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TR EEEE PagPRX19 XH5RIFE ‘84K’ LY IERIE N

HIER', BUER, HBEMY, FEAEY

(1. WiV M2 Molk S A F AR 22 BE, Wi A 3113005 2. BTl RS ALt il s g E R E
JRSZEGE, WL BTN 311300)

WE: (B8] AEHAY D ERLFTOEAYHAEART, PERMHAAEK, EZBEMEn, HHARERERA
(ROS) K-F 3, &R EAE, FrattkEFERLT . Bk, TiBdigRid AW PRX Fakm N K ARF, &K
ROS K-F, A ZAMH Populus #3588 /1, B PRX R AL REmH i B agpuhl, [ &5 ] 4RI 84K’
Populus alba x P. glandulosa ‘84K’ AM#At, £ W15 8 F 5B PRX R4 A PagPRX19 #4752 M 5 My s it & ik 4%,
1, RAFH Agrobacterium tumefaciens N~-57+ &0 KT R A MMk, VM4RIRA ‘84K’ PagPRX19 it & iAMitkA K 45d
HIE G Fe A K 2 AN A0 235 b SIARE, SHAT R AR, AR R A TR, VLA AR R A, A MR B
ABE BRRSERSFARRRFRIT SN, (4R ] OAKT PagPRX19 AR, M k&4, RFHARMR
Mk, o FE5 R 2 AT REMKER OF#] fo OER A M AHHMUE o b, @5 sFBAat, i R A MMM S TR,
W2, QH M AT, iF R K MHMANER T3 RE I A vt R 94 A B A K % B e A2 AR, 4R350 64 it AL
HEAHAAMLER . @I BEH AR E ROS K-F Ak, M B pa Fid AR HAkeT | o4k 6 ROS 45483 St BRAK #Y K
T Hphid Tk R A RE AT RIE R , vt R RN, ARl BRI EERK, NERFTHETHELR
M EARZO RS, [ 48] id KX PagPRX19 T AR 3 prid T AR 45 X B M4k 49 ROS K-F, ZMAMME, 38
PR MR, B 11 423

KEEIR: A 84K’ AL EE; WIREMREA (ROS); ks, &bk

FESES: S722.3 XRARSAS: A NERE: 2095-0756(2022)06-1163-10

Effects of peroxidase gene PagPRX19 on salt tolerance of
poplar ‘84K’

HUANG Qingchen'?, LAI Jianxin'?, HUANG Lichao'?, LU Mengzhu'?

(1. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. State Key
Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Salt damage, as an abiotic stress factor affecting plant growth and development,
seriously threatens tree growth. Under salt stress, the level of endogenous reactive oxygen species (ROS) in
plants increases, resulting in oxidative stress and affecting the normal growth and development of plants. By
enhancing the expression level of PRX family members and changing ROS levels, the salt tolerance ability of
poplar can be enhanced, and the mechanism of PRX members involved in regulating salt stress response can be
revealed. [Method] Poplar ‘84K’ (Populus alba x P. glandulosa ‘84K’) was used as material, and PagPRX19,
a member of PRX family, was selected for cloning and construction of overexpression vector by bioinformatics

analysis. Overexpressed plants were obtained by Agrobacterium tumefaciens mediated leaf disk transformation.
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The tissue culture seedlings of non-transgenetic plants (the control) and PagPRX19 overexpressed plants
growing for 45 days and the soil culture seedlings growing for 2 months were used as experimental materials for
salt stress treatment. The plant phenotype was observed and the physiological indexes such as proline,
malondialdehyde and electrolyte permeability were detected and analyzed. [Result] (1) PagPRX19 gene was
cloned, overexpression vector was constructed, and transgenic positive plants were obtained. After molecular
identification, 2 overexpressed lines OE#1 and OE#2 were used for further analysis. (2) Preliminary phenotypic
observation showed that PagPRX19 overexpressed plants decreased in height and increased in ground diameter,
compared with the control. (3) Compared with the control, the overexpressed plants showed lower leaf
shrinkage and plant growth inhibition under salt stress. Tissue culture seedlings showed similar results under
salt stress. (4) ROS level of transgenic plants decreased, and ROS level of leaves and roots of overexpressed
plants remained lower than that of the control under salt stress. The content of proline in overexpressed plants
increased, the water holding capacity of leaves increased, and the contents of malondialdehyde and electrolyte
permeability were lower than those of wild type. The transgenic plants showed high salt tolerance from the
physiological aspect. [Conclusion] Overexpression of PagPRX19 can reduce ROS level of transgenic poplar
‘84K’ plants under salt stress, alleviate oxidative stress, and enhance salt tolerance. [Ch, 11 fig. 23 ref.]
Key words: Populus alba x P. glandulosa ‘84K’ ; peroxidase; reactive oxygen species (ROS); salt stress;

salt tolerance

T HER ARG K T LR E R, SEGEY WK R ME, XSRS T AT R, o 2R (Nah),
AETF CHMWRE, FBRSSMBIR, XA Y& iE & W B, $h W30 6 5 B0 Y 8 IR T P
(ROS) ¥, 512 4 M B 05 58 R A Mg T, MR RA K KT ™, ROS VE A i iz 3 k0 i OB I+,
AR T, Wi E LR Ve, IUAERE GG ; EEACE TS, IR REaE G, FBUEYR
SFF AT R, SR ROE S, MR R Z B, gt ROS R E5 R A E ,
L0308 o 348 R T ST T R S A DG IS PR PRI P B9 ROS, UM S bt PR, A ALl R 48 &
FAFE R A LY LR (SOD) . i AL A (CAT). Pidhi Rt Wil (APX) . it Akl (PRX) %7,

TE/NZ Triticum aestivum Fid 363K TaPRX-24, FHARPUEACAE 1358, ROS TR, Tfihrksdm®,
FiJT Arabidopsis thaliana AtPRX19 2 5 h3E . T8 . WRFES) FELNE N, #13 ROS
fn, XY e A . AT, IR ST ArPRX19 FiAHE EE, ROS /b, HEAEMN A fE SRl
TEEA S N Daucus carota W 575335 OsPRX114 [AJAEFEAR AL S AL S (Hy0,) KT, B2 w8 A R 1 T 2R 1
E K Zea mays B PRX FE 5L ZmPRX26 . ZmPRX42. ZmPRXT1. ZmPRX75 Fl ZmPRX78 %5 T X}t 4%
R a7 N Z A AR A Y i aa e Y ER 4 PRX GG N BLE 1 R IRK A R (SA) . SKFTR (JA) Fl Lo
(ET) F K R,

TRFEMART R I3 B 107, 7S i SR PR AR SCHLER, X 1% 35 M R Pk B s MOAC i Fh B B0 L M F
TGP Populus PRX FGEXT MR SR P52, ARIF5R ISR AR 84K’ Populus alba x P. glandulosa

‘84K’ (84K #7) MM KL, A E PagPRX19 Wit Tk AR, BB HH H0, K, a8 T#H
R ERAHOCAE FHE bR, LUK PagPRX19 2 5 8¥E M Eh B b e 5L A9 B, A 4 3 & Fh i A
WA

1 MoRE 77

1.1 ##
G REh 84K 4, 1333k PagPRX19 ¥k & AARWIGT RS .
1.2 Fik

1.2.1 AH1Z85F 54  Phytozome v13 B4 5 HH 3R BT .4 Populus trichocarpa FIHIRG I+ i) PRX ik
R E PSS gISIX (CDS) F4 . Ja 3754, #IJH Plant CARE (http://bioinformatics.psb.u-gent.be/
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webtooLs/pLantcare/html/) 7EZ R AF X PRX Z 4 I s AR el . ffFH MEGA v7 8, I EEl
BT FII 1 PRX KGR GE KB, S HAm M RIS JF PRX 3 PR 5005 03 A 1Ak G 3R 1 1 [R5
FI|FH MEGE v5.4.1 (https:/meme-suite.org/meme/tooLs/meme) 7EZ AR F 43T PRX SR Fk AR < 45 Fay 4l
122 AR EAZFHEX >4 L ERK - 4K W E, 20 5 N ZE2 (SAM), 25 B 3~10 35 [
(INy~INyo) . FERJZ (Ca). %t (YL). B (ML), #R (R). KB Xy) BURE, B MR 3 492
FE L, RS E B PCR (RT-qPCR) A6 3% 3L K 75 A [R1 41 2 N 1 e ik =t
123 #ABWGRA 7 4K WA H A5 s FE T, i Blast JRECE R 45 PRX19 [FRFE K PagPRX19,
it gy 345 H A R (F 3519 . ATGTATACAACAATCATGCCT, R 5|4 : TTATGTATG
CATACTGCAAAC), ffiH Gateway H A4 g it iKUK 35S::PagPRX19, FIFHM #7101 Ak 84K #%3k
91 Fe ik PagPRX19 LRI F I,
124 Hmhibsaz®  OABEEHRALIE, DA 45 d i RIARE DMRE, DL 3 R R S %
W Eh A L TR 25T 100 mmol- L' 068N (NaCl) A MR B3R 3L, X HELHFETH 26 T 0 mmol- L 'NaCl 2B AR
Wi sk, RAHACER 12, BRREE 2 ART0ZE. EFRIRESN 23~25 °C, JLSHCH 8 h/16 h(REEHELIR), AbH
25d, WERMMRAER BIER a0 T Ehae Sy . @ EEhha b3, DR AR 2 AN A Bad Rab R R N SL 5
MoRE, DLARFEFEDIAE R A IR, RRZH AR 5 pk . R0 2009 2 d B 11K 100 mmol- L' (Y NaCl %3,
X HEATRE 2 d PEfE 1 ¥k 0 mmol- L™ (1) NaCliE W . 5 3RIRE N 23~25 °C, SRR 8 h/16 h(RKE /St IR).
ARFR 7 d, BUREIN S &I A FREE bR, AbFE 12 d J54A IR0,
12,5 Amigirme ORI E . SRR (B et dk, A107-1-1) W Ml 25 i
TR QXS E KR E o BOR B Fric S EE TR (W), 21K (ddH,0) ¥R 24 hiid st i (W),
65 CHLAE T 3 d, e TR (Wp)o M H X & K B =(WeWp) (Wi—Wp)x100%"), @ [ (MDA)
J B R FE I AE o FREUEIM A 0.2 g, JINA 4 mL BRI N 10% () =5 LR (TCA) W RURTA S b i
JEZE 510, 4000 remin B0 10 min, B EVEW 2 mL, A0 2 mL BiACE 2 B2 (TAB) IE i, AN
2 mL ddH,0. $&2))5#/K¥# 15 min, —20 °C #H & H1 )5 4 000 r-min™' 8.0 2 min, B EEWR, 78 532 F
600 nm I K IR OEEE . MDA ¥ Cypa(umol- L™)=[D(532)—-D(600)]/155x1 000, MDA Jifi f JB /R i
J& (nmol* g™ =(Cypa* Vi i)/ Fre s 1o @HLAR BTIE 1 M58 o R RUBRFERIORE, A 6 mL
ddH,0, 28 C#EKEH 1 he BURMGE 1 IR ME (G)). /KW 30 min, BRI EEHE, FBAWES 2 1K
HFEH (Gy)o HURBBER=5 1 O A/ 2 I FHx100%"7, GROS /K- Ml . DAB YL 5]
R & (R3KFE, DAL010) @il HyO,; SIS ZIMEEE (NBT) By A (REFE, N8140) YL il 8
AT (05).
2 HERG
2.1 #%H PRX BEERENEYEREST

il R T M E R4 PRX ZIGEWRIIERE P8, MERGE LK BW (B 1) IFSEFT IR 251 3805 B
(F 2) BRI : ZGEEER = BEORSF . % PRX BE R 05 I sl A7 XA F e i (1B 3) 3 %k
FIGL G AN AR R (AA). VAR (ABA). AT H R (MeJA) S5 M BE T LA S i 7 (I |
F5 . ERFESEAYMNE MIIRECE. K, PRX FKiEMRYIE K A B MS SRR ST E iy 2R
o BEM Potri004G052100 (84K 1% [RlHILK A 44 A PagPRX19) SR IT AtPRX19 (412G34060) [ [7]
KRBT, MREW . APRX19 Z 58 HIREIT OPTai e o, 5 = R R A 5L PRXT9 B
WIBE. BEAh, PRX19 Ja 8+ XIS A SEMHE B UK IAA . ABA Fll MeJA S5 E AR S E T
., S 5Pt h . LI PagPRX19 3 F 43 7 o AE 84K B h I R AL (B 4), 45 BIR .
PagPRX19 SERES N H FRIE, AEARTRFR L R R .
22 HEEBEMNRIERESH

X B D AR RAS Y 6 BRAB AR AT PR B 2452 , 383 RT-qPCR 43t AN FHMEVE R PagPRX19 f3R1k
W, EICT A IR A B R 46 F1 12 509 2 MR R OFE#L . OE#2 HATRISHT (B 5). 43l i
6 HRAEK 2 MR LIS ST RS AR R I . MRER OE#1 BIBKE (44.15 cm) 5%F IR (47.36 cm) AH HLAR 2
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Figure 1 Phylogenetic analysis of the PRX gene family

TR (P<0.01), MR OE#2 MIKKE (46.58 cm) SXTHEAHLILTC B 22 57 0 tR AR OE#1 (HIAR (3.42 cm)
1 OE#2 [ ML 4%E (3.49 cm) 5 X R (3.22 em) A LAl 8 35 38 0 (P<<0.01). B AR % 3 it #E 17 DAB 1
NBT fb2z4u (o, (8 6) K. SXTHRAALG, PagPRX19 i FEiAAH BRI A ROS /K F 0870, WHAH RS
7 TR ZE B LY R4 T DAB Ml NBT fb2gge o (9 7) B8 . SXTIRAHLE, o R IBHERZEEL ROS 7K
WA, P28k PagPRX19 SEUE K ROS FEIK.
2.3 EhEME THEKEXERIERNTH

7E 100 mmol- L 'NaCl AR IFFRIESEFLHMT (K] 8), X HRAERRA SR B 7 KA, AR 2 1
o, THEE T, Wikt i RS AE 1 05 0 RO s, HoJer R iis , B Ras A
PR BE B T (T R e . 7E 100 mmol+ L'NaCl IS AL BE R , S FEAAR I R AR V%, 4k 4
W, JPERL, IRIBWRR OER RS, MEALSA AN . bRR OE# (UM S AL 259k
g5, SIEWAERKNAHEES RS, SR, JRERARE SN, KR EESNH%R
OE#1 # OE#2 b M d 5

AL 9 BT UL s TE R AR, X BRSO e I 208 o ot A . AR KRR L TR R R R v
g BB ERLREZES . BT, AR T B AR 0 I 200 8L (158.26 ng-g '), iRk
FE AR I 22 R o 20 B 0 & 48 i (OE#1 /g 244.94 pg-g™', OE#2 N 217.02 pgg )(P<0.01), 5%} HEIH-J-
AEXS 7K (70.05%) AHEL, S FERAEMEM B AR S 7K EAR B3 = X IR (OE#1 by 82.68%, OE#2 °h 80.25%)
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Figure 2 Protein motifs of the PRX family in poplar
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Figure 3 Cis-elements in promoters of PRX the gene family in poplar
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(P<<0.01). 5 X B8Py 8 S o FE R Hk B2 (75.76 0.0045

nmol g ) T . f e i A bk P — O I IR A e O B

(OE#1 2} 39.44 nmol-g', OE#2 4 50.76 nmol-g ") i 0.003 0

BMREL2: B (P<001), SXMAMFASER 1 00025

(2.75%) Mtk . MFkHb TR SR oEn = 0020

24.24%, OE#2 1 27.09%) %Ak, H¥ER OE# X} = 00010

R 25 S i 3 (P<<0.01), 0.000 5
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Figure 5 Identification and phenotypic analysis of transgenic overexpressed plants
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Figure 8 Phenotypic characteristics of non- and transgenic poplars under salt stress
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