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Abstract: [Objective] This study aimed to reveal the physiological and molecular regulation mechanisms
of PeCPK7 in plant salt stress tolerance. [Method] According to the CDS of PeCPK7 in NCBI genome
database, the PeCPK7 was cloned, DNAMAN was used for amino acid sequence alignment, and Mega 7
software was used for evolutionary tree construction. The mechanism of PeCPK7 in salt stress was studied

from the level of physiology, biochemistry and molecular biology by Arabidopsis thaliana overexpressed
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lines (PeCPK7-OEl, PeCPK7-OE2 and PeCPK7-OE3), the wild-type (WT) and vector control (VC) as
experimental materials. [Result] (1) PeCPK7 was highly similar to CPK7 in other species, and was closely
related to PtrCPK7 family of Populus trichocarpa. (2) In salt-treated Populus euphratica seedlings, the
relative expression of PeCPK7 reached the maximum after 6 h of salt stress, and recovered to the initial state
at 48 h. (3) PeCPK7 was localized in the cytoplasm. (4) After salt treatment, the survival rate and root length
of overexpression lines were significantly higher than those of WT and VC. (5) Na" and H,0, accumulated
in the root were significantly lower than those of WT and VC, and Ca*" was significantly higher than WT
and VC. The Na' efflux and K" influx were significantly higher than WT and VC. (6) Under salt stress, the
activity of antioxidant enzymes (SOD, POD, CAT) of overexpression lines were significantly higher than
WT and VC. (7) The decrease of chlorophyll content, PSII. maximum optical quantum efficiency, actual
photosynthetic quantum yield, relative electron transfer rate and the photosynthetic rates of overexpression
lines were higher than those of WT and VC, while the intercellular CO, concentration was lower than WT
and VC. [Conclusion] Overexpression of PeCPK7 gene can improve salt stress tolerance of Arabidopsis
thaliana, which will provide a theoretical basis for improving plant salt tolerance through genetic
engineering.
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M NCBI 2 5 4 45 128 3R BU A PeCPKT 3k
R4, PLHE RS 7 %1 (coding sequences, CDS) AR
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BEAT PCR 44, X M AK RN 2 x Flash B 12.5 uL,
ddH,0 8.5 pL, cDNA 2 pL, E. FH#i5I %% 1 pL.
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(Gossypium hirsutum)~ $\FG5+(Arabidopsis thaliana)
3% Capsella rubella) % ~(Raphanus sativus)~ H¥
(Brassica oleracea)~ ¥ Mii (Solanum lycopersicum)-
K 5.(Glycine max)~ /K¥& (Oryza sativa) £ K (Zea
mays) 55 H AN AEY) ) CPK7 Rl YR & A 7 41 . @it
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JIg HE 5 B B Uk . 4l 4k PeCPKT B CDS X 32 A1l
pCAMBIA1300 % 4 B U] v B, 16 °C i & 2 Al
W=, AR R ONEAR 1 uL, B IR BL 6 uL, T4
DNA %85 2 pL, Buffer 1 pL. SR )55 N K AT
DHSa &2, 7656 RIAFE R P LB PR L i
W PHPE ST . BT PCR %852 K P, $2BUT R,
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¥ = 415 B pCAMBIA1300-PeCPK7 Fl & ik
# & pCAMBIA1300 % N\ & F B GV3101 &2 &
YR A, Y85 VKIS 30 min, WA 5 min, 37 °C K
5 min, VK¥ 5 min. [ _EIR WA N 500 pL LB,
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Tab. 1 Primer sequences used in this experiment

Elk R LiEsI (5—37 TSI (530

Primer name Forward primer (5'-3") Reverse primer (5'-3")
PeActin7 ATTGGCCTTGGGGTTAAGAG CACACTGGAGTGATGGTTGG
AtACTIN2 GGTAACATTGTGCTCAGTGGTGG AACGACCTTAATCTTCATGCTGC
AtSOD AGGAAACATCACTGTTGGAGAT GAGTTTGGTCCAGTAAGAGGAA
AtPOD CGTGCCCTTCATATTGTTGG GACGCCATCAACAACGAGTC
AtCAT AGGATCAAACTTTGAGGGGTAG CTTGTGGTTCCTGGAATCTACT
PeCPKT GGGGCCCGGGGTCGACATGGGT CCCTTGCTCACCATGGTACCA

PeCPK7-RT-qPCR

AATTGCTGTGTAACCCC
TGCTGTAACCAATGAATCCGG

CTGGCTACCTGCAGTGATCC
TAATGCGCCAAGATATCCCTTC
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i, BRI 15 BRYITEFE B 5 H 10 mmol/L Ca*
S MR G IR 4 (Rhod-2/AMD I ¥ W, BEE I &
2 h, ddH,0 &%k 4 5, H Leica SP8 it LR A
BRI Ca® Rt 3 5, WK P KN 522 nm, K4
WK N 578 nm, T Imagel T AT 7 IR E . LA
AR AR 3 HE S
1.8 ihAiE T E E IR I+ i | EE A E L
B SN EEE X E ERIA KRN

W T 153 20 T3 AHU R I &k R P07 4 1 3
flF 0. 75 mmol/L NaCl [fJ 1/2MS ¥ 723 b K
10 d JEHL 0.1 g %Pk 5 40 P 75 1A T 0F B ok K
IRNFR G, FH 100 € i 28 A ) AL B (superoxide
dismutase, SOD). i S A W)l (peroxidase, POD). i
45 1k & W (catalase, CAT)VE % » TRIzon ¥2: 42 BY &
RNA J J 5 5 i cDNA, PLILFE IF AtACTIN2 3 [F]
NN, it RT-qPCR ¥l 4tSOD. AtPOD. AtCAT
BRI RIL K. BEMAL B 3 HE .
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KA — 0 H R A7 M40 5 B HEAT I 5 Be /K b 2R
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PERXTIE, e R R RS G R G EMLE
ZH . BAMRRELR 3K BUFHME.
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AT EAX (Li-6400X T E e S5, BEE e
A (PO BRI BE(CD» AR RESR
Wi 3 R, BEFA1E .
1.10 RS

RIEEHR T Excel. Mega7. DNAMAN, Image]
A AT A EE A4 1T, Graphpad Prism8 2 & . J# i
SPSS 25.0 AT LK K 5 = A, B HEAKCEI /N T
0.05.
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2.1 PeCPKT EEHRIESIERF IS

¥ PeCPK7 5 ER M. £, Al Al Hi4E.
PRFF. I, & b HE i K. KRG ToKK
CPK7 [R5 B AT =2 B 7 51 70 i o PeCPKT7 2 5
g 5 H A ) Fp CPK7 [F 5 7 51 1 A I8 14 £R 7 72
75.91% ~ 99.06% 2_[8], ¥i B PeCPK7 744 it #2
B RS E(E 1A . RG AR 45 1%
B, PeCPK7 5 H A ¥ b ¥ CPK7 A 1 B AH AL 1,
H5EBR M PrCPKT KR4 K R ik (E 1B).
2.2 PeCPK7 EREEHHIH F PHRIEERNX

F 75 mmol/L NaCl &b 3§47 4h 1, Wl %€ 75 £ &b
0. 3. 6. 12, 24 48 h J5 MM A+ PeCPKT 3K 1A
&, fi A NaCl &35 i (5] (38 0, $A% PeCPKT 3%
IKEAEAL T 6 h J5i5 B i i iE, I BB m TR,
219 0 h I RIE B 2 £5, 12 h BFFE R R, B 5
FiEm T, 2 48 h MR E B RYPIRE, 5X TS
WEZERE2),
2.3 PeCPKT HEFMBEITHHIESEE

DNA %5e 851K 3A) SEon: B BN 1605 bp,
B A R CWTO R 2 8 (VO 26415, HAh bk R 78
1 000 ~ 2 000 bp 2 [A]F B.— 5k, Z Ja ksl s
T3 . N E R FKE &R PeCPKT [3RIE /KT, $EHL
T3 AR I+ 7% kK R HI S RNA, 58N cDNA, [
POCE R FIA TS . #HET WT F1 VC, PeCPK7
TE T % BRI MR R b i 3k B35 2 35 4y, I L
A X 22 3k B B = #k &R PeCPKT-OEl, PeCPK7-OE2
M PeCPK7-OE3 #1475 235 (& 3B).

2.4 PeCPK7 BYIF4H A E i

¥ PeCPK7-GFP [1) il & & 15 ABA ¥ %2 14
PYR1-mCherry [ 7EMHELLHI Hr kN ik . PeCPK7
5 GFP & & H, @A T200054, PYR1-mCherry
JE AL T4 B B A4 ez, 3L 5E 67 5, PeCPK7-GFP
HI25 092 65 PYR1-mCherry [ 21 €80%5¢ 't 75 41 i i
H &, UlHH PeCPK7 & Ar T-40 )it 7 (B 4).
25 #HAME TIEFELERHERRS

¥ WT. VCHI i 3£ ik #k & (PeCPK7-OEl,
PeCPK7-OE2 Fll PeCPK7-OE3)#%Fh3] 1/2MS £ 775
b, AEK 7d AR B SRR 15d )5, A 75 mmol/L
NaCl 4B 10 d, WT A1 VC B9 /N H BT 48 8
IR, dRIER R K RAF, w sk, WA HEE
IR 5.
2.6 EHEME THIETHMFERER

W LB IT & MR R 5 #E R S 04 50, 75,
100 mmol/L NaCl ff] 1/2MS #5973 F, 4K 7d. £
TEHEFRE KB -HATLEZEER, MAEMA
NaCl ] % % 3 I, PeCPK7-OE1. PeCPK7-OE2 Fll
PeCPK7-OE3 I KALHELFT WT 5 VC(E 6A).
50 mmol/L NaCl 4b ¥ J5, it RiEvk RFFFFAEF R
N 86% ~ 96%, 5.3 T WT(84%)F1 VC(84%); 24
NaCl ik F &3] 75 mmol/L I, I RiLkk £Fh 1417
FARFFTE 85% ~ 92%, WT F1 VC AL N 78% il 76%:
NaCl ¥ FE & 3] 100 mmol/L i, i R iE#k R F4E
17 3 AE 76% ~ 86%, WT Fl VC 1L N 72%- 70%, it
KIEHRE WT M VC ZRrEE(E 6B). DL R
Ui, TEER AL EE R, SR T SR RN A KR F|
k), (E Rt Rk W ST AR A R B TR AR
B2 Ak X W] PeCPKT % R BE W5 $2 DL B OF
(A £
2.7 EEME TEEFHIRKETH

TET R IR E R AU IR K AEK IR #
25, 40t NaCl Ab B 5, &3 B2 B0 B2 1R e L DR Ak &
(PeCPK7-OEl, PeCPK7-OE2 1 PeCPK7-OE3) ] 3
WHEZEKT WT 5 Vel Ir, HH 75 mmol/L
NaCl Zb 3 T &tk RIVRBX B E N EE, HHAS
P 5 DL RS T AR K, A SC L 75 mmol/L NaCl 1E 2Ky
Ja SEARIE AL ERIR B (] 7A, B
2.8 EhAME THEEREMEITFEMNBSENTK

T A B Ak B S bR R AR LS E AR
o, XoF R A B %A T 5 Ak 2R 4 I A2 45 405 R P AT
ELi M. Bl 8 fEoR: 75 mmol/L NaCl 4B 5, Tl
0L FE T R A L5 28 5 00 HE (0 mmol/L) AH LE P
BB, IH IR NaCl B IR 7 AR 41 i s fr) 52
ek, Hodr WT fil VC JAHX B SR 0 505 T 25%
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Fig. 1 Alignment and phylogenetic analysis of PeCPK7
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Fig. 4 Subcellular localization of PeCPK7
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Fig. 5 Growth state of Arabidopsis thaliana after NaCl treatment

2.11 #EME TIETT Ca* S =MiE

Ca® fE N M N 1 55 A58, 2 5 N &
B G S SERE. EIEEAEKENT, T
BRI Ca¥ & EIRFS HZER A K. 4 75 mmol/L
S E b B IS, B R AR R AR Ca®' (A X 2 '
FE b T B R 2 T WT AL VC, 35 W NaCl 4t #
Ji» e DRI R e 8L R U A (1 e 35, A B TR S
T 2 SR a e (- 1D,

2.12 #EFFEEMNE TH Na'fl K'ii

7£ 0 mmol/L NaCl 4bBE i, Na'Ji i 1R i H. % #k
REBEXER. 4 75 mmol/L EHAbH 5, &Fk % Na'
AN FE 5 DR W B2 4 vy, O L3 BRI PR R Na'4h
TWHEEREET WT M VCU& 12A). 8] PeCPK7
RE 2 2 P = T AR A HF Na' il g

7£ 0 mmol/L NaCl 4b BB, K i 1R 1% H. % ¥k
RLBEZER. 475 mmol/L HHALF G, #Hk R K
KPR PA L 3 52 B SR M o, O HLIR R AR R 1) KPR
WEEEET WT M VC. £W] PeCPKT B % ik />
PUEE TR B KA (B 12B) o
213 #HEMETUEFHNREMEEEREEXE
ERiEKERETL

ih 4 ¥ J5 , PeCPK7-OEl. PeCPK7-OE2
PeCPK7-OE3 1) SOD & 144 0 mmol/L NaCl 4b ¥ &
= EFF, i WT A1 VC I % 0 mmol/L NaCl 4k #
B3 R 13A); 3hAREL 5 M JF %A% R 111 POD
Al CAT 3% P % 0 mmol/L NaCl 4b FE 15 & 2% F T+,
PeCPK7-OE1. PeCPK7-OE2 Fil PeCPK7-OE3 [f] I
THigE & m T WT M ve(& 13B, | 130).

ThALF S, % Bk &R SOD. POD. CAT %: 1K 1) 3%



11 RN L 3 RIE B PeCPKT $ 0 A it £544 69
A WT |ve |
PeCPK7-|PeCPK7-|PeCPK-
OEl OE2 OE3

. 50 mmol/L NaCl

75 mmol/L NaCl
A. NaCl X gh i AE K IR B, S ARG 0. ARINEZRRREREZ(P<0.05), R, A, effects of NaCl on seed germination;
B, statistical analysis of seed survival rate. Different lowercase letters represent significant differences at P < 0.05 level. The same below.
K6 ANFRIUSE NaCl 4B 40l B 501 AR A7 22 I s

Fig. 6 Effects of different concentrations of NaCl treatment on seed survival rates of Arabidopsis thaliana
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Fig. 9 Changes of Na" relative fluorescence intensity in root cells of Arabidopsis thaliana under NaCl treatment
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