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Abstract;: Taking cultivar ‘ Yuuka’ as female parent and cultivar ‘ Jinba’ as male parent of standard cut
chrysanthemum [ Dendranthema morifolium ( Ramat.) Tzvel.] for hybridization, analyses on heterosis
and correlation of six traits including average length of lateral branch per plant, lateral branch number per
plant, ratio of lateral branch number per plant to leaf internode number per plant (R1), ratio of main
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flower bud diameter to lateral flower bud diameter ( R2), lateral flower bud number per plant and
distance between main flower bud and lateral flower bud of crossbred F, group were investigated. The
major gene+polygene mixed genetic model was used to explore the major gene effect among these traits.
The results show that the coefficient of variation of six traits of lateral branch and lateral flower bud of
crosshred F, group is 23. 78%—50. 65% , and that of lateral branch is generally higher than that of lateral
flower bud. The frequency of each trait shows a continuous normal distribution trend, indicating that these
traits belong to quantitative traits controlled by multiple genes. Six traits of lateral branch and lateral
flower bud of crossbred F, group all appear the significant mid-parent heteroses at 0. 01 level, showing
that there is a significant heterosis in each trait. Among six traits, the mid-parent value of average length
of lateral branch per plant is the largest (62.30 mm), and that of R1 is the smallest (0.26). The mid-
parent heteroses of average length of lateral branch per plant, R2 and distance between main flower bud
and lateral flower bud are positive, while those of lateral branch number per plant, lateral flower bud
number per plant and R1 are negative. The ratio of mid-parent heterosis of six traits is —53.74% -
31.28%, in which, that of lateral branch number per plant is the smallest and that of distance between
main flower bud and lateral flower bud is the largest. The result of correlation analysis shows that average
length of lateral branch per plant and lateral branch number per plant have extremely significantly positive
correlations with R1, and have extremely significantly negative correlations with R2 and lateral flower bud
number per plant. R2 also has an extremely significantly positive correlation with lateral flower bud
number per plant, and both of them have extremely significantly positive correlations with distance
between main flower bud and lateral flower bud. The mixed genetic analysis result shows that average
length of lateral branch per plant, R1, R2 and lateral flower bud number per plant are controlled by two
pairs of major genes which confirm to B-1 model, their major genes display “additivity-dominance-
epistasis” , the heritability values of these four traits are 77.07%, 96.72% , 64.38% and 53.07%,
respectively. Lateral branch number per plant is also controlled by two pairs of major genes which
confirms to B-2 model, its major genes display “additivity-dominance”, and the heritability value of this
trait is 74. 38%. It is indicated that the inheritance of these five traits has major gene control effect. While
distance between main flower bud and lateral flower bud confirms to A-O model, indicating that this trait
is not controlled by major gene and is easily affected by environment.

Key words: standard cut chrysanthemum [ Dendranthema morifolium ( Ramat.) Tzvel.) ; lateral branch
and lateral flower bud traits; phenotypic variation; heterosis; mixed genetic model; genetic analysis
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Table 1 Statistical analysis result of phenotypic characteristics of six traits of lateral branch and lateral flower bud of crossbred F, group from
cultivar ‘ Yuuka’ and ‘ Jinba’ of standard cut chrysanthemum [ Dendranthema morifolium ( Ramat.) Tzvel.)

= = oym—— . i
pern KM f/MA et iy A% b fhile W i
") e maximum  The minimum Coefficient of Standard N
Trait value value Range Average variation deviation Skewness Kurtosis
Lig, 210.75 mm 17.10 mm 193. 66 mm 73.20 mm 49.08 35.92 mm 0. 96 1.70
Nig 11.6 1.2 10. 4 4.5 47.79 2.2 1.1 1.2
R1 0.4 0.0 0.4 0.2 50. 65 0.1 1.2 1.5
R2 1.87 0. 00 1.87 0. 89 23.78 0.21 0. 63 9.15
Nipu 5.4 0.0 5.4 2.4 29.70 0.7 0.0 3.9
D 77.60 mm 0. 00 mm 77. 60 mm 42.69 mm 32.17 13.73 mm 0.14 1.00

D Lig, : BARRNASE S 34K Average length of lateral branch per plant; N, : BARRANASEL Number of lateral branch per plant; R1; BARRAMAS R 5 B kR
15 089 LU {E Ratio of lateral branch number per plant to leaf internode number per plant; R2: F7§ B A2 5 M7 B 42 H) LL{H Ratio of main flower bud
diameter to lateral flower bud diameter; Nyp, : HLEEMIZE %L Number of lateral flower bud per plant; D 75 5|75 A1 % Distance between main
flower bud and lateral flower bud.
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s SCA R Bl TS Male cultivar ¢ Jinba” . Ly, : SARRIIAEYI 1B Average length of lateral branch

per plant; Ny : BARRALEL Number of lateral branch per plant; R1: BARRANA B0 5 B kRIS 809 LL{E. Ratio of lateral branch number per plant to leaf
internode number per plant; R2: £ H 12503 H 428 L {4 Ratio of main flower bud diameter to lateral flower bud diameter; Nyg, : HUAR 7 %
Number of lateral flower bud per plant; D F35 5 MZFAIEE 2§ Distance between main flower bud and lateral flower bud.

1 HEVIEEREAR AE 1 #HE RERXSZF, KB 6 MUBMEERIRS 5 E
Fig. 1 Frequency distribution diagram of six traits of lateral branch and lateral flower bud of parent cultivar ‘ Yuuka’ and ‘ Jinba’ of
standard cut chrysanthemum ( Dendranthema morifolium ( Ramat.) Tzvel.) and their crossbred F, group
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Table 2 Analysis on heteroses of six traits of lateral branch and lateral flower bud of crossbred F, group from cultivar ‘ Yuuka’ and ‘ Jinba’ of
standard cut chrysanthemum [ Dendranthema morifolium (Ramat.) Tzvel.) (X+SD)

PRD SEABIMESE  Determination value of parent TR F, R ZFLHFEFRS  Heterotic index of Flz)
Trait! & Yuuka HITh Jinba Mid-parent value 03 RH,./%

Lig, (47.48+12.57) mm (77.12+£10.47) mm 62.30 mm 11.92%:% 19. 13

A\ 4.8+1.4 15.0+4.3 9.9 =5.32%% -53.74

R1 0.1+0.0 0.4£0.1 0.3 =0. 113#* -42.31

R2 0.73+0.04 0.90+0. 02 0.82 0. 073 8.54

Nigu 3.2+0.7 2.6+0.2 2.9 —=0. 49 %% -16.90

D (36.98+3.46) mm (28.09+1.90) mm 32. 54 mm 10. 18 31.28

D Ly BRROIEEH K E Average length of lateral branch per plant; Ny, : BREMIAZE Number of lateral branch per plant; R1; BRI KL Ak
-5 %07 LB Ratio of lateral branch number per plant to leaf internode number per plant; R2. FEERSME B H{E Ratio of main flower bud
diameter to lateral flower bud diameter; Ny, : HARMIZZEL Number of lateral flower bud per plant; D 75 5|75 B ¥ 2§ Distance between main

flower bud and lateral flower bud.

2) H,. . 2B 34 Mid-parent heterosis; RH,, : F1 3534 Ratio of mid-parent heterosis.
DF, BRk HEREREIIE S PR R AR AR R ¢+ KR 45 R Result of -test between average of target trait of F|individual and average of mid-
parent value of single sample; *3 ; FRTE0.01 KV FEREE Indicating the significant difference at 0. 01 level.

2.2 WREVIEFEZZF, REEK 6 MUBSME IR
i8] 9 Pearson 183X 453 1

FRUEVIAESE fhfh < D07 A Py 2858 F, ARCHE
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00 LUAE (R1) 55 SRR AR T 354 B R B A
B B E A6 (P<0.01), # 6 R 504 51 K
0.31 F10.88;3 /-l 75 bR £ 52 4% 5 25 1F AR %, e
W R EASME AR A (R2) 5 5 k35 5L
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R3 IREVIEFHSM RE WD £ F, REE 6 MUIBENEIEREOBEXESHFY
Table 3 Analysis on correlations among six traits of lateral branch and lateral flower bud of crossbred F, group from cultivar ‘ Yuuka’ and
‘Jinba’ of standard cut chrysanthemum ( Dendranthema morifolium ( Ramat.) Tzvel.)")

PRk KRB A E R EL Correlation coefficient among diffenent traits

Trait Lip, Nip, R1 R2 Nig, D
Lig, 1.00

Nig 0.15 1. 00

R1 0. 31 %% 0. 88 1. 00

R2 =0. 283 0.09 -0.02 1. 00

Nigu =0. 35 0.03 -0.13 0. 415 1.00

D 0. 06 0.05 0. 00 0. 60 0. 32 1.00

D Lig: BARRINA S 2K 3 Average length of lateral branch per plant; Ny : BARRMIAEEL Number of lateral branch per plant; R1. BRI S Bk
-5 807 L {E Ratio of lateral branch number per plant to leaf internode number per plant; R2. F7E HAA 5N B2 {E Ratio of main flower bud
diameter to lateral flower bud diameter; N : SEEMIZE S Number of lateral flower bud per plant; D 33 5 1% [B]#E % Distance between main
flower bud and lateral flower bud. #*. P<0.0I.
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Wk 4, MH U U U W R D, &85 SRR D)
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Table 4 Akaike’s information criterion ( AIC) values of six traits of lateral branch and lateral flower bud of crossbred F, group from cultivar
‘Yuuka’ and ‘ Jinba’ of standard cut chrysanthemum [ Dendranthema morifolium ( Ramat.) Tzvel.] in eleven genetic models

D BRI AIC {52 AIC value of diffenent traits>

ModelV Lyp, Nip: R1 R2 Niga D
A-0 944. 07 415.95 -170. 96 -22.04 207. 43 763. 31
A-1 944. 37 404. 24 —-168. 56 -18.10 211.43 766. 80
A-2 946. 08 417.95 -168. 96 -20. 04 209. 43 765. 31
A-3 948. 07 419. 95 -166. 96 -18.04 211.43 767.31
A-4 948. 07 419. 95 —-166. 96 -18.04 211.43 767.31
B-1 943.99 411.93 -212.31 -62.95 199. 58 770. 65
B-2 942.75 405. 83 -164. 84 -14. 14 215.43 768. 36
B-3 948. 08 419. 95 -166. 95 -18.04 211.43 767.31
B-4 946. 08 417.96 -168. 96 -20. 04 209. 43 765. 32
B-5 948. 07 419. 95 -166. 96 -18.04 211.43 767. 31
B-6 946. 07 417.95 -168. 96 -20.04 209. 43 765. 31

D A 1 X RN BALERIE] Genetic model with one pair of major genes; B; 2 X K 3L Genetic model with two pairs of major genes.

D Lig: BAMRINEE K Average length of lateral branch per plant; Ny : SAEME L Number of lateral branch per plant; R1; BRRMIAL$S Babk
-5 04 FL /B Ratio of lateral branch number per plant to leaf internode number per plant; R2 . I EAA 5 ME A2 LA Ratio of main flower bud
diameter to lateral flower bud diameter; N, : BARRMZE % Number of lateral flower bud per plant; D A 500075 (8] BE 55 Distance between main
flower bud and lateral flower bud.

RS EDRFRM RE M WD XL F, REE 6 MIBRMNEFERESRBERESSHERIN 5 MEItEMNITEERY
Table 5 Calculation result of five statistics for fitness test of alternative genetic models of six traits of lateral branch and lateral flower bud of
crossbred F, group from cultivar ‘ Yuuka’ and ‘ Jinba’ of standard cut chrysanthemum [ Dendranthema morifolium (Ramat.) Tzvel.]!

HARD SR 2 2 2 2

Trait? Model? Ui U U3 W D,

Lig, A-0 0.800 3(0.371 0) 1.210 9(0.271 2) 0.878 0(0.348 8) 0.296 5(0.8549) 0.010 1(1.000 0)
A-1 0.033 6(0.854 6) 0.076 7(0.7819) 0. 158 3(0.690 8) 0.046 5(0.1029) 0.009 6(1.000 0)
B-1 0.011 3(0.915 3) 0.000 4(0.983 2) 0.107 4(0.743 1) 0.040 7(0.070 3) 0.005 5(1.000 0)
B-2 0.000 1(0.993 3) 0.028 2(0.866 5) 0.496 4(0.481 1) 0.054 0(0. 147 3) 0.009 4(1.000 0)

N g, A-1 0.033 6(0.854 6) 0.076 7(0.7819) 0. 158 3(0.690 8) 0.046 5(0.1029) 0.009 6(1.000 0)
B-2 0.011 3(0.915 3) 0.000 4(0.983 2) 0.107 4(0.743 1) 0.040 7(0.070 3) 0.005 5(1.000 0)

R1 B-1 0.001 2(0.972 0) 0.000 7(0.979 1) 0.001 0(0.975 3) 0.087 2(0.336 7) 0.010 2(1.000 0)

R2 B-1 0.002 4(0.961 2) 0.079 8(0.777 6) 0.886 2(0.346 5) 0.102 1(0.4149) 0.008 0(1.000 0)

Nibu B-1 0.000 0(0.997 7) 0.005 6(0.940 2) 0.096 8(0.7557) 0.105 0(0.429 6) 0.005 5(1.000 0)

D A-0 0.054 4(0.815 6) 0.280 0(0.596 7) 1.472 4(0.2250) 0.109 4(0.450 7) 0.005 7(1.000 0)

b U% N U% ,U% . SRS S0 T Statistics of homogeneity test; , W? . Smimov K541 Statistics of Smirnov test; D, : Kolmogorov LoE A0S
P15 Statistics of Kolmogorov test. $5*5 H 4 4E Jy X Wi #8479 P {H Datums in the brackets are P value of corresponding indexes.

2 Lig.: BARRANA S I B Average length of lateral branch per plant; N, : BARENAE %L Number of lateral branch per plant; R1; BARRINA B S bk
M550 LA Ratio of lateral branch number per plant to leaf internode number per plant; R2 . FEHRSME B H{E Ratio of main flower bud
diameter to lateral flower bud diameter; Nyp, : HLEEMIEE 4L Number of lateral flower bud per plant; D %5 5|75 [A] 5 % Distance between main
flower bud and lateral flower bud.

3) A, 1 XF RN BALERIE] Genetic model with one pair of major genes; B; 2 X 3 LK 3L Genetic model with two pairs of major genes.
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Table 6 Genetic parameter of five traits of lateral branch and lateral flower bud of crossbred F, group from cultivar ‘ Yuuka’ and ‘Jinba’ of
standard cut chrysanthemum ( Dendranthema morifolium (Ramat.) Tzvel.)")

PR Trait? M d, d, h, h, i
Lyg, 92.70 48.74 19.82 -44.05 -19. 81 19.78
Ny 6.19 1.81 1.42 -2.55 -0. 80 —
R1 0.15 0.14 0. 04 -0. 09 -0.01 0.04
R2 0.91 0. 40 0.39 -0.22 -0.02 0. 02
L\ 2.76 1.17 1. 16 -0. 87 -0.29 0.29
PR Trait? Jab Tba l 0',2, 0'3,5, ]L,Q,,g/%
Lyg, -19.79 33.37 39. 10 1 304. 45 1 005. 34 77.07
N g — — — 4.46 3.52 74.38
R1 -0.01 0.05 0.09 0.01 0.01 96. 72
R2 -0.39 -0.20 0.22 0.04 0.03 64.38
Nigo -1.14 -0.57 0.87 0.52 0.27 53.07

D M. BRI T Population mean square; d, : 25 1 % EIER A IPERN Additive effect of the first pair of major genes; d; ; 5 2 X 32 3% K 44 Jin b2 57
Additive effect of the second pair of major genes; h,, : 55 1 % FHEE Y M2 Dominant effect of the first pair of major genes; hy : 55 2 X FHE K 1Y
MLV Dominant effect of the second pair of major genes; i: IME-TNMESY Additivity-additivity effect; j,, : JIE— RN Additivity-dominance
effect; j,, : BRI Dominance-additivity effect; /. B - BN Dominance-dominance effect ; 0'12); 152 Phenotypic variance; U’ig;
EHF T2 Major gene variance; hy,, . TR BEH Major gene heritability. —: JUH No datum.

D Lip,: SPAEMIAEEKBE Average length of lateral branch per plant; Nyp : HEEMIAAL Number of lateral branch per plant; R1: BRI K Bkk
154084 LLAE Ratio of lateral branch number per plant to leaf internode number per plant; R2: F75 H A2 5 M H42 M4 LLH Ratio of main flower bud
diameter to lateral flower bud diameter; N, : HLERMIFE4L Number of lateral flower bud per plant.
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