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Effects of Constitutive Overexpression of
PagPYL4 Gene on Drought Tolerance and Growth of 84K poplar

LIU Shang WANG Jinhua YU Hasi LIU Chang’

(College of Forestry, State Key Laboratory of Tree Genetics and Breeding(Northeast Forestry University) , Harbin ~ 150040)

Abstract In the context of climate change intensification and increasing limitation of arable land , improving
drought tolerance in forest trees has emerged as a critical breeding goal. However, achieving enhanced stress
resistance without compromising growth and biomass production remains a major challenge. In this study,
transgenic 84K poplar (Populus albaxP. glandulosa ‘84K’) lines constitutively overexpressing PagPYI4 gene,
an abscisic acid (ABA) receptor gene, were developed, and their physiological and growth responses were
evaluated under drought stress. The results showed that under the influence of exogenous ABA, the
overexpression of PagPYI4 gene significantly altered stomatal aperture in plants. Under short-term drought
treatment, compared with the wild type, the overexpression of PagPYL4 gene reduced water loss and improved
drought tolerance; however, it also inhibited stomatal conductance and photosynthetic rate, leading to a
significant decrease in growth rate of plant height and ground diameter. Our findings demonstrated that while
PagPYl4 overexpression effectively enhanced drought resistance, its indiscriminate activation can impose
substantial growth penalties. This highlighted the importance of spatially and temporally regulated gene
expression strategies to balance stress resilience and biomass productivity in future tree breeding programs.
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VT AR, i ) Bk PR AR T B TR OR Bt a0
PR BIF 50 32 T TSR AR AR ) 2 LI 7 2 (Abscisic
acid, ABA) & -5 15 538 OO B TR TEDLE], ©
Bz T IF RS AR T 5 0 17 - T 2 1 Y
BFgE b, ABA R 5l PYR/PYL/RCAR 32
ﬁi(Pyrabactin resistance, pyrabactin resistance-like,
and the regulatory component of ABA receptors ) %
JEANA IR ABA B IF TRUHE IR 4 SFLOC M, HE
Ko Z& B ™ . Horp  PYLAAE D ABA 3214,
e A Y 4R I (Ambidopsis thaliana ) P EHEIE
S HUR BB YIARSC o SR X T HAEAA
T b B D S 2H R 2 3k T BEXI AR AR AR Kk
A = RGN

BRI ST R0, 21 R o 3K ABA & Uk
T e ARG AL TR AR T T R RE ) Y R I e
WS YR T BEADC A Z M 5 A R
R, BN, 78 3 il (Solanum lycopersicum )
Hhid 3K LeNCED 1 (9-cis-epoxycarotenoid dioxygen-
ase 1) B R ECABA LR MR AE K i
FIK PYLY HE K 34 S A AR BT P, [R] I, o fin s 42
MIT R T A5 E A% (Populus tomento-
sa) W, 1 23k PePYL4 F [F AT B 58 ABA i i 14 ,
(H IR 38 6 A RN R, IR A
W, TE B RO ST T 1 (] B s A 410 4 2E N
B[R RE T3, AR BT B o i 1o fifp ke ) 7
P R

AT LA [ )02 07 FH 60 2% 584l B 84K 17
(Populus albaxP. glandulosa ‘84K’ WSRO
KT PagPYL4 FE R ) 41 R 3 26 35 #k & (OE-
PagPYL4) , 3F ZGETAG HAE LIS FURRE D)
K3 R AR S A AR AR DT T AE AL o 38 3 %<
fLIFEE ZEIE R DB R8Ty bk e A AR A 46 b
B AP, 38 R PagPYL4 3 R 41 88 5 26 38 78
$& T 51 1) ] P XA A A R B SR . AT
B TEWIH PagPYL4 BRI AR RS S KA X il AR
KADEERE ) B AE BIEHT, O J5 20T JR 2 215
S PR PR RGP M ek R AR AR
1 #M#ETE
1.1 EYHRRAAETTE

S A Y 84K A 2H 8 B b MROK 3 4% 7 Rl 2 [

BN (RAbMOl K22 ) $240E dRE &
JEHEJE ) 16 h/8 h, IR (25+2) C, 6 & A AR

54 400 pmol - m™ -5, AR L HF A O R
16 W8 h, i B (25+2) °C, & A MW N
400 pmol - m™ s, WAk LA H VR L) V(g
) VOEF ) =2:1: 2 iR K 5 R FLEL) .
1.2 I

AHIESE i AR 2SS R L DNA R &
fiff 2xPhanta Max Master Mix-P515 Fll Jz %% 55307 &
HiScript 11l RT SuperMixfor qPCR , Fg 5015 ME#E A= )
P2 Ry A BR 2> F) ; DNA 2R 45 [ 2xTaq Master
Mix . 4= g B ) RNA $2 G 6, VEJR R it
R A A RS w5 RIGFF A (Escherichia co-
li) & 52 2 DHS5a FUA AT T4 (Agrobacterium tumefa-
ciens) J& A2 A GV3101, BigA T AW TR KA
B s Bokn /a4 OR &, BB AR M EoR
AR s DAB(20x) 1 4124050 & 5 GUS YL A il IR
W, b I R AR A R 2 w5 e Il &, 36
Omega Bio-tek 22 7 ; B i V4% B2 P VI 1§ F1 T4
DNA % % [ , 3¢ ] New England Biolabs 2 ] .
pCAMBIA1300-NOS # & . pCAMBIA1301-GUS #
TRl A S 0 2 AR AT

K AL #T T 2% h X (stomatal-opening buffer) -
0.01 mol-L " &£4 0.1 mol-L 44 4L55F10.01 mmol-L™
MES-KOH'™',

84K M W i H AU A AR B R 5L . 2.41 -1
WPM, 20 g- L' % ,0.03 mg+L" 6-BA,0.02 mg- L
IBA,pH=5.8.

SAK LG G #29E : 2.41 -1 WPM, 20 -1
JEME , pH=5.9,5 g- L™ 35fiE s K& 5 hi 80 wmol - L™
CET A

BAK A 215 T o5 93 . 2.41 gL WPM, 20 g+ 1!
HEWE,0.03 mg L 6-BA,0.02 mg-L" IBA,5 g+ LB
Jig, pH=5.8

84K 2 A MR 5 9738 . 2.41 gL' WPM, 25 gL
JEAE,0.1 mg L IBA,pH=5.8,5 g- L' HifiF .

BAK i Pk ZF A ARG IR 5L : 2.41 o+ L' WPM,
25 g+ L' JEME,0.1 mg-L" IBA,pH=5.8,5 g- L' Z5fli;
KB J5 70 10 mg- L™ Hygromycin, 125 mg- L™ Cefo-
taxime
1.3 5|¥F%

HR 4 O A0 1) 84K # JE L 4 7 514 2., LA
Geneious 9.0 BRI BB L RIS
RIS KA 51 an 44 TSR & LR 1.
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Table 1 Primer sequence
GlL s JF41(5—3") N H]
Primer name Sequence(5'—3") Application
84KPYL4-F CAGGTCGACTCTAGAGGATCCATGCCTGCTAATCCTCCGAG PCR/Identification
84KPYL4-R GGGAAATTCGAGCTCGGTACCTCACGATGATGATTTATTATTGCGTC PCR

Semi-PagPYL4-F
Semi-PagPYL4-R
UBQ7-F
UBQ7-R
NOSR

CGGTGGTCTCCTCTACCACGC
GCTCATCGTCGAGGATCTCGAGG
CCTAACTGGCAAGACCATCAC
AGCCTCAGAACCAGATGCAGT
CATCGCAAGACCGGCAACAG

Semi-quantitative PCR
Semi-quantitative PCR
Semi-quantitative PCR
Semi-quantitative PCR

Identification

1.4 PagPYL4EE CDSF ¥ 18

DL 4515 30 d Y 84K 1 cDNA A #EA , AR 9 B2 %0
(1) 84K #% ¢cDNA SCFE 7 511t 51 9 15 511, F 5149
84KPYL4-F 5 84KPYL4-R(5& 1) 17 PCRY #4, f
W44k I 1% 4 pCAMBIA 1300-358-NOS #8414 , I
L R A K IGFF R 2 A . R B R
B, B AR A~ BT 64T PCR BRI 4647 B
J W FEL KRR FRC RSN o AR AT TR A i SRR, TE R
¥ S 51 ) 84KPYLA-F 5 NOS-R (6 1) % pCAM-
BIA1300-35S-PagPYL4-NOS #E47 PCR ¥4 . ¥4 FH
PR v ik 22 A6 0 B SR AE Y HOR A BR 2 W)
¥ 5 85 0 7 45 3R 5 B0 CDS JR A Hu o, A —
2, 1] pCAMBIA 1300-35S-PagPYL4-NOS # /& T
SRR TR G ¥ A O AR KT
PRUBZ A R AT I B, AL PR A R
T HEAT PCR Y IF AT B NE W o Dk B8 RS A
1.5 AREERIE PagPYL4 EE K RIFREHEL

A 2ok 1 FR 0 A TR A n F) 100 mL
YEB WA FR I (£ 100 mg- L RAPHEEZ ,33 mg L™
) TESE AR T 3 A 2 K OD {EAE 0.3~0.5
JE AT R TR . T 84K A A AL S fR AR R
I N BRI R AT I ULVE , E 2 hy ¥ 84K
W@ U B 28 T8 AR AT TR AR 43 A b
Fedk L5520 min, 2T KSME A 84K #74E
B g B TR L5248 he M@ AHA
T TG T 4L 5, A 200 mL JG T K, B iR
Vi, W3R Al A (A V2 ek B TR e TE PR, A 20K
PRI A 200 mL &5 A 2%cTimentin f4 JC # 7K I vF
TR MIRG s A 2 W5 R TR @A
RS % BAK W AFS IR IR AL T s R 14 d B R
RN NS D S LN S B S A
(25, B 7E 84K Atk 2 AR AR IR R 36, R AR
MG A 755 L T DNA 2550,

1.6 PagPYL4ERRZELTE

2 BT A2 Y 84K A A1 A ik DR BH A Bk 2R 1
RNA 5 H 55 S e DNA, DL A 80k X6 R 3 it
24 E 1 PCR B ARG I PagPYL4 K& [N 36 1k H: 78 BF
A= R 84K A7y R % JE R 84K 4 22 57 . BE £ semi-
PagPYL4-F semi-PagPYL4-R % pCAMBIA 1300-35S-
PagPYL4-NOS %% & 5] bk & F B A= AU 84K A% #E 47
PCRY" 1. [ £ UBQ7E M INS HEA , i £
UBQ7-F . UBQ7-R %} pCAMBIA1300-35S-PagPYI4-
NOS % F [k 22 FILEF A= 7 84K 4% 1547 PCR 94
R A5 N PR TR BB e 48 SR R BR 3Rk 1t iy i A B A
S
1.7 SENmpy ph ki E

A E 4 X6 A AFE & &R S (Li-cor
6400XT, I [ ) Il i B A= BUFNFEIL R R R E R i
HOR(P,) R HCR(T) RALFE () Fi FiZE
RIEZH(VPD) . 76T R AR5 , BEHUA PR R
55 6~7 251 AL B R O A R
S 7 il 2 B, 3 0 A A R S (PAR) 7K F-
YR 1800, 1 500, 1 200,900, 600, 400 200,
100.50.20.0 pmol *m™-s™, 5 Y £ A B[] [] B
5 min, Z RS SR 50% , F I AME CO,
-4 HP R CO, BE IR 43 B A2 4 400 pumol - mol ™
PERENG W R SAE LT 08:00—11:00 #4702 .
1.8 EHTE4E

TR A& R 84K B E K 60 d 5 HEAT T
A, 7E T R AT LK, M RAE AT
B 1R IE10 dRTEREK , 10 d J5 AR PR H B 25
BT K, WA B KGRI, 7RI
], 5K 08:00—11:00, F| FH Li-cor 6400XT M & 33
FE IR bR 2 FINEF A2 D 84K A7 1) 6~T 2575 Ab I -l
MR ARBOGIE AL DEAME R R 5 1EGI
FUR G T 0 AN (] A BT B A 7R R A 5 PR e
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FHPLEHAR FEBEARE IR, REKEY
KAER T4 1R, 0 5kl iE ek, T5 2.4,
6.8.9 d WAEMOL A SEOFHAE.
1.9 ABAFSSKFLXANIK

VEPE 5K 60 d 1A RS JL IR 84K 4%
¥k & OE-PYL4-1 .OE-PYL4-2 , 5Pk R HL3 MY
2 PURERREE 6~7 2575 A B A R gk
FE R0 RPN X3, DIAR 1 emx1 em /NI TS
FLFTFF 22 vh X (Stomatal-opening buffer) H1, ¥ £k
FJEITVERE 3 b K0 ) 25 R IR AR T
TEE A b S LT v, o b RE B
R AE 20159048 T AT W AOUEE (Olympus, HAS) o
W 10~15 /> 37 B R0 BT, ff 1 Wi 4 2] 2 08 0 1Y)
SAlo ZJE ¥ ABA VS WM EM LB N 0.5,
10 pmol L™ KB HEA 73 Sy 2 40, 55 1 A T4
G P AL PR, T AL A R KT O B 5 5 2 4
TESALE2IUE , 43 %3 &4 5.10 pmol - L™
ABA % i 4k 2 I K R A b, o DG BRI R
1.2 h, SR 4 AR I T4 R
1.10 KT EIREZEN S

KT BAIE PagPYLA FEH DIREXT 84K 4% FLITF
FER 2, 2 B+ 35 A2 K 60 d (% OE-PagPYL4-1 .
OE-PagPYI14-2 ' 3& bR 3 B BF AR B (WT) A Bk
VR AR S 6~7 2515 Ab it B, AR RIEHC 104>
W EE . FREM R E TR R,
FES LT IF 2 20 30 min, 2T 240K
Oy HEBENTABERE . RREAESEE N
T 24 °C JEHH RS 75~100 wmol -m™+s™ (A
X 70%, 7E BS54 F, BER 1 h Bk it 7
T, ISR A B o 38 A AN [ B ) e A
ARG 5 0 KRR E A R T,
NG & el K .
1.1 DABf

T 2P i R IR PagPYL4 3L R X P
A (ROS) BLR B 52, A 50K 4 15 30 d 1 87 A=
RU(WT) S AL 3 3k PagPYLA FE R RE 2R 109 56
SR AL R ATCH K AL EL 2 h oA F IR 5
— 432 A 200 mmol - L H #& B AL BE 2 h, R H
3,3 - TR IR (DAB) Y ik i 2 h )i 12
A 70% BRI E 2 50 2 0 J5 L IF A R, AR
P €0 S 0L 7 ) R B R B, A3 B i AR A SR B
1.12 HELE

& H GraphPad Prism 10 F1 Excel 2013 X} %5

HEAT G TE o3 B L Al P R U5 22 43 BT (one-way
ANOVA) XK & 7 22 53 T (two-ways ANOVA) i#f
18580 TR P 9 L3I AT Tukey 22 T LA, A
JH GraphPad Prism 10 /£ &, Bt A %48 & H 3 L
AR A E AR R NN T
BEFRIR 22 7R B 1 KT (P<0.05) .

2 HER55M

2.1 ARBLTRIE PagPYL4ERKENLES
KRBT

MR NCBI (www.ncbi.nlm.nih. ) #2 L 59 FE R %
BT [ 5 A, 1) Geneious 9.0 X} 84K 4 8E H
J 7 51 SCHE 4T BLAST, 8 X &5 55 F 1 R Ak A
3BT ERERIR R B A SE R Pop_A16G090069.T1
(EA) ¥ HoAr &4 4 PagPYI4., Bi5 83258
i PCR %808 2H WA 1) RIA PR R PagPYL4 KL K 3Rk
KV $E UBQ7E NS I 3 30 M1
Y IG5 o R IE R R PagPYL4 B2 H 3R ik
KOV B G R O W AR A (B, T R A 3 A
84K 173t R ik PagPYL4 SRR R (OE-PagPYLA4-1 |
OE-PagPYI4-2 ,OE-PagPYL4-3) . 21 i A3 & ik
PagPYIL4 5 F ¥R Z bk = L A 2 B 38 0% 1 B A4 A
(K 1C. 1D) , R AFF S 1t 38 PagPYI14 3 P X
84K A A= Wy it B R A B b A E (TR .

AFEDERAT , AR 3Rk PagPYLA FE
PRI 22 1) 728 P i 23R 34) I 21 7 A AU AR R (181 2A) 5
TE AR T F0'% 45 1 (400, 600 pmol *m™-s™) T,
ZH 5 3t 22 35 PagPYIL4 3 K Bk 2 19 o6 4 i %R
55 B A TR bR W3 25 S (I 2B) 5 (H 7E O
(1 800 pvmol'm_z's_l)%%ﬁ:‘l:,gﬂﬂiﬂﬁ%i Pag-
PYL4 BRI R R 13O0 A HOR (SAL SRR 3K
T HF A AR R (1 2C) o RS R R, 7E LA
T, i Rk PagPYL4 5L FIXTAR MR OL G RCR B A
BEEMEER . FEARFDCREET R R
LA AR IR A AR R 2 E Y T E 2 S
(F2D),
2.2 ZHRB T R IE PagPYL4 B F ¥k & 3t 4N B
ABA 0 Rz 45 1iE

TE SN IR N ABA (5 mol * L7 B 10 wmol <L)
AEPRJE 58 A TR L, 2R 3 e 3K PagPYLA 5
R bk R ASALIF R B PR (&1 3) o ZH i i 3%
ik PagPYL4 3 R Bk 226 ABA B8 R SUR% , BEAS P
Ml . ABA {55, 1A 8008 VLT B
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A. Phylogenetic tree analysis of PYL4; B. Semi-quantitative PCR electrophoretogram of transgenic 84K poplar; C. Plant height statistics: D.

Ground diameter statistics; E. Phenotypic diagram of transgenic 84K poplar. In Figs. 1C and D, two—way analysis of variance (ANOVA) was used.

Data were expressed as mean+SE; the error line represented the standard error of three biological replicates , different lowercase letters indicated

significant differences between lines at P<0.05.
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Fig.1 Identification of 84K poplar PagPYL4 gene and phenotype analysis of the transgenic lines
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The error lines represented standard error of three biological replicates , different lowercase letters indicated significant differences between lines at

P<0.05.
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Fig.2 Photosynthetic parameters of 84K poplar lines under different irradiances
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A. ABA ZbFR RS SALIFEE s B. 5 wmol L' ABA ZbFHJi5 0 h 12 h 9 FLAL42 : C. 10 wmol* L™ ABA ZbFHJ5 0 h 12 h (9 FLFLAR : OS.SALHT
FFE MW . AR NE FEREFRIRTE P<0.05 505 F AR RIbE 2 Z 7R 3 25 5

A. The stomatal opening before and after ABA treatment; B. Stomatal aperture after 5 pumol*T.”" ABA treatment for 0 and 2 h; C. Stomatal aperture

after 10 wmol*L™" ABA treatment for O and 2 h. OS. Open solution buffer.Different lowercase letters indicated significant differences between lines

at P<0.05.
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Fig.3 Stomatal aperture indexs of different lines under different ABA concentrations

2.3 HAMBNTRIE PagPYL4 B R RIEES

1 FE AR R I K A3 IR AR B AR T B A T
(L 4A) , 22 B X 7K 43 5 e o Rk, F — 25 UE B
T LN i 65K PagPYL4 K2 DI AR Bk A 0% 38 3o bl ik
Wi ;. ABA 55 8 15 AL OC A Ik Ak

DAB 48Uk gL a5 R R 7R IE# AR K 4%
PR B AT 5 2 R 3 R AR PagPYLA 55 R BE 3
MR R e, T E R R B R
M AE B3 W30 45 1T, A AT 40 A i 3% 3k
PagPYL4 JE R FE Z |, B A2 RUAF R I R e fo i 3 o
T G X3 2 (1 4B) o b — 2 amad i i
G3 BT G 0, DX R B, W Ak RS 4R i SR Gk
PagPYL4 SRR R AL SR R B IR T
A AUREAR (81 4C) -

Y A AR AR R R R 2o 365K PagPYL4 BBk
RAETRAEE 7 K BB 5 R (K
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i T 84K A T s A 22 4% o XF H 4y
BT A= 280 5 21 iR 38 3238 Pag PYL4 B RR R 110
Wi 7 A GBS , 45 R R WD Bl 2 A B[R] 3
P EOLA BRI FEL (K SB) . T 403 1~4 d,
2 AR 3 F 3K PagPYL4 FE R MR R 6 A HE R K
LS BN TR A A Ab B 5~8 d, —H WA
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YRt 55 DRI bk 2R (1) 27 1 S 3R 18 I 1 5% o ) 2 3
R s, HA Y i Ik PagPYL4 FE MR R 1Y
R RAENT 7 d BEAL TR AER(EISD)

3 it

ABA A R WA R EZ S S0 1.
TER ST, TR ST T ABA & BT 1552
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728 iR /B 01 45 &
A J Or - WT
S 01 = OF-PagPyL4-1 M
g OE-PagPYL4-2 a B b
K o b
ZE ot : b
B K a b B
WT OE-PagPYL4-1 OE-PagPYL4-2 25
i b
= § b
g 20r4
we b b
X E ﬁ '
Control R 0 {
1 2 3 4 5
IKIR ] Dehydration time/h
Cc s0r
40F .
S
g 38 30
D-Mannitol a
(200 mmol-L™) 4412; 20t
S b
7 b
b
[ 5 e
XJ e H e
Control D-Mannitol (200 mmol-L™")

AbFRTreatment

AR B KR 2 B BR AL BT B DAB Y {5 C.H B8 BEAL B R /) DAB YL oK. RIE/ING F 1 RIRTE P<0.05 5 1F TR R Z

WA TE 25 22 5%

A. Determination of the water loss rate of detached leaves; B. DAB staining under mannitol treatment; C. The level of DAB staining under mannitol

treatment. Different lowercase letters indicated significant differences between 84K poplar lines at P<0.05.
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Fig.4 Analysis of drought-resistant physiological indices of 84K poplar lines
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Fig.5 Photosynthetic parameters and phenotypic analysis of 84K poplar lines under short-term drought stress
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