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Abstract: [Objective] This study aimed to evaluate the growth adaptability and physiological response
mechanisms of transgenic Populus simonii % P. nigra clones (with TaLEA, betA, and PsnWRKY70 genes)
under cold and drought stress, to screen genotypes combining fast growth with high stress resistance, thereby
providing candidate materials for poplar breeding in cold and arid regions of China. [Method] An

environmental release trial was established at Cuohai Forest Farm in Heilongjiang Province (cold-temperate,
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semi-arid climate). Field observations were conducted on 5-year-old transgenic lines and wild-type (WT)
controls. Growth traits including tree height, diameter at breast height (DBH), stem volume, and survival rate
were measured. During the typical drought period, physiological indicators including malondialdehyde
(MDA) content, superoxide dismutase (SOD) activity, hydrogen peroxide (H,O,) content, and stomatal
density were analyzed. Analysis of variance (ANOVA), multiple comparisons, and the membership function
method were used for comprehensive evaluation and selection. [Result] There were significant differences
(P < 0.05) in tree height, DBH, volume, and survival rate among the tested clones. With a comprehensive
evaluation value = 0.70 as the screening threshold, 4 excellent clones were selected, including 3
PsnWRKYT70 suppression expression clones (b23, bl7, b15) and 1 TaLEA overexpression clone (XL-7).
Among them, clone b23 performed the best, with a tree height of 6.14 m and a survival rate of 72.5%.
Under drought conditions, clone b23 exhibited low MDA content, high SOD activity, low H,0,
accumulation, and low leaf stomatal density, showing strong resistance to oxidative stress and water
retention capacity. Clone XL-7 also showed significantly better growth and stress resistance than the control.
[Conclusion] Suppressing PsnWRKY70 expression significantly enhance the field growth and survival
ability of Populus simonii x Populus nigra in cold and arid conditions, primarily by boosting antioxidant
capacity and cell membrane stability. The selected transgenic clones (b23, bl7, b15, and XL-7), combining
fast growth with high stress resistance, provide promising new germplasm for stress-resistant poplar
breeding in cold, arid regions.

Key words: transgenic Populus simonii x P. nigra; PsnWRKY70; TaLEA; betA; cold and drought stress;
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Tab. 1 Main climatic factors at the experimental site from

2019 to 2024
R0 AR IR FE/C P& 7K E/mm ZR R B/mm
2019 -26.7 579 689
2020 -32.6 498 680
2021 -27.8 628 660
2022 -30.0 532 685
2023 -30.0 480 729
2024 -30.0 470 719
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Tab. 2 Data on soil conditions and climatic factors from July 17 to 24 in 2024

H i u YLK (=R A+ HER I/ (0’ m ) i/ P& K B /mm e U/ C ML /%
2024-07-17 0.450 9 0.276 0 225 0 20 50
2024-07-18 0.407 2 0.266 7 27 0 18 50
2024-07-19 0.348 0 0.2500 26 0 19 40
2024-07-20 28 0 22 80
2024-07-21 0.3300 0.2479 28 0 17 30
2024-07-22 0.302 8 0.2422 29 0 18 30
2024-07-23 29 0 18 40
2024-07-24 0.250 0 0.240 0 30 0 16 30

E:0.2 < HHHBEIH < 04T ETR; 0.4 < HIREIERREL < 0.0 RE T2/ T T IATRER IR T B ITIRER, 2024-07-20552024-
07-23FBHRHIT- 6 24 H AR PUARAE B, B IE LIRS R IR S H R sk
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HER SR O, Rk EE AL, R A
SRIER B B FEIERNLRE /7. oM &R b17 TEM B F5
Fr E R, 35 0.014 1 m®, I HAE K )15,
1B 5 77 2R 5 B AIK ((37.50 £ 20.62)%), XL-7 1E R
TaLEA 1$ RiE/NBIHRB P55 RN BMAI TN R,
FEAE AR 7 1 R 25 0 T 0 e
2.4 FMERIEFRSH

RAETE BT R IREE T CRFEH W2 /&

®3 SHAHRREEMRAESTREERSH

Tab. 3 Analysis of variance and genetic parameters for main traits of tested clones

LR SN AR SR H HH By F P EEH%  HME ARl A5 2B %

Ttk & 19 2.055 2.886  1.00 x 107**=*

B /m X 20 3 12.555 17.631 1308 9 x 107!1*=* 65.35 5.45 2.10 ~ 7.90 19.23
TR < X4 52 1.716 2409  3.00 x 1070**
Ttk & 19 3.737 1.947  0.011*

faf%/cm XA 3 18.820 9.803  4.00 x 10°*** 53.55 6.66 2.10 ~10.50 23.50
TR < X4 52 3.877 2019 173 x 107+
TR 19 4136 x10° 2430  0.002%*

FARYm’ x4l 3 2090x10% 11783 2.7992x 107 58.85 0.0101 0.001 8~ 0.014 1 49.06
TR < X4 52 3296 x 107 1,937  4.00 x 107%%*
TR 19 1104 1686 0.04*

wrme X4 3 6403 9.777 3294210 ™ 40.69 3.01 1.00 ~ 4.00 28.74
TR < X4 52 0.621 0.948 0.58

TRAF /% TR 19 464.586 1.946  0.03* 12.05 48.13 25.00 ~ 72.50 48.36

RN ERIBBREKF(P <0.05); »*FRERBIINEZKF(P<0.0D. FH.
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Tab. 4 Multiple comparisons of different growth traits in tested clones

Ttk # B FHi/m Ttk # fa4z/em Ttk # FH/m’ PHEES TRAZ/% KR WTIEERE
b23 6.14 £ 1.05a bl7 763+ 1.75a b17  0.014 1+0.006 6a b23 72.50+27.54a || b23 3.30+0.75a
bl7  6.13+1.06a XL-7 746+ 1.18ab b23 0.013 2+ 0.005 8ab b26  70.00+8.17ab T1 3.29+0.85a
T43  5.85+0.68ab || b23 7.38 + 1.56abe XL-7  0.0118+0.003 8abc || bll 67.50£22.17ab || T33  3.23+0.93a
b26  5.71+0.73ab || bl5 7.29 + 0.93abe T1 0.011 5+0.006 6abed || b15  60.00+ 18.26abc || XL-9  3.21:+0.80a
bl5 570+0.58ab || XL-13 725+ 1.77abcd || bl5 0.011 3 +0.003 7abed || WCK  57.50 + 38.62abc || T6 3.20+0.79

XL-7  5.69£0.62ab b1l 6.99 £ 1.76abce XL-13  0.011 1 +£0.004 9abed || b20 52.50£22.17abc || XL-7  3.18 +0.80la

al 5.66 = 0.96ab b26 6.94 £ 1.28abcde bll 0.011 0+0.006 labed || XCK 52.50 £ 15.00abc || b26 3.15+0.67ab
T1 5.60 + 1.26ab T43 6.94 £ 0.69abcde b26 0.010 8 +0.003 9abed || a3 47.50 +20.62abc || T8 3.13 £0.74ab
WCK  5.50+0.73abc || T1 6.81 £ 2.16abcde T43 0.010 8 +0.002 6abed || XL-1 47.50 = 17.08abc || T43 3.12 +0.99ab

bll 5.40 = 1.34bcd || b20 6.49 £ 1.33abedef || b20 0.009 6 +0.005 3bcde || XL-7  47.50+20.61abc || bl7 3.08 £ 0.76ab

XL-13  5.39+0.86bcd || T8 6.47 £ 1.48abcedef || al 0.009 2 +0.003 6¢cde T43 45.00 + 10.00abc || a3 3.07 £ 1.03ab
T33 5.32£0.60bcd || XL-9  6.42 % 1.27bcdef T8 0.008 9 +0.003 7cde T1 42.50 = 9.57abc bl5 3.07 + 0.80ab
BCK 5.28£0.49bcd || T33 6.33 £ 0.83bcdef XL-9  0.008 7+0.003 5cde T8 42.50 £+ 5.00abc al 3.00 + 1.00ab
a3 5.25+0.85bcd || T6 6.26 £ 1.43cdef T33 0.008 5+ 0.002 4cde XL-13  42.50+22.17abc || XL-1 3.00 £ 0.69ab
T8 5.22£0.53bcd || al 6.22 £ 1.22cdef T6 0.008 5 +0.003 4cde T33 40.00 = 25.82abc || XL-13  3.00 +0.87ab
b20 5.19£1.36bcd || BCK 6.10 + 1.71def a3 0.008 4 +0.003 6¢cde al 37.50 £ 33.04bc bll 2.93 £0.78ab
T6 5.18+£0.91bcd || a3 6.08 £ 1.44def BCK 0.008 4 +0.003 3cde bl7 37.50 +20.62bc b20 2.79 + 0.79abc
XL-9  514%0.86bcd || WCK  5.87 +1.28ef WCK  0.008 2 +0.002 4cde BCK 37.50 = 28.72bc BCK 2.78 £ 0.97abc
XL-1 4.79 £ 1.12cd XL-1 5.87 +1.58ef XL-1 0.007 6 +0.004 3de XL-9  37.50+30.96bc XCK  2.43+1.03bc
XCK  4.72+1.47d XCK 537+ 1.67f XCK 0.006 7 +0.004 4e T6 25.00£31.091c WCK 220+ 0.94c

E: FFIANFDNE FREFRORA AR RTEP < 0.05KF L2 .

x5 SHAURZERREIBERSESITEN

Tab. 5 Membership function values and comprehensive evaluation of traits in tested clones

TETE A W Jig4z: R PRAER LZEVHME
b23 1.00 0.89 0.88 1.00 0.93
b17 0.99 1.00 1.00 0.26 0.91
XL-7 0.68 0.93 0.69 0.47 0.73
bl5 0.69 0.85 0.63 0.74 0.72
b26 0.70 0.69 0.55 0.95 0.68
T43 0.80 0.69 0.55 0.42 0.64
b1l 0.48 0.71 0.59 0.89 0.63
T1 0.62 0.64 0.65 0.37 0.60
XL-13 0.47 0.83 0.60 0.37 0.60
al 0.66 0.38 0.35 0.26 0.44
b20 0.33 0.49 0.34 0.58 0.41
T8 0.35 0.49 0.3 0.37 0.38
WCK 0.55 0.22 0.21 0.68 0.37
T33 0.42 0.43 0.25 0.32 0.36
XL-9 0.30 0.47 0.28 0.26 0.34
a3 0.38 0.32 0.24 0.47 0.33
BCK 0.39 0.32 0.24 0.26 0.31
T6 0.32 0.39 0.25 0.00 0.28
XL-1 0.05 0.22 0.13 0.47 0.17

XCK 0.00 0.00 0.00 0.58 0.07
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— B TE AR BKCE B R AN R AR R R AL G ) 2 .
6 Won: fET RN, B SCHTIRE i B G
% bl15. bl17. b23 F1 XL-7 ) MDA & &) & # KT
XTHE(WCK Fl XCKD, 3 B iX $e 3% JL R /N A7 Tk &
FET S IREE N 4 M B 0 3 4, R ey A e 1 B vy o
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RO R TR bl5. bl7. b23 1 XL-7 ff] SOD %
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BR/N B R PUEAGRE T B R . AR, IX L
R R0 H,0, & EEET X, SAb b fEE
AR g5 b, HENE B AR T RIS, KR
e 5 1 e B RS 1 & (b15. b17. b23 Al XL-7)i i
PE R PRGBS MR D T PE R R, R R A
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SALE T R R K o R BCR AR A e

(M Z AR bR . £ T ST, BURMAILEEA
T IK 3 5, $2 K o R R P 88 4 #r
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JE A -5 B (WCK F XCKD, 3% — 45 1 5 Hk o
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S I I i B R R 2 R R B adi v AR B
e, B2 5t 7i oW AR rb T e ElOAT 5 ER
BT (R N SR . AT IR B AR R E S
W R, RGLLE T % TaLEA. betA J. PsnWRKY70
FE DR /N B A 11 L (R] K U058 9L P 5 A R o A 5 R
I FE DR BT HH 0] (938 VR HE P 485 SR 5 i N T
W B — o B ST TN 4 SR AR AE B B 2 . T,
betA i F Kk R AE BT K BRI B R R AT
BE R AT I, B AR DL R AR N
S ARG T, HAEKRAIFREIH. K,
PsnWRKYT0 $ il 32 15k 2 ) Jg& I H 328 768 T30 34 11 F
M AAE S5 A K RE ST o 1X— 5 T ERUE T Pidhi 55 5 1 1)
RE R PR R A SR EUM PR, 5y — D T ™
TR ERERERNE T HRAESX B, EA s
AT AT R 00 B . AR TR L AR KA
SEATPI R R, SIS 5 E W) B RS E
e 7 S Fy v ) 361 2 0 B AT S P e 90
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Tab. 6 Multiple comparisons of physiological resistance indices and stomatal density in tested clones

TR MDA/(nmol-g ™) TR SOD/(U-g™) FHER  HyOy(umol-g™ PR SELEEBE/(A mm ™)
WCK 4579+ 1.51a bl5 351.78 = 63.50a BCK 62.86 +2.49a WCK 177.60 + 5.86a
XL-1 45.26 + 1.60ab b23 303.47 £ 46.59ab a3 62.69+2.27a a3 177.00 + 3.32a
bl1 44.99 +2.57ab T43 299.26 + 64.12ab T6 58.53 +3.27ab al 175.80 + 7.46a
a3 43.12+2.81ab XL-7 273.05 + 52.68bc T33 53.99 +3.21bc BCK 174.40 + 3.91ab
XCK 41.79 + 3.72ab T8 244.52 + 8.90bcd al 51.57 +3.40cd T6 172.00 + 3.54abc
b26 41.79 £ 0.23ab T33 236.91 = 35.09bcde b1l 51.07 + 5.42¢cd Tl 166.20 + 7.43bcd
b20 40.86 + 2.40abc b17 233.95 + 23.42bcde WCK 49.09 + 1.78¢cd bl17 164.60 + 5.46¢d
T6 40.46 =+ 2.80abc T6 223.32 + 12.19cdef Tl 46.01 +1.92d XL-13 163.60 + 5.73cd
XL-9 39.66 + 2.23abed Tl 214.71 = 8.01cdef b17 45.89 +4.24d XCK 158.00 + 6.12de
al 39.26 + 6.40bcd XL-1 211.37 £ 70.78cdef XCK 38.78 + 1.86¢ b23 151.40 + 6.80ef
BCK 35.26 + 0.69cde b26 211.00 + 10.70cdef b26 37.71 £ 1.04e XL-7 150.00 + 6.96¢f
XL-13 34.19 + 1.80def BCK 199.99 + 53.94cdef XL-1 36.65+2.41e T33 147.80 £ 6.91fg
T33 34.06 + 1.39def al 193.88 + 61.87def XL-9 35.20 + 0.54¢ b26 146.60 + 7.96fg
Tl 33.12 + 3.49¢f XL-9 193.42 + 36.06def b23 32.87 £ 1.24ef XL-1 139.80 + 1.48gh
XL-7 32.72 + 4.82¢f XCK 189.47 + 39.66def XL-13 28.30 + 1.13fg XL-9 137.40 £ 10.26h
b17 31.52 +5.33¢f b20 179.09 + 26.82def T8 26.48 £ 5.24g T43 135.80 = 5.02hi
b23 30.19 £ 2.66ef XL-13 174.63 + 16.30def b20 23.59+6.11g b20 132.80 < 2.39hij
T8 28.59 + 2.60f a3 165.61 £ 21.75¢f XL-7 2238+ 6.35g b1l 132.60 + 8.38hij
b5 28.32 +4.50f bll 149.90 = 24.06fg T43 2229 +3.94g T8 127.80 = 6.87ij
T43 21.12 £ 4.55g WCK 95.38 +6.19g b5 15.26 +0.07h bl5 126.60 = 6.11;
7E: MDA, 7§ % ; SOD. il E M ELEE: Hy0,. idEALE
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