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SHRAMES HERNIFT FERE PvoRR22 welE R FRIEDHT

PRERIZ, fHL
(1. A RN B v SR R R, P R SR ml R B i se e &, BRBH 650223;
2. EFERRY, JER 100049)

W OB AR ERPOET T (RRs) 24000 R (5 5 @l B HEEH S, Hrb RR22
s C R NI BT R EE N A AN A HAR e, 12 300e e | PvoRR22 B:[K,  FEXT
HAYE B USAFHLERALF 6-BA AEFEAEF 28 o R B AT T 0. 5 3R RHH: (1D
PvoRR22 9wt 170 NEFEFR I H - PvoRR22 H 43 T8N 18.65 kDa, FEEZ5EH K 4.54,
HRsekeEr, e Taut%. (20 KRG /132 B 2 i PvoRR22 5 BRI R WRCOK B
KUSH RR22 K REL . (3) PvoRR22 JA BT 75 & A KE MR 1576 15 300 455 3 0 37
LA VR TR AE KR ARFIR W RN JCfF.  (4) PlantRegMap 73 HT R I PvoRR22 )31k
A[fEA2 MYB Al ERF ¥ 3% H F XGRS . (5) PvoRR22 EBAF R IMARMIR. ZEMZERPR
ik, HARERTPRIA RS 1E 6-BA AFEIIIE T 24, PvoRR22 MIRIAEAE 12 h Bk F &
Bo L5 FHEN, PvoRR22 ATRETE R MR . ZEMERMAEKKEUANMBEH R ETH S

T R EDIRE -
RERI: SR, MR RRBIET T, PvoRR22, Wi, FBH
FESHKE: Q943 CERFRIREE: A

Cloning and expression analysis of cytokinin response

regulator PvoRR?2?2 in Plukenetia volubilis
CHEN Weiyue!'?, FU Qiantang'*

(1. CAS Key Laboratory of Tropical Plant Resources and Sustainable Use, Xishuangbanna Tropical
Botanical Garden, Chinese Academy of Sciences, Kunming 650223; 2. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: Cytokinin response regulators (RRs) are key components of cytokinin signal transduction
pathways, and RR22 belongs to type-C RR subfamily. PvoRR22 was cloned based on the Plukenetia
volubilis genome and transcriptome database, and its bioinformatics and expression patterns were
analyzed in this study. The results were as follows: (1) PvoRR22 encoded a protein of 170 amino
acids with a calculated molecular mass of 18.65 kDa and a theoretical isoelectric point of 4.54.
PvoRR22 was characterized as a hydrophilic protein and localized in the nucleus. (2) Phylogenetic
analysis revealed the closest evolutionary relationship of PvoRR22 was the homologs from Ricinus
communis and Euphorbia peplus. (3) Analysis of the PvoRR22 promoter sequences revealed
cis-acting elements that responded to light, a circadian rhythm, abiotic stresses, and hormones,
including abscisic acid, auxin, and jasmonic acid. (4) PlantRegMap analysis revealed that PvoRR22

might be primarily regulated by the transcription factors of MYB and ERF family. (5) PvoRR22 was

HEWE: EFRBARFRERS (32071739) 3 FEFABE T LI (XDA24030502) .
B—1EH: WEIA (2000—) , WL, WFAEFHNERF TR, (E-mail) chenweiyue@xtbg.ac.cns
SRR (T, L, BT, BT O R IR R B & R MEEE , (B-mail) fugiantang@xtbg.ac.cn.



principally expressed in the roots, stems, and stem apexes of P. volubilis, with the highest expression
levels in the roots. The expression levels of PvoRR22 peaked at 12 h in inflorescence buds after
6-BA treatment. In conclusion, PvoRR22 may play an important role in the growth and development
of the roots, stems, and stem apexes in P. volubilis, as well as in cytokinin signal transduction. This
study provided valuable information for further research on the function of PvoRR22.

Key words: Plukenetia volubilis, cytokinin response regulators, PvoRR22, response elements,

expression patterns

S (Plukenetia volubilis) , M AENINSE . FEMEE, FRKEEL (Euphorbiaceae) %4
AR R ASHORHE D, TR SE AL D @b X ) AT R AR (Goyal et al., 2022) o J2 1B Al
FE S mEMEAR, REEFRIE (Torres Sanchez et al., 2023) , &I & Fyh g i S0 i R
(0-6) FIERRIR (0-3) SEDAIEE] T 34%HM 51%, LB BRLAHIZ) . Aok b & A
AVELE N FH ATt (Mhd Rodzi & Lee, 2022; Norhazlindah et al., 2023) . £ j# T 2006 4=
S BN [ B e 08 WU A i e R 3R RS, A TCSAERE R =R St T PuAn
HEr, DARAERZA . ZR RN f) 56 6 5XHE) i (BRATZRSE, 2024 JKEEMSE, 2024) . 1
A AL AR R R R IR T BRI, e AR PR T A R R . R D E
HEFIBRSFAEREY), A 50~100 ZRMEAEAL T ERAEF b B8, O 1~2 ZefETeE A T i 2k
#B (Gillespie, 1993) , MERELE ELAGRAKER V2 BR &I H PP =2 MR 2 —. Fu g (2014) K
DUAMIEm I N 5 AL 7 3 (6-BAD W LA 3 B MR AL e LI MERE 27 e AR N MERE 2, OF
HiFF R MEAE 2 PTIE WO AR R, BEiide e 1 2 MgR 7 8.

YRR R M EEREYECR, AMUEEERYNAEKKE (Argyros et al., 2008;
Schaller et al., 2014; Joseph et al., 2018; #REHESE, 2020) , IELEHEYIIIE VA R 1% % HEAE
M (Cortleven et al., 2019) . ARG 54 3 L EARGEELBERILKWAHNME SH 2R
4% (Cheung & Hendrickson, 20100 o 4HAE 5323 ) M. 151 (response regulators, RRs) £ N4H
Moy A il B E By, S 5B RN ZREHLRL KR K
et A 534k (Cucinotta et al., 2016; Wang et al., 2017; Rong et al., 2018; Miiller et al., 2020; Xue et
al., 2020) . fEIFEIFHIL4 2 H 23 /> ARRs (Arabidopsis response regulators) i i1, AR 3
EALEKE 2N AL B AT C 3 AR (D'Agostino et al., 2000) . A 7 ARRs HA {555 [ iR
B2 (Receiver, REC) ZEMJIAIAL ) C K (Rashotte et al., 2003) . B #! ARRs tb A #1Z
—/NTJ LL45 4 DNA (1 GARP(Golden2, ARR-B, Psr1 )45 #4358, W 1F g 53¢ 5 1 & #%4F F (Hosoda
etal., 2002; Ishida et al., 2008) , C 4 ARRs fE45# -5 A BUKA, (EEDIRE FAFEZE R (Kiba
etal., 2004) .

HAf, KT C A RRs 70 FZAEHE RR22, WFERH], #FIF ARR22 il 2 5HEAR
(His) ZRARM (Asp) WIBFRACE G RRE 5T, AR rhdE
& ARR22 W] B 55 5 R AR T A 0 R R A5 T, HE I 3 BUHE 3 AR AR 1O RN ATR 22 % B AN
K (Kiba et al., 2004) . Ak, ARR22 0] {F XA S B R 5 R L0 30 87 BEAS B B ARR
(K305 (Wallmeroth et al., 2019) . Kang 25 (2012) KBl ARR22 W] LA v 5 fifie HH %0k
R AT A0 7 B4 3 32 Ak AHK2 AT AHK3. Akagi 5% (2018) FERBREBEH BN C B RR22
FIRIEEE R SyGl AL T Y Gt Ry et X3, ] DU MELE IO TR 1, BN 2 e Bk e A 44 )
o FE . BALSE (2023) KILMAR V/RR22 EMARME . HEAE K E R EER, JF HILE



AR 6-BA KbHEJE1 3 h F 12 h RIEE T FIAIFE 12 h ik B0E(E, Bid e VRR22 iRk
AR LA B TEAHE, SN 6-BA AbBRHE LR R AR 5 RILAL K B 70, 8.
KL, RR22 BAG BB AV D BAEAFEF b 2IThRER 20, T84 Bl ) RR22
TER MR AR KR B I RIS BRI D BB AR — DR 7E . A 70 07 S 38 3 0] 22 Il e ik
DR 2H RN SR ZH A PR AT A 28, 3R1F ARR22 I IRIJREE IR 3 E i 48 PvoRR22, SR Ja i gk 47 3
ke AWE RS0 WAMES . B PRy a3 75T Reh 4 & i s H
T I LA R AEAS R H LU AL 6-BA Kb IIAET 28 R RIB 04, HI2B T f## PvoRR22 Tl g%
5 R MR AR KR T YRR 1 TR 75 0 S 2 i 7 R 3R AR B, Dy 4 LR DR T e ot 9 2 A

I ZF S RS WRES

1.1 YA A 2

DAME TE 2 P 48 o 15 B v IR 2 [ 7 Ul 49 4 s L 47 Bl e e 2 0] 2 9ot e A AR Ay S
MR AR 22 R L FEFMAIRAZ: 2 Fufs (2014) 6-BA ALHAE
FFEri g7, KA 20 mg Lt 6-BA AbBRAACAE B AL K2 0.5 em IIAEF 2, 000 T
WHJE 0. 2. 4. 8. 12, 24, 36, 48 h REMCITHFFEM, MM 3 MEYEES, WA
VRIGEAET-80 "C & o A ST 4H M s fr SL58 B A FH IR 5L (Nicotiana benthamiana) AN K
TAEARER AR, BT A SRR = AR AT
1.2 RNA $#25U ¢DNA 55

K H EASYspin Plus % 4 2 By/ 5 ZFE ) RNA P $ B S 6 s S AR A TR A =)D
PR EFE i S RNA, BARAE SRS U5, H NanoDrop One 73 G ETH[FEER (il
IRBHE (P ED AR A A 1.2%38 EHHEER LUK AL I RNA 5 A e 5 v, S B RNA T
-80°CUKFERAF. f#H PrimeScriptTM RT Master Mix A A & [EHEAVEA (L)
ARAA], BAABRESRIEYT, ¥ RNA FERE cDNA.
1.3 2 ProRR22 E R &

P8 48 23K 13 1) PvoRR22 J7%), F|H Primer Premier 5 /415 114 1% PvoRR22 Ywfit |7 %)

(coding sequence, CDS) Mz Em 5[4 (£ 1) . K% H Phanta Max Super-Fidelity DNA

Polymerase (F§{IEMEME DB AR AT §71 PvoRR22 [f] CDS (L% IEEHT) ,
34 72 WA 1.2% 3 R R e e H vk R S AT U0 R W, R R TR UR B A T R R R
pOCA30-GFP #fk, A KA B DH-5o/@ 52 A4 M,  BRERH M ve B R BPURLIE 22 48 T AR
TR Chifg) A R A = A .
1.4 PvoRR22 HIAEYIME BE 45T

F|H Expasy-ProtParam Chttp://web.expasy.org/protparam/) Tiill PvoRR22 fJEALYE T, F)
H Protscale Chttp://web.expasy.org/protscale/) Filill PvoRR22 & H FISE B K 1%, HFIH SOPMA

Chttps://npsa.lyon.inserm.fr) il PvoRR22 £ FH 1) — K &5 o AS[FRE IR 3 R]YEAE 3 B AH 5%

51 5K35 T NCBI BLAST (https://blast.ncbi.nlm.nih.gov/) , ] DNAMAN #fE#E4T 7 41 EL X
FIFH MEGA 7.0 BAFHIAEETE (N-J 35D #E RGERELR .
1.5 PvoRR22 ) XF.4H ffd s& fr

FF Plant-mPlo Chttp://www.csbio.sjtu.edu.cn/bioinf/plant-multi) Fiil] PvoRR22 ] 3F.4H i &
Ko KGHIEELFIRIURL 358::PvoRR22-GFP AL RFT IR GV3101 A2 40, BEHCFHIE: # 7% PCR
g )a, R FR BRI ODeoo = 1.0, WCRFE A, A 10 mL #HFESHE[10 mmol- L' MES



(pH5.7) , 10 mmol-L"! MgCly], &VFULHE, MALIREA 150 umol- L' ZBE T A BV, W
35, EERF L 30 min, FHES SRS R A, T RENEEIA ST R R 7R 48 h,
HUm ;v DAPL Jefi )5, SR A O SE SR AR WA W 52 4 A A 2R 56
1.6 PvoRR22 HIJE BT 735347 K B A7 Tl

TF J2 R AR S DR A B b (B R R 3R $REL PvoRR22 LRI H LT ATG 13l
1500 bp B 81741, 7E PlantCARE fE£& Ml EE1T 43 #r. FIH PlantRegMap Fiill ] Ge 45 &
PvoRR22 JE T ¥ B 5 K 7.

1.7 SERT 3% 6 5E & PCR (RT-qPCR)

DUR I EA R 22U 6-BA KbHAL T 27 1) cDNA NHEAR , K A RT-qPCR i A 4041 PvoRR22
SR ARXS KA, UL PvoGAPDH 1E RN S BN, /MM 3 MR E R . FTHAUES N Roche
Light Cycler 480, MAAZR (20 uL) : 2xNovoStart®SYBR qPCR SuperMix Plus 10 uL, RNAase
free H,O 7 uL, Primer F 1 uL, Primer R 1 pL, ¢cDNA 1 pL. RMFE/F: 95C 3 min, 95C 3's,
65C 155, 72°C 155, 40 MEH. SLIGLEFRH 2 2ok 7 5.

R1 ZXEABTY

Table 1 The primers used in this paper

& SIA4 R SIS (5-3")

Usage Primer name Primer sequence (5'-3")

iy 35S::PvoRR22-GFP #ifk TTTTCTTCGGAGCTTTTCGCGAGCTCATG
PvoRR22 GFP-F

Construction of 35S.:PvoRR22-GFP ACTATGAGTTCAGAGAGTTCAA

TCGCCCTTGCTCACCATGGTTCTAGAATA
PvoRR22 GFP-R

ATAGCTGTTGCTGCCACAG

SERF O E R RT-qPCR PvoRR22 -F ATTTCAGTGTGCTTGTGGTGG
PvoRR22 -R GCCAAATGAACATCTGCCC
PvoGAPDH-F TGGCAAGCATATTCAGGCAGGAG

PvoGAPDH-R TTGGCTCATCAGGATTGTAGGTATCAG

2 RS0

2.1 PvoRR22 F{I3E B 57 e

PLILFE T+ ARR22 [EE 7% Chttps://www.arabidopsis.org/) NZ M, 8%} A2 i A H
S DR AH 0 P2 LU X 0 M, T 3R 1S xingyouteng 10014312 H/FFI{E B, FFdr % PvoRR22. F|
H PvoRR22 CDS %5514, 4 PCR Y M5, HK1F—2% 500bp L Femski (B 1D, 5
5 FErh 513 bp PvoRR22 CDS KJE—50; Xy 3G /=Wy 47 gl fie, A [FUR B 2 k2
pOCA30-GFP #ifAk, FHYETEREN 745 LW, AR T 5 E 75—



M. Marker 5 000; 1. PCR ¥ #/=%.
M. Marker 5 000; 1. PCR-amplified product.

B 1 PvoRR22 ZF CDS PCR #3874
Fig. 1 PCR-amplified product of PvoRR22 CDS

2.2 PvoRR22 WIHEYIE B %0
PvoRR22 1] CDS 4 513 bp, #ifih 170 MR, HHT T 5N 18.65 kDa, HLSEH K
4.54, FF 26 M MEEEIERR, 13 M IEREIERR, e RECN 39.46, EEASSMMHN R
5E. PvoRR22 HAFHIH S 93 A& R (Cys) AbEAEKMHRAME, N 1.89, 2 11 A0k
KRR (Asp) HIZE 14 (IR (Lys) b B AT SRKYER/ME, 7-2.80, SR/KMEFI1H 9-0.24,
FEEAKMEER (B 2:A) o BRI ITEs REVIZE QLS RS WIE, A TEBEEA
(B 2:B) « A - HEE KT ZE TR PvoRR22 2 72 B 44.71%o-12 i . 44.21% T
FUU G Hh A 11.18%MB-F4 Ak (B 2: C) o FJH NCBI [ Conserved Domain Database 73 #ft
PvoRR22 [ 85 117 B (1 PR ~F 5 K3, 45 3R 7 1% 8 1 & REC 25445 ( 8] 2: D), B PvoRR22
J&F RRs K 5K



A. PvoRR22 R F 2R K PETIN; B, PvoRR22 H7 F HES AT ;. C. PvoRR22 8 1 — &5 TLl; D.
PvoRR22 [ {4~ £ P I T o

A. Hydrophilic and hydrophobic analysis of PvoRR22; B. Prediction of the transmembrane domain of PvoRR22; C.
Prediction of the secondary structure of PvoRR22; D. Prediction of the conserved domain of PvoRR22.

B2 PvoRR22 A¥)M5 BT
Fig. 2 Bioinformatics analysis of PvoRR22

M NCBI 0¥ b R I 4 . BRES 16 FHEYH RR22 A F51, 7 MEGA
7.0 BAFMIAR L (N-J 2D H6) g 2 Yok A AN LA P 1) RR22 (1 R Gu A RE 4 R 3% B B il ik
PvoRR22 5[y Kk B EIRRRE & OR R, HRMRERIRZ, 5 HARYIF 2508 R AH
X (| 3) .

B3 PvoRR22 5HANWIF RIRE B RGN

Fig. 3 Phylogenetic tree of PvoRR22 and homologous proteins of other species

2.3 PvoRR22 RIEE T4
PlantCARE 73 #T 45 SR SR, PvoRR22 JA 3T X & A 8 Fiotima Sy, 41 LAMP-element.
G-box. GATA-motif. Spl. Box 4. GTl-motif. GA-motif #l Gap-box (& 2) , Uil PvoRR22
WA RE2 505 5@, SmiE T 2B AEKET . RN, E&R I — 5 0 55 b
RiTeHE, R PvoRR22 FIRES 51T DL T BARIR W SR i ia RSO R . sk, 38 kI
— S N TG, U0 VR BRI B TG ABRE . A K 20 B TG TGA-element F115E 5 BR A K 7
F TGACG-motif, K] PvoRR22 WA ] e 32 B vk R A KSR AR RS I 1A%
£ 2 PvoRR22 33T X FIRRAEH o4 & ThRE

Table 2 The cis-acting elements and functions of PvoRR22 promoter

=R A FH oA ikt
Cis-acting element Function
Circadian B TAEAT 6 Circadian control element

MBS F 505N e Drought responsive element (MYB binding site)




LTR IR M B 644 Low-temperature responsive element

MBSI PR A6 i .ot Flavonoid biosynthesis responsive element (MYB binding site)
ABRE i 7% B S o4 Abscisic acid responsive element
TGA-element AE K ZK M N G Auxin responsive element
TGACG-motif SEFTR MW N TG MelA responsive element
CGTCA-motif SRFTERMN N e MeJA responsive element
LAMP-element MmN G Light responsive element

G-box Y6 N o4 Light responsive element
GATA-motif e N G Light responsive element

Spl MmN G Light responsive element

Box 4 Y6 N o4 Light responsive element

GT1-motif e N G Light responsive element

GA-motif e N G Light responsive element

Gap-box Y6 N o4 Light responsive element

2.4 554 PvoRR22 3T FMl

FIH PlantRegMap X PvoRR22 [ J3 8 ¥ 5 HEAT /- BT il J645 176 Mg HF ] e s
4545 %) PvoRR22 M)E &)1 F, i MYB fll ERF #%H 17X k%, ¥ik# 30 MLLE;
MIKC-MADS FI G2-like ZKIEIRZ, 43318 26 ASF1 21 45 BEAk, HD-ZIP. GATA fil NAC #%
SR F RIEEAE 11~14 Z 8] 1AM KR T FEEEN D, A 1~4DziE (E 4 .
XL E LRI PvoRR22 [MFRIA W] fe ¥ 2252 MYB Al ERF 5% K1 e 4% .

Bl 4 %4 PvoRR22 B3 THIFERE T4
Fig. 4 Analysis of transcription factors binding PvoRR22

2.5 PvoRR22 )48 fd 58 hL

Y4574 358::PvoRR22-GFP [ Fi ) GV3101 BRES MHE I Fr, SR S5 s 9% 48 h, FIF
Fe AR BB T WEE . 45 BRI GFP bR PvoRR22 2 (4 (65 X I8 5 DAPT Jefh 2
WAL E AR — L, XKW PvoRR22 BN TAIMEZ (B 5) .



B'5 PvoRR22 W40HI5ERL
Fig. 5 Subcellular location of PvoRR22

2.6 PvoRR22 7E B M BRA FA R KRIX 57

FIH 5 € 5 PCR XF PvoRR22 fE MR . 25, 2R, M. fEF MR (B 6:A)
(WIS EFATRII, 455K I PvoRR22 1E R MR &N AU RIS B B 2% 7, HAER
(MRIE T, EZMERP ARG RIEE, MAEM . 67 Y5 b i) 2k & WA
Bk (K 6:B) .

A. AT PvoRR22 FRiB1E S HT I 6 AN ELHIEZLSY: B. PvoRR22 {ESE MR AN LA R AR R IL B oo foR
FA HA RIS AR EE 2R (P<0.001)

A. The six tissues of P. volubilis used for the analysis of PvoRR22 expression profiles; B. The relative expression
levels of PvoRR22 in different tissues P. volubilis . *** indicates extremely significant differences compared to other
tissues (P<<0.001).

B 6 PvoRR22 fEEMBEARFA R RIRE ST

Fig. 6 Expression analysis of PvoRR22 in different tissues of Plukenetia volubilis
2.7 PvoRR22 7E 6-BA AbFE B I AL 7 35 IRIE A4
RRs {E A4 7 R R E SHESMWEEN), Z 50 B RAREDERKENEZ IR,
NIRVE PvoRR22 XA /> BEZ MM RL, A 285 5 B PCR Al 734t 6-BA AbHHLEE i B AE F 2F
(B 7: A AFRFEJE PvoRR22 HIAHXTRIE &, S5 RKRTE 6-BA ALHE 12 h I, PvoRR22 3
A EE IR B HARS R A B m, BEE XK IEH RikE (B 7:B)



A. HIT 6-BA ALFRIEINEEALT 2 s B. PvoRR22 7E 6-BA KCFIE T BRAE /T 28 AN RIS [H) i AOAR X Feab i, o
FoRE XA RIS AW REZR (P<0.00D) .

A. Inflorescence buds of P. volubilis used for 6-BA treatment; B. Relative expression levels of PvoRR22 in
inflorescence buds of P. volubilis treated with 6-BA after different time intervals. *** indicates extremely significant

differences compared to Mock (P<<0.001).

B 7 PvoRR22 £ 6-BA A B MBEIL T 5 HRIE T

Fig. 7 Expression analysis of PvoRR22 in inflorescence buds of Plukenetia volubilis treated with
6-BA

3 W54

RRs F: PR Z 00 1 07 K A2 7 D e A8 AR AR SR 40 e T 72 A ) 2 M b A7 AN/ D
JEHSE RR22 Z 5 iR EMAK RGN 534t (Akagi et al., 2018; BALEL, 2023) , HA
T RR22 FE R D REIE R WA IE , R 78 HAE B B A AR & AT L4 i 7y R 5 5 e
HFEH TR ThRE . ABEAE T EMBEEEAGE, fERS T PvoRR22, EIIXHAYGE
BEERRIRE AT 00, VIR T PvoRR22 A RES SNy 2RI T K 8 A %
.

PvoRR22 G HMR 7 51L& RRs FRAFAE M REC 45 k)38, (B A5 7] LA 45 & DNA ] GARP
ZERJ3K, UiBH PvoRR22 J& T C %Y RRs (Kiba et al., 2004; Ishida et al., 2008) . RZIALHHTE
B} PvoRR22 5[] J& T~ KRR} B2 BRI R BRORRR IR SR UR 1) RR22 [F) Rt A i, 115 1 )RR 2
SRV P [R5 A ize , X 3B RR22 25 1 I A5 A AE T AL F v B — e AR =7tk 177 RR22 £
AN [ A Ao 1] £ [ P 22 S U ] e s e AT IAE IR AE DhRe B4 4k (Pils & Heyl, 2009) . Fi%
AR IR A s A A% 2 I AR B o AR AT S SR R 2 ) A BLAE SR SEB (Cui et all,
2023) o JEILX PvoRR22 BT AT i, RIS A ZA6m R0, 1 5E i a A1 AR K
o IR A ER A VR IR e N et . AW, A 1 ARR4 7] LA phytochrome B #H H.AF FH A
WANAE T T (Sweereetal., 2001) , WA[EES S E MR CAEIEHBOBE 5. 1o,
T 5205 N TCE I R B Kang 25 (2012) 26T ARR22 Wi N5 il i 45 5 — 5, 188 PvoRR22
A AEAE S IR (13 B e i S b R FEVE R . Geng % (2022) TE/MiT- JeRRs IR 30T R B
TR (ABA) FIZREER (GA) WINJTHE, M(E PvoRR22 JA8NT FA P RIARK R K
0 PRI I 7 12 T 12 76 A BB PvoRR22 W] RESZ 22 M IR IR 45 a3k T s i 2 S R I AR KR B
MYB 1E Y i RINERE T Kk —, |22 5 & FEENE 5% IR EY R
AEWIME RS (Lietal., 2019) o TEXTATHELE A PvoRR22 Ji 81 7 B (55 S IR 3047 & 48 /0 bt



KILZA MYB KRR, X% PvoRR22 W] g 52 FAR¥E RIEF G ThRE. 4h, PvoRR22
JBEF PR EE T A LIFER MK F (ERF) FKEM A . Pan 5 (2021) KL N CsERF
FERF GRS )N K EA K, S 5EINEENRE, XWRE PvoRR22 A7 ] fg
2 F R AE 2 I R AEYE I R B 7 T R E T Re .

IR A A HET 35S JB 3T UREN PvoRR22 5 GFP RilG JFURL IR AR K B V5 20 B
TATUER B 23 (056 5 4 M A% 1) e 4 B S AE — S, Ui BH PvoRR22 5E A7 T-4H fui% , #Elll PvoRR22
AIREEANIRAZ T R L TIRE, X5 AT ST 7R 45 R — 30 (Powell & Heyl, 2023) . AN[AZ
LU RIEIE TR I, PvoRR22 fE MR h R IL B, HUGRZERMZE S, e E%E
AL, EMZERAEKKE, X405 V/RR22 FREERML (BALE, 2023) . &
SR PvoRR22 TEXTHRAC T 2E P ERIA B AN R, HTE 6-BA ACFE 12 h J5 IAET 28 Hh )Rk & &2
= LR, U8 PvoRR22 JZREM N AN 7 2L A ER (Y, A Jaml it — 0 IR JLAE 6-BA AbERATAR
I HRIEE DL, PLEAFER GBI R IA &, SRR MR 2.
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