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LR AR RLE BB, 1M 510408, 27k SR SIAKE, T 400715

BWE RN E RO BGOSR SR R, R e W (B A B R, B T s AR A S IR
i A HE AR AR SCRSE R E . DR RIS R/ %424 (Petunia hybrida) B 32 R F1JEAE RO R, BCHIRIEx h e
KAE/NEF T H A, B RHE, AR R DIEEIE. SREH, KIEATAWSRILERE4S26 (1)
FoE R ARAE, Pl KAL) 7 85 Lh 8 301, BC RIS HE R KIE SR IE o S 101, KIEAX AW S
TEHZE RSIAFA BRI RTE, Folf AL /NI 8, RAE S hIEM e 3eia2:1; RAE A L RWH B K %EA4-86 (/)
T0)F 2 AR AL, Pl ) IRAEAE K B/ NIE SR S Aii o B R B R+ 2 BERVR A B A b7, $ IR AICE S/ 1A
HEE MW x S264H & B A N1MG-AD, W x SHIE AR H2MG-EAD, B A 8 W IR AEXTS26 H A6 16 3= 2 14 i [A]
i, Bom- RN, WARLEXTSHIEN 2% F R Rz, B k- B8R, thoh, RBATHAR, NEHFH 5
R, IO TR IE I KN, i qPCRAZI T BATTTEAR RITE 2 K/ DB A 24 bk RAEIE R IE KT, 45 R R
Y73 54 25 32 AR L DR PhHK DA K T B2 44 20 4 2515 5 type-A RRs3E (K 78 K AE b it ik /K 7338 v T B A/ INTE, R B 4H
A REESBRERRES SHAEER S KRR ER R

XRIF  RA, ORI, I RERG SRR
INEE, KR, KARE, BRI, FEEE, XEE (2024). Ea PR RN B LU S B R I RIE i i A4 59,

422-432.

12 K/ (flower size) 5 Wi #.47) 1 4% ¥y 5 %4 0H,
J& R TE R SRR B R B IR (Fenster et
al., 2004). X TMEEYM F, Lo K/hEEHREH
MEMEMETNE, KR G KD FE NHEY)
st A el bR el 25 A SR B B2 H AR . HEITE 2R
RN ARG W E T, EERF D, B8
ENIN @ BR3P E A LS N AR (S =
JE /LRI S B A MBI AE ), mZomdik
HIE R AR, B AR B R/ Btk (Krizek and
Anderson, 2013). Z it 7K M, EOEERDNET
BEIR, SRERIE AR, HATre T S e
WS YT, KT 1A 5 7 T L] BB
FCUAE X D, IF B A2 Bk YR TR A A 40 RS I
(Arabidopsis thaliana) (Krizek and Anderson, 2013;
Huang and Irish, 2016). Tl F e 5%/, H
T KN G B AR, BRI T Ed R
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INBIEFEA AR ORI SR PR A

1754 (Petunia hybrida) B 284 5l, MR EA
4 J& (Petunia) 2 - AE B AR Y, HA MR &R0
(AR ER, 2004). SIEETFHIEL, BaEd4E
sERIMEE, B RN ERFE, L REEE
210 embd b, /NMEFEERMN1-2 cm. 164, 5%
b B 5 B AR . YA R R 5 e A S5 AL
(Vandenbussche et al., 2016), HA24EAM 5
J% 4= FE R 4300 - (Bombarely et al., 2016), K1 & HF
FACA RN ER B AL S TR ALER (P38 AR AR . 2R
i, BRiRTEAEE o KN Rs e Fe b, B4
FAK—F(Ewart, 1984; Galliot et al., 2006; Venail
et al., 2010; Cao et al., 2019). T Ik, AHFFUA
[FEZ /N RR 244l Z ARk, BI04, H AR
142 56 F B R G0 F HoAb o K/ s AL JUeE . [RIIE,
TRYE R NIEEE M e 45 R R SRk, 4%
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ORI M FLAE A R 2 K /IR A2 21 R 2 P (1 RA
Ko WEFLE R — D WIH 1 IR AR AE R K/ A%
Fem, NHEACR BRSO T REA KSR . R, A0
Q] 7 B PRNOURE PR P2 A A E 2 R/ 7 A,
P2 R/ 2 BE TR 1 A R se R AR 44 T B oAb k), B
A EE K HEAR R NS HAME.

1 #R5EEZE

1.1 LR

SE UG B4 R FE B AR 4 (B 28 4 i (Petunia hybrida
(Hook) E Vilm.))H%Z &W (1£4£9.0-10.3 cm). DHZ
(1£448.5-10.0 cm). KZ (1£1#8.0-8.5 cm). S ({£4&
4.0-5.0 cm). SW ({£4£3.8-4.5 cm). HC ({£1%
2.5-3.1 cm). SP ({£4£3.1-4.0 cm)LA X W115 (1842
5.0-5.5 cm). ikifei&aE 4 (P. axillaris) S26 (1£154.8—
5.6 cm)flfE K#%E# 4 (P. inflata) S6 (£1£2.3-2.8
cm). i, AR AL = AR E 2R
HAZIEF MR, W15, S26F1S6 H fiif % fif 4 745 71 K
2 Ronald ##7 #Hl, SLI6= QR 7. FrEMEHER
KAMHEIR AR E (K1)

Bl AREEARNERZEF SR
W. DHZ. KZ. W115. S. SW. HCHISP: %#:4 {3 %&; S26:
A&z, S6: I K%E# 4. Bar=1cm

Figure 1 The tested materials of petunia with different flo-
wer sizes

W, DHZ, KZ, W115, S, SW, HC, and SP: The inbred lines of
Petunia hybrida; S26: P. axillaris; S6: P. inflata. Bar=1 cm

HEAES RN AL FUH MR IR R RIS M 423

i

12 SWFFE

121 SE#HENWESHE

¥ H 2 RZWS AL R 24826258, il KAEx1E
RAZEE, REXF T B AR, K15 FLMIBC,,
TE BC #F 44 o 43 5l 14 43 A6 AN b 6 A8 bk B 22 3R A5
BCF,; [AIIF, 4 H A8 ZW il 5 SFIS6 4% A8 B il 44 28
A, MR RIF B 75 T FE AR A A A 52 5
WA = P, A ) (R A B4 N MBS AR L Py Fos
BC/MIBCF #f 44, i s ARIF AR P E 300 DL |,
Fa. BC4HIBCF B4 FiE 100—3004% . % F 3 5 K H
HEOYR R B RS =31 (VIV), Bt K h2-3 4 E i
J&, BILR T 15 cm x 15 cmffe N, AL
W R AEAE

122 #TZEMNE

T RS BRI BT A R R EAT IR & . BEALIEEL
PR 32 BT B4, & H A8 B AT B R FE,
BP0

1.2.3 RNARREIScDNAE R

43 9 BUAS [) 46 24 R /N 7 20 bk 2R Ak T A6 5 ] 4 K 1A
fIAEME, FIFH TrizoliZ 2 BUS RNA. 1 %55 i B e e
HLVK AT IRNAR) E 3%, SR )5 R 7 T—80°CukH . ff
F PrimeScript RT-PCR Kit/x i 3 i{ 7 £ (TaKaRa,
H )5 S RNAEAT [ i, BAR$AE 2 IR 2 I
GV . ¥ IR15 I cDNARAT T—20°Cok#H . BUH
7 cDNAJE R RE206%, FT N — 2D simh ik e &
PCR4 7.

1.2.4 EHEFRESH
MR 4 S 2 2 K/ IN T B S 2L 7 245 SR A R STk
X ANFIAE 2 KN YRR 2 AF ok R RN K (R (3R 1) BEAT
RKIE5HT . B Blasti R AT HILLXS, MAAREF 24
W 3wk (www.sgn.cornell.edu) 3R 15 B A5 2 K /T 4 & 7
H. AEAEFlaZERE A NS AL, F]fIBeacon
designer 8.0 F 111 PN S KRN H b 22 [R] 1) S 4
IR 5l ElAE TAY TG R ARG .
i FH ddH, 0% 51 4R B 2100 umol-L™', T—-20°Cik
FaTRAF 25 o

PLcDNAN#AR, f# Flllumina ECO Real-Time
PCRZAZMITB Green® Premix Ex Tag™ Il (TaKa-
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F1 LN FOLEEPCREIY)
Table 1 Primers used for quantitative real-time PCR

Gene name Primer name Primer sequence (5'-3")
PhARR496 gqPhARR496-F GCAACAACAAAGAAGCAGAGCAGTT
gqPhARR496-R GGTGATGATGGTAATGGCTGTGTCA
PhARR828 gqPhARR828-F CATCTTCCTCGCTCTCGCTCTC
gqPhARRS828-R TGAGTCGTCGTGTTGGTGAATGT
PhARR970 gqPhARR970-F ACTCCTCTTCCTCATCAGTCATCATCA
gqPhARR970-R GCTGCTGCCATTCCCATTGTTG
PhARR1029 qPhARR1029-F GCAAGAGCATGAACAGAACAAGTCA
qPhARR1029-R CCAGGCATACAGTAGTCCGTGATAA
PhARGOS057 qPhARGOS057-F TCTCTTCCATCATACGCTTTGGTCAA
qPhARGOS057-R AGGCAAGAACCATAGGAGATTGTTGA
PhARGOS459 qPhARGOS459-F GCACATGGAATCATCAGCAGAAGC
gPhARGOS459-R GGTGGCAATGGTGGAAGGATCAA
PhHK qPhHK-F CCAAGTTCTTTGAATCCAAGCCTCAC
qPhHK-R AATAAGAATGCAGCACCAGCAGAATG
PhTCP3b qPhTCP3b-F CCTCTCTGCTCACACAGCCATTC
qPTCP3b-R GCCCAGCAATACTGTCAACTAAACT
PhTCP4a gqPhTCP4a-F TGACCAAGCAGCCCTTTTCTCT
gPhTCP4a-R TGGAACTCTGTGGTGAAATGTCTGT

Ra, H )47 S22 i EPCR AT, A6 I AH 56 5
AEAN [ 6 2 KRR R R 1 0 . qQRT-PCRR Y.
RS FIN10 pb, B351 ub cDNA, 5 L TB
Green® Premix Ex Taq™ I, F. Fi##514%0.2 uL,
3.6 pL ddH,O. & NiFEF ~N95°C30%; 95°C5#),
60°C5F), 401MEHF; 65-95°C, & EF10.5°C, 128
5%, AT 4T . 55 5 12 FH lllumina ECO# A,
K 272CT (LivaK and Schmittgen, 2001)43 7 %k
¥, SRAFEENAEA MR R A Rk & BR AR
WEINEYEEE, AR EZ3R.

1.3 BE4EENTER+SERBESER SR

181 F Excel#R A Ab BRECHE, I 1EAT 2t 43 #r L AR AR
J7 RSB (K 4%, 2010). {8 FSEA v2.08 1k (E3#E K
&, 2022)%F % 8 A A AR B AT G
THELH 24 iR R & AR B AR K ALSR BR B e AAIC
(Akaike information criterion){f; i it AIC{H % H %
PR, HEATE A PEAR I, BIEUS. UL UsS.

Smirnov£: i (nW?) FllKolmogorov 4 (D,,), Hi#EAIC

BB/ TR D RT3 5 M v 00 25 SR a2k ) A AR

2 ZR5iTe

21 BESUERKNMERAESN

211 W x S26MTERK/MBEEAE
B2 ZW I E 42 70 4 #£9.0-10.3 cm2 [d], HME A
(9.74£0.3) cm (I&I2A); WAL RE A1 S26 ) 1645 73 A 1
4.8-5.6 cm, Mt }(5.3+0.2) cm (K2B). LIW Y BEA
S26 N XA AT LAy, W HF ARFIFAREEAR 1 S
KBTS, SRER, FORHMATER 24 1E7.0-9.5
cm, %M N(8.320.7) cm, LLEAWKIIEREE /N, H
B KAG(E2C); F iR ress H R o B, H
2 N2A XAl 6.8-10.0 cm (K1£)H14.4-6.2 cm
(hAE), Hh KRACE PR B 98k, W AERE IR 1%L
BON36K, Kb 5T Iem o & i 3:1 (K12D).
HW x S26 FfRIt Ik 5S26[A158, #EBC HHA,
X HACA R NAT G E . B R EOR, BCEHAMIEE
43 55 N6.8-9.4 cm (KA1£)F14.4—-6.4 cm (FF1E) AN X
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], Hrp KIEMREON67, IR EUN62, 45 Lk
1:1 (BI2E). 1EBCHFAA - AL BRI 16 %1 7k
BEAT H 2, 8 RAEBCF A {EBCFEAR, Xf HAE
RRNIAT SR SRR, KIEBCF B4 H I K TE
(1£4£7.0-10.2 cm)FI £ (#£114.0-6.3 cm)/r &, H
ORI R BN 194, LR ECNB5, 7 & i
3:1 (EI2F); 1 AEBCF 4k B AR AR oK LK /N 43
B, A MM N AR (161£4.6-6.4 cm) (EI2G).

BbAbh, FATRIAAS o B th b, KAEk R S+
TEAERR I AV AR TE— @ 22 57, b RAE AR
(e RO LR AR RIS K, gk Rkt B
B L R R IR (R B4 ),

212 W x SFIW x S6RITEIA/NEEME

F42 ZSINTEIR 3 A 1E4.0-5.0 cm, “F-¥I1E M(4.5+0.3)
cm (E3A). UWHAREA, SHRQARHI s 414,
FoRIF AL R /NEAT Se . SRR, Fb i rIfe
1253 41i1£6.9-8.8 cm, “FIYMH H(7.8£0.4) cm, HLIEA
WHIHEAREE /IS, HB R K ToRARSIEE, R KAu(E
3C). FREARMAEAR I /NG B, (ETC IR 73 5 X
B, a1 RAZ W x S26FER I B G L, K f644>6.8
cmiE N KTE, 4.0-6.8 cmiz AT, AR AFBEARIIK
1£(6.8-10.3 cm) itk HN 76, 1615 351H 7 (8.520.8)
cm, " 1E(4.2-6.8 cm) L Fk N 39, T E¥IH A
(5.8+0.7) cm, KRALS S MR LLGIHEE2:1 (KI13D).

A 4y w B 16 S26 C s W x $26 F;
14 5
12 >
> [$)
© §‘ 10 § 4
[
= 6 S 8 g 2
o 4 i',' 6 o 2
L i 4 1
2 2
0 ™ O 9 » 0 0
o° ¥ 97 o° o 07 OV 48 50 52 54 56 NINNINIRE R RS
Flower diameter (cm) Flower diameter (cm) Flower diameter (cm)
x S26) x
D 16 - W x S26 F E 14 (W x S26) x S26 BC+
14
12 4 >
g 104 e
5]
8 8- >
o
g 6- 8
L 44 w
2 -
0
FORONTOVONTOBONTODRONTOVONT OO FTORONTOOONTOOONTORONTOOONT
FLFBOBIBIOOG GGG ONNNNOBDBBBBRRHBHO LB 6166 O G G O NNNNN 0360 00 0 05D
Flower diameter (cm) Flower diameter (cm)
F 50 (W x S26) x S26 large flower BCF. G (W x S26) x S26 medium flower BCF>
45 - 12
S, 40 10
& 35 g g
S 30 1 §
g 257 g °
- o
15 w 4
10 2
5 -
0 0
ONTHOOONTHOOONTHOOONTHORONTOOONTOOONT © 2. 9.%.%.0,2_ 9.9 %
I FFBIOBBIEE G OB ENNN NN GE BB BB BB SS b7 BT 0T 070N 67 67 67 67 6

Flower diameter (cm)

B2 W x 826554 LA 5 AREMAEAR I i

Flower diameter (cm)

(A) BEAW; (B) KAS26; (C) Fifitfhk; (D) FolitiA; (E) BCH#EE; (F) KAEBCFBHA; (G) FHEBCFREA

Figure 2 Frequency distribution histogram of flower diameter for parents and filial generations of W x S26
(A) Female parent W; (B) Male parent S26; (C) F1generation; (D) F. generation; (E) BC4 generation; (F) BCF, generation from

large flower; (G) BCF, generation from medium flower

© 0000 Chinese Bulletin of Botany



426 fHYIFR

59(3) 2024

KB4 S6HIAE L A 7E2.3-2.8 cm, “¥¥  (5.2+0.4) cm, AT PFsRAZIE, HWR/NT K
{E4(2.6£0.1) cm (EI3B). LIWNEEA, SENRAR  SEA, &N IE(KIBE). FllEfk i BIIE 2 KN
X HF RIF BRI 2 KT G, 2408, HAGIRTE2.6-7.8 et [l 4 5 7442 4 A (54
gER IR, FORHARIEE S Ai1E4.3-6.1 cm, “FIME  EASAE), HhA1E(>6.8 cm). F11£(4.0-6.8 cm)Fll

2 LA,

Frequency ©
= - N
o o O

[4)]

A 14
12
10

Frequency

ON DO O®

4.0 42 44 46 48 5.0

S

Flower diameter (cm)

W xSF,

0
6.87.07274767.88.08.284868.8
Flower diameter (cm)

E 14
10

Frequenc

ONPO®

4244 4648505254565.86.06.2

B3 W x SHIW x S625A N Fr. FREARIEARSH 204

W x S6 F,

Flower diameter (cm)

B 10 S6

Frequency

o N b O @

22 24 26 28
Flower diameter (cm)

WxSF,

aaa
ONPADOOOND

Frequency ©O

ANFOOONTOOONTOOONTOOONTOOONTOOONT:

T T LOLOOOLOO O OOWON NN NN 00000000 MO OO
v
Flower diameter (cm)

W x S6 F,

s
ONPRDOONRI0

Frequency =

OCOONTOOONTOOONTOOONTOOON T ©®©

ANNOOOONMTETITITITTOOODONOOOWOONMNNMNNNMNN
Flower diameter (cm)

(A) 3EAS; (B) 374S6; (C) W x S FJAA; (D) W x S FolEAK; (E) W x S6 F1F4A; (F) W x S6 Foftifk

Figure 3 Frequency distribution histogram of flower diameter for parent, F1, and F, generations of W x S and W x S6
(A) Parent S; (B) Parent S6; (C) F1generation of W x S; (D) F, generation of W x S; (E) F; generation of W x S6; (F) F, genera-

tion of W x S6

]2 BRI KAUSRE (ML), AIC (Akaike information criterion )& Flik 5| & 3% /K 4 %1

Table 2 Maximum likelihood value (MLV), Akaike information criterion (AIC) value, and the number of reaching significant levels
for each genetic model

Cross combi- . Maximum like- Number of significant levels (P<0.05)
nation Genetic model lihood value AlC U42 U,? U2 nw? D,
W x S26 1MG-AD —-599.9208 1207.8420 0 0 0 0 0
2MG-ADI -596.0287 1212.0570 0 0 0 0 0
MX1-AD-AD -596.8717 1211.7440 0 0 0 0 0
W xS 2MG-EAD —242.0814 492.1628 0 0 0 0 0
MX2-EAD-AD —245.5385 495.0770 0 0 0 0 0
2MG-EA —244.9837 497.9675 0 0 0 0 0

MG: TR MX: R+ 2 B KRG, AD: Intk-R RS, ADL: - - B AR RN EA: SR8, EAD: S5miE

SRR

MG: Major gene model; MX: Major gene+polygene model; AD: Additive-dominant effect; ADI: Additive-dominant-epitasis effect;
EA: Equal additive effect; EAD: Equal additive-dominant effect

© 0000 Chinese Bulletin of Botany



B
HE
4
ey
it
—=
=t
*

/NFE(<4.0 cm) FIREARE 2 1. 168F121%K, 142
FE H(5.241.0) cm (E3F).

22 BESUANEEE+ZSERRESRESH
I FE AP = 5 DR+ 22 JEE DR VR A A A 28 A3 BT it K qx
LI Z A AW x S26FE K, DL KAEx/INMER) 2+
SLHEW x SEEAARFEATIBAL 43 A, MR AICAH 5/ 5
W, FFANHE RGN LAY, X & AR AT I
AVERINUA U Us®. nWPHID,). &5 REW, &
B[ GE i B b AR Tk W 2 KT (382), A R AICHE
BN IO B AR AL, W x S26 4 & I B A8 B 2 Oy
1MG-AD, W x SR H2MG-EAD

23 FHRBRIRENEER

STW x S26#]F,. BCABCF B4 E 2= K /MR AT
RARE(£3), AR, EREAEKRITEA
0.001-0.249, ¥J/T3.85, P{ 50.294-0.971,
KF0.05, A NSehrl 5HEISE A B 257,
B f ) & R R+ 2 BRI G s AL B AR W x
S264H & IR N 1IMG-AD . K, 5 &34
A8 WK K AL MR 6T S26 1) Hh A8 1 bR He 16 3 L 1A
Pt BARBAE W 4 PR o

24 BESTEAXMIXEERNTRIESH

MR A 38 7 A0 K /N B SR 20 72 7 3R 08 BE (R B AH 5@ Sk
R, ATEFEIN T RES 5L KN,
L5 41 43 34 2R 32 AR K (PhHK) . ARGOS [A] 7 2

®/3 BT RBIRTE RN B R IT K

RN S ARSI R R I b 427

B4 W x S267E5 K/ st & Hifd E
Bar=1 cm

Figure 4 Diagram of genetic law of flower size for W x S26
Bar=1 cm

A (PhARGOS057fIPhARGOS459). type-A RRs
(PhARR496. PhARR828. PhARR970#1PhARR1029)
PLE TCPZ K (PhTCP3bAIPhTCP4a), #ill'e
WHEANRIAE S RN A R R AE I IR 7K AR
FRRIAEE BAT, B N RAE, HRAERI/NE3Fh R
B, B H3 ZW. DHZRIKZ N KAE, 44 KT8.0
cm; S. S26FIW115kk R AH1E, 165£754.0-6.0 cm;
H %2 2SW.HC.SPHIS6 /M, 1£4£1£2.0-4.0 cm.

qRT-PCR 145 5 (K15) 7%, PhARR496 FIPhHKTE

Table 3 Chi square test for flower size segregation in the hybrid offsprings of petunia

Cros:tci:g:ﬂbl- Population Plant Large Medium Small Theoretical Actual (xc?)

(female x male) types numbers flower  flower flower ratio ratio  Chi-square test

W x S26 Fi 32 32 0 0 - - - -
F2 134 98 36 0 3:1 3:1 0.249 0.618
BC, 129 67 62 0 1:1 1:1 0.194 0.660
Large flower BCF, 259 194 65 0 3:1 3:1 0.001 0.971
Medium flower BCF, 44 0 44 0 - - - -

W xS F4 72 72 0 0 - - - -
Fo 115 76 39 0 - - - -

W x S6 F1 57 0 57 0 - - - -
F2 200 11 168 21 - - - -

XC?<3.84(1), P>0.05, A& #; xc>>3.84(1), P<0.05, &3,

xc?<3.84(1), P>0.05, non-significant; xc?>3.84(1), P<0.05, significant.
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A PhARR496 B PhARR828 c PhARR970
5 001473 3 0207 £ 0.010-
] <@ =
& 0012 = 0154 § 0.008-
c 0.010m 9 2 0005
% 0.008 1 bc 8 0.10- g
£ 0.006 - g 3 0.004-
£ 0.004- be @ o
o 0. c ¢ o 0.051 2 0.002
2 0.002 - C@HccCe b= ke
2 & o
© 0 & 0 14 0
g 3YUgeoz953 zRYEeoz053
o 9z o 9z
2 =
Strains Strains Strains
D PhARR1029 E PhARGOS057 F PhARGOS459
- - 5 0.010-
5 g 0012 g
2 2 0.010- <= 0.008-
c 5 S
5 g 0.0084 2 0.0061
@ ©  0.006 g
g S £ 0.004
g 3 0.004 o
()] > u
2 2 0.002 £ 0.002
s 3 0 e o
° 2
Strains Strains Strains
G PhHK H PhTCP3b | PhTCP4a
o] 5 014 a 5 0.12- a
2 3 0.12 a 3 0.101
5 s 0109 a § 0.08 ab
@ 2 0.08 @
8 8 006 @ 0.06- ab  ap
53 < 0.04- £ 0.044b
g g ‘1942 $ 0.024m bB b M b b
2 2 °-°z‘ibb bbbb 2z
© % 0 ] % 0
[0] O © © ©
© © §§§$;w%%%w 12 BEQ%:U)%%%UJ
= =
Strains Strains Strains
El5 2S5BS RIEE TEAR RIREA bR R IR K

RELACRINMEWZEE bR E . ARG FRERRAFR RN ZER B .

Figure 5 Expression levels of flower size regulating related genes in different strains of petunia
Vertical bars represent SE of three biological replicates. Different lowercase letters indicate significant differences among strains.

KACH R IR B 2 T e AN, ZE R e
M FRIEKFAHZEAKR, PhARR828HIPhARR10-
291E K AGH I ZRIB K-t 85 it = T AE ATNE, (HAS
S TEA NG )R IB KPR AR X Ly, PhTCP3brE
HHAE RIS 43 /NE A IR IA K & s T K qe, e st
BRIk K 5 ARG RN R 2R

25 e
T8 20 R/ A 5 e R A 13 A B 00 5 A 4 A B IR,

SR, H A H A U T RIS+
PR, Horh E B N — R KN R T A, &
DA IR AR, R G 2R, A% G s A%
T RrAy WP N N O 7 = e S LS AN A
BARNEREE, HARBIEE AR R,
ST IR KN BAL T U B AR R R
Galliot%5(2006)F F 24~ B7 A= S A2 - M KLP. - axil-
larisFIP. inflataff)BC/# A& 31T QTL T, 4558 &I

A B R T PR A 2, IR E 6
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e e K B QTLs, H A 44QTLs[R I mife
BRAN, AT ERE68.7% A e % R . Cao%k
(2018, 2019)4r#IFIFHP. axillaris x P. exsertafllP.
integrifolia x P. axillarisf B 41Ir 52 R (RIL)EEA, @
IESNPHISSRERIC KT 23 H . B4R AT R K 456
AMEIRFATQTLA T, 25 RAEP. axillaris x P. exser-
tafif ik R34 I TE R QTLs, 7EP. integrifolia
x P. axillarisHE{A RG24 62 AH<QTLs. _LidHF
FoR, A 3 E AR KN AR (2.5-6.0
cm) i) 3O R 5L B T REH 461 . ASHE 5T LA KRR
2 {52 F (W) 5 IRAE % 4221 (S26) Ml h A€ H 22 £ (S)
HATHRAS, RV RAEx R AL IEAR B AL FUgE, 45 Rk
MW x S264H & 1AL K /N4 AR 3= B =], H
ST L A (R AEAE D PE A AR RN, W x SH AR
RNARA 52 25068 2 B DR 45 ), ok DR RN 46 7 Jik [R] 1) 7 E
SRR, XS5 R, e R IR
H 1 1E(4.0-6.4 cm)3 KAE(>6.8 cm) ) K Al g A
A1-2xf, H—@RE ERAA T2 BB LR S
B MR DR R KON, X 5 Ewart (1984)18 H (1% 42
FRAEFEF R AN AL W x S FlEAR H
22 B Hh 20) Je PR il AR 1A AR 23 B L, W RE R T
FE R A 5E 4 AN M 5N B B B o P e PR Y
NAaBb, IB4F#14E+HAABB. AABb. AaBB. AaBb
FEDRI AL (15 Eh9M6) B R A — 8 N RAE; W SR ATE A
DUBRR T BEEA, AAbb (15 L 1/16) 1Y ] e AR
1, TMAabb. aaBB. aaBbflaabb& X% (4 16/16)
FIFRBN e, X5 3RATF B0 K65 e 8 el
PR 2 RFT  FRATHEC ] 7 KA/ NMER A H A& (W
x S6), HFRIEib T MsEAZIA(4.3-6.1 cm), H
B3 /N T R AESE AR (9.0-10.3 cm), FoREiAR I i BlAE 42
)25y 85(2.6-7.8 cm), HICHA 15 SR, Bl
WA 20 B 2 SR e 20 K/ e AT FEIRTF W x
S26 FMIBC 77 BSHEAR R 7 4= KA L DN 1) 5 A v b
AL T FRAR AT SO L

EAER B FE s, ARG TR P fE 3
BN, ez 2 MEE Rz, b AR E AN
Z4EK R A% EAE Fl(Santner et al., 2009). 40, 5
FFARGOS (AUXIN-REGULATED GENE INVOLV-
ED IN ORGAN SIZE) R ZAEKRESH T, Eid
W42 FHEANT (AINTEGUMENTA)JE [ (1) 26 32k 12 il
16285 K/MHu et al., 2003); ARGOSHE: [ ik 7K

AR R/ U A IR I (R IE 704 429

i

SRR, A R AN AL AR T 4
B, AT P2 AR BOR B /INIAE S B (Hu et al., 2006).
TERE A= 2P 6 R S 08 R OFT 1 48 i 7 24 3R R ik
RIPT, wI 5 n4n i H I E 482548 K (Verdonk et
al., 2008); A i Ir 20 Jfa 7 2¢ 25t AT A A6 e (R 25 1
K(Nishijima et al., 2006); LlF5 4L 75 2 52 A5
I AHK2 MTAHKS3 ) D g 3815 4 R A8 3 346 28 B 1 K
(Bartrina et al., 2017), iX4e25 R B, 4 4K K&
HESHSHERT RN EAEZREEN, (FRA
VEFALE] AT 25 . type-A RRs#: 5 K =2 A 40 i
NERFETH SRR BT, K24
HREFBSHFRIE, 03T 565 BRI A1 5 1m0 48 i
Y FEAE 5% (To et al., 2004, 2007; Kieber and
Schaller, 2018). fE#EA=4 KAEMK R (W)RI/NERK &
(SW)FE e s I - &85 b, FRATTR L ARGOS ]
JEFE AIPhARGOS057 . AHK [ i 3 R PhHK A & £ %
type-A RRs3E [ (1 55 PhARR496 . PhARRS828 .
PhARR970f1PhARR1029%% ) 7E K 1t F ) 32 1k /K °F
BT /NME. i, A0S qRT-PCRE 18
NTHEARIE 22 KN A AR RACTE I R IE 0L, 45
RIEIR, PhARR496FIPhHKYE At 5 KAEM KL 3%
15K B s T R AR/ fE, PhARR828 Al
PhARR10297F KAE H i 21 7K~ 357 3k w5y T~ Fh A6 0
N, HEAEREM B RE & SN R IE
FHSE, HIAE 28K (W>DHZ>KZ), ik 7Kk = (&
5); 1 PhARGOS057 f1PhARR970 i) % ik /K V- 51¢
FRNTEEER R, BIR T HELEWKE R T EIE KT
R TSWH R, X 5HFHAMFPER 3. ET
I, FRATTHEE DU 40 L 53 2 3R A2 A R PhHK R R0 | i
Al RE S A A ORIE B K, Titype-A RRSTE R
T H 1)k 7K P38 i i T H AR AT /N UL B PhHKY
iRk, SR, NishijimaZs(2011)0F 5t % B,
PhHK 5 8] Je H /KPR I H A e 15 S R34 1 1E
FEIGN. B, AR KRR G T Re 2 S 4 i
NREETRBEMRAILEHS R, WAFRAD
T JE BN TR HIW x S26[IF,MBC 7> B R, Xf
WA= I KA P e B R HEAT 78 LA 43 7 550

TCP (TEOSINTE BRANCHED1/CYCLOIDEA/
PCF)-miR396-GRF 2 = )4 B K/NH 7 — % i&
1o U I ISR TCP IR K Dy Rk 2k T B Fr i 241 i
Ay ZINPR ML 2PIRAR, FARREE R
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4K (Nath et al., 2003), H I TCP43E K 3 HAmi) 1L
MWEKMIER (Nag et al., 2009); 52 A FAFZE, &
4 E (Antirrhinum majus) 128 TCP 3 [AICIN (CIN-
CINNATA) I 2R, (HARHETE 2L 40 i 1)
Iy Z4MA4 K (Crawford et al., 2004). AW 5tk B 24
TCP3/4 (1125 TCP % [A ) [A] J5 %5 K PATCP3b LA /¢
PhTCP4a, il HAE AN [ 16 2% K /N A2 4= 1k R A
HIRIEAKTE, 4R RIENIRBKFESIEAE RN
TG W B A O, AEAE R AR 1 28 7K~ 3 45
K, BAJIAHIER N R RS & S & T KA
(K15), X 511ZETCPHE R — i LA 0l 41 i 73 24 11 1)
Bt —3, HWAHEFPhTCP3bAIPhTCP4a B A 21
G FECINSE R e 3E 78 e i 4 SR AE K . 3R
M2 B 98 27, PhTCP3bMPhTCP4alt Kl 78 4%
AR R AEME R LW b (Re 2 E T8 3 K & 1 b s ) )
FakKF B ZEm T /NEK ZRSW (Zhang et al.,
2020). K, PhTCP3bMPhTCP4axt a4 B K
NITREAE A fr it — 25T

& STk A

NI BT IR SE B E, HTEUE IR S 0 5K
FERGKAREG: PhBhSEa; RV YhBi o B, 2
TRE: 8RBTl R E B WHE MR &R,
R SR BT BRI L.
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Inheritance Analysis of Flower Size and Expression of
Related Genes in Petunia hybrida

Miaomiao Sun', Wei Zhang“, Linxia Zhang1, Juntao Huo"?, Zhineng Li?, Guofeng Liu"

'Guangzhou Institute of Forestry and Landscape Architecture, Guangzhou 510405, China
“College of Horticulture and Landscape Architecture, Southwest University, Chongging 400715, China

Abstract Flower size is a key factor in plant evolution and speciation, and also an important trait that determines plant
ornamental value, so it is of great scientific significance and practical value to study the inheritance law and regulatory
mechanism of floral size. To clarify the inheritance law of flower size in petunia, the inbred lines and wild species of Pe-
tunia hybrida with different flower sizes were used to make cross combinations and construct genetic populations in this
study, including large-flowered line x medium-flowered lines (W x S26 and W x S) and large-flowered line x small-flowe-
red line (W x S6). The results showed that all F4 generation of W x S26 were large-flowered plants, while the flower size
appeared separation in F, population with the ratio between large-and medium-flowered individuals of about 3:1, and the
segregation ratio between large- and medium-flowered plants was close to 1:1 in the BC1 backcross population. For the W
x S combination, all F4 individuals were large-flowered, while the flower size appeared separation in the F, population,
with large- to medium-flowered plants close to 2:1. The F progenies of W x S6 are all medium-flowered plants, while the
flower size of the F» generation showed evident variation and continuous distribution. Performing mixed major gene plus
polygene inheritance model analysis, the optimal models for W x S26 and W x S combination were 1MG-AD and
2MG-EAD, respectively, according to the standard of minimum AIC value. It is reasonable to conclude that the large
flower trait of the inbred line W is controlled by a single dominant gene related to the middle flower trait of S26, with addi-
tive dominant effect, whereas the large flower of the inbred line W is controlled by two major genes related to the small
flower of the inbred lines with equal additive dominant effect. In addition, nine genes that may regulate flower size of pe-
tunia were selected based on the transcriptomic analysis of large and small flowers, and their expression levels were
detected in the petals of various strains with different flower sizes by qRT-PCR. The results showed that the expression
levels of cytokinin receptor gene PhHK and Type-A RRs in response to cytokinin signal were generally higher in large
flowers than in medium and small flowers, suggesting that cytokinin signaling pathway may be a key factor involved in
regulating the large flower trait in petunia.

Key words petunia, flower size, inheritance law, cytokinin signaling pathway
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