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HWE. [ B ]: W4 (Populus alba x P. glandulosa'84k) 44 fRi e PagHK3a it A w4 ik 2 i b Sk
HATIEAY, [FIB ST PagHK3a 5 B e A i i T b e ad # v i e R oLkl . [ 73 1. A 5%PEG 4%
Pl A FRARAC 25 o BEF A RUAR A (WT ) L PagHK3a JEREIERFRZR (C1 f11 C2) 41851, Ab¥E 3
h J5 % F S22 it PCR ( Quantitative real-time PCR ) J7 il 5 44 Wk & - PagHK3a J:1H . PagHK3a T i
LA S e s PR R B A B R R SRR KT 5 R IR E K X 4% bRk R R AT 3 M IR E TR
0 Ab B, LG IE B K ( LIEARXT S KR 70%~75%) . HE TR (40%~45%) DU & E TR
(25%~30%), T5Jiifa 4 JAJ50E WT & C1. C2HAMBEIN G S8 . W8 E (H,0p) KN
(MDA) %, %k (POD) KB4 LY (bl (SOD ) Mif T . Mk Al A2 55 A8 0 A fb Jo A K 4R
bro [&ER]: EREPETREEAMET, C1HC2HAKSAKEYREST WT, MEEETREAMAT, X
PR RS AERE S WT ML ERE LR, MVOLESERE, EhETREANT, HEBBRKR
C1 1 C2 K AL BE K Mula] CO, W BEY 35 =i T WT, (HAEE B2 T s 554 N 1A C2 tk R MilE] CO, MR
e T WT; 7EhETRINERMT C1 BRRBIN YO A BREE & T WT, EHETRIMAZAT, C2HAR
WERT O G HR B w T WT, [RIE AR AR e 85 R o, 28 B T2 40 P AL BRIk R C1 F1 C2
MDA J% H O, &t i KT WT, fife s T Rpbant, 4 C2 #kR B E LT WT; X /b &k Ryt E LG
WEPERI, EWHOKEMT, C1EkRM A POD BG LI C2 Bk & SOD i .3 & T WT, A E T2
38 ST, C1 AR R IX PR AR 4P Al TG P48 B3 T WT, T C2 bk R {U/E T TR A T B8 T WT., 5
4b, 1E PEG BT R A T, JERERAR R C1 il C2 M H- 4l A FRIL L N PagHK3a K HL T Vi i 4 1
I PagRR2. PagRR15 J:F ik iS5 WT A L4 2 N 15t i i 3 K PagNAC3 L) K it A Ak
fili & BUHE R PODT (335 W W 3 1R, 8 A AL W) AL i & B R K SOD4 i 35 5 WT A L JE 3% 22 5+ .
[ 4518 1. 7F PagHK3a L M i Btk &, PagHK3a 3 [N I 41 i 73 2L K A 5 A% S 42 v o 07 335 [H 7 3 (4]
PagRR2. PagRR15 FRik¥i WT WEFEA%, Milfianan FEE PagNAC3 B POD & AR PODT 3Rk i &+
B [, ZEREE TR AT PagHK3a JEH Rk R 1RSSR T B3R, MDA LU HoO, At BEAIk, Bk
AREER, WMEAERGHIREET] .
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JRl, g A TCS F 2 A AP ( Histidine

kinases, HKs) #1117 # 75 A ¥ ( Response
regulators, RRs) #i, MR TCS LT ™
Mooy W) WS T MR R B B & 1 ( Histidine
phosphotransfer proteins, HPts) ¥, 7Efi#% £
YT, ARG S IR T 54 . TCS MfE
FHALTITE T 45 20 43 () W Wl PR L AT 6 7% . A 38 ik
TCS BHUE 5 IF 50 e piy i — O R4S . B 5%
HKs - 180 S5 i 3 3 OR R A5 5, AL L3
M R ZA RS (His) KA ABEiRL, BE
S Wi R Sk 1A s e 28 e AU &5 A 5 A 1) R 4 PR B i
(Asp); 4 HPts 32 WAL, JFR wh ik
At — 5 2 RRs IR a5k, Rl B
ARG A5, AT A A e 1

7 #1 g JF ( Arabidopsis thaliana ( L.)
Heynh.) it %7 ) 56 4> TCS HICHEEH, Hip
HKs M ARG IEH I 17 4, HPts 3 [H 6 1~, RRs
FLIH 33 AN, IEg I 2 AR I AT 4 AHK
524 ( Ethylene receptors ) K G (6 2 1 &
% #% ( Phytochrome photoreceptors ) 3 K% ji%,
AtHK1, AtHK2, AtHK3., AtHK4 ( CRE1/WOL ),
AtHK5 (CKI2) LIK AtCKI1 ¥/ T AHK %Kik,
i, AtHK2. AtHK3 DL & AtCRE1 HJ g% %01 4f ffd 43
REGT, WA R 2RO, T 2 53
SR MG T 15 T R AT M [0 T 5 Jofh 2 R85 AT
PRIEE N AR R IR R P, WF5e ki, PEG
P T8 ST, 4P RS I 2H 2 R e A I 5 AR
& ahk3 FEARAR AR K B FIAT AR 6 o7 £ 35 K F 87 A
RV 6] ahk2., ahk3 5878 bR R A7 06 0 5
PrpEmemt, B RBEA TR, SRR R
HH I AtHP2/3/5 1E 1 5 k8 /3 i ia b ¥ 5 3
TEE, IFHTREWET ahp2,3,5 RAEREIN
HB B AR K TR IR AR H R, B4 i
BifeoE Mo, EREHE R, HinptREMA, 5
AtHP2/3/5 F{bL, W v I 55 8 H L AtRR1/10/12
FRIBKFAET 5k ABA LB 5 R BN T
TREFZMT, arr 8B MGE T AR S oK E, o
MR PR aE S, Rk, A0 R A 518 508
A 2H 3 TEATL ) e 7 T 5 B 3 A R rh R
EH .

# ( Populus spp. ) &3 F & 21 4 & B
o0 GRACER N T MR, kA 8

PRBEAMS P 8 7 T AR SRR, AR E T R ek
T2 X 5 PEE A 50% DL b, U E R A AR
PTG, i, ERET R
X T RREE R R g S A B A EE L AR
Bl A PROREE R TRRROR BHE) T F5dss, iR
KA DRER T B o1 B TAEBUS SR, f
AR B R AR LG, e SR SN R e 7 il
SacB JE R MR . % oK W 2& o DREB1C
FA Mk 895 4 ( Populus euramericana cv.‘Nanlin
895) ML b4 5% sk N 1 ZxZF FE I BR X4

( P. x euramericana cl.‘Bofeng1’) 7&#i -1 fig
T g s o i G T2 S R T A R T
Wt E R >, KPP EERYE (P
trichocarpa Torr. & Gray ) JEFH A 2 4~ AtHK3
(IR VR SE N PtHK3a 1 PtHK3b, Jf- H.ix B~ 3k X
BT iZ h Rk i m e, SR A0 i i
TH. i il R DU R R I, R
84 ( P. alba x P. glandulosa ‘84k’) HK3 %t

( PagHK3a. PagHK3b) TR % . kiR . 4
Mo HEBZFK RIS IR T, 75, #.
ey et ARG I P30 25 R 2R3k Bk, U] PagHK3a
H1 PagHK3b & K W] RELE M P 5E e ik R rh
EE .

AAFGELL 2 MR IR 2 R LG PagHK3a %
PR bR R C1. C2 SHEF AR (WT) ikt
Bh, SR R e T SRR Ak 54
KAETRIR, REH R R PR TN, [\
IHRSY PagHK3a K&K 747 1 i i~ 52 Jiipe ok A v
MIFHOCTNRE, A3 E P2 R g AT Fh BT $2 ik
2%,

1 M5 &

IR

RIS RE A AR A7 2H 2 R T il S N PagHK3a
Fe A B MR R C1 A1 C2 fo HLHF A=A (WT) .
C1HFl C2¥k & 9 21 Cas9 4l fi ( sgRNAT,
sgRNA2 ) ¥J{ii T- PagHK3a |- )41 % B2 I it 45 44
I ( Histidine kinase domain ), H ' C1 ¥k & 4w
TSRO S 1 B BB, B A 2 RUHE A R
a5k C2 MR ZR Jui 2 B # S 1 B SE ek
B 2 g Lk sl Bk (B 1A). C1, C2 1k
RYJRAEBEAE, BiEEmZal (K 1B ),

1.1



%54 A

A 'sgRNAT

wT 5-GGCAATAATGGATGATGTATIGG-3'
C1(-1bp)  5-GGCAATAATGGATGAT - TATTGG-3'
C2(-1bp)  5-GGCAATAATGGATGAT - TATTGG-3'
wT 5-GATAGACGCAGGAGTTGTGCAGG-3'
C1(-2bp)  5-GATAGACGCAGGAGTT - - GCAGG-3'
C2(-2bp)  5-GATAGACGCAGGAGTT - TGCAGG-3'

PagHK3a H& R i 4% AR iz bt St A i 3
PagHK3a
Chase Dmm{ Histidine Kinase j====RECOINEE 1 020 aa
Lo
sgRNA1 sgRNA2

1020 aa
552 aa
552 aa

: A: PagHK3a FEH P S ga 450, Horh M RIZbrit 7 BHRER PAM P81, “fRERIFERS; B: PagHK3a (14 1 BHIE 25 1
Notes: A represents the sgRNA target site in wild type (WT) of P. alba x P. glandulosa and two mutant lines (C1 and C2), the underline letters

represent the protospacer-adjacent motif (PAM) sequences, ‘-’ represents base deletion; B represents the protein translation prediction results of

PagHK3a in WT, C1 and C2

B 1 $REEHRE PagHK3a EERFRHFR C1 71 C2 SR HIEIFNR

Fig. 1

Schematic illustration of the sgRNA target site in wild type (WT) of P. alba x P. glandulosa and two

mutant lines (C1 and C2)

1.2 TEHBAETE
121 PEG BT Fmria 22 Xf WT LI
FrbkZR C1F1 C2 AT Y %, fiEK 25d )5,
PR R B A T a3, Bk R 34>
AW S KA RS SR NG IR
HAKMER RN E BTG, BEER 2ZERR
( Hoagland’s Nutrient Solution ) HiE4T ik A ER 5
N, BREHE-RERE; SdEBREEA
5%PEG Y8 & == 5 35 W h AT 140 T 5 i aa 4b
B, Mhia 3 hE, BUSEM R, WMEEEE T
RNA $2H, cDNA S 55 KAH KR ZEA EIE
122 BEFImaL® KR4 R
B#ZELO4%12cm, THE8cm, 14 cm iy
IRER T, BERAR 30 Bk, HIEE NIRRT
2iia (WHlh 5. 1), BARkRTFRE B If R4y
—H, AR ST EAOL R BEARA S 4
B EESALRERE, FRREL N 25~
30 C, “FIHXNEEEH 50%~60%, X F&1FE
U, FEARAE I R R AT IE K8 S e A R
ERFE 45 d 5, EHEERRE B2
BT TR, Rk AR O R, ity
3R AN T IERE K, TETRAERE
5, ol %R T ] E K ) 70%~ 75% .
40%~45% Ml 256%~30%, HFabH 3 4~ L2
A, B RHAMREEKE, TERXRERS:
00 FRELAS A i, AR TR 25 S Hb SEAH R K 73 &2
BB HEEN . A 4 s, #rEk. tEZ
BOMAE AR PRI E .
1.3 MEHRSHZE
131 A RAAx iz zegal g L NCBI
( https://www.ncbi.nlm.nih.gov/ ) Primer Blast 1

fie Wit ScwF s B PCREI Y (% 1), D
Actin ( Pop_A01G010149.T1) KK NS HH ,
e PagHK3a (Pop_G01G074644.T1 ), PagRR2
( Pop_G08G060457.T1) . PagRR15 ( Pop_
G15G048786.T1 ). PagNAC3 (Pop_A01G074938.
T1). SOD4 ( Pop_G05G073560.T1) #I POD1
( Pop_A16G089950.T1 ) HyAHXfFikt,

*1 ZLHEEPCRS3¥FT
Table 1 The primer sequences used for
quantitative real-time PCR
HEPH Gkl
Gene Primer sequence (5'—3")

F: ACCGCACAAGACAGTGGAAA
PagHK3a 100
R: ACTGCATTGCCTCAAGCTCA

/LN
Product length/bp

F: CAAACCCTCAAACTGCCCTC
PagRR2 103
R: TCAGCTAGTCCAATGCCTCC

F: GCGAAGTTTGGCGGATGAAG
PagRR15 161
R: TGCTCCCACTCTCTACAACAG

F: TCAACTCGGTGCCTCAACTC
PagNAC3 161
R: AGCTCCACTTTGAACCTCCC

F: CAGTGGAGGTGCATTGGAAG
SOD4 138
R: GCGAAGGGTTGCCATTGTTA

F: TAGCAACATCCCTTCCCCAG
POD1 128
R: TGGTACATCTTGCTTGCCCT

F: TGCGTATGTTGCCCTTGACT
Actin 157
R: TCCGATGAGAGAAGGCTGGA

PEG 23 3 h /5, 43l U WT B [ R B3 ik
ZA B RE A 0.1 g, FIF RNAprep Pure £
WEZ Ay S RNA SE8GRGR & (R, dbat) 42
Bonk B & RNA, 28 1% B Jig b BE 1 H vk A
RNA #£ 1 i 5, NanoDrop One ( Thermo Fisher
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Scientific, ZEE ) il RNA WE EKaiE 5, FlH ST A2

tTM

PrimeScrip RT Master Mix(Perfect Real
Time) ik 7| & ( Takara, HAS) #47 cDNA 4.
B S AT 3 1 cDNA B 10 £5J51E i S i
PCR iy #5 # , #% 4 TB Green TM Premix Ex
Tag™ Il ( TliRNaseH Plus ) iX#|# ( Takara, H
A) Ui B BC W R R R . TB Green Premix
Taqll ( TliRNaseH Plus, 2 x ) 10 uyL, Primer-
F/IR % 0.8 yL, cDNAf&#k 2 yL, ddH,O #h 2 =
20 uL. F|H] LightCycler480 System ( Roche, Zii
+ ) FEATECATE B PCR N, MR .
A 95 C 30s, PIHIHIBL 95 C 5s, 60 C
30s, 4511 JAMBTEL 95 C 5s, 60 C
1 min, 95 C; FFIRKEL 50 C 30 s, HAHER
BWPAMER, Fnilid 2724 MBI H
IDOE SN L
1.3.2 AfdEfmmE RHBMEHG A YRS
PR w)AH DGR & o Dy semt T % ( MDA)
i, AR (HO0,) &, WA AL
(SOD) hitEFt E kYl (POD) Tk, MxE
Ik iR, W E X AF S SpectraMax 190
( Molecular Devices, [ ), HK#IERES
A &
133 &S dmle THHEMERE—X BT
9: 00—11: 30, BEHLHZERIMI TS 4~6 s
JRFFIDIRER: AT A S 8E . SLESEa e
> F LI-6400XT ( Li-COR, Z&[ ) #0064 1E
i 25, WEdEn gt EEE (P,) . <AL
FE (Gg). Ml CO ¥ (C) VUM ZE I H R
(T)s AUEROGH A SR S % 27 1 000 pmol-
m™2s™', CO, E ¥ E N 400 pmol-mol™,
1.3.4 A KA E  fEPHaLIES, 535
FIHIAN R B iepm - RO e AR Rk = S A, AR Ek
AR AR K R A A S AR O AR I 258 s e Ab
S 28 d B, KRAERRAR R AL G, AR
BB, FRAKMET ORI S TR
B, HEEH 72 C HET 48 h JFIEAR R T i,
1.4 HIBESH

439K H Excel 2019 847 5040 J5 21 5 e 4% il
£, it SPSS 21.0 #4475 ) SR R 22
/3 #r (one-way ANOVA ) 5 £ # 4 ( Duncan
AW EY: ), FH Graphpad Prism 9.0.0 #E4T

2 HEREGHHT

21 EBETFEMET PagHK3a EE B BIkRER
FEREKEER

KAy FEEAET, YL R IRFR AL RERS E
PR W HAT R RE B ES . AR, A BIE T
FEH R AR ZR C1. C2 K WT Bk & 30 Al 5 iy ik
mSHAE, EREIR. IEWTKEAMET, PagHK3a
FEIA R PR BR R C1 A C2 #k i AR K 2 38T WT,
Hh C2 725 WT Mtk 22 7 W3 BEE T2 kg
FEEERIINTGE, C1. C2 Je WT bk R APk 2k K1Y
B RS, H WT BRR FRIRERR, 5
IEEPKMLL, TETE (D1) &84T WT AR
RE A K AR/ 10.6 om, TREDN R bR 2R C1
/39 cm, C2RRZ WA 1.1 cm, fEEE 5
(D2) &M T, WT kR kM LK/ 16.6
cm, 1 C1#Z& /> 154 cm, C2 bk &Rk 9.5
cm, JEHETETREAMET, SEE ARk R Y
e KERERT WT, 5WT ML, C1HKR
MeE kKRt 5.3 cem, C2HZEH 4.0cm; T
EEE TSRO S, EHEBEKRR C1, C25
WT MLEZRARE . B, EHBK R TREMN
T, REREEERR ARG RK RS WT RE 251
A (K 2),

X AR B B A5 R T 2 B E
(%£2) BB, SEFFKMEL, T2Piaste
Ja . WT JBE R Bk 2R AR RIS H N & ik,
MR BRARN IS, JEHRAEEE T RAN N, &
Rk R C1 5 C2 A& WT AR Tt B %
oo SR, TCIE TR IE R BEK IR R AE T R0
T, ISR R E R AR T B S WT HH 225
S NTE
22 EBETFEMET PagHK3a EE B BIkRER
BH4RELISIRNER

AL RIS, AEP A N A ST B ER
AL, WE RS ROS i EERL B, aF I A5 4 4 B 1 3R
Gz, A ERS, R, XHE
B OK KT B 30 A R R R AR bR R C1L
C2 5 WT # &M A MDA, H,0, & &L & SOD,
POD [ i P A 700 5 4347, A5 SR 3 s : 5
AL, TREPHET, S8R MDA & &
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Notes: * means significant difference, P<0.05; ** means significant difference, P<0.01. CK means normal watering, D1 means moderate drought,

D2 means severe drought. The same below

2 TEBMET PagHK3a ERERMRIREZHFKR R C1.C2 5 WT 2 B#kBHEERKENER
Fig. 2 Differences in plant height and ground diameter growth between PagHK3a gene knockout lines C1, C2
and wild-type of P. alba x P. glandulosa under drought stress

&2 TEMET PagHK3a EFEEIRRIREEGH®KE C1.C25WT 2 ERTREER
Table 2 Differences in root dry weight between PagHK3a gene knockout lines C1, C2 and wild-type of P. alba x
P. glandulosa under drought stress

R+ i/g
¥R ZLines Root dry weight
CK D1 D2 P
WT 0.50 £ 0.17 aB 0.64 £ 0.03 aAB 0.84 £0.13 aA 0.043
C1 0.48+0.05aC 0.67 £ 0.12 aB 0.92+0.09 aA 0.003
Cc2 0.56 + 0.05 aB 0.71+£0.03 aA 0.77 £ 0.09 aA 0.014
P 0.687 0.567 0.276

T R PR R IR SO M & bruEZE, HJR KRS RER IR N R — MR RTEA AR BT N ZE R B, NS PR A A —Fh b 875 N
NFEFRRZ I 227 B, FRMRAERRERARE, FRARFREREE, BEMKT40.05

Notes: The data in the table are presented in the format of mean + standard deviation, followed by capital letters indicating the significance of
the difference between the same strain under different treatment conditions, and lowercase letters indicating the significance of the difference
between different strains under the same treatment, with the same letter indicating that the differences are not significant, and different letters
indicating that the differences are significant, with a significance level of 0.05

PO R, BANMEIE W BKAMHET,
C2 BEZ M MDA & it i ZL T WT; P TR%
£, C1. C2 ¥k % MDA 7 &3 B K T WT,
B e T B A R, W 4 5 A2 450 A 3 o ™
#H; MERETREMET, (L C2HE MDA it
W EMT WT, C1#ERS WT Mt 225 A 5%
(K 3A). [MBTZERER, SIEH KL,
WT ¥R 5 2 P L BB AR R 1 HLOp & i e T2
BTN < 5 ) DA (= D W= 7 B2 S ) =
WT ¥k R AR B, b e IR # De K &R0 T,
Cl. C2HAH,0, T 5 WTHRZF AR E;
HEPETRAET, C1. C2H A H0, SR
FRT WT, WifEEE TR , (LC2HARE
fiXF WT (B 3B), HIfEhET2EWia T, 5K

SRR FR 32 HyOg 52 M 2 3 /N WT. SOD fiff i 14
MEsE R (B 3C) BiR, FEIEWTEKEKMET,
C2HABEST WT; ETETRELAMET, C1ik
AR ERTWT; MiEEETREPHEF, C1.
C2 ¥k % SOD i itk 5 WT ML 2R A B &,
POD itk (18 3D) M@ R B, SIEH Bk
b, TREMAK, itk POD iGM: S A s
feiadh, TR T 544 4 bk R POD i 1
e Ao, FFEWRKEPETREAMNT,
C1. C2 ¥k & POD B 1% M ¥{H & T WT, {H{EE
BETRELAUT, (L C2HAREST WT,
23 BETEMMET PagHK3a EERIBRHK AR
H4RARESHER

HAVERRA I A K & B T i A A 2ot
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Fig. 3 Differences in biochemical indexes between PagHK3a gene knockout lines C1, C2 and wild-type of P.
alba x P. glandulosa under drought stress

o BT REEKEME, MHOLEMHTsRE
AL, MTTE AR AR B, P b R,
ERMENLEGSH (K 4) K. SIE®EPOKEN
I, TREPHO FERELESETRE, I HME
TREPHaRRE IR, SRR SRR, 5
A, TEIEFHBOKEMET, 5 WT #REMLEL, FEH 6
PRAR R 4 FOL A SHON TR 25 e T 20
AN, HEEBERER S WT LA 2R, H
FETE TR T, C1 MRS ERLER
TWTHER, C2HAE WT HELEZRARE; &
HETEAMHT, C2HRAFLAHERERT
WT BER, C1HREE WT ZRIEFADE (F4A),
SILFEMELERE R, EPETERGT, 5
WT # b, C1H#RR B &1 15%, C2 Hk R W%
w it 9%, RIEPmER bk R4 B E KT WT; i
ETRAMT, EHEEBEER C1. C25 WT %
SAEE (K 4B) . & Hr i@ CO, ¥k i
(KBl 4C) k3, TETRELMET, C1. C2HKR
BERFTWT, MEETREAGT, (LC2HAR
ERT WT, AR Bk, bEE HIEEK
AL, SHARZEBECR (K 4D) HFEL, H
ETREPHAT, FEEERK RS EES WT i
RAMHERF AT E,

2.4 PEG #E#TE/ET PagHK3a £ E &k ik
ARTFAERERRIESH

9T S T PagHK3a 5 B bk &
C1 il C2 ¥y A= AU#k &2 WT [H] it /i PagHK3a
SR T | Ba A OCIEA | PR LA 3
k25, BATHH 5%PEG 4b B 45 vk £ 4 55
Hio SEmfE R PCRESAE (E15) in: 5 WTAH
o, JER B kR 2R b PagHK3a K T it a1 3
K ¥ PagRR2 fl PagRR15 % [H 3¢ ik i & T %,
717 Joih 38 A 56 B P PagNAC3 Fil POD1 3K 363k
F LI, Hop, fEAEMRAL AT, SR EBRIR
# PagHK3a 3[R A K3 i AT WT, Hrh
C1#RZR 5 WT HH LML 35.2%, C2H# AR5 WT
AL FEAR 22.4%; £ PEG AT T, 5
WT Hilt, C1#EZF PagHK3a Eik/K K 26.5%,
C2 ¥R R [ 26.9%. [RIINF, #%Bk 28 T it o 5
¥ PagRR2 1l PagRR15 }:[H % ik 5 PagHK3a
FEAARL, AEMa AL B K A A BRI, SN R
Bk 2R 5 R ek K-35 0 I W b v g AH
KIE PagNAC3 fE B4 R R, AR aab 3
% F, C1H¥k &R PagNAC3 3t [H % ik /K % N
WT i 7.7 £, C2 1tk % PagNAC3 #:[H £ ih =N
WT 1 4.1 f%; 78 PEG i b BT, C1HRR
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Fig. 4 Differences in photosynthetic parameters between PagHK3a gene knockout lines C1, C2 and wild-type of
P. alba % P. glandulosa under drought stress

PagNAC3 %: K kK7 WT 1) 19.31%, C2 tk
Z 4 WT /) 6.11% (K 5D). HAYBILEES
L SOD4 Fik#5 R W, FEdEME &M T,
¢ C1 ¥k & SOD4 FHE[H £ ik i1t I 2 & T WT, 7
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Effects of PagHK3a Gene Knockout on Drought Resistance of
Populus alba x P. glandulosa

WU Shu, WANG Zhou, ZHANG Ming-yan, ZHONG Shan-chen, WANG LI,
SU Xiao-hua, ZHANG Bing-yu

(Research Institute of Forestry Chinese Academy of Forestry, State Key Laboratory of Tree Genetics and Breeding, Key
Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Beijing 100091, China)

Abstract: [Objective] : This study aimed to evaluate the drought resistance of two histidine kinase
PagHK3a gene knockout lines of poplar '84k' (Populus alba x P. glandulosa '84k'), and explore the molecu-
lar regulatory mechanism of PagHK3a gene in poplar response to drought stress. [Method] : Plantlets of
wild-type (WT) and gene knockout strains (C1 and C2) sub-cultured for 25 days were treated with 5% PEG
and the mature leaves of the plantlets were gathered 3 hours later. Quantitative real-time PCR (qgPCR) was
used to detect the expression levels of PagHK3a gene, PagHK3a downstream related genes, drought
stress response genes and antioxidant related genes in leaves of the three lines. Meanwhile, the drought
stress treatment was carried out using the potted plants of each line by weighing method with three levels:
normal watering greenhouse (soil relative water content: 70%-75%), moderate drought (40%-45%) and
severe drought (25%-30%). After four weeks of drought stress treatment, transient photosynthetic para-
meters, contents of hydrogen peroxide (H,O,) and malondialdehyde (MDA), activities of peroxidase (POD)
and superoxide dismutase (SOD), plant height and ground diameter of WT and C1, C2 were measured.
[Result] : Under moderate drought conditions, the height growth of both C1 and C2 lines was significantly
higher than that of WT, but under severe drought conditions, the height growth of both lines was not signi-
ficantly different from that of WT. Analysis of photosynthetic parameters revealed that the stomatal con-
ductance and intercellular carbon dioxide concentration of C1 and C2 were significantly higher than those
of WT under moderate drought condition, but only C2 was significantly higher than that of WT under
severe drought stress condition. Under moderate drought stress, the instantaneous net photosynthetic rate
of C1 was significantly higher than that of WT, and under severe drought stress, the instantaneous net
photosynthetic rate of C2 was significantly higher than that of WT. At the same time, the results of bio-
chemical indexes showed that MDA and H,O, contents in knockout lines C1 and C2 were significantly
lower than those in WT under moderate drought stress, but only C2 was significantly lower than that in WT
under severe drought stress. Comparative analysis of the antioxidant enzyme activity of each line found
that, under normal water supply conditions, the POD enzyme activity of C1 strain and the SOD activity of
C2 strain were significantly higher than that of WT. And under moderate drought stress, the two protective
enzyme activities of C1 strain were significantly higher than that of the control, while C2 was significantly
higher than that of WT only under severe drought stress. In addition, under 5% PEG treatment, the expres-
sion levels of histidine kinase gene PagHK3a and its downstream response regulatory proteins PagRR?2
and PagRR15 in the leaves of gene knockout lines C1 and C2 were significantly down-regulated com-
pared with those of WT. The expression levels of drought stress response gene PagNAC3 and peroxidase
synthesis gene POD1 were significantly up-regulated, while the expression level of superoxide dismutase
synthesis gene SOD4 was not significantly different from that of WT. [Conclusion] : In PagHK3a knockout
lines, expression of PagHK3a was down-regulated, expression of its downstream genes PagRR2 and
PagRR15 in the cytokinin signaling pathway was also significant down regulated and the expression of
stress response gene PagNAC3 and POD synthesis gene POD1 were significantly up regulated; mean-
while the PagHK3a knockout lines had stronger gas exchange ability, lower MDA and H,O, content and
larger plant height growth under moderate drought conditions, therefore had stronger drought stress resist-
ance than WT.

Keywords: Populus alba x P. glandulosa; histidine kinase gene PagHK3a; gene knockout; drought
resistance
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