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Overexpression of Populus euphratica PeHINT2 to enhance plant salt tolerance

Dai Xinren'? Yang Yanfei® Ren Xingrong® Ma Qinghua' Li Jianbo'
(1. Experimental Centre of Forestry in North China, Chinese Academy of Forestry, Beijing 102300, China;
2. State Key Laboratory of Tree Genetics and Breeding, Chinese Academy of Forestry, Beijing 100091, China;
3. College of Forestry, Shanxi Agricultural University, Taigu 030801, Shanxi, China)

Abstract: [Objective] Populus euphratica, renowned for its exceptional salt tolerance, serves as a model
for understanding salt stress mechanisms. However, the currently identified genes remain insufficient to fully

elucidate the regulatory network underlying its salt tolerance. This study aims to identify and investigate the
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function of PeHINT2 gene of P. euphratica under salt stress, with the goal of providing a theoretical
foundation for elucidating the molecular regulatory mechanisms of salt tolerance and advancing molecular
breeding for stress resistance in forest. [Method] The PeHINT2 gene was cloned from P. euphratica, and
its protein sequence features were analyzed. A phylogenetic tree was constructed and subcellular localization
was determined. Using Agrobacterium-mediated floral-dip and leaf-disc transformation, PeHINT2 was
introduced separately into Arabidopsis thaliana and 84K poplar. The effects of PeHINT2 overexpression on
plant salt tolerance were then comparatively analyzed at phenotypic, physiological, and molecular levels.
[Result] (1) PeHINT2 belongs to the HINT2 subfamily and carries the typical * His-X-His-X-His-XX”
histidine triad motif, showing the closest phylogenetic relationship to HINT2 from Populus trichocarpa and
Arabidopsis thaliana. (2) Subcellular localization revealed that PeHINT2 was targeted to chloroplast.
(3) Under salt stress, the expression of PeHINT2 in tissue-culture seedlings of P. euphratica increased
significantly, showing a rise-then-fall pattern as treatment time progressed. (4) Under salt stress, Arabidopsis
thaliana lines overexpressing PeHINT2 exhibited significantly greater leaf growth, root length, and fresh
mass than wild type, and the reductions in plant height and stem diameter of transgenic poplars were also
markedly smaller than those of wild-type poplars. (5) Overexpression of PeHINT2 enhanced the efficiency
of PSII electron transport, actual photochemical efficiency, photosynthetic performance, and light
adaptability in poplar under salt stress, while alleviating oxidative damage by reducing reactive oxygen
species accumulation and increasing the activities of antioxidant enzymes such as superoxide dismutase,
peroxidase and catalase. (6) Expression levels of redox-related genes (CSD2, APX2, FNR, and NTRC) were
significantly up-regulated in PeHINT2-overexpressing poplars under salt stress, indicating that PeHINT2
may regulate antioxidant capacity by influencing these genes. [Conclusion] PeHINT? responds to salt stress
and may enhance plant salt tolerance by improving chloroplast photosynthetic efficiency and strengthening
antioxidant regulation. This study provides important evidence for elucidating the function of PeHINT2 and
offers a key genetic target for the breeding and improvement of salt-tolerant forest germplasm.

Key words: Populus euphratica; PeHINT?2; overexpression; salt stress; 84K poplar; Arabidopsis thaliana;

stress-resistant breeding
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Hh X AR S A, A e Vb e AR AR X v B
A D 45 7 T A AT EARRIER . 5 H AR A
Lt A7 DL AW i 1 i 52 4 A 3 14 17 1) 44, Be AR
450 mmol/L NaCl Jfipif T LR IR A, 2R FIARA
TP & B ) e AR A AR O R e o R R A
e 4= 3 R AH SR BE 73 AT (GWAS) B 46 72 ) PeERF1%,
DBRHS57", PePKS5™, PeBZR1PV'FI GLABRA3'4%
Wit £ AH DGR, 2 H AT O R AR A 2 DL
T H S8 B[P Eh 2% o TR ONER TT AW I 5 3 DR 7 25
T BE T LU A AR AR AL, R
fiif ERARA B Fh & HE oG PR S HE

H R = B AR A% R 45 & & [ (histidine triad
nucleotide-binding protein, HINT) J& T 7 2 1] HIT ##
F NN ERSF B IRES G /A 03 |12 A7
1ET 3 B A & A U, HINT & H1 M
A figi v 43 B I B 4 AT AE 1) B RS C AR 5
(inhibitor of protein kinase C, PKCDP!, J5&lmf 7o
RINZ B A5 fR5F I His-X-His-X-His(HIT) % ¥,
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A HINT 8 [ HINT1CE 258 47 T 40§25 D) HINT2
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15T LAY DA S R T A e S

T ) HINT £ F H 8 508 6 &b, Ho R0k
(Zea mays)Zm-HINT & 4 §i B 78 %8 ¥R A\ B HE
) HINT R YEFE R . Wu 25095 50 R B, Zm-HINT1
€ L E 91 M A% Zm-HINT1 1) % 5 B 75 K W iR
(salicylates, SA)EL 7K #i I (jasmonic acid, JA)4b B
Ja 3 Ll 7ERURE T (Arabidopsis thaliana) 7+ 575
i Rk Zm-HINT1 P . 25 58 9 08 R 0 R 4 Bl 00 B8
(Fusarium graminearum) ] Pu 1% o Zu P — 0
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ScHINT1-SBT-PAL i BE 5% B, i 2 37 14 4 (reative
oxygen species, ROS) K-, BET 52 0 H I 2252 7 4F
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WL TEOEITEE S Z RMEER, RIEYIEIE R
PEWF AL T B A 78 2h B85 (Suaeda salsa)
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AT 5 38 0 06 A A 32 AT 4 2 DR 20 =10 A
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BEAT AW S 553 M 4 i 5 o7 AN SRk 458 i 9
FEK AT B A T I A6 T IR Ge v Al i 5 7 AR
PeHINT2 & [ 43 5] i Ak 40 7 I F11 84K 5 (Populus
alba x P. glandulosa), \FAL, LB 5K F E &R
G R AT I Ik PeHINT2 S AE i &5 1 1 5, 1
M 4& 7~ E PeHINT2 7 35 iy 18w 53 72 v i D RE
W FC 45 BB NRNT T8 PeHINT2 ThREFR AL B B4,
TR 5 5T B3 U5 1) & e R 4 ik O B 1 2 [
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1 MRS 7

1.1 SEIg#AY

AR AR B B R RS AR A T, 400 5T
F1 84K ¥ (Populus alba x P. glandulosa) ¥ A} 32 FiiiE
R Rk &S Re 2 0 e S o VIS M s SRS =
K404 16 h L I8/8 h HRG, BRI 25 C.
1.2 HRFZE
12,1 Be kR LEL A & F o7

{i | RNeasy Plant Mini Kit (Qiagen)$2 B 5 #)
HF L RNA, JFiliid FastKing cDNA 25— 555 il

A & CRIR A, 1 5 RNA 5% 9 cDNA,
Hi BE 40 5 /F 09 PCR AR . 5 W14 PeHINT2 3
(CCG02238 W /¥ Jy 511 5 & R ¥ 1 [F] ¥ 2k
(Potri.015G124700)ZE4T ¥ B ELXT, Ja R4 PeHINT2
J7 H A% F primer 5.0 ¥ 4F % 11 51 ¥ PeHINT2-F 1
PeHINT2-R(% 1), i PCR #E4T 2 & K53 .
I FH R [l ATt ) 5 (o W B D BEAT 77 0 BT WAL, s [l i
B B A BOER: pMDI19-T #44k (Takara), & #
PR K FE A DHS 0, HEECER 50 B BEAT VA PCR
BGAIE, B A T V0 4 5E

¥ PeHINT2 )& 312 5 51347 NCBI BLASTP
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) il phytozome
BLASTP (https://phytozome-next.jgi.doe.gov/blast-
search) LT, EHUERY (P. trichocarpa) L7 7+ 1
F KB FEYE HINT & H 781, ik E kKR CE K
HBE SCHINTI 7511, ffi il DNAMAN 7.0 #£47 &

®1 SIMEREFT

Tab. 1 Primer names and sequences
ElEZE2 ElEZ 2]

PeHINT2-F ATGGCTGCAATTGGGTCTTT
PeHINT2-R TTAACCAGGCGGCCATTTC
qRT-PeHINT2-F GGAGCTCCAACCATTTTTGA
qRT-PeHINT2-R CCCAACACCTCTCCATGTCT
i SSACCHGCCIGTGGTGC
PeHINT20x-R g{j%l;}CCCCTAT;?fCTAGTTTAACCAG
gFNR-F GGTTGTAGTTTTTGGCTAGAAAATCC
qFNR-R GTGTGCTTGAAACTGAAAGATTC
qNTRC-F ATCACAAAGCATAAGGGCCAG
qNTRC-R TCCAGCTGCTTCTGCTATCTC
qPRXA-F TGCCTGGGCAGTATAATCAGC
qPRXA-R AGCCCACCCAAATCTCAGTC
qPRXB-F AGGTCCATTGACTCCTGCAAC
qPRXB-R TGGGAAGCAGGTAGAGTGTTC
qCSD2-F CCATCAGGGGAACTTCTTCA
qCSD2-R AATCCCAAACAAGGGGATTC
qAPX2-F GGCATTCTGCTGGTACGTTT
qAPX2-R GACCTTCTGGAGGTGGATCA
a-actin-F ACCCTCCAATCCAGACACTG
a-actin-R TTGCTGACCGTATGAGCAAG
Hyg-F ATTGACTGGAGCGAGGCG
Hyg-R CTTCTGCGGGCGATTTGT

TE: T RIZNEARFIRE P51
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F4RE 5 7 91 48 primer 5 % 11 SE I 5% )% € & PCR
(qRT-PCR) 3|4 qRT-PeHINT2-F 1 qRT-PeHINT2-R
(% 1). L cDNA N, LA a-actin NN SHEA, it
1T QRT-PCR. KH 27 J7 k1155 PeHINT2 I AH %}
Rk,

1.2.3 S| g A5 o7

F|F pCAMBIA1300-GFP # 1%, #) % PeHINT?-
GFP V.4t i 5& £ 244, 48 Yoo S 77 3447 1
FFE A FUAREAL, 3BT LSM 510 0 1 5 48 B s
(ZEISS, f# [E) W gZ PeHINT2 )3 41 i 5E 7
124 R BARGG M AT

R 45 70 % 15 31 (1) PeHINT2 3£ [ CDS JF 41| i%
it 5] %) PeHINT20x-F Al PeHINT20x-R(F 1), #E47
PCR ¥ ¥4 )5, MW ™=4; [FIRS, ¥ pCAMBIA1302 %
P H Neol Fil Spel (NEB)IEAT XU EE V) I [F10s, DAZE
PEAL B A o K I RN Fr B A48 44:87 F ClonExpress
IT One Step Cloning KitCi# Ml #% )it 771 &5 85 4 % 2,
ALK B #F 1 W IE #5543 3 pCAMBIA1302-
PeHINT? jof %k 8 A, 48 BmE A, i a4 302 6
pCAMBIA1302-PeHINT? i 3 ik # 7k i N & AT
GV3101.

218 Clough S5V 7515, SR AAT I A T (14
JFI2 Gk i U rE ST AT B AL A Ak . 4% I Wang S5
(1771, FIHARAT B F BT 84K i kAT
WAL A . TE W B R IR R 2 LI 2, ¥
FHVEAE AR AR AR IR, H 34T DNA %5E, i@id PCR i
A7 P R (51908 Hyg-F 1 Hyg-R, 55L& D
K, 5% )5 19 2090055 TF A 84K AW e S IR R ko DA
FHESLRIVR R cDNA NBEAR, F ] qRT-PCR il
SE R EEFE N Bk R P PeHINT2 3£ R KI5 &, tHH 7k
MW ZEEH A 1.2.2, ik REER G PR R, 3#1T
Ji BRI ERAE AT

1.2.5 AARK F AT ST
1.2.5.1 PRI EFR RE BB

IEFE 2 A PeHINT2 RiIE/KFH 464 T3 AR
FUFG I+ (AtOE-3 Al AtOE-5) 3k 47T £6 ¥4 43 #7, %6 H
70% WS T 5 min, ] 2.6% K R BRI
e 10 min, 437505 B A= B CWT) Al 2 I S0 g T+
TIHEE G, FEALE 12 MS AR 985 (12 MS +
10 g/L JEFE + 10 g/L BifiE, pH 5.8 ~ 6.0 IEH 4K 7 d,
R PEH 100 mmol/L NaCl ] 1/2 MS [El {45 77 3k
AR 7 do MG E WT AR RAEK
50, D E FF i s H A i S ARG .
1252 #E5 84K MR

¥ 1 I WT 1 PeHINT2 % 3] 84K # bk
RABWBRBNES TP GO R R TR ERA
AL N 311, 2 N H TG, G # RN A KR B AH A
) 84K 4% WT FlE L RIAE R, 1% 8 Tang™ ) )7 7%:5>
SHEAT SR B AL, FEAE 20 d A1 30 d SR DS . X
TR MEMREE 3 d B2/K 100 mL, 4bFHZH NaCl #)454b 78
WLV BN 25 mmol/L, PL%E 3 d 14 25 mmol/L 1
B &0 27, B2 9 KA F] 100 mmol/L, 435
R AREE 11 d A 21 d J5, FTEKEEMR M AR I 5 35
7t 3 d, BEJE AT RADUEL, Ff et bk s AHAR R VT
fl R R AR KR O, AR R 0 B & 5 AR B,
BCP- 48 .
1.2.5.3 HEEH 84K M6 AR T

1T PS I PR ol dE Gl 52 0 3k e 25
WU, BRI A 50 2 2% 0 4 75 5560 %, R AR
#3 Yaxin-1161G M £¢ 2 5O GO 4% 25 9 618 45
HEAT IR o 0 0 3% B IE % 58 NaCl b 3 & - T 10
84K # WT Fll PeHINT2 % B2 RIfE bk 656 4~ 6
e A R IF I, A R SRR e, I Ak
20 min; 5 4 000 wmol/(m? ) 38 7 Al fik v Ak B
1's, 1500 umol/(m*s)FI1E I AL EE 9 so 4K Y &
VLTS3 WA 5 6 (F)s mKEE(F,) PSIHEAL
FHER R E(qP) PSITAE AL 48 K F H (gNOF!
PS I SE Rl 2 8 2 (Dpg D> TG PSR
KRR (FJF, e F,oN Fy 5 Fy MZEE.
FEANRRWGE 3 ¥, RIS 3 i1
1.2.5.4 HERE[K 84K A% 1tk 20K Ml

RHE Yang S 71k, o BB KT IR
BZ NaCl Kb 3 4615 R 1) 84K # WT F#EFE R bk R 45
4~ 6 Fom R F, B FT LA (FLAEN 1 em)
AL, B A BT M (B A% 9 cm), & MK
B30 Ff o BEJE AN TR 10 mL.
1 mg/mL 1) — 2 25 15 2K Jiz (DAB) A 5 DY 40 e i
(NBTC WA TORA . FEaTE 37 C N
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1.2.5.5 EEH 84K M hi A L ERTE M4 BT

43 91 A SE AL 2 AL il (SODD . it 48 Ak 0 i
(POD) A3t S A S Al CCAT) 3 A4S I 38 77 ) 5 1F
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SOD. POD FI CAT ¥, PR RIIEE 4 58
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AL W E 3 MEYFELR, 3 KEAELR.
12.5.6 IR 84K Wy SR A AL IE JF R 48 < i 3k
PSRN Sy

BIEHE AR 1 7R 84K 4 WT Fi: 52 R 20 52
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At NI TT, Zm NEK, Sc NHE, Potri NERY . BOFLRRFRFIHER =BAMHITEF.
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Fig. 1

Phylogenetic tree (A) of PeHINT2 and protein multiple sequence alignment (B)
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Fig.2 Expression pattern of PeHINT2 in Populus euphratica under salt
stress treatment
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21.00%, 1 &b BE2H 1) % Jk R A B ) M AR AR B T
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Fig. 3 Subcellular localization of PeHINT2
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Fig. 4 Phenotypic analysis of PeHINT2-overexpressing Arabidopsis thaliana
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Fig. 5 Expression analysis of PeHINT?2 in transgenic poplar
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Fig. 6 Phenotypic analysis of PeHINT2 transgenic poplar
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Fig. 9 Expression of chloroplast redox-related genes
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