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Genetic analysis on flower color in hybrid generation of pink rose cultivars
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Abstract: Roses (Rosa spp.) are important economic and ornamental plants with flower color being one of the most
important ornamental traits. Elucidating the genetic rule of rose color can provide a foundation for rose color improvement. To
study the genetic variation mechanism of pink rose flowers, the F, population material was got by hybridization, taking pink
Rosa chinensis ‘ Zhaiye Tenghen Yuejihua’ as the female parent and pink Rosa chinensis ‘Old Blush” as the male parent. The
phenotypic value of flower color of hybrid population was determined by colorimeter, the color-light value and color classifica-
tion value were calculated. The genetic rule of flower color traits of roses was analyzed by using mixed genetic model of major
genes plus multi-genes. The results showed that the colors of the hybrid rose population showed segregation from white to dark
red, divided into five color systems such as white, pink, red, red-purple and dark red, using Inter-Society Color Council-Na-
tional Bureau of Standards (ISCC-NBS), and the distribution ranges of parameters in all color systems were determined. The

relationship between color system and luminosity (L"),

IS H H - 2020-04-26 redness (a” ), yellowness(b” ) detected by CIELab of the
HSTE . Jbst A H R 5 (2181100002418006) 5 I 5T 4 4k hybrid population was established. In addition, it was con-
Bl 4 H (6192018) firmed that the flower color of the hybrid rose population
fEERN .22 W(1995-) , Lo, bR E A BT BFge A, EEMNH was controlled by a pair of additive-dominant master gene,
AR BRSBTS, (E-mail) 564102956@ qq.com and the genetic model was 1MG-AD. The heritabilities of

WIAEE W45, (E-mail) htpan@ bjfu.edu.cn major flower color genes calculated by two parameters such
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as color-light value and color classification value were high, which was 81. 929% and 96. 86% respectively, and it was not easy

to be influenced by the environment. The results can provide reference for flower color targeted rose breeding.
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1.1 iRga s

K L BEA Ry A5 e A H 22 46 (Rosa chinensis
‘ Zhaiye Tengben Yuejihua’ )™ A4}y A A ¥} (R.
chinensis “ Old Blush” ), Z 5 7 A By & i fh> |
B T IRAE . 2015 4F4-8 HEEF ST TR
ARAFFE O/ NG BRI T 458, AR I8 2= 587
% AR SR IS WO E A )
1.2 EelE

2018 4FH1 2019 4Ef6-8 H, 4L 2 4FHI L E 2
KIE 2 bR L 2 (Royal Horticultural Society
Color Chart, RHSCC) 1 {22 {% ( NF555, Nippon Den-
shoku Industries Co. Ltd.,Japan) X} 243864 L K F AR
163 MR RIALOFEATIN R . AR R 3 SN
FEOPITRC(AELGZOT ) WAL, 2RI 3 S AEAEAE T
E AL BUR R AENE . 12 C/20 LA T,
D AR T T e ) RS ), DA CIELab (B LA
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T /REIE R SE ( Munsell color system) BB EUH.,

XFEEIR R 9 I EE BCT- e, IR 3
TR WY TR B O R E P, A6(E =2 000%a/
Lx(a’+b*) "2 MRAEE AR #HIE KPR G S
@A H) W (V) MR (C) R AT ISCC-NBS fi
Pk TR 3 SRR T REAS fn 44 B SR T AL
HA BRI A3 AR5 | SR R
A Origin 2019 BAFL2 I MR L7 o™ R b”
FAZRE S — 4t =4 oAl
1.3 FEE+SERBEESH

SRR P B+ Z R IR A i fe
B 357 ARSERY Bk, R A F, AR R B 4y
PrA ERHAE MR IEHE 720, I SEA 85t
11 FEEARIfY AIC {E ( Akaike’ s information criterion ) , 1%
BRI EATAN 2 S Tt ST

2 R 550

21 FEMEAAZExAAMBRERHERVEETR
X} 458 AR LA e 42 38 AR A% 1) 58 ST A o i ELAR
Tl —A KRS F AL 163 SRR R AT (0 HT
RN, AR H H By (RHS :68-C) FIHEEAZE I A
A ZAE(RHS: 67-D) ¥ ¥ (0 R i b (B H I 2 5
FRHEEN OB LL A e B (E 1)

A:Rosa chinensis ‘ Zhaiye Tengben Yuejihua’ ;B:R. chinensis ‘ Old

Blush’

E1 FMEAAFE AAMRERTEROEITIER

Fig.1 Flower characteristics of Rosa chinensis ‘ Zhaiye Teng-
ben Yuejihua’ ,R. chinensis ‘ Old Blush’ and their hy-

brid generation

2.1.1 LT ISCC-NBS & % & 7= 7 kB R & &
RitiTa 4 R ISCC-NBS a4 £ Riknt 163 4
A AR R AL LB AT 6 44 T3 28 R I AE (4
440 22 FEEE R (5% 1), 255 AUIE @ LUK
o 2040 80 L , /ﬁ\:qjﬁélﬁi%@( Vivid pur-
plish red) ™MARZ , 5 S50 21. 47% , R HSRAL
i 48 ( Strong purplish red) , 5 B 12.27% .,

&1 ISCC-NBS BERTEMEMHBRAAZTExAAMELZTER

R AN
Table 1 Naming of the flower color of hybrid progenies of Rosa

chinensis ‘ Zhaiye Tengben Yuejihua’ xR. chinensis ‘ Old

Blush’ by ISCC-NBS notation for color names

e T #ﬁ%ﬁ f}ﬁi%fgfﬁﬂ
1 1 1 0.61
2 WA 4 2.45
3 WA 25 7 4.29
4 o 25 8 491
5 R GES 2 1.23
6 rho i 5% 7 4.29
7 SR i 5% 15 9.20
8 T i 4% 10 6.13
9 I it 25 8 4.91

10 R 5 3.07
11 RS 5 3.07
12 LREAR T 8 4.91
13 fisf 21 g 25 35 21.47
14 %20 5 3.07
15 AR R 2T 3 1.84
16 ST i 45 20 12.27
17 e 7 4.29
18 R4 4 2.45
19 =28 3 1.84
20 5 21 ff 4% 3 1.84
21 65 L2 2T, 1 0.61
22 R 2 1.23

2.1.2 FeriEARAZxA ARBEARLE AR T
FaF & SEHUHED WSOk K H ERAR
M —2E1H R 55 8 &R ( Dark red group) , [A] i) %5 j&
S R 2 A S 2 0 K ME — 1Y 1 i B ( Yellowish
white) JFACRMIA AR, B4, % 163 P E1R
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KI5 MEM R K4 & (Pink group) £L {4 & (Red
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R, 2 AL L X PR or Y 5 A R
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W& ORSE A BA —E WA 2), BER
FHAE A O RIATCr, L o BRI
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Fig.2 Box plot of L* ,a™ and b * values of the population of
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LIEARER AR SUES

Rosa chinensis ‘ Zhaiye Tengben Yuejihua’ x R. chinensis
‘Old Blush’
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Fig.3 Flower color distribution of the population of Rosa
chinensis ‘ Zhaiye Tengben Yuejihua’ x R. chinensis
‘Old Blush’

W R AL E R L™ a” 0" BE 0 A E K
I3 b B B UE , W ISCC-NBS (5,44 2% 7% v %
O E LA 2585 e, b, AR T
RE R R R 5 62U 625 8] CIELab & R
i L" a” b EMXNCR BRI @A I
XIS E A AV L (3£ 2 38 3) , BB a2 i i ib
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Table 2 Distribution range of H,V and C for different color series in hybrid population of Rosa chinensis ‘ Zhaiye Tengben Yuejihua’ x R.

chinensis ‘ Old Blush’

. BEARORE  REAKR ML i 2R RS
e BF ) (%) : ;
! ¢ 63 AR R
1 EEEER 1 0.61 3.65Y 8.46 1.06
2 b IRLES 24 14.72 0.50RP~6.93R 5.29~8.41 1.66~11.39
3 FARGEA 49 30.06 0.24RP~2.73R 3.95~6.98 8.12~14.92
4 FAR A 64 39.26 0.72RP ~1.22R 2.64~5.93 11.95~16.28
5 MR 25 15.34 1.88RP~4.52R 1.82~4.15 4.20~14.65

R:ZL68, Y B3RP £L 5

K3 EMHEAREEARMBEERRL " b SHEE

Table 3 Distribution range of L™ ,a” and b * for different color series in hybrid population of Rosa chinensis ‘ Zhaiye Tengben Yuejihua’ x R.

chinensis ‘ Old Blush’

CIELab Zi (8 R 5%
75 R
B (L) % (a™) (") FE(CT) M) ()
1 MR 84.99 2.27 3.46 5.09 66.33
2 wmER 53.82~84.50 4.61~47.60 -7.68~3.25 6.60~47.87 79.69 ~354.42
3 ARG 40.26~70.66 32.13~60.22 -15.78~0.27 32.53~61.44 351.37~348.67
4 TEAR 26.85~60.30 48.75~69.52 -24.71~1.26 49.63~69.59 119.41~358.25
5 BOR 18.43~42.18 19.04~65.85 -12.06~7.69 19.22~66.06 3.15~356.01
22 RAFEFR+SEERENEHEARARASTEx  FiER SRS Z I E

R RAMEZ#HEEBNEEST

221 REBRGRBFRELR  SHETAR LG
B AT 32 36 I + 2 B DR s A5 e B 9 5 3k
AT IG5 A H 2200 508 AR G0 (1) 5L
{8, AL B RN A 2 S B0 28 I A
RAZEEx A A B BRI @ IE1T B, 20 il 3
AIC B/ N 2 AR R e B Y | (A (E 1Y 2
MR (1MG-AD 2MG-A ) ¥Rk 5] B K,
HRE AIC {5/ NFE N ERE IMG-AD N S AR
ST BEUE 2 AMEIERLAEL (1MG-AD 2MG-AD)
KB EKFSEC AR (£ 4.3 5) H@d
B AIC HAE e T IMG-AD, [H LA B 52 15
HH B ARG BAE R R IMG-AD, 52 1 X k-
M FEEER P,

222 BB EALGELE  RHE/NREME
BHAE AR —B R S 50( 3% 6) , A 1d, 1 >1h, 11
KR UL H 248 €0 3 56 DR A I R K T Sk Rk
I, (AR AR €0, 53 S 1Y) 32 56 PR 3t A% 2R 45 51 Ry
81.92% 1 96. 86% , (0 FE I it e R K, J& T

x4 FHBEAAFE<ARABBEEEBEEREN AIC E
Table 4  Akaike information criterion ( AIC) values of genetic
models for flower color in population of Rosa chinensis

‘ Zhaiye Tengben Yuejihua’ x R. chinensis‘ Old Blush’

o AIC {8
VLESGIE IS DI S HL

0MG 4 033.96 304.75
IMG-AD 4 014.76 165.66
IMG-A 4 016.67 237.54
IMG-EAD 4 037.96 308.75
IMG-NCD 4 037.96 308.75
2MG-ADI 4 020.64 -

2MG-AD 4 018.76 169.68
2MG-A 4 015.98 239.33
2MG-EA 4 025.54 298.45
2MG-CD 4 037.97 308.75
2MG-EAD 4 035.97 306.75

RIERA AIC (HH T RIL IR« =" FR AL WAL, okt 5
W AIC 18,
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Table 5 Fitness test of selected genetic models

WiEteEhr B u,’ P(U,?) U, P(U,%) Uy? P(U;?) nW? P(nW?) D, P(D,)
O GME IMG-AD 0 0.96 0 0.98 0.09 0.76 0.05 0.86 0.05 0.86
2MG-A 0 1.00 0 0.95 0.07 0.79 0.06 0.83 0.05 0.82
PR 1IMG-AD 0.07 0.80 0.32 0.57 1.56 0.21 1.28 (N 0.28 0"
2MG-AD 0.14 0.70 0.49 0.48 1.75 0.19 1.29 0* 0.28 0"

IRARRANIRR U, 2 U, U3 SRR Se i it n W Smimov KGR SETH 8, P(U ) (P(U,?) (P(ULY) (P (nW?) 3278 AHBLHE b7 B LA

D, :Kolmogorov ¥ 3 4t 118 5 * {0 AE 0.05 /K LR BE,

F6 FEMEARZEExAAMERBEEERNEESHEMEITE

Table 6 Estimated values of genetic parameters for the genetic model of flower color of Rosa chinensis ‘ Zhaiye Tengben Yuejihua’ xR.

chinensis ‘ Old Blush’

o B it
TE HE R . . SH (%)
m d,(d) d, h,(h) i Jab Jba l = ¢
G 112 955.50 78 242.34 - 7 032.21 - - - - 81.92
Pl 3.46 1.51 - -0.42 - - - - 96.86

m AU TR SRR MR,  h: ERER RAEROV 5 d, 55 1 X FFER INPEREON 5 ), - 35 2 X EIE A INPERLN s b, - 56 1 X LR 9 2 4
BYON 5 hy < 55 2 ok RN B RAEBIN 50, i B 1 S0 A S e R S R A S Sk = B AR

3 1

3.1 MBRASLAZEELEHSE
AZREER | R ES W e A
FEAE, AR AT S R AR, AR ST Y
H B3 5 AR A (U A S B AE oy 312,
LT AR T AR C, R EA IS B & il
HEFEE, Wi ISCC-NBS {644 %R i AL (4
SR K LT LT B R S K EHK
HTSORNSE O MGE, & Tk Ry
{6, 2%4% CIELab KRS L™ a* b* [HRIR K ER,
SEBLT X AR (043 B AR R A A A T X A
AMEZ R 225, SATARFFREE SO M, A
WS (0 B T 32, B IR Gs fL 2% JE 8%
2 ACETERHLER B R ST ST A T R
W, SAMEERM L o™ b {0504 X 8] 5 K/ K
R, 5RTNBIRFFELE AL FE ot b Yk Sy
A, TRIRIEERI A, O Z AR b T 6
R ORI M BEATER OR PR B A 250
BN IS R MR, = o H ZR b2k
W 37,5 AL, B Al ) A
ZUY A RAEDE A ZE RS HOEAR
AR SEE L B, By (0 2R R H 2 i R AL (252 SR AR
SR, S AT v SR A 38 R s € i 2 58 S AR

PN B WG L1 A0 B 0 7 BB R IR — B, 2%
AR A R AR LAY By 0 BE TR (0 2 70 A 4
R B A R PR 5 2] e s AR
€8 2R 5 R AT ST AE (st 828 S Ll
32 AFHBNEEE+SERRBAEEREESH
LD 2H v BE 2R G AR, 24 28 3R AR 1 F AR 2
TR G SRA T AR FAQ, R 1 F ARG
FTIRAASEAI AT R F A 32 3 R + 2
TR BHERA A (ERRAE " 00 T U046/ NG ( Chrys-
anthemum morifolium) F AR AR 5 I ASAELS
Br 72546 F ACTIRAE R L BOULIR B, 72X 31 1Y)
LT, AR AR R 22 SO AR Y L AH
1 CABEXTEE K ( Cucumis sativus ) R B IEAT 3
B PR+ 2 FE PR 3 AL 43 AT 5 R e 7 A5 AR iR €0 2 A3
FE R, % B TR B (AT 73 M3 4%, PRtk AT R (4
WL AT, 22 AN Y A B B B S A X
BT L™ o™ F b " ESHE B 22 5 00k
R — DR — BB, M L7 " M b7 T
T B4 €8 06 (B T DA 256 R L) T 3% 1T 30, R ] 5
FETEAETE RS & o i X AE st A% o b i )
RTG53 )
BUEAATAE L BRI B 42 1 IR 5 R 1Y 1
WPE AT SEPE . 00T, B E H ZR A6 (it it AL 1 Y
N IMG-AD, 52 1 X i - v 32 BE PR s il HL 42 11
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o N7 e o U @AY 1 DG IS N D e TS
fRAl11033300 7 g e, 3 B DR A IR ji?ﬁf
RO ,Eﬁiﬁﬁﬁﬂﬁﬁ S i R PRI, B AL M RS

WARHCR . AW % T H ZEAEERY L i, I
Sy T R AL RO, S H R AR E AT
AEfER,

X AL ORI AT N E R 2 R0

AR AR [ B 2 AT 43 B & )
TR ARSI H A Rk, 2R
RAE B W .3 2ok 48 8 3R BRI 7 B g5t AL B8 4y
B, ATEEANINE 65 R A A A 0F T, BT i 1L R
B JREEE I AR AT 5T 4 %?T@%‘zﬁ” i
PRCZ N7 DG, AT 80 MR AL ( Quantitative
trait locus, QTL) & 7 43 B | LUE Jiit 4 1t b 1 fig
HZEEOR B L5
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