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Heterosis and Mixed Genetic Analysis of Branch Traits of Cut
Chrysanthemum

PENG Hui, CHEN Fa-di", FANG Wei-min, JIANG Jia-fu, CHEN Su-mei, GUAN Zhi-yong, and LIAO
Yuan
(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Branch traits are the most important part of ornamental quality on cut chrysanthemum.
Heterosis and genetic analysis of branch traits such as primary branch number, branch height will provide
a very important guidance for cut chrysanthemum breeding program. In this study, genetic analysis was
carried out for four branch traits of cut chrysanthemum based on phenotypic data collected in 2011—2012
from 92 plants of a F| population derived from the crossing between cut chrysanthemum ‘QX-145" (female
parent) and ‘Nannong Yinshan’ (male parent), which have different branching characteristics by applying
single generation segregation analysis method of major gene plus polygene mixed genetic model. The
result indicated that the 4 branch traits were widely segregated in F; population with coefficient of
variation (CV) ranging from 14.60% to 38.89%. The phenomena of heterosis and extra-parent segregation
existed generally in F; pogeny. Compared with mid-parent value (MPV), the heterosis value of mid-parent

(Hy) of the 4 investigated branch traits, except primary branch length, showed a significant difference
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degree at 0.01 level, and the ratio of heterosis value of mid-parents (RH,,) for the three traits were - 21.46%,

-46.96%, and - 8.85%, respectively. According to the correlation analyze of branch traits from F,
population, 4 pairs of traits were extremely significant correlations among 6 pairs. The mixed genetic
analysis suggested that primary branch length and branch angle were fitted to A-0 model and no major
gene was detected. The primary branch number and branch height are accorded with A-4 model with a
negative complete dominant effect with major gene heritability of 51.45% and 53.92%.

Key words: cut chrysanthemum; branch trait; heterosis; major gene plus polygene; genetic analysis

PR/ ) it 0 2L e e . AE IR SR RE , T 0 B R E OB I R EE R R 2=,
AR A R EE H AR — (B m IR AR, 2004; WL 45, 2009). J3 ki 2 BRI
MR, FEBME R KR R ESEAL (Magnussen & Yeatman, 1987),
PR AR VAT B + ZREPBRRAEAL T, O e F PR S A PR A . B IR
TER + ZERRGEAL I EVFZAEY TP CAMIE (FIKs 4%, 2004; FREE 4%, 2004; fx
Jbfh 4%, 2006; TRiER 4, 2007; FEAEA 4, 2009). 5K K4F (2010a, 2010b, 2011a, 2011b)
XIBGARIITERS « AR IHFIE FRIRIRBEAT T 2 M A B FIEAE 73 M1 o AHE,  DIFE/N 38 70 B IR 1R a4 AL
FUGEHT, AT IR, GER R B A B IR R B B B ARl BT, [E
A PR = TSR A

HI T3 e HASAN R, FT AR Mt AR B A &R, R e d, HF AR iz
I3RS, ATRACH X RAED) By A A5 SR A 2458 Fo AR, RIVMOAR TG A% 2317 vh i MR Fo AR (Ritter
etal., 1990; Grattapaglia & Sederoff, 1994; Hemmat et al., 1994; Kumar & Gopal, 2006; Marron &
Ceulemans, 2006). 1% /7% O Ar e Btk LB m () S PF R P AR 2 iz - CERIEAR, 2009a, 2009b;
AR AF, 2009).

AW A R B R B + 2 BRI S A AL ) B 70 R NI o ) i
1997; @if%i 55, 2003) W UIME/INS F AFEAR 4 DS RerER 2 4F 3R AU B e 34T 1A% 20 A7 5
TRV H AR RN IE R T 7 2, il oE B D Rt RN R4 T 72, A5 BTG A AR AN, IR
WFFERREE A AL 2P 3 SO B S LS 2, [RIIN A DI 2 52 B B R BER M4l

QY ViR SRS DARE

1.1 RIEw Y

AR R LR AF T 7 mUAR R “rh B g fe A IR R AR A7 o0y 7 DI RS bl “QX-145" Al
FEAML o BRI IR ZE R R (R 2), ArE Bk, BaRmmAE R G
B i, HA B AN

2010 4Rk, LL ‘QX-1457 AREA,  ‘mAREILT HRXAIAT N TS EIEEA ‘QX-145’
RE RUIFAETE, AEmRIENIEE L o, HMMRAUSELR, FRIERA 40 HirERs.
P REASE S A HE 5 TF SCEEBE A R IR, A LA AR IR e Ak, T BB R REAS AT F 4%
B, RHEER . SRR EA SR RS ALY, Bk, KA 92 K0 Fy 228M+, IKFE3 H
W17, mi i, JEFSRAFTHRE T 4 H i R A Spkbs 5 5 @t T« b B3 e b DUt JR R A7 o 7,
T B[] K FH
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1.2 HEMRKIAE

K 92 Bk Fy SeA v LTI 7 ARG JEtE &R, 20900 2011 A1 2012 SEAK A1 E 1 B 2R AN F
RERREIRR I S BEAR, W — R B G — R BKEE AR 4 MEIR, bk ES
3, JFHE N EMRIRAE NP BARGT Ik S EE ST (1993) 175,

13 RMAB IR EZERE

FRFIAL 3 ) DL SEAR A S AR LR (Li & Wu, 1997). 2858 Fy BEARRERIE (F)
EHoE{ (mid-parents value, MPV) 2 725 SUN &5 BRI SR I0H Hyy B Hy = Frn - MPV. 11
FMMHFE (RHW%) [ (Fy- MPV) IMPV] x 100, oA, g (MPV) AXEEHAMIR T 418
KH EXECLE 2007 FI SPSS 18.0 Gt v1 8 A AT I ARG IR P HAR (M vt 70 A SAE A ¢ K356

14 HUEDH

DAPR AR R 25 (1) I A BEREA T 04T . SR SR B4 SE (2003) @A AEECE R 5L +
2 RPN S AL AL A 73 K B By AR B 0 A 500, 6 Fy Bk CRR R S fidls A (—
XPEFEFD . B (P IR PR 11 PR A A0 5 2 8 OCHS O3 A 3K HH A8 Mt A5 A5 28 PR B R ALK
PHUE (maximum likelihood value, MLV), HIH KA REETHETH AIC (Akaike’s information
criterion) {H. ARGl AIC {HEFHEE A AR, [N AT — G SRS, RS
¥ U2, UA. Us®, Smirmov K% (W), Kolmogorov K% (D), R4 AIC {8 5/ J5 T FE A 1k
For e 1) 4 R R U (Caietal., 2008). FRHESHALBIALR F B/ = FeibAli vt th = 3 DR 20,
. G5 BB B R, TR, Koy = Puddty (ngs FREBBEE, A
BT Xy g EHREKT 2. WA (CEEBEMEBR, 1997 S8 25, 2003) MMARTK
MV R A7 [ 5K S R it

2 R

21 HENESRIERE FLKBIRES T/ 5 R E R

VITE /NG 4 A BUEARTESRA K Fy AU B E TE B 0 A WK 1. 01X 4 DB ERTE AR
FRKECN 14.60% ~ 38.89%, 7EE Z, it BRI AL TR AL ZE A . AR 1
RN Fy SRS BRI B A 1 CEEL 1Dl %, 4 A BerERES 20 T X0k 2 1],
RULHE SN I IR A A S, RYVEATR] BE IR T2 5 NP i Bom rER .

F1 PEDNE QX145 5§ ‘BERBL X F KOBIERREFFEE
Table 1 Phenotypic statistic values for cut chrysanthemum branch traits in F; population derived from cross
between ‘QX-145’ and ‘Nannong Yinshan’

227N B/MiE SEPN: | B SERME bRl 2 BRRRY% W 353
Trait Minimum Maximum Range Mean SD cv Skewness  Kurtosis
BT 33 17.5 14.2 8.60 3.13 36.36 0.56 -0.04

Primary branch number

Sy ki /em 9.0 54.9 459 26.28 10.22 38.89 0.56 -0.05
Branch height

— Yo A B fem 113 82.4 712 33.03 12.06 36.50 0.75 1.94
Primary branch length

Vixs¥i)i-7a 28.2 56.3 28.1 38.10 5.56 14.60 0.52 0.39

Branch angle
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Fig. 1 Frequency distributions for the four branch- related traits segregating in F; population derived
from a cross between cut chrysanthemum ‘QX-145" and ‘Nannong Yinshan’

HIE 2 FTAE Y, BR— BB BEAh, — B b R 3 Mk tR 25
RIS E AT, PoRtRA A - 2.35. -23.27 1 - 3.69. Fy B —% kit ki
JERN 93 B FE R R oR AU B2 00 S, BEWDR 3 AMPRIRI 28R L84 F AR RS Rk 1.
2 ME 1T AR BL, Fy AR A o B R IR IS A7 8 TE i) B i e R R A I AMA, SRR AR A 2R 2>
BIBAFAEI Y. HE FfifE 4 DO ERIRITBES A TR0 20, SRR 7 B
GIFRIE RIS

F2 PENFHRERE F KB RRBRE

Table 2 Heterosis of branch traits in F1 segregating population derived from cross between ‘QX-145" and ‘Nannong Yinshan’

F) 5> B BEIR T segregating population

FEIR Trait QX-145 FARER Ul
Nannong Yinshan MPV PR H,, BRI /% RH,,

— oA 55+0.71 164+ 1.01 10.95 -235" -21.46
Primary branch number
SRR em 65.4+4.50 33.7+4.88 49.55 -2327" - 46.96
Branch height

oy KK B fem 40.0 = 4.90 22.1+3.91 31.05 2.01 6.46
Primary branch length
SENIE” 45.6 +3.66 37.8+3.05 41.7 -3.69" -8.85

Branch angle

TEe ** FORTE 0.01 RFEFR R . FEATSRAUIA BB YRG0 Fy bk HARYERE IS R (R ARSI « A & 20

Note: ** indicate significant difference at 0.01 probability level. The difference between F; and mid-parents value was analyzed by one-sample ¢

test.
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22 I EESRIEIKAEX IS

M3 AT, AE 6 RPEIRTAT 4 RARSCHER S K1, BB S — BB 738
FAREZ IR AR G B S — R bl — BB K BEZ 1A R R 25 IE AR, R 2
BeEAR Z I BAT S 2R AH G R &R

F3 PHENE QX145 x ‘BERBU FIEEBEERSIRIERE Pearson X1
Table 3 Pearson correlation coefficients between branch traits in cut chrysanthemum F; mapping population derived
from ‘QX-145’ and ‘Nannong Yinshan’

PEIR Vi % IR R V¥l s
Trait Primary branch number Branch height Primary branch length Branch angle
— R 1

Primary branch number

Iy R -0.09 1

Branch height

R 0.19 -0.49" 1

Primary branch length

¥l 0.29" -031" 0.38" 1

Branch angle

Heoer RORREFEZES, P<0.01.

Note: ** indicate significant difference at 0.01 probability level.

2.3 Y FEMMMERRIEREERRE S

H DB IR LD + 2 BEPIR At A R A oy B AR 20 B0 0, % Fy A 4
NIRRT R B AR I BT 00T o BT A RN B PIIRIL 11 R 5 30 1 ORI AR D,
FHBIR AR AIC {1 (K 4D B AL AL IR B, B AIC {H /D & Hfs /)y AIC fE HE
B BRI Ry 2 A o AN B ], LR & SR B R k545 IR, AIC (/M
AT A-0. A-2 Rl B-6 3L 3 B, 3L AIC B 7370000 579.6804. 581.6867 F1 581.6793, W LIEN
P G

R4 PRDF QX145 x ‘BWRBIL T FBEZISRERSEST AICE
Table 4 Akaike information criterion (AIC) values of various genetic models for branch traits in joint segregation analysis of F,
population derived from cross between ‘QX-145" and ‘Nannong Yinshan’

pom IR BRI RS BRIE SRS
Model Primary branch number Branch height Primary branch length Branch angle
A-0 474.1176 691.7807 722.1421 579.6804
A-1 472.3752 689.1044 725.3791 581.7649
A-2 476.1073 693.7704 724.1443 581.6867
A-3 478.1157 695.7787 726.1395 583.6785
A-4 472.3726 689.1018 725.3789 581.7646
B-1 475.8408 700.7318 733.4842 589.3981
B-2 474.7946 693.1033 728.2066 583.6692
B-3 478.1033 695.7665 726.1452 583.6907
B-4 476.1092 693.7722 724.1466 581.6824
B-5 478.1163 695.7794 726.1402 583.6792
B-6 476.1163 693.7793 724.1403 581.6793

e AR RIEEC T R d /N ALC RN R ) Jp i@ A B2

Note: The number underlined indicates that the smallest AIC value corresponds to the optimal genetic mode.
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I U U Uy WP R Dy 3% 3 M BALI TIE G IS (R 5), PGt itk )
FN B DI N e R, S5 R8T 3 MBI G R BRIE R B K, H A-0 B
AIC e e/, R W] A-0 BRI BEND X 45 1670 B P R AREA% A 78 70 ke, BT LIE S A-0 B D 70 B
PR B U, BEIAEABE ST, DIE/ NG R A e B AP, ] BER LA SR B K
INE2AYPNE Gt

IR RS, 0 BRSO S A i FE R TIA Hh 1 o6F R DR ) A-4 7, S R DRI I 47 1n) 5
i, BB PERNAE T IPERON; P B AT A-0 R, AN R EEAR IR, R
TIELAE ], P RESE B W LE ORI 22 2 R 95

F5 NEERNEESERT

Table 5 Test for goodness-of-fit of selected genetic model

PER Lt

2 2 2 2

Trait Model U % Us T D,

ROy AL A-4 0.007(0.9319) 0.003(0.9581) 0.015(0.9039) 0.0232(P > 0) 0.0365(CDg 05 = 0.1434)
Primary branch
number
B E A-4 0.001(0.9745) 0(0.9923) 0.007(0.9321) 0.0159(P > 0) 0.0363(CDg s = 0.1435)
Branch height
RO E A-0 0.089(0.7657) 0.130(0.7179) 0.089(0.7712) 0.392(P>0.05)  0.0520 (CDgs= 0.1434)
Primary branch
length
Vi ¥l A-0 0.120(0.7287) 0.122(0.7264) 0.003(0.9550) 0.0484(P > 0) 0.0683 (CDg 5= 0.1434)

Branch angle

Fe: SR UL Ul U Do fiS WO RS, 7 I FHER 0.461 (P=0.05),
Note: The value in parentheses after U12, UZZ, U32 and D, means probability, the value oan2 is 0.461 at 0.05 significant level.

24 YIENEARIERENEE ST

A 2 MR MEIRE A S HII RO URAG T, AT o@ A R it e S5 (R 6). 1h
6 R, — G BEEON 7 B L RPN PR RO 5 R B A G 2. Pl — G B R R n
RN 2.58, EREGALAY 51.45%. $EH10 B BN REDIINTERL N 8.62, A HEDRIB A4 4l
53.92%. XA RCEAR (35 1 3 28 A v P 3A% )

#6 PEPFFRAIRERESERAER T RESHNMEITHE
Table 6 Estimation of genetic parameters for branch traits of cut chrysanthemum
at its optimal genetic model

BEZH — IR IR
Genetic parameters Primary branch number Branch height
m 9.88 30.77

d 2.58 8.62

o’ 9.68 103.35

g 4.98 55.73

1 mg 1% 51.45 53.92

TEe ome BEORINTT: di FERDUMPERON: oFp: RETE: Pmg FHEFE; Wng FIREEBER.
Note: m: population mean square variance; d: major-gene additive effect; azp: phenotypic variance; azmg.- major-gene variance; hzmg:

major-gene heritability.
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3 e

3.1 I ESRIERE MR E R

TR AR A A BRI R — . WBHMEIERE SR, 2P Rl T o5 A 1 et A%
S, HEIREUE Z AR, B RRIE R S R BRI RMECE A, FLATRC I A A8 414 Ja AR A
LA T B M2 bR CRIRANB e, 1995 BEPUSE 4%, 2009). ASHIFST ko0 Kok
P2 S BN UG/ P AT 228, i T oA )R B 22 S Lo R, I Fy - BRIk A48 e &R
0 14.60% ~ 38.89%, It L IEAIATF BIBKINGE o Br— W RSN, Hoe 3 AN RIR I R I )
BEWAAA TE 4 ADEAERS, 3 AMRIRTE Fy BRI IRRA TR, X5 A4S RAR .
MRz (1991). ¥ HAESE (2003) Flgk €25 (2011a) EMFHUAGTEAATALE R AR E FEMEIR B AL
RIS AL, Fy BEA SRR BRI B B g5 9, ZeR LA N . PR A MSE (2003) FIZ-EH
2 (2008) WFFURINAAL AL EARM T ARAEE . ERACBRE R 5 X0EE I, F ARHES S W 2 10 4
P, B SEATRICERERACE G 2, dL6 P32 IRAe A, IR BORIAE 7 AR 13 n
MEREARLE . Mol W, TSR AN R AR AN, FEAN A ) A8 A& T AR DL A R 2 BIURE FE
NGIE

AT BRI, — R SRR E S RS 3 AN BRI R g A Dt B
WEAR, PoRHAREE TR, WX 3 DR EIRE A SR H A R 2 AR A7 A0 Bk A%
BN . FiACKI AR AR TR 2 b, B fe st ey =B A%, i Fale AR g mE ok,
PIRAZAS G, M Fy ARk Z 508, TS F AL AR . MR R R R IE
I 5471 i) (PR SR A BN S A7 AT, AR L REA BRIGRI 2R O34, 300 258 fE AR AL R MR T
ERERIE TN R4, 0B AE E B EEAE .

3.2 Yl FEARIEIRAIRER N

VITE5 FoBHAA S 0 BOMEIR 2 TR A A AHOCHE, IERRACFRAN A PEAR R A DG OG &R, T ik
PR WIHBMES — B — BB W B EARDG, S him S — g ik
FE 3R A BE 2 TR AR 2 AR AH DG . P AR AL B R RE i R b, — T ] UG REAH R & W & 1)
PEARIEATIZFE, O3 — 7 A2 e RECMO TR, AT DRI AR 5 R8s IR e RA BB R
PR AR R PR BT I, $R A AR (24 5%, 2011).

WIFTA R L], 18 4 AN EER, B — o BRI 3 b B T BRI A, A8 — oAk
O 73 B B2 2 AN PR b 20 A il 21— = BEPR A7, FAEERIEAL 23R 73 ik 3] 51.45% 1 53.92%,
Hix 2 Aotk i 32 38 8 BRI A I RN, S5 e A4 % (Hemalata et al., 1992;
Raghava et al., 1992; Sirohi & Behera, 2000; Pal & George, 2002; Ghlmiray & Sarkar, 2005) J3fiL,
DAL, AT AR 2 46 B R i o 32 B DA R P s AR R B R IEAT i R B . — G BB A B
1 BT RN, RN AT IR R S TR UG 45 . (% 4, 2008), IRk
JE RN 53 B A0 BESZ A BE RSB R, FUIE RN AT DUE 9 KGR (BT, 2004). BARREA > gl
AIEVEAG 2 AT G 73 A I 7 VAL T 2 R DA 45 50 2 st A5 R, (Ha, BT HAvfe Rk s 4 bl it
FIFH B FhRic i b CRERE 25, 2009a, 2009b), FrLLIX e 5 3L DK (1 4r 7EKs A Bh Tk — D H AR 1)
TE5G 53 BOHIR B AL JEA, RIS 0 IN R EIAE3 4 1 B Fh . 4k V) 46s0 & MR 0 R A bR .
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