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Analysis of Genetic Law of Inflorescence Traits and Floret
Color of Anemone-type Chrysanthemum
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Abstract: In this study, two F, hybrid combinations via crossing white non-anemone-type chrysanthemum
(male) with two red anemone-type chrysanthemums (female) were used to determine 11 inflorescence traits.
Genetic analysis revealed that flower diameter, ray floret length, ray floret width and number of disc florets were
accordant with the 0OMG model without major gene control. Disc flower diameter, number of ray florets, disc
floret length, disc floret width and the longest lobe length fitted to the 2MG-ADI model controlled by two major
genes with add-demonstration-epistatic effect. Major genes for disc floret length and the longest lobe length had a
heritability of approximately 70%, indicating high heritability. Correlation analysis revealed significant positive
correlation among disc floret length, disc floret width and the longest lobe length. According to the color values
(L*, a*, b*) of ray florets, F, populations were grouped into 5 different colors. The Shannon-Wiener index (H)
of the ray florets of two hybrid combinations were 1.12 and 1.23, the colors varied widely. Additionally, we

selected 30 anemone-type chrysanthemums with different colors from the parents and F, population and measured
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the flower color values (L*, a*, b*) of inside epidermis of disc florets and upper epidermis of ray florets. The

results suggest a respectively significant positive correlation of L*, a* and b* values between the two. Through

examining 10 anemone-type chrysanthemums with 5 different colors, the same pigment as well as similarity on

cell morphology and size were observed between inside epidermis of disc florets and upper epidermis of ray

florets, as well as outside epidermis of disc florets and lower epidermis of ray florets possess. The results

provided a theoretical foundation for the genetic mapping of inflorescence traits and the cultivation of high-

quality anemone-type chrysanthemum varieties.

Key words: chrysanthemum ; anemone type; inflorescence traits ; genetic law ; floret color analysis
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Table 1 Phenotypic statistic values and heterosis of inflorescence traits in two hybrid combinations F, population

LE2/N HE 5 F (%) i 2 WA LAPIE] AR HhEEAE (%)
Traits Combination cv Skewness Kurtosis MPV H, RH
TE##(cm) 4 16.80 0.01 0.38 4.97 —1.34%* -26.96
FD e 20.21 0.36 0.32 4.68 —0.827% -17.52
AL EA% (em) HE— 18.26 1.38 5.73 2.34 —1.19%* -50.85
DFD o 23.88 133 1.88 1.82 —0.48%* -26.37
TORAEEL HE— 32.10 1.27 1.37 26.80 2.11%x* 7.87
NRF HEa— 29.63 1.74 5.60 30.20 —1.78%* -5.89
WARTES AL HH— 27.00 0.50 0.22 2.00 0.37%* 18.50
RRF P23 e v 25.00 0.72 0.53 2.00 0.32%* 16.00
TRAEK (mm) HE— 17.32 0.03 0.61 20.95 —4.78%* -22.82
RFL HE— 21.53 0.41 0.62 20.89 —3.47%x -16.61
TRAESE (mm) HE— 20.57 0.29 0.60 6.23 —1.66** -26.65
RFW dHEa— 18.18 0.15 -0.08 5.44 —1.04%% -19.12
EIRTEEL HE— 32.11 0.32 -0.47 118.30 ~34.15%* -28.87
NDF e 27.16 0.65 0.99 124.00 —22.77%x -18.36
BRI EL HE— 20.63 -0.04 -0.46 8.00 —1.94% -24.25
RDF AL 16.62 -0.09 -0.23 8.50 —1.58%* -18.59
AR (mm) Ha— 22.03 2.68 9.53 10.47 —6.34%* -60.55
DFL HE— 29.84 137 1.60 9.97 —4.81%* -48.24
EIRAETE (mm) HE— 15.00 2.97 19.40 1.69 ~0.89% -52.66
DFW P s S 25.42 0.20 -0.30 1.88 -0.70%* -37.23
FBRY A (mm) HE— 30.21 1.23 1.56 2.39 —1.43%* -59.83
LLL pAIR 60.83 3.08 11.13 1.50 —0.30%* ~20.00

F AR5 0 VEAGT 0 F) bk H AR 5 PR (I AR AR S (B R IR % AE P < 0.01 /K- F 25 5 3 s T I+
The difference between F, and mid-parent value was analyzed by one-sample ¢ test; **: The difference was significant at P < 0.01 level; NRF:
Number of ray florets; RRF: Round of ray florets; NDF: Number of disc florets; RDF: Round of disc florets; CV: Coefficient of variation; MPV:

Mid-parents value; / :Mid-parent heterosis; RI :Rate of mid-parent heterosis; The same as below
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Fig.3 Violin-plot distribution of inflorescence traits of F, population derived from two hybrid combinations
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Fig. 4 Spearman correlation between inflorescence traits in two hybrid combinations F, population
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Table 2 The proportion and range of L*, a* and b* values of different color groups of two hybrid combinations F, population

Ha oz FEAKR  FEARLGLHI(%) wefE Foofe -4
- - Number of ~ Percentage of Flower color value HUEER
Combination Color group
sample sample L* a* b* H

HEg— =] 41 36.94 81.44~92.05 -2.27~4.43 0.35~7.45 1.12
Combination one # 52 46.85 80.23~89.55 -12.44~-0.68 14.50~73.75

1% 6 541 66.02~77.98 3.38~12.21 16.93~37.12

B 12 10.81 57.15~84.78 4.12~29.05 -6.83~1.64

71 0 0 - - -
3T Total 111 100.00 57.15~92.05 -12.44~29.05 -6.83~73.75
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g oz FEAROE  FEARLHI (%) PIAERIEN oYk
-ee - Number of  Percentage of Flower color value PFEEL
Combination Color group
sample sample L* a* b* H
HE— [} 48 36.09 82.75~92.66 -5.56~6.94 0.73~18.45 1.23
Combination two H 61 45.86 75.93~89.40 -11.76~4.34 31.44~74.65
i 8 6.02 66.00~77.08 2.12~13.64 22.21~37.68
# 8 6.02 65.75~80.41 7.70~24.20 -6.88~-1.25
EAR 8 6.02 52.45~71.80 11.10~24.53 8.98~33.41
St Total 133 100.00 52.45~92.66 -11.76~24.53 -6.88~74.65
FEA LU =R A R AR BB - 2s B
Percentage of sample=Number of sample/total of sample; —: Vacancy

F REAREARAE R L* .a* pHE i LE , IF 525
ALK R Y 4 8 (3 UL https://doi. org/
10.13430/j.cnki.jpgr. 20230927002, f & 2) ., W42
THA LA L* 91,14, a* }-0.82, b* J3 2.19; 4H
& —TEA L*$955.97, a* J5 18.29,b% K 8.39; 44 —
BEAS L* 4 56.27, a* 9 23.27,b* J5 11.09, W42 58
A F REARR LR a*(H EEN T RCEZ 0] HL4E K
WA H A R P MR (BT RCE, (U D H R
F A L 05 36545 1 b (E WA 535 18 S5 B0
G, ARG RGN b H.

2.6 FEHRFEFHmRNEL XM

FEAE Y 2 10 A5 IR AL A 250 T 5 IR A8 1 18
SER R IRFCFCRE R 25 A0 B IRAE A IRAE AL 62
A HAAHICAE , NSEACHN F B R AN [R) 46 €6, 2,
L 30 N FERERIAG AL , 1] FH €822 4 3000 R AR R AR
AE L*  a*, . b*,, T RAE LML CAE L*, . a*, . b*,,
FEHEATAR A 00 (B 5) 85 R s L* 5 L*, a* 5
a*, b* 5 b, 43 S B B ) A G, KB FEAE
RUZGAE R RAE I 5 T RAE AR AR

-0.089 -0.38 0.50 -0.25 -0.25

~
_*
=]
oo

-0.69 -0.44 0.55 -0.35

Q
_*

-0.029 -0.34 0.60

Sn
*

-0.75 0.21 02
0.4
-0.72
. 0.6
o-0 I
e, b, I a, b
FEAAAE Flower color value
L AIRAE ; 2 5 IR AE
1: Disc floret; 2: Ray floret

5 FEEEBHEERIEMEIRIELBER Spearman 18X 14

Fig. 5 Spearman correlation of color values between disc

AEA44R Flower color value

*

h
*
p @

Q
~

o
*

©

florets and ray florets of anemone-type chrysanthemum

b2 AN F, B P BOR Rl (6 R 2L 10
ASCEERIAETE | X EARAE 1 1 M2 B2 TR A 1Y
R R A I S (1 6) , S IR AL
e B FITIRAE |3 52 (10 40 ML 159 S WA TR , A bR A
M 2 1 AT R AE AT 26 12 40N 34 5 K 40
30 3 W 9 5 /IN A8 [0 1 25 12 200 I3 25 K /AL
A, 3 2ok o P 24 /N 2 (2 R (WL L R B
ERAE PSR 2 5T IRAE 1302 ARIRAESMIN 75 1
T RAE T 2 43 A FE R DB e ) R € 2
R 4 €0 22 400 I, 6 G 24/ N ) 3 B E €
RN AT AR, (LR AE Hh 2060 AT Vo € 20 R
IR BAE AR A R 5] . L s ik
WL T3 2B AR AE U 26 1 SR AE 1220k 4
WRAE S B 5575 IRAE R 22 1 4 LA AR UL 0 40
LIRS 25 KN R ) 6, 2 40 55 T B9 €6 O
3 iTig
31 HERFEEREREENERERERS

YT

RAEIE DAL T A4 BE v ELEAT B AR 35
P, DRI, 3 5 R P, BV A O B, TR AR A T 2 0
PR+ 22 5 DR R A A 00 1 20 AR 40 B8 4007 L %
VAR BAE 15 2RI B B 1502007 20 R AR 49 0k
fift FEUANIGAIE . A BT 5 R B AR 53 B9 407 % 4T
TR AEAERIPEIR LA T AL 0T , 4 WA
PRAE K TR AE AR AL BN 7 4 OMG BT, )
T 3 LD, T S 4 DR 4 ) 2 TR B0 L
Jo DT RIS AR ERAE T8 A
VR U S A A A - S - b R
Fy 5 5 PR 2 3 F1) 2MG-ADI B 80 | ep 4850k 76 K A
BRS843R 1E 70% Fo AT , 3815
B, U R BRI . DA
B, 3 T IR AL S RIAE T £ T P 1) 52 %
- S A PR > 33 5 A ST R AR AU



5 il — b 45 . FEAE G FEAE RURIAE (s A5 A o 797

AEFFIERT AEFFIE [RFSES SMUARRE  TRAE LR TRAE T

Facial side of ~ Dorsal side of Inside epidermis Outside epidermis Upper epidermis Lower epidermis
of ray floret

of disc floret of disc floret of ray floret

ARG G EIR=1 em; BEALEEHR=200 pm
First column of white numbers: Plant number; Red arrow: Granular
pigment substance; Blue arrow: Soluble pigment substance;
White bar=1 c¢cm; Black bar=200 um
6 FRBRARERFERLNEEECESH
Fig. 6 Distribution of pigment in two types of florets of
different color groups of anemone-type chrysanthemums

FERERLSG A RAE FT RE h TRl 5 BE A8 L™ AR A
[F) R /INI B R A B, TR B 25 S 0 B o iy
N BRI 3 A AR F0AE B 4 A8 T IR AE R AN T IR AE 5
A FRPFE, A DO AR EAR T ARAE B R
AERAFAE T RN B 22 R B g A% 200,
X AGAFFEEE RAANNA , R WIFOH: R 4 LT 0 48
TIPEAR B AL LR BE S AR R A AR A TR 25 57 o
JEE SR AF T LA R A R MR A T AR5 SRR
ISR AR AE R AEARAE T | e R I R B -
AR BRI T, X A PTTE A,

JEAHTRI Y, W5k 3 MR A L BN TR E , 32 3155
AR SRR RN 1O AR EAR A RAE K JC 32 2
PIPE] , SA DA RAN ), R TR 49 FEAE 1Y
PEAR I 8% 7T A 52 2 AL R SR A2 I, il i J2

Wl i FLE A% 1) S AR ME IR E M . A, OB E
o GARAERON B AR TEAEADT T PR &
R B L AR AL S R B 22 57, R W
FLig e al REA2 B EAAS AR 2E S A AR I R 52
A Fe gt — k.

AL SRAEFF i AEARAE AT IRAE 2 /N AE
A, AT NI TE 24 Fp e i ARAE , X T ARAERY
BOE ML S ST T RO PRI, SR T
X FAERAERIE ST o A5 R BUAEIRAE
K VEIRAE TE LA L foe R 2R 3 A PRR =2 1 P 7
2 IR ARG A ARAE B AT T 2 461> A
EIRAE T8 R R 2R, A ARAE AR SRR
JER TR A AL B (B Y FE 22N 3R, I ek
[FI) 1% AR L) 36 A2 05T i) oAy R 0 2 A6 1) 7 o aod A o
SRR AR T 25K
32 HEEIHFEEREEBRENERMENE

LEEXE

HAERTARAE R E e S SEAL,
A WAL S R BOL B M+ B R
CAWIFERMIE OO i BEE g S, IR R A e 2
AEAE R AR AR, AL
FORERL/IN G D B A 5 AR TR R N g A7 2R
AR F A R G AL L A E
O RWIHAE OAE F 2R O0 #8085 s 1A, A
A A TOIRAEAE R A AL - BN 35 B (HD 5350 A
LI2F11.23, £ W F @R . AR
AL OME a* SIEFT R b 5HE MR A BFEM
KRR ARBFEPANAASH A F A o B T2 2
I FRCEZ 8], A B R a* BT R0E, ol fig
JEH TR ERGABDIAET 0 o ENA BF
R BLGE , B0 R AIE (0 R I B Y b (L, AT Rk
M T HZENE P RS EEGS, BRI E
F UL @R 3, N IHE 25 FE 2% 52 F i iRAE
AR S LRSI D3R AR T R R D,
XA IRt — A G A O R S A TR

SIAERYEIRAEE 7 IR v, (E i T HEH B 4G
FEREARFEAE TG N AT 22 J2 0 P A 2, S BO )
FEA 8 e, RA B B I E. 1E54E
o, UeEAE GRS S RS D REORY R—
e AFETAEMEY bR R B2, BAER R (5 18
R P T €0 2 200 DA i 22 B ) BT 6 R SBOR A0
b, 2 B AR TR 25 /0N 8 22 53] o ] S BB 22
S R, AR B h AU S 0N L R W B
JE L B A8 2 2 AT 9 2305 A0 A 1 %ok 4 €8S 3] e



798 Mo ow fE

7

8

S

25 %

SEMEVER o ARWEIE & UFCHE RL 4G 1450 IRAE N 2 1
LR L3RR EARAEAN R B 5 RAE T 2 e 4
TR 25 K/ INAHE , I A R AE 5 5 R AE R EL A5 A
] (AL AR 25 AL, X AR v] BRI AEIRAE 5 W IRAE HA A
PIFE LR AN FHEmt . BEAh, FERERI B AL IRAE N
DT RAE 0 P 46 €0 52 A S 2 IEAH G, IR A
WR I 5ERIE R BRI E R 5 EIRIET
TR IR MHFE R ERED I, e AR
BB AR AT RESE AR R o 9 A8 AL B AR AE
gL AT R Y T A A b AR AR B2 43 A
A X R I aRY T R, AR
2H R 5 s EL ] DR I e 5 e R A A B T I
56— 2, UL IR AL ARG 52 AL AS 58 4 AH
[flo 2f b FCHERI BB IRAE N R e 5 RAE B3
B VERIEAN R B 5 T IRAE TR 2% B 4l LR 28 K/ H
L Y R AR ), DR R AL S R A
A ERIESMU S ARAE T AL AT . A
FRMGERFL CmCCD4A4-2 ()22 5735 F 8T
RIZGAE TS/ ME R = A RIRI S8 b A,
DR, FOAE R 4G A6 A RAE A5 IR AE AT RE AT AR ALY
0 R A B B, I NE B A 58 A R AR W]
A5 e RS RAMA SIS, AT
eI BT U B AEAE A EIN S AL G R Y y) F

2 AT IR Sl — AR E M BT R
% 3
(1] 4w, BREESC. PR AS LR R VO A S A K R

FARM KA. 1990(1): 30-36
Li HJ, Shao J W. Investigation, collection and classification
of chrysanthemum cultivars in China. Journal of Nanjing
Agricultural University, 1990(1): 30-36

[2]  Elston R C, Stewart J. The analysis of quantitative traits for
simple genetic models from parental,
Genetics, 1973, 73(4): 695-711

[3]  Yonatan E, Avigdor C, Nachum K. A mixed model for the

F, and backcross data.

effects of single gene, polygenes and their interaction on
quantitative traits. 2. The effects of the nor gene and polygenes
on tomato fruit softness. Heredity, 1990, 64(2): 205-213

[4] Elkind Y, Cahaner A. A mixed model for the effects of single
gene, polygenes and their interaction on quantitative traits: 1.
The model and experimental design. Theoretical and Applied
Genetics, 1986, 72(3): 377-383

[5] Zhang YM, GaiJY, Yang Y H . The EIM algorithm in the
joint segregation analysis of quantitative traits. Genetical
Research, 2003, 81(2): 157-163

[6]  Frlthle, mek. FAANF, AL E Bt Mok TR -2 5k

DR TR 3t A BRI A T L A 200 . 8L 4, 1997 (5)

432-440

[10]

[11]

[12]

[14]

[15]

Wang J K, Gai J Y. Identification of major gene and polygene
mixed inheritance model and estimation of genetic parameters
of a quantitative trait from F, Progeny. Journal of Genetics and
Genomics, 1997(5): 432-440

F R AR B RIS L R R 90 B BT T BT
2005,27(1):130-136

Gai J Y. Segregation analysis of genetic system of quantitative
traits in plants. Hereditas, 2005, 27(1): 130-136

FESR, TR, BORME, PR, TR, MREME. FOEAIZ
AEAE AR AL A IR G st A 20 #T . Tl 202441, 2015, 42
(5):907-916

Tang H Q, Zhang F, Chen F D, Fang W M, Wang C C, Chen

e,

S M. Heterosis and mixed genetic analysis of inflorescence
traits of anemone-typed chrysanthemum. Acta Horticulturae
Sinica, 2015, 42(5): 907-916

WP, &R, HSy, AR /N R TR Y 2 A
P+ 2 JE DR A I A B 0 A . B BT, 2021, 41(4)
56-63

Chang D D, Jin X N, Tian X H, Du W H. Genetic analysis on
the mixed model of major gene plus polygenes for the panicle
related traits in triticale. Grassland and Turf, 2021, 41(4) :
56-63

DU, BRITIR, e T, A, BREEE, EA A

TR T AR DU ) T2 R+ 22 BE RR B A% 434 . 43 1)
I, 2023,21(18):6072-6079

Fang D H, Jiao F C, Lu C H, Xie H, Zeng J M, Chen X J,
Tong Z J. Genetic analysis on resistance to bacterial wilt of
tobacco by mixture model of major gene plus polygene.
Molecular Plant Breeding, 2023, 21(18): 6072-6079

SRR, BT, WIS, NS, B0, PHRELS, T
TR T HE N+ ZHE AL 0. > TR A R,
2021,22(2):1-14

Zhang Y N, Huang S S, Hu S P, Wang P, Zhong C, Yang Y
J, Yu W J. Genetic analysis of eggplant fruit shape by mixture
model of major genes and polygenes. Molecular Plant
Breeding, 2021, 22(2): 1-14

S, WIS Re, WA, MUMESE, SRATH, TEIRAE, R

TR SE G Ry HR B st e U S R BT i@ AR 30 . bl 2
2F#,2021,48(12) :2414-2426

Mi B B, Xie LL, Xiao W, Dai X Z, Zhang Z Q, Wang D H,
Zhou H Q. Genetic law of fruit and seed traits of wax gourd
and path analysis of single fruit weight. Acta Horticulturae
Sinica, 2021, 48(12): 2414-2426

Yang X D, WuYY, SulJS, Ao N, Guan Z Y, Jiang J F,
Chen S M, Fang W M, Chen F D, Zhang F. Genetic variation
and development of a SCAR marker of anemone-type flower in
chrysanthemum. Molecular Breeding, 2019, 39(3): 48

Yang X D, Fang X Q, SulJ S, DingL, GuanZY, Jiang J F,
Chen S M, Chen F D, Fang W M, Zhang F. Genetic
dissection of floral traits in anemone-type chrysanthemum by
QTL mapping. Molecular Breeding, 2019, 39(9): 1

KK, BRRRE, SRR, PREREM, X éﬁwﬂi%ﬁiﬁtmﬁ‘



5

KB 3 FEAERLSGAEAL RN MR AL AR ST

799

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

MH GRS P EARLF2,2010,43(14) 1 2953-
2961

Zhang F, Chen F D, Fang W M, Chen S M, Li F T. Heterosis
and mixed genetic analysis of inflorescence traits of
chrysanthemum. Scientia Agricultura Sinica, 2010, 43 (14) :
2953-2961

Wrade, W, ERUK, B, MRE . YIRS T
PEARIIR 0T . Hh AR R 2A24 41, 2015, 20(5) £ 179-187
Yang Y Y, Wen C, Wang K'Y, Ma N, Zhao L J. Heredity
analysis of several characters in F, hybrid generation of cut-
flower chrysanthemums. Journal of China Agricultural
University, 2015, 20(5): 179-187

LuCF,LiYF, WangJ Y, QuJ P, ChenY, Chen XY,
Huang H, Dai S L. Flower color classification and correlation
between color space values with pigments in potted multiflora
chrysanthemum. Scientia Horticulturae, 2021 (283): 110082
LeiT, SongY, Jin XH, SuTY, PuY W. Effects of pigment
constituents and their distribution on spathe coloration of
Zantedeschia hybrida. HortScience, 2017, 52 (12): 1840-1848
JRES, PR, 5, R, ERAE, Rk, Y
SRR xR Jesc B RAE (s A5 43 B OHAH DG SSR 43
FARCTFR . 2241, 2021,48 (10):1921-1933

ZhouYW, XuGY, WangQ, YanFL, YuYY, YuR C, Fan
Y P. Genetic analysis and development of associated SSR
markers of the flower color in F, population of Hedychium
coronarium ‘CORO1’ x H. ‘Jin’.
2021, 48 (10): 1921-1933

FanJ W, Huang JL, PuY, NiuYJ, Zhang M M, Dai S L,

Acta Horticulturae Sinica,

Huang H. Transcriptomic analysis reveals the formation
mechanism of anemone-type flower in chrysanthemum. BMC
Genomics, 2022, 23(1): 846

BT, WA, B, DR, XIJRAE, sk 6. FEHERIZY
TEAER T AL UEEAEE . il 25412, 2010,37(12) : 1961-1968
LiFT, Chen SM, Chen F D, Fang W M, LiuZ L, Zhang F.
Histological structure observation on the floral development of
anemone type chrysanthemum. Acta Horticulturae Sinica,
2010, 37(12): 1961-1968

PR, XUIET-, JUE 22 R IR) AR 3 L Pl i IR AL AR o) 454
WL/ KRR . A ED T AR e Kb ARl iR
¥k, 2016:110-117

FuJ, Liu L Z, Dai S L. The anatomic observation on ray
flowers of different color chrysanthemum varieties// Zhang Q
X. Advances in ornamental Horticulture of China. Changsha:
China Forestry Publishing House, 2016: 110-117

EVLR, SR, SO, XD, 8 80, B B A
OV, A3 R, EEEZE ettt , BV SR, Tk 2
GB/T 19557.19-2018 F 4y iy Pt St — B AR s A2 )
farg A 4L . PIE FR N R E LSRR AR
EHZE G2, 2018

Wang J M, Zhang JH, YIMF, LiuYF, QuY H,Xue J P,
Yin C S, Hao J H, Yang K, Guan J J, Wang J J, Yang X H,
Huang Q M, Zhang P, Zhang H. GB/T 19557.19-2018

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Guidelines for the conduct of tests for distinctness ,uniformity and
stability Chrysanthemum x morifolium Ramat.(Chrysanthemumx
grandiflorum Ramat.) , Chrysanthemum pacificum Nakai
(Ajania pacifica Bremer and Humphries) and hybrids between
them. China: State Administration for Market Regulation,
Standardization Administration, 2018

Song X B, Zhao X G, Fan G X, Gao K, Dai S L, Zhang M
M, Ma C F, Wu X Y. Genetic analysis of the corolla tube
merged degree and the relative number of ray florets in
chrysanthemum (Chrysanthemum % morifolium Ramat.).
Scientia Horticulturae, 2018 (242): 214-224

EFER, sRWA, RN, SR, AR, FhICHR, B,
TOCH L B IR S IR+ 2 R IR A a8 4% 40 BT R AR
SEA v2.0. E¥"#4le . 2022, 48(6): 1416-1424

Wang J T, Zhang Y W, DuY W, Ren WL, LiHF, Sun W
X, Ge C, Zhang Y M. SEA v2.0: An R software package for
mixed major genes plus polygenes inheritance analysis of
quantitative traits. Acta Agronomica Sinica. 2022, 48 (6) :
1416-1424

SRUEEAR, BRE, BEPHL, FRERES, E£503, XSS . 45k R
FPI £ IR I8 2 0 AT . Bk 4%, 2009, 18(4) : 147-153

Guo H L, Chen X, Xue DD, Zheng Y Q, Wang ZY, LiulJ
X. Genetic analysis Acta
Prataculturae Sinica, 2009, 18(4): 147-153

KRBT, AR, SRR, XV | R 438 5 AR 4341
BRPIR I AL 20T . B2 4T, 2009, 18(6) :264-269

Zheng Y Q, Fu X T, Guo H L, Liu J X. Genetic analysis of

of green period of Zoysia.

morphological characters of centipedegrass hybrids. Acta
Prataculturae Sinica, 2009, 18(6): 264-269

Jin H L, Myung S S, Sung-Chur S, Kwan H O, Ji Y S.
Genetic variation of flower characteristics in a population
derived from a cross between the chrysanthemum cultivars
'Falcao' and 'Frill Green'. Horticulture, Environment, and
Biotechnology, 2014, 55(4): 322-328

SN, ROEIL, A, XIER, R S e A
@A R 15 ,2005,27(6) :948-952

LiMT, YaLJ, Wang L M, LiuJ M, Lei C. The heredity of
flower colors and the discovery of flower color chimera in
Chrysanthemum species. Hereditas, 2005, 27(6): 948-952
FRFE ARG, JUat PEM TR, 1989:213-214
An T Q. Physiological biochemistry of flower color. Beijing:
China Forestry Publishing House, 1989: 213-214

GG . BT R R G A AL IR BDILEE S R S5 AT TE .
7 VHALRARRHE R, 2013

Yue J. Phenotype observation and anatomic structure research
of petals from the monocotyledons blue flower. Yangling:
Northwest A&F University, 2013

LuCF, QulJP, DengCY, LiuFY, Zhang F, Huang H, Dai
S L. The transcription factor complex CmAP3-CmPI-CmUIF1
modulates carotenoid metabolism by directly regulating the
carotenogenic gene CmCCD4a-2 in chrysanthemum. Horticulture
Research, 2022(9) :uhac020



MiFk 1 BNRZEAA F REERRMEREIHE

Table S1  Statistical value of inflorescence traits in two hybrid combinations F; population
He w5 fefe (em) OEEAE O WIRIER ERIER WIRIEK ERIESE O EIRIEEC BRIER BWRIER BIREE REER
Combination  number FD (em) NRF # (mm) (mm) NDF £ (mm) (mm) £ (mm)
DFD RRF RFL RFW RDF DFL DFW LLL
HeE— 3 3.96 1.35 27 2 16.49 5.65 91 7 5.82 0.78 1.11
Com one 4 2.31 0.78 32 3 10.20 3.51 69 5 4.28 0.71 1.38
5 3.16 0.95 21 2 15.18 4.02 78 6 4.62 0.76 0.87
6 3.99 0.97 35 3 20.52 5.76 67 6 3.80 0.82 1.25
12 3.37 1.41 24 2 13.28 3.47 79 7 4.43 0.97 0.98
13 3.31 1.14 19 1 15.49 3.61 79 7 6.97 0.83 1.92
14 3.19 1.17 30 2 14.74 3.56 52 5 4.35 0.75 0.89
21 4.14 1.25 37 3 19.42 5.74 47 4 4.27 0.89 1.32
22 3.41 1.36 16 1 15.55 4.69 89 7 3.67 0.80 1.19
23 4.46 1.37 28 2 20.12 4.50 67 5 3.85 0.89 0.99
24 3.51 1.01 22 2 16.15 3.58 57 5 3.38 0.65 0.89
25 3.30 0.96 24 2 14.76 4.98 108 7 3.88 0.84 1.23
26 3.82 1.14 50 3 16.33 5.22 74 5 3.48 0.68 0.67
27 4.59 1.29 31 2 19.62 4.32 70 5 3.82 0.78 0.75
29 3.37 1.04 21 2 15.02 4.97 56 5 4.16 0.86 1.21
30 3.03 0.97 24 2 14.14 4.16 112 7 4.78 0.69 1.31
31 1.88 0.80 26 3 7.80 3.19 79 5 3.11 0.79 0.98
32 2.89 1.04 28 2 12.97 5.05 49 4 3.80 0.87 0.91
33 4.75 2.23 29 2 21.08 4.90 92 5 9.12 0.91 1.19
36 3.88 1.28 22 2 16.68 4.63 98 7 5.78 0.89 0.91
42 3.82 1.18 32 2 16.44 3.68 119 8 431 0.88 0.94
46 4.74 1.15 18 2 22.79 6.14 51 5 4.17 0.78 1.26
49 3.27 1.05 25 2 14.84 3.46 152 8 3.87 0.82 0.88
50 2.99 1.04 24 2 13.26 4.07 109 7 3.38 0.86 1.11
56 2.64 1.26 14 1 14.10 4.66 81 6 3.93 0.87 0.88
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3.61
4.32
3.08
3.97

3.49
4.04

21
31
23
26
31
40
28
21
27
22
21
24
21
27
14
34
24
32
21
34
25
48
21
26
23
28
16
32
25
2
33

17.16
19.90
11.82
12.31
13.47
17.22
13.75
11.94
12.70
11.80
15.85
16.51
25.09
19.49
17.92
18.22
15.16
15.64
15.52
16.49
12.80
19.55
15.20
14.47
19.29
19.51
14.14
19.03
16.31
15.48

16.91

4.10

491

3.75
2.75
5.49
4.68
2.76
3.40
4.29

4.63
7.75
5.69
7.11

5.22
4.19
5.02

4.94
5.41
5.99

4.00

5.72
5.04

94
70
85
61
9
61
65
104
85
99
65
78
51
111
90
71
70
74
41
56
117
62
75
126
101
47
105
91
65
110

76

3.42
4.40

3.73
3.93
3.66
3.91
4.07
3.07
7.54
3.95

3.71

413
3.69
446
3.98

0.79
0.82
1.44
0.96
0.72
0.86
0.78
0.61
1.47
0.86

0.89
0.73
0.91
0.91
0.67
0.76
0.86
0.71
1.52
1.02
0.68
0.89

0.54
0.79
0.82



HE—

Com two

270
278
280
281
285
286
287
288
289
291
294
298
305
308
321
323
325
337
339
340
342
345
347
348

10

11

14

15

3.69
4.16
3.75
3.04

4.14
424
5.26
3.92

432
3.61
436
3.75
2.69
4.48
3.48
3.03
3.46
4.05
3.71
3.45
3.25

4.34

1.91

2.42

3.43

2.82

1.04

25
25
25
35
30
26
s3
53
21
33
28
35
25
26
25
54
53
40
58
21
36
34
21
39
2
32
35
24
28

38

16.72
17.72
17.32
12.28
14.63
18.18
17.65
22.34
17.11
14.32
18.72
16.15
19.39
16.00
11.79
18.89
14.47
13.78
14.62
18.30
15.85
16.06
14.54
16.92

21.03

11.65

16.88

13.23

14.29

5.8
4.76
4.58
4.99
4.88
4.10
4.49

4.86

3.90
5.47
442
471
4.00
2.85
6.47

6.28
391
3.94
5.26

5.24

2.70

3.66

4.56

3.67

39
107
72
117
110
93
83
68
141
113
89
60
124
129
126
40
57
91
48
113
119
32
104
35
88
84
64
56
95

119

4.13
3.93
3.24

3.42
4.16
4.54
473
4.18
4.01
4.19
3.40
433
3.51
3.95
4.07

3.67
3.64
3.71
4.01
3.64
3.78
3.72
7.00

4.01

4.52

5.72

3.67

0.78
0.88
0.69
0.56
0.79
0.80

0.96
0.73
0.77

0.62

0.62
0.79

1.46
0.77
0.57
0.75

2.76

0.69

2.02

1.06

0.78



17

20

21

26

28

29

46

54

57

58

59

63

64

67

70

73

74

75

77

78

83

84

85

90

92

96

97

99

101

107

3.78

3.43

2.93

4.67

4.45

424

3.27

2.69

2.98

2.87

4.27

4.58

4.08

433

4.03

433

1.09

1.45

1.54

29

25

19

38

30

30

13

29

30

24

32

44

34

41

34

35

30

52

20

35

40

24

30

25

28

25

39

33

31

72

18.90

13.73

17.21

21.84

17.75

28.48

17.66

19.83

16.93

17.30

15.85

12.63

26.89

20.91

20.02

19.67

17.30

25.02

15.70

19.52

14.52

13.42

18.90

21.06

17.73

19.01

17.66

18.82

26.79

16.43

4.36

4.48

4.68

3.76

5.05

4.84

4.89

4.45

6.04

4.46

4.88

3.98

4.92

4.48

4.81

5.60

3.46

4.53

4.42

5.21

4.72

4.15

4.56

5.93

5.21

2.80

89

104

101

121

56

172

101

94

91

79

91

70

121

98

123

114

119

83

77

206

86

125

131

75

104

107

84

127

89

110

3.63

7.97

8.20

4.58

4.94

5.98

6.04

4.10

9.70

4.01

5.41

6.06

4.17

7.73

6.44

3.79

5.07

4.48

4.02

434

5.68

5.27

6.45

0.74

0.93

1.42

0.97

0.93

1.13

1.40

0.89

0.64

0.88

0.95

0.71

0.93

0.93

2.75



110

111

112

113

116

119

120

123

128

129

130

131

133

134

135

137

138

139

156

157

171

173

175

179

182

184

189

191

192

196

3.45

3.96

3.71

4.16

3.43

4.36

4.74

433

3.48

4.59

4.79

3.43

3.79

422

2.99

3.79

3.96

26

18

20

21

51

33

40

24

34

25

37

27

24

32

26

25

57

23

25

30

22

21

27

35

22

30

37

23

35

20

16.59

17.97

18.73

2445

11.01

23.25

15.20

18.28

16.32

19.43

15.24

18.85

21.01

18.27

15.56

21.32

20.72

14.83

16.09

18.56

12.61

15.43

23.50

19.98

17.21

14.08

18.25

15.09

15.76

18.22

2.90

431

4.61

5.02

431

447

4.05

6.34

4.94

4.76

4.09

4.38

3.71

3.60

6.13

391

3.98

4.11

4.08

4.50

77

86

70

107

87

67

88

86

57

89

131

56

113

114

120

128

98

64

115

144

113

80

132

125

92

138

109

122

147

84

4.04

6.94

5.69

7.23

4.62

424

3.78

6.08

5.75

10.01

3.99

4.06

4.54

432

4.01

5.05

4.76

3.92

5.45

3.61

5.48

4.09

1.32

1.14

1.24

0.70

0.87

1.44

1.43

0.70

0.72

0.68

0.65

0.85

0.87

0.89

0.83

1.20

1.41

0.80

0.98

0.82

0.74

0.80

1.09



198

199

200

201

202

203

204

231

233

235

236

241

242

243

244

245

248

249

250

251

252

256

260

261

263

269

272

273

275

276

3.49

3.02

3.68

3.79

4.71

3.71

4.56

3.02

4.63

3.05

1.96

4.27

3.75

2.86

4.16

434

3.48

4.47

24

29

42

29

39

22

20

17

27

32

23

32

22

18

20

22

35

33

35

16

21

51

27

26

26

21

23

33

24

21

14.70

14.49

14.82

15.97

13.02

26.35

12.45

2433

13.14

13.63

14.14

14.90

13.40

16.61

15.97

16.61

21.47

16.89

20.69

14.30

21.79

12.54

19.47

16.96

12.65

20.26

20.86

15.79

19.98

4.77

4.08

4.07

4.02

4.43

5.97

3.60

4.54

3.02

4.52

4.50

5.01

4.99

4.10

3.94

5.27

4.59

4.98

4.64

4.67

3.02

4.57

4.64

291

5.05

4.11

4.04

4.89

97

108

73

91

82

98

113

63

87

142

112

102

104

63

97

113

106

137

179

65

134

97

104

102

117

138

70

52

119

89

3.29

3.76

5.20

4.68

7.01

4.29

4.41

3.94

427

4.26

4.28

10.67

5.65

4.47

597

4.17

6.40

1.34

1.28

1.24

1.26

1.14

1.34

1.16

1.36

0.96

0.87

0.69

0.92

1.12

1.24

0.72

1.34

0.79

1.06

1.46

1.13

4.05

0.77

1.02

1.47

0.85

0.82

0.88

1.06

1.05



277

278

279

280

281

282

286

287

288

298

299

300

302

305

306

308

309

310

313

315

316

319

320

322

323

326

329

330

333

335

3.45

2.71

432

4.67

4.16

2.83

4.49

3.74

4.15

3.47

5.99

438

4.33

4.49

2.71

4.54

3.99

3.41

4.63

4.06

4.72

4.43

3.69

2.55

3.64

2.75

3.06

21

23

25

34

34

28

21

24

32

25

28

24

27

22

20

27

25

25

26

31

24

29

19

17

25

27

21

33

20

19

16.36

12.60

11.23

18.73

20.33

18.13

13.11

19.88

16.88

18.51

15.38

17.06

27.60

19.02

19.44

21.48

14.14

13.09

21.02

17.30

14.65

20.57

18.89

22.70

19.72

16.93

11.68

15.52

11.66

14.49

4.28

3.28

4.48

4.81

4.63

3.42

6.50

5.00

4.02

4.04

6.03

2.83

4.84

4.63

4.79

3.46

5.70

4.27

3.05

4.46

4.71

4.06

3.64

2.84

4.28

5.05

101

113

64

84

134

65

103

120

161

107

106

128

162

113

58

94

113

69

66

110

112

134

63

94

145

112

80

77

121

54

4.03

4.65

4.12

4.00

4.28

3.79

5.28

5.93

448

5.05

4.60

4.59

5.07

9.61

3.93

434

4.03

7.94

4.72

4.94

4.47

4.58

5.29

6.20

0.71

0.52

0.87

0.68

0.72

0.68

1.44

0.73

0.79

1.03

0.75

0.89

1.48

0.76

0.82

0.97

1.09

0.98

1.52

0.62

0.84

0.83

1.52



338

339

340

343

347

348

349

3.44

3.75

3.74

3.63

4.24

32

23

19

33

25

33

29

14.83

17.44

17.51

16.86

15.25

18.82

17.22

5.24

3.78

4.07

4.62

3.92

4.66

4.21

87

72

89

101

83

135

86

4.04

3.67

4.09

3.92

4.65

4.02

0.75

0.67

0.99

0.66

0.68

0.94

1.02
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FNAAEE FI RZERMIREREERE AIC &

Table S2  Akaike’s information criterion (AIC) values of genetic model of inflorescence traits in two hybrid

e i) 1648 (em) DAL B TOIRIER TIRIEK TOIRE T EIRIER EIRIEK EIRIETE IR REK
Combination Model FD (em) NRF (mm) (mm) NDF (mm) (mm) (mm)
DFD RFL RFW DFL DFW LLL
HE— 0MG 208.436 -31.786 813.594 547.389 304.235 1050.815 298.720 -159.719 46.892
Comb one IMG-A 209.881 -43.410 783.475 548.162 304.341 1046.524 233.014 -191.765 22.829
IMG-AD 211.812 -41.784 773.457 549.077 303.962 1048.468 207.807 -193.753 17.831
IMG-EAD 211.936 -34.201 784.446 550.161 307.697 1048.701 249.759 -165.790 25.339
IMG-NCD 212.439 -28.842 781.550 551.390 307.895 1050.920 239.900 -156.255 29.934
2MG-A 203.895 -46.387 769.822 539.397 306.459 1047.045 216.333 -201.178 5.602
2MG-AD 215.784 -54.530 - 541.752 298.845 1045.546 208.828 -208.108 -1.274
2MG-ADI 223.810 -36.567 780.775 562.390 318.228 1057.276 251.888 -195.696 26.324
2MG-CD 212.445 -27.788 817.592 551.398 308.237 1054.817 302.717 -155.722 50.890
2MG-EA 209.909 -49.874 - 543.522 301.151 1044.955 210.656 -206.361 13.213
2MG-EAD 210.446 -29.788 815.592 549.399 306.236 1052.817 300.717 -157.722 48.890
HE 0MG 316.160 77.797 948.257 733.046 320.810 1262.959 496.967 57.039 297918
Comb two IMG-A 314.278 39.117 908.418 729.592 319.378 1257.216 448.526 27.959 189.119
IMG-AD 316.278 34.591 910.355 729.547 320.853 1256.684 429.171 25.858 132.077
IMG-EAD 317.580 55.917 930.942 733.656 324.447 1263.587 441.148 40.623 213.457
IMG-NCD 317.903 49.030 940.855 734.749 324.305 1264.412 464.658 60.366 191.620
2MG-A 311.785 36.773 907.193 725.433 324.501 1255.515 429.287 22211 137.913
2MG-AD 293.912 29.281 904.251 730.135 305.410 1244.245 416.898 25.405 123.280
2MG-ADI 316.352 42.255 929.728 739.751 336.201 1271.825 450.090 39.101 203.569
2MG-CD 320.162 81.796 952.256 737.048 324.816 1266.960 500.966 61.044 301.916
2MG-EA 312.954 35.740 905.752 728.247 313.893 1249.069 432.921 27.026 135317
2MG-EAD 318.162 79.796 950.256 735.048 322.816 1264.960 498.966 59.044 299.916

combinations F1 population

MG: FEFERFEER; A, DI A E :

Ity Sk BAPERUHEERN - RORA R

MG: The main gene model; A: Additive effect; D: Dominant ef: fect; I:

Epistatic effect; E: Equal; -:

The value is absent.



Mg 3 NEEBRRESMHRK
Table S3  Test for goodness-of-fit of selected genetic model

ERVN TR HE BoNgirE  WAERNgGTE WaERNgG T E [ VN7 S MR BEEFIE R
Trait Model  Combination U2 U2 Us? (Smirnow) &3l (Kolomogorov) 1
Gt MGt
N Da
4% (em) 41 0.0001 (0.9942) 0.0066 (0.9353) 0.1244 (0.7244) 0.0219 (0.9948) 0.0395 (0.9951)
FD MG HE2 0.1290 (0.7195) 0.2231 (0.6367) 0.2483 (0.6183) 0.0727 (0.7434) 0.0674 (0.5814)
DIEEAE (em) 2MG- e 0.0634 (0.8012) 0.0259 (0.8720) 0.1093 (0.7409) 0.0611 (0.8098) 0.0631 (0.7691)
DFD ADI Hé2 0.0001 (0.9913) 0.0001 (0.9931) 0.0001 (0.9938) 0.0296 (0.9775) 0.0521 (0.8631)
GRIN %A 2MG- RS 0.0026 (0.9590) 0.0016 (0.9684) 0.1279 (0.7206) 0.0541 (0.8518) 0.0762 (0.5388)
NRF ADI Hfr2 0.1613 (0.6880) 0.0725 (0.7877) 0.2284 (0.6327) 0.1597 (0.3624) 0.1056 (0.1030)
EIRIEK (mm) e 0.0005 (0.9830) 0.0045 (0.9464) 0.1235 (0.7252) 0.0227 (0.9937) 0.0463 (0.9712)
RFL OMG e 2 0.1533 (0.6954) 0.3292 (0.5662) 0.6062 (0.4362) 0.0626 (0.8011) 0.0491 (0.9052)
ERIETE (mm) e 0.0111 (0.9163) 0.0423 (0.8370) 0.1730 (0.6774) 0.0261 (0.9871) 0.0406 (0.9931)
RFW OMG e 0.0125 (0.9111) 0.0334 (0.8550) 0.0894 (0.7650) 0.0431 (0.9168) 0.0442 (0.9570)
EIRTEHL HeE 1 0.1036 (0.7475) 0.0164 (0.8982) 0.5407 (0.4622) 0.0949 (0.6224) 0.0707 (0.6354)
NDF OMG 42 0.2012 (0.6537) 0.2887 (0.5910) 0.1698 (0.6803) 0.0577 (0.8304) 0.0545 (0.8247)
FIREK (mmD 2MG- iR 0.0688 (0.7931) 0.6073 (0.4358) 4.4158 (0.0356) *  0.1659 (0.3455) 0.0751 (0.5585)
DFL ADI 42 0.1698 (0.6803) 0.0730 (0.7870) 0.2653 (0.6065) 0.1508 (0.3888) 0.0807 (0.3521)
FIRIESE (mm) 2MG- ik 0.0046 (0.9459) 0.0080 (0.9287) 0.3853 (0.5348) 0.0496 (0.8792) 0.0701 (0.6471)
DFW ADI 42 0.0008 (0.9773) 0.0000 (0.9988) 0.0135 (0.9075) 0.0181 (0.9984) 0.0323 (0.9991)
RN (mm) 2MG- ik 0.0141 (0.9055) 0.0090 (0.9246) 0.0066 (0.9353) 0.0355 (0.9549) 0.0528 (0.9159)
LLL ADI He 2 0.3841 (0.5354) 1.0051 €0.3161) 2.5915 (0.1074) 0.4021 (0.0741) 0.1166 (0.0536)

Ui, U2, Us? . BISMERNGiT & 55 0. MM 2 Smirnow IZEiTE; Dn: Kolomogorov rllgiil&; *:. R
KF (P <0.05)
U2, Ux%, Us*: Uniformity test statistical unit; In parentheses: Probability value; »//%: Smirnow test statistical unit; Dy: Kolomogorov test

statisticai unit; *: Significant level(P < 0.05)
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Table S4 Estimation of genetic parameters for inflorescence traits of anemone-type chrysanthemum at its optimal

genetic model

Trait

OFEEE (em)
DFD

AR

NRF

BRI (mm)
DFL

EIRTETE (mm)

DFW

] HeE m dy dy ha Iy i Jab Joa l 0 mg 7 mg
Model  Combi-nati (%)
on
2MG-A HAE1 1.4068 0.2770 0.2713 -0.4101 -0.2653 0.2701 -0.2652 -0.1303 0.4034 0.0111 25.9390
DI HAE2 1.4719 0.3792 0.2038 -0.3934 -0.0447 0.2038 -0.0447 0.1611 0.2854 0.0917 89.2931
2MG-A HAE1 33.3756 10.1012 4.1770 -11.2898 -3.9991 4.0765 -4.0103 4.5570 5.4456 73.6044 84.6992
DI HAE2 34.0723 7.2184 6.9373 -10.6442 -6.1867 6.9061 -6.1825 -3.2252 9.7675 32.0204 44.8007
2MG-A HAE1 4.5385 0.6505 0.6502 -0.9756 -0.6494 0.6502 -0.6494 -0.3249 0.9746 0.5769 68.6378
DI HAE2 6.0728 1.7192 0.9006 -2.5690 -0.3810 0.9000 -0.3808 -0.0329 1.2355 1.9997 83.2642
2MG-A HAE1 0.9930 0.2045 0.2017 -0.3035 -0.1992 0.2007 -0.1992 -0.0981 0.3014 0.0060 44.0956
DI HE2 1.1604 0.3494 0.1411 -0.3160 0.0250 0.1411 0.0250 0.2417 0.3570 0.0777 88.3621
HAE1 1.1750 0.3550 0.1571 -0.5291 -0.1034 0.1569 -0.1033 0.0230 0.2794 0.0660 75.9045
2MG-A
DI HE 2 1.6668 0.6305 0.6302 -0.9456 -0.6291 0.6302 -0.6291 -0.3148 0.9443 0.3925 72.9929

do: B VX EIERAOIVE R do: 26 2 0 EIERI IR s ha: 28 1 X TIEDRIBAERON hp: B8 2 X TR RALRNE; i
2ANTIEEEIE < IPEEAEROR: jao: B8 1 X TEIEREIME x 58 2 X B3R B EAERN; jba: 58 2 X RFE At < 28
LA R R R E AN [ 2 ATREEPENE < RIETAERR: 02 me: TIEFTTE; 12 ng: TIEFBE /%

da: Additive effect of the first major gene; dp: Additive effect of the second major genes; 4,: Dominant effect of the first major gene; /Av:
Dominant effect of the second major gene; i: Additive x additive interaction between two major genes; j.: Additive effect of the first
major gene x dominant effect of the second major gene; jwa: Additive effect of the second major gene x dominant effect of the first major

gene; /: Dominant x dominant interaction between two major genes; 6> mg: Major-gene variance; 42 mg: Major-gene heritability/%
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