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Abstract: Chrysanthemums (Chrysanthemum % morifolium Ramat.) exhibits a diverse range of flower types, with particular
interest in the anemone type due to its high ornamental value. However, the genetic basis of inflorescence traits and floret color
remains unclear. The disc florets in anemone-type chrysanthemums are known for their rich pigmentations, but whether they correlate
with the color of the ray florets has not been studied. 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 OMG
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
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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, Fi 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 the flower color values (L*, a*, b*) of inside epidermis of disc florets
and upper epidermis of ray florets. Our results suggest a respectively significant positive correlation of L*, a* and b* values between
the two. Through examining 10 anemone-type chrysanthemums with 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. These results provided a theoretical foundation for the genetic
mapping of inflorescence traits and the cultivation of high-quality anemone-type chrysanthemum varieties.
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A: FEFERL/NAG1920063°; B: 1920063 FIR1E; C: 1920063 E0R1E: D: FLEERL/NEG<2003016°; E: 2003016 FIR1E:
F: “2003016>E°R1E: G: ARFEEEAL/NEG1907029°: H: 1907029°FIR1E: I: 1907029 IR 1%
A:anemone-type chrysanthemum “1920063’; B: ray floret of ‘1920063”; C: disc floret of ‘1920063’; D: anemone-type chrysanthemum ‘2003016’; E: ray floret of
“2003016’; F: disc floret of 2003016°; G: non-anemone-type chrysanthemum 1907029°; H: ray floret of <1907029’; I: disc floret of ‘1907029
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Fig. 1 Flower morphology of the hybrid parents
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FD: {£f%; DFD: /LfEEAE; RFW: FIRIETEAE; RFL: FRTEKE; DFW: EARTETEE; DFL: EARIEKE;
LLL: HAVZK: dp: M vp: JEME (RESRERE SR
FD: Flower diameter; DFD: Disc flower diameter; RFW: Ray floret width; RFL: Ray floret length; DFW: Disc floret width; DFL: Disc floret length;
LLL: The longest lobe length; dp: dorsal petal; vp: ventral petal (Flower organs come from hybrid populations)
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Fig.2 Schematic plots of the morphological characteristics and measurement methods
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Table 1 Phenotypic statistic values and heterosis of inflorescence traits in two hybrid combinations F; population

PR HE A 5 R A% i UEAE R PORIRE PRI E%
Trait Combination cv Skewness Kurtosis MPV Hn RHn
168 /em HE— 16.80 0.01 0.38 497 -1.34%% -26.96
Flower diameter HE 20.21 0.36 0.32 4.68 -0.82%* -17.52
L8 FAT/em HE— 18.26 1.38 5.73 2.34 -1.19%* -50.85
Disc flower diameter HE— 23.88 1.33 1.88 1.82 -0.48%* -26.37
FRAEEL HE— 32.10 1.27 1.37 26.80 2.11%* 7.87
Number of ray florets &= 29.63 1.74 5.60 30.20 -1.78%* -5.89
FRAEE BT HE— 27.00 0.50 0.22 2.00 0.37** 18.50
Round of ray florets HeE— 25.00 0.72 0.53 2.00 0.32%* 16.00
TR K /mm HE— 17.32 0.03 0.61 20.95 -4.78%* -22.82
Ray floret length HE 21.53 0.41 0.62 20.89 3474 -16.61
FRAE B /mm HE— 20.57 0.29 0.60 6.23 -1.66%* -26.65
Ray floret width HED 18.18 0.15 -0.08 5.44 -1.04%* -19.12

EARTEHL HE— 32.11 0.32 -0.47 118.30 -34.15%% -28.87



Number of disc florets HET 27.16 0.65 0.99 124.00 222.77%* -18.36

EAIRIEEEL HE— 20.63 -0.04 -0.46 8.00 -1.94%* 2425
Round of disc florets HE— 16.62 -0.09 -0.23 8.50 -1.58%* -18.59
IR K /mm HE— 22.03 2.68 9.53 10.47 -6.34%% -60.55
Disc floret length HED 29.84 1.37 1.60 9.97 -4.81%* -48.24
EIRAE T /mm HE— 15.00 2.97 19.40 1.69 -0.89%* -52.66
Disc floret width HeE— 25.42 0.20 -0.30 1.88 -0.70%* -37.23
HelR i 34K fmm He— 30.21 1.23 1.56 2.39 -1.43%* -59.83
The longest lobe length HeE— 60.83 3.08 11.13 1.50 -0.30%* -20.00

Fi B ot 34 BB MR G B BApk B AR RSP I B 5 PR E A SRR AR e AR5 R . =+ BE/KT (P<0.0D) &
The difference between Fi and mid-parent value was analyzed by one-sample t test. **: Significant level(P < 0.01).
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A: f618; B: OEEfR; C: WIRIEECE:; D: ERTEREG E: SRIEK: F: SIRIET:
G: BURIEHE: H: BREREG I BIREK: 1. BIRIET: K RIRNRK
A: Flower diameter; B: Disc flower diameter; C: Number of ray florets; D: Round of ray florets; E: Ray floret length; F: Ray floret width;
G: Number of disc florets; H: Round of disc florets; I: Disc floret length; J: Disc floret width; K: The longest lobe length
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Fig. 3 Violin-plot distribution of inflorescence traits of F; population derived from two hybrid combinations
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A: combination one ‘1920063 x ‘1907029’; B: combination two 2003016’ x <1907029”
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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

FEA B FEAH 3% FAR-UETRE (D
e B
Number of Percentage of total L* a* b* Shannon-Wiener
Combination ~ Color group
advanced lines advanced lines index
1 White 41 36.94% 81.44~92.05 -2.27~4.43 0.35~7.45
HeE— # Yellow 52 46.85% 80.23~89.55 -12.44~-0.68 14.50~73.75
Com one % Orange 6 5.41% 66.02~77.98 3.38~12.21 16.93~37.12 1.12
¥ Pink 12 10.81% 57.15~84.78 4.12~29.05 -6.83~1.64
21t Totel 111 100.00% 57.15~92.05 -12.44~29.05 -6.83~73.75
1 White 48 36.09% 82.75~92.66 -5.56~6.94 0.73~18.45
# Yellow 61 45.86% 75.93~89.40 -11.76~4.34 31.44~74.65
e
& Orange 8 6.02% 66.00~77.08 2.12~13.64 22.21~37.68
Com two 1.23
¥ Pink 8 6.02% 65.75~80.41 7.70~24.20 -6.88~-1.25
2] Rad 8 6.02% 52.45~71.80 11.10~24.53 8.98~33.41
St Totel 133 100.00% 52.45~92.66 -11.76~24.53 -6.88~74.65

Fi BHATEIRIER) >\ a*. bESMES:, HERAENEREENE (HE2) « ANRZHET
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Fig. 5 Spearman correlation of color values between disc florets and ray florets of anemone-type chrysanthemum
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Fig. 6 Distribution of pigment in two types of florets of different color groups of anemone-type chrysanthemums
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Table S1  Statistical value of inflorescence traits in two hybrid combinations F; population

RAE R N N . . BRI
) L ERER ERiEK ERER AR EIER RER
Ttz /em /em HIRTEH ERTEH K/mm
HE ETRSY # /mm /mm 44 /mm /mm
Flower Disc Number of Number of The
Combination  number Round of Ray floret Ray floret Round of Disc floret Disc floret
diameter flower ray florets disc florets longest
ray florets length width disc florets length width
diameter lobe length
HE— 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 19.62 432 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 4.31 0.88 0.94

46 4.74 1.15 18 2 22.79 6.14 51 5 4.17 0.78 1.26
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Table S2  Akaike’s information criterion (AIC) values of genetic model of inflorescence traits in two hybrid combinations F; population

o an 14z DAEHAE TIRTERL ERIEK TOIRAETE EIRTERL EIRTEK EIRIETE RIRNRK
Flower Disc flower Number of Ray floret Ray floret Number of Disc floret Disc floret The longest
Combination Model
diameter diameter ray florets length width disc florets length width lobe length
H H — 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
H A = 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 55917 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 22.211 137913
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 27.026 135.317
2MG-EAD 318.162 79.796 950.256 735.048 322.816 1264.960 498.966 59.044 299.916

MG NTEHEEBR: AL D, 1M E Jynth. 84k, EACVERIRE SR8

MG: The main gene model; A: Additive effect; D: Dominant ef: fect; I: Epistatic effect; E: Equal.
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Table S3  Test for goodness-of-fit of selected genetic model

LN it He
U2 U2 Us? N Dy

Trait Model  Combination

1R A 0.0001 (0.9942) 0.0066 (0.9353) 0.1244 (0.7244) 0.0219 (0.9948) 0.0395 (0.9951)
Flower diameter oMa g2 0.1290 (0.7195) 0.2231 (0.6367) 0.2483 (0.6183) 0.0727 (0.7434) 0.0674 (0.5814)
DI EAE 2MG- &1 0.0634 (0.8012) 0.0259 (0.8720) 0.1093 (0.7409) 0.0611 (0.8098) 0.0631 (0.7691)
Disc flower diameter ADI g2 0.0001 (0.9913) 0.0001 (0.9931) 0.0001 (0.9938) 0.0296 (0.9775) 0.0521 (0.8631)
TRTER 2MG- M1 0.0026 (0.9590) 0.0016 (0.9684) 0.1279 (0.7206) 0.0541 (0.8518) 0.0762 (0.5388)
Number of ray florets ADI g2 0.1613 (0.6880) 0.0725 (0.7877) 0.2284 (0.6327) 0.1597 (0.3624) 0.1056 (0.1030)
HRTEK A 0.0005 (0.9830) 0.0045 (0.9464) 0.1235 (0.7252) 0.0227 (0.9937) 0.0463 (0.9712)
Ray floret length MG &2 0.1533 (0.6954) 0.3292 (0.5662) 0.6062 (0.4362) 0.0626 (0.8011) 0.0491 (0.9052)
FRTETE ALl 0.0111 (0.9163) 0.0423 (0.8370) 0.1730 (0.6774) 0.0261 (0.9871) 0.0406 (0.9931)
Ray floret width OME &2 0.0125 (0.9111) 0.0334 (0.8550) 0.0894 (0.7650) 0.0431 (0.9168) 0.0442 (0.9570)
FIRTERL ALl 0.1036 (0.7475) 0.0164 (0.8982) 0.5407 (0.4622) 0.0949 (0.6224) 0.0707 (0.6354)
Number of disc florets oMa &2 0.2012 (0.6537) 0.2887 (0.5910) 0.1698 (0.6803) 0.0577 (0.8304) 0.0545 (0.8247)
EIRTEK 2MG- a1 0.0688 (0.7931) 0.6073 (0.4358) 44158 (0.0356) *  0.1659 (0.3455) 0.0751 (0.5585)
Disc floret length ADI g2 0.1698 (0.6803) 0.0730 (0.7870) 0.2653 (0.6065) 0.1508 (0.3888) 0.0807 (0.3521)
EIRIET 2MG- M1 0.0046 (0.9459) 0.0080 (0.9287) 0.3853 (0.5348) 0.0496 (0.8792) 0.0701 (0.6471)
Disc floret width ADI g2 0.0008 (0.9773) 0.0000 (0.9988) 0.0135 (0.9075) 0.0181 €0.9984) 0.0323 (0.9991)
RIRNR K 2MG- M1 0.0141 (0.9055) 0.0090 (0.9246) 0.0066 (0.9353) 0.0355 (0.9549) 0.0528 (0.9159)
The longest lobe length ~ ADI g2 0.3841 (0.5354) 1.0051 €0.3161) 2.5915 (0.1074) 0.4021 €0.0741) 0.1166 (0.0536)

U2, U2, Ut . gt E; 350 M%E; 2 Smirmow fMIZiit&E; Dn: Kolomogorov frillgiit&; *: BE/KT (P<0.05)

U2, U»?, Us*: Uniformity test statistical unit; In parentheses: Probability value; n//%: Smirnow test statistical unit; Dn: 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

N HeE

TR
AR Trait Combi m da dy ha Iy i Jab Jba ! o2 mg h? mg

Model

-nation

DA ER 2MG-  4HE1 1.4068 0.2770 0.2713 -0.4101 -0.2653 0.2701 202652 -0.1303  0.4034 0.0111 25.9390
Disc flower diameter ADI HE2 1.4719 0.3792 0.2038 -0.3934 -0.0447 0.2038 -0.0447 0.1611 0.2854 0.0917 89.2931
RIS 2MG- 44 1 333756  10.1012 41770 -11.2898  -3.9991 4.0765 -4.0103 4.5570 5.4456 73.6044  84.6992
Number of ray florets ADI M2 340723 7.2184 6.9373  -10.6442  -6.1867 6.9061 -6.1825 32252 9.7675 32.0204  44.8007
EIRTEK 2MG- 441 4.5385 0.6505 0.6502 -0.9756 -0.6494 0.6502 -0.6494  -0.3249  0.9746 0.5769 68.6378
Disc floret length ADI HE2 6.0728 1.7192 0.9006 -2.5690 -0.3810 0.9000 -0.3808  -0.0329  1.2355 1.9997 83.2642
EOIRTE B 2MG-  #4a 1 0.9930 0.2045 0.2017 -0.3035 -0.1992 0.2007 -0.1992  -0.0981  0.3014 0.0060 44.0956
Disc floret width ADI HeE2 1.1604 0.3494 0.1411 -0.3160 0.0250 0.1411 0.0250 0.2417 0.3570 0.0777 88.3621
ESSISES S 2MG- 451 1.1750 0.3550 0.1571 -0.5291 -0.1034 0.1569 -0.1033 0.0230 0.2794 0.0660 75.9045

The longest lobe length ~ ADI #4142 1.6668 0.6305  0.6302  -09456  -0.6291  0.6302  -0.6291  -03148  0.9443 03925 72.9929
da: 35 1 XTSRRI s dy: 55 2 X LIED IV RSB s hae 58 1 X EIEDR SBAERLE; oe 58 2 X EIER SRR 2 2 DTEIERRMME x IEEARRE; jo: 55 1R EREFFINNE x 55 2 3 EREH S
TEROSE; jba: 55 2 XPEFEEMIMME x 55 1 S EREEBYEFAEMR, 1 2 DEEEAEME < SYEAERRL; 2 ne: BEETZE; 72 ne: EREEBEFE/%

da: Additive effect of the first major gene; dp: Additive effect of the second major genes; /#.: Dominant effect of the first major gene; 4»: Dominant effect of the second major gene; i: Additive x additive interaction between two major
genes; jab: Additive effect of the first major gene x dominant effect of the second major gene; jba: 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; A% mg: Major-gene heritability/%
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