensive indexes, com-
bined with D value and cluster analysis results were used ro screen out the relatively high fiber quality levels after
drought stress. the lines; ZK62 —6, ZK62 — 12, ZK62 — 15. After drought stress, the yield and quality of transgenic
cotton lines carrying CarNAC1 gene were better than that of receptor K62. CarNAC1 transgenic cotton lines may im-
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prove the drought resistance of cotton by reducing stomatal conductance and enhancing the osmotic conditions. The

best cotton line with comprehensive drought resistance ability was screened out: ZK62 — 6.

Keywords: CarNAC1; transgenic cotton; drought resistance; cotton yield; fiber quality
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Fig.1 Changes of stomatal conductance of cotton leaves under drought stress
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Fig.2 Changes of net photosynthetic rate of cotton leaves under drought stress
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Table 1  Comparison of photosynthetic indexes of transgenic
cotton and receptor materials drought stress
oz LR Gs HOL A A P
Stl‘;i;l Stomatal conductance Net photosynthetic rate
/(mmol - m™2 + s71) /(wmol » m™2 «s71)

K62 284.2+1.31 15.23+1.07
7ZK62 — 1 106.67+0.66 * * 21.74+£0.47" "
7K62 -2 159+1.21" " 14.93+0.8
7K62-3 132.8£3.95" * 20.8+0.95" "
ZK62 -4 175.5£0.61" " 21.93£0.95" "
7ZK62 -5 110.2£0.32* " 21.29+0.84 ™ *
7ZK62 -6 98.8+4.21" " 22.9+0.55" "
7K62 -7 142.3£0.38* * 22.15£0.95" "
7K62 -8 114.7£3.33" " 24.96+£0.88 " *
7ZK62 -9 159.2+0.9" " 19.08+0.55 *
7ZK62 - 10 147.5£1.66™ " 22.38+£0.35" "
7ZK62 — 11 153.38+£2.06" * 18.44+1.07"
7ZK62 — 12 191.88+6.81" " 20.64+1.37" "
7K62-13 185+2.25" " 17.4+1.87" "
7K62-14 170+1.47" 20.78+0.71 " *
ZK62 - 15 185.13£2.65" " 18.18+0.61" *

T " 3R 0.05 B 3R 0.01 BEKF, T,
Note: “ represent 0.05 significant level; * * represent 0.01 significant

level. The same below.
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% 2 Comparison of agronomic and yield traits of transgenic cotton lines and acceptor materials under drought stress

bz PR/ em F—REN A/ em  BEH/E AR A S AR A W

nu/‘\ Plant The first branch Number of fruit Effective branch Total boll Effective boll ¥ , 8

Strain . Boll weight

height node branches number number number

K62 53.5+1.732 21.3+0.882 4.1+£0.333 3.2+0.577 3.5+£0.577 2.9+0.577 2.042+0.038
7ZK62 -1 49.5+0.882 18.4+0.882 5.9+0.577 4+0.577 4.3+0.577 4+0.577 2.664+0.051" "
7ZK62 -2 50.5+1.202 18.7+£0.577 6.7+0.577" 4.8+0.577 5.4+0.333 5.3+0.333" 2.579+0.059 " *
7ZK62 -3 39.66+0.333" " 15.67+0.882" *  5.3+0.577 3.3+0.333 3.4+0.577 3+0.577 2.637+£0.701 " *
ZK62—-4 36.9+1.202" " 16.7+0.577 5+£0.577 3.9+0.577 4.2+0.577 4.1+0.577 2.439+0.119" "
ZK62 -5 34.7£2.333"" 16.4£0.577" 5.2+0.577 4.7+0.577 5.6+£0.577 4.2+£0.577 2.587+0.054 " *
7K62 -6 40.1+0.882" " 13.8+0.882" " 6.1+0.577" 5.5+0.882 6.8+0.577 " * 6.6+1.155" " 2.415+£0.075* *
7K62 -7 44.4+0.882" 17+0.577 " 6.4+0.577" 5.5+0.577" 6.1+£0.577 5.2+0.333 " 2.578+0.059 *
7K62 -8 47+1.202°* 16.7+0.577* * 6.7+0.577" " 5.4+0.577 5.9+0.577 5.2+0.577 2.467+0.035"
7ZK62 -9 50.4+1.756 18.5+1.155 6.1£0.577 " 5.4+0.577 6.5+0.577 6.3+0.577* " 2.496+0.151" "
7ZK62 - 10 55.4+1.664 18.1+1.667 7.2+0.577" " 6+0.577" " 9.1+£0.577* " 8.8+0.882" " 2.488+0.044 " *
7ZK62 - 11 43.2+0.577" * 19.1+£0.882 5.2+0.577 4.6+0.577 5.8+0.882 5.4+0.577 2.583+0.025" "
7ZK62 — 12 48.4+0.882 15.3+1.186™" " 6.4+0.882" 4.7+0.577 5.6+£0.577 5.1+£0.577 2.677£0.018* *
ZK62 — 13 44.5+0.882" 17.9+0.882 " 5.1+0.577 4.8+0.577 5.8+0.577 4.8+0.577 2.405+0.017 " "
7ZK62 — 14 48.7+1.186 14.6+£0.577 " * 7.6+0.577" " 6.8+0.577" " 10.6+0.577* * 9.5+£0.577* " 2.568+0.017 " *
ZK62 - 15 39.4+0.882" * 15.9+1.155" 5.2+0.577 3.6+0.577 4.3+0.577 4+0.577 2.699+0.036 "

=3

FEWETEERRERRRZERT=EEREFREFRETEERATERHRE

Table 3  The factor loading matrix and the variance contribution rate of agronomic characterrs

and yield traits of transgenic cotton strains under drought stress

K F#%177 Factor pattern

PR Trait -~ -
R Plant height/cm 0.437 -0.606
F—FALFITA; The first branch node/cm 0.101 0.394
AL Number of fruit branches 0.569 -0.677
A SERAEL Effective branch number 0.873 -0.139
EVAEL Total boll number 0.968 -0.036
3K Effective boll number/ > 0.975 -0.046
FAAHE Boll weight/ (g« 871) 0.205 0.865
KRR =5 Seed cotton yield/ (kg + hm™2) 0.911 0.377
JZRiF=HE Lint yield/ (kg « hm™) 0.925 0.315
FFAEMR Characteristic root( A, ) 4.902 1.993
TIHR3R Contribution rate/% 54.471 22.147
ZiFBiHkE Cumulative contribution rate/% 54.471 76.619
K FALHE Fator weight (o) 0.711 0.289

x4 FTEBWETEERREZRREXZHERF~EMHIKE D E.CDC BERHF

Table 4 D value, CDC value and the rank of agronomic characters and yield traits of

transgenic cotton strains under drought stress

Wk Subordifli%e@ffcﬁn value D fii by ce fif by
Strain D value Rank CDC value Rank
w( Xy ) (2, )

K62 1.766 0.079 1.278 13 0.731 16
7K62 -1 3.203 -0.406 2.160 3 0.768 15
7K62 -2 2.492 -0.494 1.629 7 0.840 10
7K62 -3 2.918 0.185 2.128 4 0.800 11
7K62 —4 1.425 0.169 1.062 14 0.786 13
7K62 -5 2.589 0.298 1.927 6 0.846 9
7K62 -6 3.877 -0.277 2.676 2 1.107 3
7K62 —17 3.057 -0.505 2.027 5 1.103 4
7K62 -8 2.076 0.075 1.498 8 1.020 5
7ZK62 -9 1.186 0.557 1.004 15 1.013 6
7ZK62 — 10 5.438 0.871 4.118 1 1.417 1
7ZK62 - 11 1.988 0.005 1.415 11 0.927 8
7K62 — 12 2.172 -0.525 1.393 12 0.978 7
7ZK62 — 13 0.409 0.216 0.353 16 0.789 12
7K62 — 14 1.825 0.526 1.450 10 1.140 2
7K62 — 15 1.892 0.505 1.491 9 0.776 14
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% 5 Comparison of fiber quality between transgenic cotton and receptor materials under drought stress

i 5 IS HogkE(E TR R /mm KBRS/ % FLLF 4/ % W2 LR B WA i 2/ %

Strain  Spinning coefficient Micronaire Length Uniformity Short fiber  Strength/(CN + tex™')  Elongation

K62 139+0.5 3.9+0.12 29.7+£0.231 84.54+0.115 9.25+0.115 29.03+0.115 4.06+0.577
K62-1 126.6+£1.844"* 3.5£0.115" " 27.2+0.882" * 83.8+£0.057 " * 12.13£0.115" " 25.860.115* " 3.69+0.62" "
K62-2 139.2+1.512 3.12+0.145* " 27.97+0.115"*  84.51+0.057 11.07+0.577" "  27.640.115* " 4.84+0.115" "
K62-3 126.6£1.509" "  3.8£0.06 * 27.86+0.577* " 83.92+0" " 11.25+0.577" %  26.33+0.577"*  3.17+0.882" *
K62-4 114.7£1.702* "  5.69+0.02 " * 27.71£0.577* " 83.89+0.115" * 11.07+0.882" " 28.23+0.115"*  4.67+0.115" "
K62-5 139.9+1.506" "  3.62+0.882" " 27.9+0.115** 85.04+0.057* "  9.59+0.115" * 28.67+0.115 6.68+0.577* "
K62-6 129.1+1.372 5.52+0.577* " 28.16+0.115"*  84.79+0.115 9.13+0.115 31.09+£0.577* " 5.72+0.577" "
K62-7 121.1+£1.18" " 5.28+0.062* * 28.5+0.577* " 83.93+0.115" " 9.81+0.577 " * 28.64+0.882 4.74+0.115" *
K62-8 131.2+1.041" "  4.89+0.577" " 28.52+0.115**  85.05+0.057 " *  9.64+0.333* * 29.25+0.115 4.18+0.333
K62-9 115.5£2.033" 5.07+0.115* " 28.35£0.577* " 83.99+0.115" * 10.67£0.577* "  26.04+0.577"*  4.69+0.577* "
K62-10 119.2+0.577" 4.51+0.06 " * 28.02+£0.333" *  83.51+0.173" " 11.37x0.115" "  26.49+0.115" "  5.490.115" "
K62 —-11 138.7+2.028 3.71+0.022* * 28.86+0.577" " 84.95+£0.115" "  9.8+0.115" " 28.13+0.882" " 5.04+0.577" "
K62 -12  149.6+0.848" "  4.49+0.115" " 29.83+0.333" " 86.32+0.115" "  7.65+0.577" " 31.73+£0.115" " 5.73+0.577" "
K62-13 125.6+2.876" "  4.46+0.577" " 27.82+0.577" " 84.19+0.057 9.33+0.882 27.67+0.12" * 4.97+0.115" "
K62-14 132+0.882" * 4.51£0.577" " 30.46+0.577 " " 84.54+0.115 10.78+0.577"*  27.97+0.06 " * 3.43+0.882" "
K62 -15 152.6+1.206"*  3.65+0.577" " 29.07£0.577**  84.95+0.115"*  8.76x0.577"* 32.6+0.06" * 6.14£0.577" "
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Table 6 The factor loading matrix and the variance contribution rate of fiber quality
index of transgenic cotton strais under drought stress
PR FF#faf Factor pattern
Trait F1 F2 F3
Y —FPEFEEL Textile consistency 0.861 -0.496 -0.032
L5 E{E Micronaire -0.124 0.968 0.198
YR E Fiber length/mm 0.613 -0.027 0.717
HEFFEEFREL Uniformity/ % 0.919 -0.059 0.064
JEEFHER Short fiber content/% -0.908 -0.275 -0.001
W4 L5 Specific breaking strength/ ( CN - tex™!) 0.901 0.253 -0.042
W2l fif % Specific elongation/% 0.576 0.244 -0.712
BEHEAR Characteristic root(A;) 3.945 1.386 1.067
TFIRLZR Contribution rate/% 56.351 19.799 15.245
i BTHk¥% Cumulative contribution rate/% 56.351 76.150 91.395
AL Fator weight( @) 0.617 0.217 0.167
x7 TEREETHERRERRTHERFIERN D E.CDC ERHF
Table 7 D value, CDC value and the rank of fiber index of transgenic cotton strains under drought stress
T )@ pREUME Subordinative function value D {8 HEF CDC 1B HEF
Strain n(x,) r(x,) w(xsz) D value Rank CDC value Rank
K62 0.47 0.28 0.25 0.392 14 0.970 15
K62 -1 0.22 0.69 0.17 0.313 15 0.971 14
K62 -2 1.24 0.79 0.06 0.946 8 0.996 10
K62 -3 0.49 0.52 0.41 0.481 13 0.991 12
K62 -4 1.36 0.20 -0.16 0.858 9 1.041 2
K62 -5 1.08 0.49 0.15 0.796 10 1.003 8
K62 -6 2.86 0.23 -0.02 1.813 1 1.059 1
K62 -7 1.12 0.21 -0.28 0.686 11 1.039 3
K62 -8 0.85 -0.18 0.25 0.522 12 1.010 7
K62 -9 1.39 0.30 0.20 0.957 7 0.974 13
K62 - 10 0.16 0.30 0.15 0.189 16 0.998 9
K62 - 11 1.72 0.26 0.24 1.155 5 0.995 11
K62 - 12 2.70 0.23 0.30 1.766 2 1.034 4
K62 - 13 1.61 0.25 0.34 1.106 6 0.963 16
K62 - 14 1.76 0.05 0.36 1.158 4 1.012
K62 - 15 2.25 0.27 0.30 1.495 3 1.022 5
234 ATHBRRIAR I R4 I R R T
e e v ER S — > ZK62-9 10
TEE TR, SR 4 PR, TR K 1
8 16 DHRAE R FR o0 R =2 — R L R K62-11 12
L34y . ZK62 — 6 ZK62 — 12 ZK62 — 15 ;45 2 Hyr K62-14 ‘j
K62-2 :
PUFAEL 8 3. ZK62 — 9 (ZK62 — 13 ZK62 — 11 4 Zons 51—
5 =N BURARL 5 63 . K62\ ZK62 — 10, ZK62 — 3 ZK62-4 3 |
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R i TR SR A B L TRentn 13
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K K62 Fh, HARAARIR IS 9 5 3 AR AL i 208 T %
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Fig.4 Clusters based on D value of fiber quality index
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Fig.5 Changes of physiological indexes of cotton with stress time under drought stress
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Table 8 Comparison of physiological indexes of transgenic cotton and receptor materials under drought stress
Fabr mER F 5 Wria Af[E] Drought stress time/h
Index Strain 0 3 6 12 24
K62 1.17 5.837 6.559 9.368 23.169
. o
ﬁTﬁ/ (d‘?“;glh ‘;‘1 ) 7ZK62 - 15 1.347 3.493 3.595 8.054 10.504
alondiaidenyde ZK62 - 6 1.2 2.074 3.162 4.583 7.635
K62 8.95 12.86 14.94 17.1 18.89
P A it |
Hﬁ%“%;/(l‘fg g) ZK62 - 15 7.81 14.5 18.37 22.81 24.22
roune 7K62 -6 7.58 18.91 23.06 29.17 31.31
K62 3.13 6.66 7.17 7.25 9.14
B c ool
ﬂgsﬁﬁj(mg g) 7ZK62 15 3.62 8.74 10.1 9.72 11.5
oluble sugar 7K62 6 3.29 9.59 11.35 10.9 15.83
K62 7.1 10.05 18.33 20.88 12.12
e = . -1
ﬁg%%ﬁ%ﬂ@ me”) ZK62 ~ 15 8.8 11.57 24.26 27.79 10.58
atatase 7K62 6 9.83 28.32 30.91 36.73 25.08
8 S AL Ak K62 33.27 38.99 45.18 75.5 95.31
/(U - mg™") 7ZK62 15 41.78 43.75 50.52 90.3 128.49
Superoxide dismutase ZK62 -6 43.02 47.92 59.46 142.16 154.6
K62 168.65 199.31 209.13 347.35 322.94
o . -1
ﬂ%ki@@’&(gU mg) 7ZK62 — 15 188.98 234.88 239.47 433.22 337.71
eroxidase 7K62 6 172.24 222.38 244.17 556.3 408.07
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o 25 S i R, ZK62 — 6 TN I o & I Ke2 Ik
15.534 nmol - ml™",ZK62 — 15 N & & 1L K62 ik
2.869 nmol - ml™" ;5% 5L AR AL i &R ZK62 — 15 ifi &
FR o fRTE 12 h B, 532 (&M kL K62 225K, & T
TR B 5.71 pg - o' R AARAE A R ZK62 - 6
EIR & A 24 h B, 52k R K62 22 F i K,
B TR 12.42 g - ¢ L IARAE S 2R ZK62
—15 AR S RTE 6 h i, 53216k kB K62 2 %
R, B T2 B 2.92 mg - ¢!, FE LKA AE 5 2
ZK62 — 6 Al iFMbE & AR 24 h B, 5324 Bl K62
ZRBR, BT ZEMEL6.69 mg - ¢ FEIERARAE
iR ZK62 — 15 i A AL A B IS M AE 12 h i), 5324k
MELK62 5k, M T2 kL 6.91 U - mg™' 5%
FEIARAE S R ZK62 — 6 1 S8 Ak S0 H I 7 7 T 5
83 h i, 52 R K62 22550k, T2 AR
18.27 U - mg™ " FIL R AL T R ZK62 — 15 B b
VI AL BTG M AE T 5230 24 h i, 5 Z R K K62
ES R E, 2B 33.17 U - mg™', F 5L
FRAE A 2R ZK62 — 6 8 S Ak W 5 Ak il 3% 1k A T 52 10
3012 h i, 5328 8 K62 22 i W3, 2 Ak b
B 65.65 U - mg™" s FEHRL AR AL i R0 B AL P Bl 6
HAET S8 24 h B, 552 &6 R K62 25 57 5
F,7K62 — 15 WAZARM ¥} 85.88 U - mg™' , ZK62 —
6 Ltz Ak kL 208.95 U » mg™' .
3 W’
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