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PvPCF5-SRDX Enhances Heat Tolerance in Perennial Ryegrass Through
Improved Photosynthesis

ZHANG Li-yun, XU Ai-jiao, MA Zhe, WANG Ke-hua'
(College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: As an important turfgrass and forage grass, perennial ryegrass (Lolium perenne 1..) is frequently con-
strained by high temperature stress during its growth. To explore the effects of PuPCF5 gene functional repres-
sion on heat tolerance of perennial ryegrass and its correlation with photosynthesis, wild-type (WT), PoPCF5
functional repression (PuPCF5-SRDX) , and overexpression (PvPCF5-0X) plants were used as experimental
materials and divided into 2 groups with or without heat acclimation, followed by heat stress treatment at 42°C
for different durations. The results showed that under high temperature stress, PuPCF5-SRDX plants exhibited
superior physiological performance compared with WT ones, with significantly higher relative water content,
and significantly lower electrolyte leakage and malondialdehyde content (P<C0.05). Meanwhile, the photosyn-
thetic pigment contents of PvPCF5-SRDX plants were significantly higher than those of PuPCF5-OX ones
(P<C0.05), accompanied by the highest net photosynthetic rate, stomatal conductance and transpiration rate, as
well as the lowest intercellular CO; concentration. In conclusion, repression of PuPCFEF5 gene function can effec-
tively improve the photosynthesis of perennial ryegrass and thereby significantly enhance its high temperature tol-
erance. This study provides a theoretical basis for breeding new heat-tolerant perennial ryegrass varieties.

Key words: High temperature ; Perennial ryegrass ; PCF5 ; Photosynthesis

75 B #1:2025-10-09; & B H #1:2025-12-19
EETR FEE AR ARG H (32271754) ; F K A SAFLE R 4550 H (32071887) % Bl
fEZ B A -9k 01 0. (2001-) 2, DU% AL N B9 Az, 32 B8 DA S B0 B 5 1% A 1) 27 9%, E-mail: z1y20010527@163.com ; 3 {5 fE#

Author for correspondence , E-mail : kehwang@cau.edu.cn



2838 B

S 34 4

2 PR AR AT S B 21 420K Y Mk o 1
SARTE R 2~4°C, E RS F Y A K R B B B
FEMAELEY WG - AR L R E R
(Lolium perenne L.) , 5| 2 16 BB E L J& T RAF}
Vo Ze R LRR S g R I AR

MiRNA J& — & Py 5 0 B A 08 42 D) 68 19 3E da
1 RNA B TE 5 5% J5 7K 13 2o A B 4b 6 9 5 =X
WA ERIERE , S 5 2 /A% iy,
MiR319 % 72 75 A [6) 48 %) v & B2 R 5F 79 miRNA
KW — 0 . FEMAR (Panicum virgatum 1. )H,
PuPCF5 3 miR319 #5851, ot PuPCF5 i) 1
S BURL LA AR T 0 B BB T e A
AN, B8 PCFS (93 35 1l it PCF5 5098 42 A
2 7 4% 6 B A A R PSR MY . MIR319 7 L 3 2
W PCF5 8 /N2 CTriticum aestivum 1. ) BT 38
P KRG (Oryza sativa 1..) %% 5E 40 A F
OsTIE1 5 TCP ¥ 5% W § OsTCP1/PCF5 # H.{F
LS IA YA N L TF R AR E
H UL T UL, PCF5 ZEAS W) Al A= W ik 36 e B 2R A 5
e T K AR B A5 AR A o R b B R PR AL TR A
YEH o 8RN0, & T PCF5 #E 2 4 4= Ja 24w AE A= W) Wy
SRR T NITUE S TE

i ] RO BR B R (CRES-TO A% 0 J5UBE
¥ B bR S 7 5 Y R 0 EAR T 00 Bk
(SRDX filt 5, i £ F [H] 2 Ab Ay T B S PR 0
PRI 8 R S P A ) 1 ok 3 3K i ik G B TR 1Y) B B TR A
PR AT 2 B H bR Sk T I T B B e A Ak
AR B A e )2 R FEAE R, 5 RNALE & #%
PR D X A6 i S AR mRINA al 00+ 3 135 19 4% iR 7K
S AR B AE AR AR T R R SR
1, CRES-T R € & 8t w3 8 ) i i okt RS g .
) i , 75 4 m It b e B OR 3 i AtMYB102,
ZAT6 S5 SR 13k, BRI T AR SR PET
fE A Fooh O BF ST IE S5 5 DST-SRDX fill 4 3%
PRI AT i 2 Bt g AR R T R

AT F P x40 ) 2 PRI R R R B
8 25 14 55 SRDX 5 M A B2 1 50 38 B ) PuPCE S il
BRI PoPCES 5 RN 2245 /4 22 Ry I i 32 1k
B 52 W o I 5T 25 RH A B T Rb R A B IO 3
JoF ] 455 X 2%, [m] I 28 5 DT 2R A5 109 140 ) Dk o
ok i 2o 38 A% i R v 2R R BT A T B M 4 I
TR R BT B

1 #MRl57*

1.1 #ikHREsEmEREYS

X miR319 5 PuPCF5 Fl LpPCF5 4§ 5] 5 £
HEAT WO, 45 R WK, miR319 7E PuPCF5 fil
LpPCF5 1) CDS J¥ 4 A AF AE WS FE 45 & i, Horp
PuPCF5 1 88 {7 &5 i T CDS % 1092-1112 nt,
LpPCF5 B ¥4 5 47 T CDS 5% 1104-1124 nt( &
1A) o PIANHEA s 7 91398 GAGGGGACCCCTT
CAGTCCAG, J¥ 31 58 4 — 5, R W% miR319 45 &
DX S8l 7E MR B FN 22 41 AR R 22 B PCFS 791 v B ¢
FPRSFIE . psRNATarget #4552 7% , miR319 X
PuPCFE5 #l LpPCF5 (] Expectation {5y 3. 0, Fitiil]
Ve 77 20348 Cleavage, #2785 miR319 1] R i U1
PCFS ¥ sk A T X2 5 HE R FEHE., X
PuPCF5 il LpPCF5 ) TCP {4 57 45 ¥4 1 77 9] g 17
Z P X, S5 R BoR — o TCP 45 M3k K B 34 61
AEEE, Hb 60 N E IR 458 & — B ANES
60 i fETE K/S 22 5%, 7 4 — B Pk ik 3] 98.36 %0 . %
45 FK W, PuPCF5 Fl LpPCF5 78 TCP ) HE 45 #4) 15
DIl 2 B DR SE R 4R R 3R] R B A AR AR Y
DNA 25 & K% st M= D sg (B 1B) . 454 PuPCF5
M LpPCF5 ¥ & 45 Rl TCP {357 45 44 38 1 45 5, i
W] PCF5 1E 2 miR319 T iiff #0 5E X (%) I8 4% ¢ RAE W
FPRABHEY P ATRERAEA —EMRFHE. BT
LpPCF5 H PR B 9 28 4 4 At PRI X, T 3 2o Kf
PuPCF5 5 EAR J& 7 4 45 #9 38 SRDX 3% £ , #4 2
HF R A% 41 1 0 5 DR 2R Ak 0 e MR (R 1O, B R
MIRWFFE & 2o PILAHIEZ0K Lin 8104 19 44
pZh01-PuPCF5-SRDX, pZh01-PuvPCF5-0X 43 3
It SR A T AT VAT e (A 52 36 T P 28 el o R A ol K
5K 7 ZE /X e R IR A B TR AF R A R £
AP AR A R AR R AR 3 MR B R ¢ Cltation
fore” Fr 11 S AP ALK o DA JC AR T 1R 4= % 1 X 47 2
LU AT R B L B VE A WT o 445 A i BT A U A Bk
(WT),PuPCF5 Yl il 74 (PoPCF5-SRDX) it
KA (PuPCF5-OX) £ 4F H A Ry v e B 31 Ok
At Rkt A =11 D, 7E 25°CF LA
14 h Y6 HE/10 h 15 H 350 pmol-m *+s ' By ) HR 58
EERE S — A K R CTAB 2 U 9
DNA # 17 PCR & I C & 1D) . RNA & B ffi
TRIzoli{ 5, A 100 mg i ff 4 5 73 125 68 RNA
a0 i B iR . RT-qPCR i i fff ] PrimeScript™



5% 8 sk 1 sk

:PuPCF5—SRDX il i ol 36 245 A A i e A A R &

e i 5 52 1 2839

RT & # & M gDNA Eraser (Takara, NO.
RRO47Q) A WA — 8% cDNA | HI F 5 R 6 315 /K - 46
W CETE-F) o 38 2 FH P AR AR 1Y 43 BE 43 25 B 50 0k iy
W K ARAT B R R A Y i — Y

Targe
A pepcEs 1 1092 1112 1335

Targe
LpPCFS 1 1194 1124 1335
&

B 10 20 30 40 50 60
PvPCFS_TCP_domain Pl P KI
in P P s

LpPCFS_TCP_d

M+ CK sr-1sr-2sr-3 ox-10x-20x-3WTIWT1
1.2K] T s o s ! e e

E § F 5
Z12 Z 12
2 2
I & IH a.
95 8 ¢ a8 95 8
Xg i
= on 4 = on 4
2 b €2
k= A=
o o
7 7 S SR ZK)

1 F‘?ﬁﬂ ttiisfiﬁﬂﬂliiﬂ BH 14 48 #k 36 1E
Fig.1 Sequence alignment, vector construction and positive
plant verification
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Note: A shows the target sites of PoPCF5 and LpPCF5. B shows
the alignment of conserved nucleotide sequences between PuPCF5
and LpPCF5. C shows the T-DNA region of the PuPCF5 gene sup-
pression vector plasmid (pZHO01-PvPCF5-SRDX) and PuPCF5 over-
expression vector plasmid (pZHO0I-PvPCF-OX). 35S, CaMV 35S
promoter; nos, nos terminator; LB, left border; RB, right border; hpt,
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level. CK denotes the negative plant. SRDX1, SRDX2, SRDX3,
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Table 1 Morphological traits of 3 genotypes

LizE7S 7w RN S FI AR i 2 il Sy BERL
Plants  Leaf blade width/mm Leaf blade length/cm Plants height/cm Internode diameter/mm Tiller number//>
wWT 2.92+0.08" 21.68+0.27" 28.434+1.60" 2.3040.06" 41.40+2.39"
SRDX 3.4840.08° 22.67+0.30° 24.41+£141° 2.664+0.15° 51.33+2.77¢
0X 2.764+0.03¢ 19.57+0.66° 27.1540.18" 1.9940.13° 34.2742.84°

HWT R B A MR A 55 SRDX /R PuPCF5-SRDX e N MR 22 55, OX 318 PuPCEFS-OX ¥ HEIN IR Z2 5o AN [Rl/INS 74 R AR ib
B2 [R) A7 AR R AR ) 22 57 1 2 (P<<0..05) . Rl

Note: WT denotes wild-type ryegrass, SRDX represents the PuPCF5-SRDX transgenic ryegrass, and OX indicates the PuPCF5-OX transgenic
ryegrass. Subscripts below denote statistically significant differences in physiological parameters between treatments (P<<0. 05). As noted below
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Fig.2 Relative water content, relative electrical conductivity and malondialdehyde content of transgenic plants and wild type

without heat acclimation
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Fig.3 Photosynthetic pigment content of transgenic plants and wild type without heat acclimation
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Note: TChl represents the total chlorophyll content, Chl a represents the chlorophyll a content, Chl b represents the chlorophyll b content, and

Car represents the carotenoid content
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Fig. 4

Photosynthetic indices of transgenic plants and wild type without heat acclimation.
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Note: In this paper, Pn represents the net photosynthetic rate, Gs represents the stomatal conductance, Tr represents the transpiration rate, and

Cirepresents the intercellular CO, concentration
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Fig.5 Relative water content, relative electrical conductivity and malondialdehyde content of transgenic plants and wild type
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Fig. 6 Photosynthetic pigment content of transgenic plants and wild type with heat acclimation
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Fig.7 Photosynthetic indices of transgenic plants and wild type with heat acclimation
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