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‘S4K°1H2H | g EERE [F| PaHK3b K]
wENRINEES T

BrfE, K &, MR, RHER, TR, SKIKES

(PRAIRAE BRI R S, R G R SRR B A 20 s, PO ARRERT Bl AFFE AT, L5 100091)

HE: [ BW | A5k T8 MA% 84K ( Populus alba x P. glandulosa ‘84K’ ) HETRILEEHE N PaHK3b )5 3T
Rt X, X HF RS TR LI REREE , FRAINGY PaHK3b R A K LT REEE R LR,
Ja o F R RS A R ESER . [ ik ] RIEERM (P. trichocarpa Torr. & Gray ) ZEHAUFE., B3]
I TERE 84K M 4 BRI RE N PaHK3b JE T B CDS J£31, Hxt HARSF G5 AN 2 s 1A e A7 40
Brs [EEE, Xt 84K AT YL ZE AL 3 (10 pmol'L'ABA . 10 pmol-L'6-BA., 10 pmol-L™' IBA., 10 pmol-L-
GA3 & 10 pmol- L' /KR (SA) ) KAEA WA B (42°C & . 0°C ik . 200 mmol-L™' NaCl #l 5%
PEG6000 ) , F|FI5CHT & PCR (qRT-PCR) J5ikkill PaHK3b FEH A E I S Fakm i 25 5%, JERARZSR
KA E PaHK3b SR AY)TI6E. [ B3R 1 PaHK3b FH JASHE X K B4 3060 bp, Hifi% 1019 44
FfR, PaHK3b FHHA CHASE. HisKA F REC %534 A (AN /3 8 R Z AR50, PaHK3b 3£ JE 3 775
AU A K TATA REFN CAAT HEH WAZ.CoTd, &R R TT/F LTR . B4 ra me b 76 /4 TC-rich
repeats. A% 2 M TG GARE-motif, 7KAZ BRI R JG 4 TCA-element S =CAE TR, X ELT0i S50 103%
I 7 33355 A M 157 5 VI AR G . QRT-PCR Z3MT R . PaHK3b REINFEM B b3k, R4, 2
s HAN, SIERWAM AN, EEE . KE . NaCl & PEG 4B}, PaHK3b JEH Fik 5% HMH B 15,
SRR RRAY 2.67, 2.61, 2.28. 1.87 f5; H IBA if5 FACBERY, FLHFERE SH AL 2ERAK, M7E 6-BA.
ABA. GA3 J% SA Zb3RT, LRI 5% IRAH LI 2 T HFRA; ERIN 5%PEG6000 i LB A 3F 5,
5 N PaHK3b 3 H 5% 32 18 2R 16 K FF B 7 Ak A K B B B 38 v T IR, ZE BRI 50~150 mmol-L'NaCl 1
LB [E 553 1, # A PaHK3b FEP R A% 38 BRI KT B PR S e b 2E KX R, [ 4518 184K
PaHK3b FF 8 s T & A 5 B HM R W N e, 220 PaHK3b R SIS E 55 KA W e 155w 5
M, ALY Wba b | BRI R FRFRIRUESE, M PaHK3b 3RS S5 E A S mn, JIf
BT e o AR vh ke HE R

KR RS 84K ARG, R, RS,
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BRME, & SAKHAERIAIIER PaHK3b 1wk L UIRE ST 27

AHK3 Fll AHK4 ( X 45 CREI) 4wt , 540524
255X FU#AY AHP ( Arabidopsis HPts ) 25 [ il
ARR ( Arabidopsis Response Regulators ) 17 25 [
PEATPRTY, SEMESMEYIRE (AsRE. &
W) AEEAED N bafE S, MR, AEAR
WIS EER Y A KRB T R BB EAE
M, W AHKS SHEPR I & F HA W 50 E
FAUA, AHK3 WX Fr i) 5 22 R 20 i o3 Ak ke 32
SRS AHK2 F1 AHK3 T[540 g S ) A
TR FZER A RUS, AN, R RIS R AE A
PIRHRR . T 58 Am E AAE AR R R d k
FEEZAEHY, Kang 55" K, REIT ahk2 Fl
ahk3 F5EAF R FU I A AUAS PR PT 0 B R, JF
H. ahk2/ahk3 T ahk3/ahk4 S5 K H AR Y BA.5E
AP RIS, ahk2/ahk3 T ahk3/ahk4 L
ENSE A NI AL 2 i g a7 N = N S = (U 710/
ahk2 Fl ahk3 PRGN T2 Ehha . KR A5
AR Wit (B PE FL BT A RUAE Rk fk 25 1S,
Hoh, BRI R, ahk2. ahk3 J ahk4
SARRXTANIE ABA & BERRURE,, AMIE ABA XL RE
Iv 4 A TR Ve R B A e AR D, G O
ahk2/ahk3 W 575 (A I A T AR PR 42 56 DR 21 635 4%
Privie kB, ARG K 7EAE Y ABA TR 1)
P S B AR ABA RS BB S 0 Hh H ke B A
MY, B R (P. trichocarpa Torr. & Gray )
FHH Y 1A AHK2 [FIRHE PHK2 . 2 A4
AHK3 AL PtHK3a F1 PtHK3b, WH5EEH, £
¥ PtHK2. PtHK3a 1 PtHK3b TE W IE B2 &
BB A EZREERR, R, AR
FERJE S 5 MORBLIE R o WLARGE
R 84K> ( P. alba x P. glandulosa ‘84K’ )

R EMNEES N AR R R, AR
JEAT . briEsR . GENMET, BRI A4
SHFEN AR, HRHS T AL s ek,
AR 5 PR TR A BRAE A L . AT LUAR 4
SAK A MR, Tk T LR It AHKS3 [A] JR 3 A

(PaHK3b ) WRBlF M4 CDS (codingsequence ) ,
X H B F e K R LSS MR AT T A, O
PaHK3b FERAERR . T5 . S SHE4 Y bhia
AR R AP I #3B 51T T qPCR Kl 5
[, Sl AR i e H R Y 2E ThRe . %t
G R I FHAH SR B PR A T A P st 437 el R 25
FE TSR

1 MRS

1.1 iKgesr
BRI 84K
1.2 XA E
1.2.1  PaHK3b AR 4 B o0 T L&A 7 a4 M
P Phytozome Wil LA EBRBEHFAGE, &
HILN B IR B T8, Bt PaHK3b JE IR S B
F X34 Y PaHK3b-pro-F #1 PaHK3b-pro-R
(£ 1) o RMHEYEH 4 DNA $2 Bt 7] &
(TIANGEN, dtat) $H84K°#7 f & DNA, H]
HRHL PCR 7kt AT HBO R Beyr 3, I 1.5% Bliahl
B AT R ORI, R I & ( Axygen,
FE ) OOFaife BB, JFE R s R
pMD™19-T Vector ( Takara, HZA) ¥4k 2= KT
# DH5a ( TIANGEN, Jbnt) , Zeid i f e 5
B (Amp") TivE, PRHCHME R ERERL R AEY A
A (CREFEM, dtat) #TFAIE . FIHTEL
B 14 plantCARE ( http://bioinformatics.psb.ugent.be/
webtools/plantcare/html/ ) s ATIZIEF F g T &
AIMEAE FH T
122 PaHK3b % B CDS # .15 2 55 54 F
JHl EASY spin Plus f8 4 RNA i # $& B 75 &
(Aidlab, Jbxt) $EECS4K M F B RNA, I
PrimeScript RT reagent Kit with gDNA Eraser
(Perfect Real Time) ( takara, HAS) 5] &iE17
sk, A SR cDNA, #4fE Phytozome Pl [/
M B REEFAE R, Bt PaHK3b B 4K
cDNA ) PCR3" 3 5| ¥ PaHK3b-F #1 PaHK3b-R
(1), LIMEE cDNA MM EFT PCR Y1,
PG FEIF 7 95°C 5 min; 95C 30's, 57°C 30 s,
72°C 3 min, 38 PMEH; 72°C 7 min; 4°C fRR
FH 1.5% B B B e 647 v DK ARSI, FH R TRl i ik
A& (Axygen, EE) Blkgitb B R B, IFi&E
3% 3| 73 & %% /K PLB-Vector ( TIANGEN, dt &%)
AL 2= KA DHSa, W& (Amp") A,
37°C i G F% o PRHUBH PR B s B % 2 A= 1) 8
(Hr3egefn, dent) #AT I E . FIFHAEL
A ExpasyProtParam ( http://web.expasy.org/protpa-
ram/ ) Xf PaHK3b 5& A J¥ 5 ¥R AE 64T 404, il
GOR4 7E4k T H. (https://npsa-prabi.ibep.fr/cgi-bin/sec-
pred_gord.pl) #E47T 8K I — g A, A
NCBI 7E4€ T H. ( https://www.ncbi.nlm.nih.gov/Stru-
cture/cdd/wrpsb.cgi ) #H1TE FHAGHIH T
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123 Q4K My dE £ M it A 2 Feigh F AL 2 WAl
A Toi ) 84K A IS T =S (2~3 em) YR, %
PR RO R B (12MS+0.02 mg L' NAA+
0.05mg-L™'IBA) v, 355 TREE 24°C. JBFM 16 v
8h (JEHE/BRE ) | SMESRA N 50 pumol- m™>s™ A
TAMEERE, 28d )5, BHRERKRES -Bds:
B, FERFIREAE 5 mL 1/2MS AR RS 35 35 1 3% 55 4
(HfF4cem, B 20cm) F4eZelgE, B3 5d
Ja, AT a A BRI i R AN EE . AEAEY)

JREAbIES R 42°C =ik, 0°C K. 200 mmol-L™
NaCl il 5% PEG6000 4k 3 , i 4 i R b i 7% 1R
(ABA) . 6-'N&EIEW (6-BA) . W[l T R
(IBA) . FEE (GA3) KK (SA) , WE
55 10 yumol-L™' . NaCl, PEG6000 % i ¥ i %
Wb BT 75 K 25 FVGS TN 1/2MS AR R 37 3
PIEFRT 1/2MS Brge S i 4L i o I/ 454k
FRRYISRIN 3 h, AEACER 3 AR, AbEE
JEHUSEAM Fr, WA BROAE T —80°C IR VKA

&1 HBEXSMFIIEFIKRAN

Table 1 The sequences and PCR product size of primers used in this study
FE [ Gene 5|#)FF %1 Primer sequence (5'—3") P E Product length/bp
PaHK3b-F ATGAGTTTGCTTCATGTATTTGGG
PaHK3b-R TAAATTCGCACTGGAAGTTGGC 3060
PaHK3b-pro-F GTGGCTTTGGGAGGAAGGAAT
PaHK3b-pro-R CCACATCTTGCCACCATCACC Hooo
PaHK3b-q-F ATGAGTTTGCTTCATGTATTTGG
PaHK3b-q-R CTATAAATTCGCACTGGAAGTTG 243
Actin-F AAACTGTAATGGTCCTCCCTCCG
Actin-R GCATCATCACAATCACTCTCCGA 173
pET-28a-PaHK3b-F cgagctecgtcgacaagcttATGAGTTTGCTTCATGTATTTGGG 3 060

pET-28a-PaHK3b-R

tegagtgeggecgeaagctt TAAATTCGCACTGGAAGTTGGC

12.4  PaHK3b 3 B 9 % ik o4 R EUS84K 1
M. 25 HRLECR AL BEAE AR B RNA, 5%
&N cDNA., ¥ i PaHK3b 3 [F 52 1} 2 & PCR
( qRT-PCR) 73| ¥ PaHK3b-q-F fl PaHK3b-q-R
(£ 1) . A cDNA 7 B 10 f51E J 2t 2
i PCR #%4, £ MR TB Green TM Premix Ex Taq™
II ( TIiRNaseH Plus) ( TaKaRa, HA) {7 &t
ALK WA Z . TB Green Premix Taqll ( TliRNaseH
Plus, 2x ) 10 uL, Primer-F(10 umol-L™") 0.8 uL,
Primer-R(10 pmol-L™") 0.8 pL, cDNA # 4 2 uL,
ddH,O %} /£ % 20 pL. ] Roche Light Cycle 480 II
A5 5t %€ 7t PCR 1Y ( Roche, #i+: ) #E47 qRT-
PCR i, [ FEJT N : BAEPE 95C30 s, ARk
95°C 55, 1B K 60°C 30s, 40 PMEIF; wfthdk N
95°C 5's, 65°C 1 min, LA Actin JINZSFEHN, RH
27T B PaHK3b FE R (AR XS ek 12, Al
FH Excel2010 1 Spass23.0 %4 % %5 4 7E 17 4 2 4
IR 2E 55307
1.2.5 PaHK3b & B RAz &k H ke AR AR

TIANGEN 7 F) 1F & JC 4% v B¢ 51 9 i it T &
( http://123.56.75.19 ) &It & YIS A% 1A
# AR5 ¥ pET-28a-PaHK3b-F Fl pET-28a-PaHK3b-
R (% 1), PCRY 1 ®4K’ 4 PaHK3b 3 K 1)
cDNA J¥4, [EIS 34724, JiA% B 24K pET-
28a (‘&R %, dt50 ) 4 Hind I ( Thermo Fisher
Scientific, 3£ [E ) HEFUI, MK Hdcdife, 3
EasyGeno R i# 5 4 5 F£ 3L %] & ( TIANGEN, dJt
) PR, K E R T EA R,
TR E R B DHSo BZ MM, 4
itk (Kan®) ik, PRECHR EESIETT PCR BIE,
Frik EAY N FINFIAE, PEECHM R TRL, 4R
1B EH A ( pET-28a-PaHK3b ) IHHEAL T FKIkH
¥k BL21 (DE3) (TIANGEN, dtit) .

1.2.6 E4H E.coli BL21 ( pET-28a-PaHK3b ) #3
BB FF e WAL S RN H AR BL21
(DE3) ##F 5mL &A 50 mg L' 1Y RIFEE R
) LB IR R 32 5L, 37°C FEIRE 1 55 9% 2 ODgy
0.6~0.8, JIAZHEH 0.5 mmol-L™' # IPTG i



91 ERf, %,

‘SAK I H A PRI HEE N PaHK3b HYTTRE K IIRE/3 BT 29

F4h, MBEEEK 1045, WSUL E2FH 0. 50,
100, 150, 200 mmol-L™' NaCl LB /AR 5523 g
WEHBEAHR 1 emiy 94, BFESGR TR,
37°C Bl &L R, RN, BiEREN7Y
1 mL il A 1 mL %544 PEG6000 (1) LB ¥ {4 £ 5%
Ferh i PEG KN 5% (W/V) , TRE 37°C %
IKEG SR, 0~7Th NERR 1 h il 11K ODgy, 1H ,
BRANEE] S 3 AN EE P,

2 HRERHN

2.1 ‘84K’#5 PaHK3b E[E CDS F/33h FHIZKS
RAYEBENT

WL PCRY 1Y | w15 384K 1% PaHK3b K
K44 CDS. CDS 4K} 3060 bp, %ifih 1019 4
FIR, HADTE N 11356485 kDa, 255N
6.53, HEAANREIRECH 37, MRREEM; Ik
8K 9231, HAHKETFHE H-0.088,
FELUTCHIN A M8 3, a-BBUE -5 SE % DU A 7
wmE, He, TSN 416 1 (40.82%) . o-iR
WE 377 A~ (37%) . IEMIEENIA 226 1~ (22.18%). &

FIZS I T4 SRR W], PaHK3b 25 1 2 A7 Sy
YA o3 LR AR S5 BR, 435 CHASE (Cyclaseand
histidine kinase associated sensing extracellular) £ 14
i . HisKA (His kinase A domain) %5 #4 38 &z REC
(CheY-homologous receiver domain) %% #4) 8 , H:
H1, CHASE 45145l 41 il 43 54 22 5 HAH N Y 524K
454, HisKA Z5BUEA{F SR His 583 [ SRR
b, REC S5 3 SR EE A4S 5, IFm FliERy
fF o EAHITIES
o S 3 4K 1600 bp 184K’ 4% PaHK3b %
Ha s+ 5, % plantCARE % Hit 4744
FEEINT . BEREM . PaHK3b JH s T ALEA
TATA-box il CAAT-box 1.0 HEA TTHF, AL HE
G-box, GA-motif, TCT-motif 2 G0 N oo . 5
Sb, PaHK3b J5 8 X b4 7 24 5 0 58 i iy M
PR A S IS T, QoG et e 13z ST
LTR. [ 105 W38 0 3 JCF TC-rich repeats, 7R %%
K W I/ GARE-motif, 7K 4% g 1 i 7G4 TCA-
element % (% 2) , RWILIEH T HES 5

SIS e e N R LA

%2 PlantCARE Fiilll PaHK3b BN FRIEZIRXIEATH
Table 2 The main cis-elements in PaHK3b promoter predicted by PlantCARE

M= A F e ACLRBL BT D gl etk
Cis-element Start site/bp(direction) Sequence Characteristic
ARE 1 150(+) AAACCA [R5 T Essential for the anaerobic induction
GARE-motif 346(—) TCTGTTG F*EE 2. Gibberellin-responsive element
LTR 318(—) CCGAAA &E"T . Low-temperature responsiveness
TC-rich repeats 88(+) ATTCTCTAAC [ T K% JHfr 3 i B2 Defense and stress responsiveness
TCA-element 288(—)/818(+) CCATCTTTTT TK BRI Y. Salicylic acid responsiveness
GATA-motif 171(=) GATAGGA
GATA-motif 439(+) GATAGGG
TCCC-motif 1511(+) TCTCCCT
TCT-motif 1462(+)/1 551(=) TCTTAC o
GTl-motif 677(+) T J6Mi S JGA4 Light responsive element
GTl-motif 1409(—)/1 353(—) GGTTAA
GA-motif 706(+) ATAGATA
G-box 9(=) CACGAC
ChEbsy S T ) Cear Common%iijz;:tilj;fnirl?:t fiﬁﬁfigtiﬁir regions
27(+)/195(+)/150(+)/1 067(—) TATA
148(=)/1 065(+)/193(—) TATAAA
N 147(=) TATAAAT Wt E T B
136(+) ATATAA Core promoter element around —30 of transcription start
1109(-) ccTATAAAaa
192(-) TATAAAA
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2.2 ‘84K’ PaHK3b EFBERILZERM

¥ JH qRT-PCR $ AR X} 84K ># PaHK3b K 7E
ML 25 MR FRRIITRI . SRR R RTE
MR, 25, Mg Rk, UMREREIENSIR, 2%
FREICTARAL, IARFGREN 82%, MR R
REE TR, MREREN 16345 (K1) . li:
E KW, PaHK3b 3R A5 84K 7 M F 4634

i
B o

)1

0.8 [

0.6

LEROESTy s
Relative expression level

0.4

02

INN\\E

B
@
[¢]
!
=
[
[¢]
=

R Root

H: *: P<0.05; **: P<0.0l. FIA.
Notes: *: P<0.05; **: P<0.01. The same below.

B 1 ‘84K’# PaHK3b EREEMR . E M AHHRIEESR
Fig. 1 Expression difference of PaHK3b gene in root,
stem and leaf of ‘84K’ poplar

2.3 FEEYRME
1Ea

[ N S~ =917 B 1 B =Y 7/ 1 1 3
‘84K°1% PaHK3b FEH Rk B W] s X e, Jf:
HIREMA T PaHK3b FERNFk & & TEpa T
BaTFREE (K 2), Hp, 4920 &iEh
. 0°C RIEMARY, PaHK3b H R ik 535 K
Xt HR ) 2,67, 2.61 4% ; 200 mmol-L™' NaCl i} i

T84K°1% PaHK3b B FE B Fix

B 3.0
205
ﬂgg 2.0
®E1s %
ER %
;E; 0.5 % %
z 0

ck

TE: HT: 42°C &b, LT: 0°C KA BE.
Note: HT represents 42°C  high temperature treatment, LT 0°C low

temperature treatment.
B2 JEEBMEAIE T 84K M PaHK3b B EH
RIEER
Fig. 2 Expression difference of PaHK3b in leaf of ‘84K’
poplar under abiotic stresses

5%PEG6000 il i i, PaHK3b 3 H ik
XFHEY 2.28, 1.87 1%,
W25 TIEAw
R
2.4 ‘84K’15 PaHK3b EETIMEERKE R M5
HEQEHRIERR

& 3 B . PaHK3b JE R AN [RIHE 4 38 2R A i)
NAZES . R E IBA AR, PaHK3b FEH Rk
ST IEARRL, A R AR, PaHK3b FEH
Fih BN R R B A TR, H, 6-BA.
ABA. GA3., SA KbHIRY, PaHK3b 3 ik &5
F R XTI 35% . 39%. 61%. 66%., mJ WL, AMJE
WEEE . BVRIR . A0ML 3 R SoK R I Re Hi
W PaHK3b JER 361k, FBH PaHK3b JEH 2 5iE
YIER e Y

=5
DI E2E UL, PaHK3b %
W N,  FEAGA A0 58 e s g

14

< 1.2}
ol T
« 2 o8l o
k& ?
= £ 04f 2 %
&£ 02}
LA 7 %
ck IBA 6-BA
B3 AEEYSELET84KEMH B PaHK3b EER
RiZER

Fig.3 Expression difference of ‘84K’ PaHK3b under
several plant hormone treatments

2.5 EHH E.coli BL21 ( pET-28a-PaHK3b ) HJ
EFIR L ol

FIFBE 525 PaHK3b FER TR RIS T T 46
W 25 7ERUIN NaCl i LB [ A 77 5
b, % A pET-28a-PaHK3b B 40 5 bi 09 K #F 1
BL21 Itk (A ) 5% A pET-28a 25 £k Ry
AR (XTIRPRE ) AR BERA -8, E&FA
50, 100, 150 mmol-L™' ) NaCl LB [ A &5 37 %t
I, FEATER SRR AR A Kz B, H R
& NaCl ik B2 3G g s A Kb (HEARAEK
X, W2 BB, YR Eh
NaCl #& & &y 200 mmol-L™" i, 2 Ff & ¥k 24452 11 2F
K (K 4) . Wik, PaHK3b 3R JFA% F kA
s = KT R R R PR RE T

FIH PEG U+ 52 Wit X PaHK3b FEH 1Bt
TP, SRR FE LB MR SR,



&
=
iliy

afif, -

‘SAK A H A TR LB PaHK3b 1 va e K SHREATHT 31

. A: E.coliBL21 (pET-28a-PaHK3b) ; B: E.coliBL21 (pET-28a)
Note: A: E.coli BL21 ( pET-28a-PaHK3b ) ; B: E.coli BL21 (pET-28a)

E 4 KBFH#FHE E.coliBL21 ( pET-28a ) 0 E.coli
BL21 ( pET-28a-PaHK3b ) Eiki £ R

Fig. 4 Difference in salt tolerance of E.coli BL21 ( pET-
28a ) and E.coli BL21 ( pET-28a-PaHK3b )

o 20 T bR Y AR R R o PR B AR R RSN

5%PEG6000 (1) LB {455 3= 5L, 55 21 TR Rk FGT

FEPEMRAE K Z B . 5555 1 h i, S4B RRA

SRR KA 25, 2R A pET-28a-PaHK3b

T 2H TR 0 TR AR A pET-28a 28 4k i R AT i 2k

KM, 532 7hE, SHEAFR KR ODg,

EEMIREY 1.8 f%, 258 UR R ODggo (B2

WA 1145 (F5) o ik, PaHK3b F:H R

FERAMUREEHE = RIAFTF o B AR A R, T HLak
REAS TR i Hop T /K AR

14

1.2+

1.0}

208}

S 06| B

0.4}

02+
0

0 1 2 3 4 5 6 7
5 3% 0} A] Incubation time/h

—o—A -—#B —&C D
H: A: LB-5%PEG6000 i{AREF7H E.coli BL21 (pET-28a-PalK3b )
Wbk B 2R KW B s B: LB-3% PEG6000 ¥ & 15 7% % 1 E.coli
BL21 ( pET-28a) W kM A KAEBL; C: LB K EE 37 H b E.coli
BL21 ( pET-28a-PaHK3b) WHRMAEK TGN ; D: LB IR IAK: 373
E.coli BL21 ( pET-28a) BKEMAE KB,
Note: A: E.coli BL21 ( pET-28a-PaHK3b) in LB-5%PEG6000 liquid
medium; B: E.coli BL21 ( pET-28a ) in LB-5%PEG6000 liquid medium; C:
E.coli BL21 ( pET-28a-PaHK3b) in LB liquid medium; D: E.coli
BL21 (pET-28a) in LB liquid medium.

5 XBAFF & E.coliBL21 ( pET-28a ) #0 E.coli
BL21 ( pET-28a-PaHK3b ) E#k7# LB & LB-
5%PEG6000 &k 3E s E A K H £k
Fig.5 Growth curve of E.coli BL21 ( pET-28a ) and E.coli
BL21 ( pET-28a-PaHK3b ) in LB and LB-5%PEG6000

liquid medium respectively

3 it

21 SR TR PR AR I P R A S b, B AR AR
T4 JBlh 2 e 1 v % AR RO, Bl R ST AL
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Cloning and Functional Analysis of Histidine Kinase Gene
PaHK3b in Poplar '84K'

LU Jun-gian, WU Shu, ZHONG Shan-chen, ZHANG Wei-xi, SU Xiao-hua, ZHANG Bing-yu

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

Abstract: [Objective] Using Poplar '84K' (Populus alba * P. glandulosa) as material to clone the promoter region
and coding sequence (CDS) of histidine kinase gene PaHK3b, then to detect its expression and identify its functions,
so as to provide clues for analyzing the function of PaHK3b in growth and development regulation of poplars and for
molecular breeding and genetic improvement of poplar. [Method] Based on the published genome information of P.
trichocarpa Torr. & Gray, the promoter region and CDS were cloned using the specific primers designed. The conser-
vative structure domain and promoter cis-acting element were analyzed. At the same time, in vitro plants of Poplar
'84K' were treated with several plant hormones (10 pmol-L™' ABA, 10 pmol-L™' 6-BA, 10 pumol-L™' IBA, 10
umol-L™" GA3, and 10 pmol-L™" SA) under various abiotic stresses (42°C, 0°C, 200 mmol-L™" NaCl, and 5%
PEG6000). Differences in expression and response of PaHK3b gene were detected. Furthermore, the prokaryotic ex-
pression system was used to study the biological function of PaHK3b gene in vitro. [Result] The PaHK3b gene was
3060 bp in length and encoded 1019 amino acids. PaHK3b protein had a typical cytokinin receptor domain, a
CHASE domain, a HisKA domain, and a REC domain. Besides, a large number of common core elements of TATA
box and CAAT box, a number of stress-related and hormone-related regulatory elements, such as low temperature re-
sponse element LTR, defense and stress responsive element TC-rich repeats, gibberellin responsive element GARE-
motif, salicylic acid responsive element TCA-clement etc. were predicted in the promoter sequence of PaHK3b gene,
that closely related to the plant hormone and stress response regulations. The qRT-PCR results showed that PaHK3b
gene was expressed the highest in leaf, medium in root, and least in stem. The transcriptional levels of PaHK3b gene
were about 2.67, 2.61, 2.28, 1.87 times that of the control respectively under 42°C, 0°C, 200 mmol-L™" NaCl, and 5%
PEG treatments. Under IBA treatment, the transcripts of PaHK3b were not significantly different from that of the
control. The expression of PaHK3b were down-regulated under the treatments of 6-BA, ABA, GA3 and SA respect-
ively. The growth of the Escherichia coli strain with PaHK3b prokaryotic expression construction in LB liquid medi-
um supplemented with 5% PEG6000 were faster than that of the control. Meanwhile, the growth of the E. coli strain
with PaHK3b prokaryotic expression construction on solid LB contained 50~150 mmolL ™" NaCl was better than that
of the control. [Conclusion] The promoter of poplar '84K' PaHK3b gene contained cis-regulatory elements, such as
stress response element and hormone responsive element etc, showing that PaHK3b gene is closely related to the re-
sponse of poplar to hormones and abiotic stress. It is confirmed by abiotic stress treatment, hormone treatment and
prokaryotic expression that PaHHK3b gene participates in the signal response of plant hormones and plays an import-
ant role in poplar response to abiotic stresses.

Keywords: Populus alba x P. glandulosa; poplar ‘84K’; histidine kinase; expression pattern; prokaryotic

expression
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