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A7 PISPL3 EENEES RIEHH

RS, R, ATRR, R, Fam, o0, X
(LR A AR TR 5 2R I MM 4500025 2. RIFHEE B8 BB W B2 453000)

WE: N THERALEARRFEEES LIS F M TERLE], Do 0025 ASSHA G 24 h.36 h i
FIAT RS AP ASHZR G 24 h 36 h BUFE KRR AR A Sk i skl 22 S BRI R 47 SR i 7% 5% (RT) -PCR
HAR , BEkeAS 2] SPL3 FF 1) cDNA 551 ¥ w4l PISPL3( GenBank %55 . MN842720) , I & % Hib A7 2 W15 B,
F NIRRT, S5 RFH  PISPL3 3K A9 4565 X ( Coding sequence , CDS) 4141 305 bp, F:4mhth 434 4~40 %k
W, AT TR, PISPL3 BR [ & —Fpaiy 7 B faf AN FoUE WS K MR T, TCBS A4 . B A (b i s R , A5 24
PISPL3 ZE& [ M LR 7 51 S I RE T AlSPL7 & [ 9 2 L8 17 51 B A5 85 v 1 [RI P | TR B A5 24 PISPL3 ZE 1 5 AR
) H 28R TCAE AR SPL3 2 H M 2 L1 791 R IR P th 3 . SEiT 2t & PCR(RT-qPCR) 5 /R, 7F A 28 438 %
W IR AR R AR Sk f | PISPL3 SEIRTEZAZ 543 IR 36 h RUMIXT ek it i . W45 58 itk — 2 WA PISPL3 3L X
TEAT 25 ST PHIE G I AN B AN o () LR ) 2 T REAR AL T BB AR

KR 4k ~j¢4; PISPL3 FEHA %’ﬂﬁﬁé, FER R

FESES. S682.1°2 XEkFRIRAED . A XEHS: 1000-4440(2020)06-1537-06

Cloning and expression analysis of PISPL3 gene from Paeonia lactiflora

ZHANG Jiao-rui', HE Dan'?, HE Song-lin*, XIE Dong-bo', LI Chao-mei', WANG Zheng', LIU Yi-ping'
(1. College of Landscape Architecture and Art, Henan Agricultural University, Zhengzhou 450002, China; 2.School of Horticulture and Landscape Architec-
ture, Henan Institute of Science and Technology, Xinxiang 453000, China)

Abstract: In order to explore the molecular mechanism of distant hybridization incompatibility in Paeonia, the stig-
mas from P. lactiflora Fenyunu X P. lactiflora Fenyunu and P. lactiflora Fenyunu X P. ostii Fengdanbai were harvested as
the materials after 24 h and 36 h of pollination. The ¢cDNA sequence of SPL3 gene was cloned by reverse transcription
(RT)-PCR technique based on differential gene sequence of transcriptome in stigma, and was named as PISPL3 ( GenBank
accession No; MN842720), the bioinformatics and expression characteristics of PISPL3 were then analyzed. The results
showed that 434 amino acids were encoded by the coding sequence of PISPL3 gene with a length of 1 305 bp. Analysis re-
sults showed that PISPL3 protein was a kind of unstable, hydrophilic protein with negative charges and without transmem-
brane structure. The results of phylogenetic tree indicated that the amino acid sequence of PISPL3 protein from P. lactiflora

had high homology with that of AtSPL7 protein from Arabidopsis thaliana, and the amino acid sequences of PISPL3 protein

in P. lactiflora were also highly homologous with those of
U 7S B B .2020-04-17 SPL3 protein in Chaenomeles sinensis, Helianthus annuus
HETE . B A RRSE 34 T B (31600568 31870698 ) ; 1 15 4 Rl and Ficus carica. Real-time quantitative PCR (RT-qPCR)

F G H (202102110234 ) 5 771 5 420 A 2R 2 A1 397 3 results indicated that the relative expression level of Pl-

43 H (KJCX2015A03) SPL3 gene was the highest in stigmas at 36 h after hybrid-
TEE BN kR (1997-) , 2, Wl pg 52 3 A, B, 32 28 DA 55 el oA ization. These results provide a theoretical basis in further
PIEFMBISE, (E-mail) 21997jr@ 163.com elucidating the biological functions of PISPL3 gene in dis-

BIAEE AR, (E-mail ) hsl213@ yeah.net tant hybridization incompatibility between P. lactiflora and
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P. ostii.

Key words: Paeonia lactiflora; Paeonia ostii; PISPL3 gene; gene cloning; gene expression

%t} (Paeonia ostii ) 575 2% ( Paeonia lactiflora)
[6)J& TATEGRIAT 25w, HAT AR e 4 Bl Ao 5 (i
UM E . ATZEEHT R EE K, S
FEFRIERR A < AE T AR AT 2 JE 1 Rk R
B LAE— B IZ USRI AR 7 1 2N 28,
FACHFRAT R TR TR M R LD,
TCLR AR SN AT LA W0l | 4 vos AL O 0 2
PU P, T0 X A6 0 S MR B B R AE Y, 1948
A, EbR B ORI AS TP AT 2 R 2H ] 2 A
IR HoAir 24 0 Toh e, HAT WL BCN (B = it 55
R T Y AT 25 ) T 4 2 SE W ST i Ak
IR BT AERYE AR IE A K 2R R R I
SRR W AT 2 J@ L Gk A 58 M R E RS L SO
SFEUOE BSOS B TE S
SRR I H R A ALKy 8 A A e v PR Bl
PSR S 5 S VR A 1 B P 2 2 A8 S A AT
U RIRE BB, AN SRRy 2 B R & Btk
LU BRI BT IOAR , NI FELASAE 45 AR, 4E S AT
Eapins IR S R S S N S I 3 S S S
Xof S PR A 1A S M HE I 7 AR 5 ZN A DR AIR BT S
I H IR AR A RERT A, AERY A Y BRFHL i b ik 55
Pl e

SPL ( SQUAMOSA promoter-binding protein-like )
R RAE R B B — A E A IR AR
ES NPT B JF Y RN
1 B A HE FMERRE R AR B DL AE M R AE24
FFRES | SPL RIS ) IZ AF7E T ok T
WA AP T AR ST SPL #6
T RSP A B ASPL3 B, i 131 AR
RN, AiSPL3 BN Z 5T TSN A8, A
ML I ITAE 2 SPL3 JLH FEAEME P h %
KRS N R N i R RIA S FBUERAEF K E =+
W ERI R IT R, SPL2 BE DRI LSS e AR Y e
FHF 911200 SPLS FEPR T LISEIRI A/ NE T 2 24 |
MESSAE 22 9 SE A /N - 08 BE Y IE 1 S AR 24 0T 2L,
SPLS B:RIIRE R 2 o ALy e R T, S BUER AL
P4t B kAR AR E A

EH IR X AT 2 Jm 2 S Mtk AT 1
K 5%, X B E WA 25 (P. lactiflora * Fe-

nyunu’ ) [ 38 35 Fl, K R WA 25 5 RO F 4T (P
ostti ‘ Fengdanbai’ ) #E£% 4238 AN E I, If H & B
TS AN SRR SR 0 N 4438 S5 24 h 36 W
FERTIAIRIR o, 283 LAAT 24 [ 58 $2 403 5% R Ak B A X6t
BRSO e T A G 22 R R GA N L 15
W EIHRIRE SPL L, ARWFIE LAAT 254 3k
PR, A3 AT H PISPL3 22 ) cDNA 2K P51, IF
Xof L PR K 2t i 2 11 I3 19 0 B R O E AT 4 A,
AT B A SRS 358 R R A TE BB e AN TR) 1%
SRR, LA — 5 R AT PISPL3 HEH 1)
e Y5 8, TR i A it — 2 B 98 A5 24 i Je %
FAEARERNA 57 T B S RS A s

1 ARSIk

L1 RBH R
PEARHEARAT 25 5 R oR B 400 ACAS P bl Ao
RGPS 24 e 107 R A O S A F i 2Rl e AR5 0
Pttt TERRARAE WA 220 AL P, K 2 d
JEESZE 3 d AT 3 RN TR, B Uk 400 F 22
#3524 h .36 h (ALK 5 BB R H A58 #%
FiJE24 h 36 h AOAE Sk, RSk TR R8RS T
—80 CUKHIHIRAT , BEJG AT RNA HYFZHL
1.2 RKETTE
1.2.1 Ak % RNA #9325 f= cDNA 8986, JET
) RNA $RECH) M7 (IR AR AR AR (B
H0) AR 2> m] AR G AT AR Sk B RNA 42 B,
PrimeScript™RT reagent Kit with gDNA Eraser ( Per-
fect Real Time) i #] & ( TaKaRa) ¥ RNA J2 %% 5% i,
cDNA 55— SR F 8T =20 CIAE,
122 PISPL3 AR 65 8 Sl IR ALK
FHY PISPL3 FEN i Be, SR B R A B HoR {5 o
iL>( National Center for Biotechnology Information, NC-
BI) [l I B[R9 AT 5L PR U 04, 1 e
SER P AR RIS R 0 e S TR R 5 1)
PL eDNA #5—5E it , 54T PCR 9748, A1 20 ul
FOVARZR RN 10 wl 2xfast Pfu master mix, 1 pl
Primer F,1 wl Primer R,1 pl ¢DNA /Il ddH,0 & g4k
FUA 20 wl, PCR SOWARF :94 CHilZEE 3 min;94 °C
AR 30 5,58 CiE Kk 45 5,72 CHEH 90 s,33 PMEIF,
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72 CHEM 10 min, FrAISIY 5 HEILE 1, PCR Y
P2 1% BB B DK I PR & (de st
TR SEAYBARLE ) B A, 5 T 4%
WA S AN 58, P2k B T 7 R A7 )
PAFY I H B &A1

F1 7% PISPL3 EEEIER %L EE PCR FrA54

Table 1 Primers used for gene cloning and fluorescence quantita-
tive PCR of PISPL3 gene in Paeonia lactiflora

SR JF31(5'—3") Fii&
PISPL3-F CCCTTCTCTCATCGGCATAGAC cDNA 7543
PISPL3-R GTCCATGGGCTTGTTACAATGT cDNA JF5 43
POLFIM-F  ACAGGCGGAGTTGTAGCAATGAG — Real-time PCR
TOEEIM-R GGTGCCTTGGCGTGCTTCTC Real-time PCR
B-Tubulin-F~ TGAGCACCAAAGAAGTGGACGAAC NZIEN
B-Tubulin-R ~ CACACGCCTGAACATCTCCTGAA e |
1.2.3 A4z &5 54 HTEZ Nucleotide

BLAST # {4 %4 PISPL3 JE A (1) R VR PE & R 175
Mr, ffiH] DNAMAN 8.0 3K XF PISPL3 % [H 4 i 25
H & L R 7 51 A7 #i i, A ProtParam , TM-
pred . SignalP 5.0 Server TELL B AF 43 B PISPL3 5 H
BRI I | 25 IR 2 F FE 5 K5 6. A CDD A&
RN T PISPL3 FE DK 4t 86 (R 1 &5 40 3, )
FH GOR4 {47 PISPL3 5 14 i — R 4544, i
MEGA 7.0 15 # R 4t & & #, Bootstrap {H % & N
1 000"

1.2.4 PISPL3 X B ek k54 Rk EQA
FEM G 24 h 36 h UKy BRI Z5EFe83 )5 24 h
36 h fHE Sk cDNA AR, LA B-Tubulin NS 3EH
(1) ,f#i[f] SYBR Premix ExTaq™i&#|&[ % HE4:
YR (At 50) A R 2 &) 7= & ], 76 ABL 7900 Real-
Time PCR System 1% ( 3% E 5 F A ) R 40 E A A =
i) EEFTSEE U 2 B PCR, BIF A L3 1, 52
A B S N4 2R R N R 2 TR He 251 1 05 ik
17, A RVALEE 3 MY ERE , 272k
B AT R

2 R 500
2.1 PISPL3 BEREKFIINRESS T
G SR 22 S L K R Bede i T 09 T s | itk

Fr 5 M4 R R P B 2 17 R/ A1 305 bp
AR B B, TEOLIET 1,

2 000 bp
1305 bp
1000 bp
750 bp
500 bp

250 bp
100 bp

M :DL2000 marker;1: PISPL3 2R PCR 724,
E1 2575 PISPL3 EEMEEER
Fig.1 Cloning results of PISPL3 gene in Paeonia lactiflora

XFAj 2y PISPL3 & R 4 % & 55 12 1y ) itk 47
BLAST FeXf 2087, &5 S on , Ho 510 H 2% 2 4
A SRk AR SPL 3 R 2 it & 35 1R 7 51) 1) A
IR A #172.0% ~77. 3%, Bii)e , FH DNAMAN 8.0 4k
PEHEAT 24 PISPL3 3 H 4t 88 1 0 i) s LR P 371

FH MEGA 7.0 #7524 PISPL3 3 [H 4 55 25 4 Ji
FR LR 751 5 10 B T SPLs 35 DR 4 At 2 11 I 1) 42
ERRFFHIE X, R 2 ATRLE 1, Aj 24 PISPL3
FER A% E RS R TIT AsSPL7 JE R 445 & 1A
RN —, FIZ A BOX L 156 R AT 251 SPL
A, GenBank 555 MN842720,
2.2 PISPL3 EEFBEAQREBNL GRS SN

W AE L 4K AF ProtParam 23 Afr & K, PISPL3 K&
DK i i 434 A 3L 1R , FL 4 % B 11 0 4 A X 437 I
W50 110.77, SR FECR 13 2664, T 53+
itj‘j Cz 123 H3 361N623O715533 ,}Ei/ﬁ%‘iﬂ)ﬁ(}ﬂ) 7"7 4.90,
VLA HCNIRYERR 1, BEAh, PISPL3 JE R 4 it 85 1 ot
Y 20 Fi 2 B2 2H 1, Hh 4 2R (Glu) & s
B, 13.8%; IR AR AR (Arg), 5 LA
8.3% ;0= W2 (Trp) & WAL, di bl 0.2%, PI-
SPL3 FE X 4 B & 11 0T 19 4 B H i 2 R AR
(Asp+Glu) ELEL TR 90 A, 7 11 L oy 22 3 iR 7% 3
(Arg + Lys) SHL MR 65 A, 1% A BN AT E
ZREH 70,94, K5 W1 30 b, JERT RECH 57. 90, F
PR K PE RO -0. 949, ARHE DL s mT LAAED
XS — s L faf (AR B K R L T, FH TM-
pred HEATIIGN AT, 2 8 10T 0 25 PR MR TE IX B
E AT A SignalP 5. 0,45 5 s | 1% 8 A Al
REHA {5 5 IRV RIOL G, AL T4 27 7 555 28 e
SR 2 R AR A
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29

25
35

87 — AtSPL10 (AEE30817.1)
93 !—L AtSPL11 (AEE30810.1)
L ASPL2(NP 974875.1)

AtSPL6 (BAE99931.1)
AtSPL15 (AEE79717.1)

—
O3 L AtSPL9 (ADG36380.1)

12

68

AtSPL8 (AFC17960.1)

AtSPL3 (NP_565771.1)
83 AtSPL5 (NP_188145.1)
AtSPL1 (NP_850468.1)

72
{AtSPLH (AAO41870.1)
AtSPL14 (AEE30050.1)
owl_ AtSPL16 (Q700C2.2)

0.10

55 AR DA B N 65 S5 355 S K A 7 e DN 2 e ) 8 1 B

& 2

AtSPL7 (AED92618.1)

PISPL3 (MN842720)

At FRURIT, PLRRATE

A7%5 PISPL3 E A 51T AtSPLs E A S EBEF I R Gt LR 947

Fig.2 Phylogenetic tree analysis on amino acid sequences of PISPL3 protein from Paeonia lactiflora and AtSPL protein from Arabidopsis thaliana

16 NCBIL F/43 87 PISPL3 3 P 4 it 25 1 57 1) 4
SPEE I K B, % R LA SBP-box 15T 45 4
SR, 1485 AT ML [ SBP-box L PR 5 1 1 445 ¥ 4
fiE, U6 W% FE R 8 T Hop— B, SBP 45 44 38 f
SBP-box Fith, i A fili 2EAH Y1 ) SBP 4514 3534 5 AH
W5 FELRH I GOR4 T PISPL3 Jk A 4 1%
AT R, 4558 Bn, o- MR BE ( Alpha he-
lix, h) /5 32.72% , 3 ffi 5% ( Extended strand, e)
20. 28% , T $5x K 1) 2548 76 14 52 A FL 00 4 1t ( Ran-
dom coil, ¢), 15§ 47.00% .

2.3 PISPL3 BiEEFAGRBEARWEERFFIX
te St Rt

FIIFH NCBI 19 BlastP XJ~j 25 SPL & R 2t &
JE I BE R 5 HEAT X, 8 B ) P HEAE I 17 42
AEY), H MEGA 7.0 R ERGE K E R, HE 3
ATLAA 1,252 PISPL3 & 1 5 HA A A SPL & H 1)
ARG ISR 2 A K533, Horp AT 25 SPL 1
(PISPL3) AJK SPL # 4 (CpSPL3) . 1] H %% SPL %
M (HaSPL3) . JGfbf SPL & H (LnSPL3) J& T 1 1~
%, oA 14 BRI SPL &R T 1AM,

DzSPL3 (XP_022721038.1)

62
44 GrSPL (KJB68767.1)
CsSPLI (XP_028077063.1)

BpSPL (AXB72465.1)

— EgSPL3 (XP_010062855.1)

24

VuSPLI (XP_027928786.1)

WSPLI (XP_021682433.1)
69 JeSPLI1 (XP_012076538.1)

— (CqSPL3(XP_021719303.1)

26

PgSPLI (XP_031389713.1)

PvSPL (XP_007149828.1)

VVSPL1 (RVW46871.1)

M
29

CsSPL (KDO42134.1)
JrSPL1 (XP_018814874.1)

LrSPL3 (XP_019193671.1)

HaSPL3 (XP_022025177.1 )

A

12
0.050 19

CpSPL3 (XP_021902083.1)

55 RO D BN 65 55 385 S o A 7 e DN i 3 59 44

PISPL3 (MN842720)

o Dz FRME, Gr FRMIAE, Cs FR MG, Bp 7R FIME, Eg KR 1%

B, Vu FRRILTL, Hb R, Je R BRI, Cq FmEE  Pe Fm A1, Py SRR, Vv R W4, Cs Fm K 4K, Ir ik, Ln 1

JeAEAR  Ha 7R 1n) H 32, Cp RRAK, PL FIRATEY,

3 A% PISPL3 EH 5 EAtt ™ SPL ARG H LR
Fig.3 Phylogenetic tree of PISPL3 protein in Paeconia lactiflora and SPL protein in other species
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2.4 PISPL3 BEAEMIRENH

XF LB BSR4 58 #2815 24 h 36 h 5k
FIHAZHR)E 24 h 36 h PISPL3 J:FR KK,
PG AR I 45 5 /%, PISPL3 FE[R (M X 32 ik i
HERACTM G 24 h = T AW G 24 hy TE2435#%
KI5 36 h BT A SCHRMG 36 hy F 2B S 36 h 1)
HXT IR T A SN 24 h BOARR Rk i, A4
PG 36 h BRI FRA R T A5C MG 24 h (1)
FXFFIR (B 4)  XFHZesc S AsCEs T LA
ZACAE Sk AR X s Y TR A B Y B seAEsk )
FAS AL PHAN R ] (R ARk i EA T X L & B, 458
FEYIE 36 h BRI Rk L A sc B b s 24 h
H R ek w2 B,

-
Eoo2r
X
®
=l
=

0 A TR

s
024h; M36h

H4 PISPL3 BEERFIRNEE S R LR KA B
Fig.4 Relative expression of PISPL3 gene in selfing and hy-

bridization stigmas at different stages

3 17 8
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