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Abstract: The performance of aphid resistance, quantified by aphid damage index, was evaluated for
the 113 randomly selected F lines derived from ‘Nannong Xuefeng’ x ‘Monalisa’ at seedling stages under
greenhouse condition, and the genetic variation and QTL responsible for aphid resistance were examined
in the present study. The result showed that aphid damage index ranged between 0.20 - 0.92 and
distributed normally with a coefficient of variation of 36.73%, indicative of the quantitative nature; in
addition, transgressive segregation was observed in both directions, which basically accords with the trend
of bimodality. Major gene plus polygene inheritance model analysis figured out the inheritance of aphid
resistance fitted B-2 model that was governed by two major genes showing additive-dominant effects, and
the heritability of the major genes was calculated at 0.91. QTL analysis based on the composite interval
mapping method detected four aphid-resistance-associated QTLs, namely ArX3, ArX4, ArX30 and ArM9,
harboring on the linkage group X3, X4 and X30 of ‘Nannong Xuefeng’ map and M9 of ‘Monolisa’ map,
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with a LOD value of 2.40 - 3.52. The additive effect of the four QTLs varied in a range of - 0.16 - 0.18,
and the individually explained phenotypic variation ranged from 5.90% to 9.38%, therefore the identified
QTL should be minor genes.

Keywords: chrysanthemum; aphid resistance; genetic variation; major gene plus polygene;
quantitative trait loci (QTL)
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Table 1 Phenotypic statistics for aphid damage index in the segregating ‘Nannong Xuefeng’ (P;) x ‘Monalisa’ (P,) F, population
UFEFE L Aphid damage index

R

Matorial T RUME OROKE BRRE%  RRRBEYN I
Mean Minimum  Maximum CV Hpy Skewness Kurtosis

BEA P, 0.46

LA Py 0.93

157218 Mid-parent value 0.70

F) 5> B BER F) segregating population  0.49 0.20 0.92 36.73 -30.00 0.17 -1.03
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M, tHEAE 11 MBIk K3 (likelihood function), #EMEH] AICH (£ 2).
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2 W — Table 2 AIC values of various genetic models for aphid resistance
g 10 /’\\ e
=, . . . ‘ ’ ‘ ot
& & | | % \ in jointsegregation analysis of "Nannong Xuefeng' x "Monalisa
B F, population
) -
E 5+t ]
=}
“ Model Arc
A-0 - 64.14
0 A-1 - 68.58
02 03 04 05 06 07 08 09 A-2 -71.42
WFERE A3 - 60.14
Aphid damage index A-4 -60.14
B-1 - 7594
B-2 -78.81
H1 R EREE R AZF G o gl
BEER R T B4 037
Fig.1 Frequency distribution of aphid damage index in the B-5 -60.14
segregating ‘Nannong Xuefeng’ x B-6 - 62.14

‘Monalisa’ F; population
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Table 3 Test for goodness-of-fit of B-2 model for aphid resistance in the segregating ‘Nannong Xuefeng’ x ‘Monalisa’ F; population

gl )51 K58 Homogeneity test Smirnov Kolmogorov
Model U U: 95 ni#? Dy
B-2 0.00070 (0.98) 0.0047 (0.95) 0.14 (0.71) 0.036 (0.048) 0.0064 (1)

FE: UL Uiy Uy a7 Dyt S AEA RS it i, 55 O

Note: U, U:, Ui, nW*and D, are five statistic values for fitness test, and the values in the brackets are probability.
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N T 5 I0) () 3 AL 2 K Table 4 Estimation of genetic parameters for aphid damage
/z/fﬁ VI‘Eleé/ﬁz: ;F% - E’]l&’ﬁz: :Lﬁ - H % 4 ﬂ%ﬂi index of the segregating ‘Nannong Xuefeng’ x ‘Monalisa’
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0.91. i 1 % ERFEMIMEAIA 0.18, 5 i o
2 B HIIMEAORA 0.12, BEHINMERSE B LR R d, 0.150
e . Lt s . 55 2 X EREEINE RS dy 0.120
PAEE 1 XA E. WS BRI BN 1 e e - 0.130
FIRSE, S350 - 013 F1 - 0.05, BTk 72 ERIEA 0030
KU % o 0.032
PLES 1 XN FHITE o 0.029
EFEHEAEE Dy 0910
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4 QTL S5t B EME, FESMAE ‘FRTIE BULEEIER X3, X4 f1 X9 EBRELLE ‘5
H OSBRI MO ESTRE L (B2, £5). 4 QTL K LOD WE AT 2.40 ~3.52 2 [d], ¥ QTL
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0 Ny XMI0ELS-109 om0 _
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12,67 |\ X-M5E13-237 18145~ X-M7E12-353 24,4~ M-M10E8-407
1459 X M5E1 3-474%

20.0 X-M10ES8-207

11.54 MxM1E19-269

22,71 X-M13E12-148™
2821 X-M8E6-104™

39.14| | X M3E17-278 as.6n| |- xamsEe. 799+
39,74 X-M3E17-160 004 I 7813031 482~HMMOES-337
40,54 M xM17E13-99" oo el 18514040 52,54 M-M21E13-233 i%
49.5~ | X-M16E14-571 3 00l X M23E10-186 5694 M-MIE8-181  +%
52 4~} X-M3E18-247" w2 XMI1EL0-415 60.4—~M-M1E8-169

55,84 X-MI8E14-418 5055505 X M7EL0-125

56.07) | X-MOIE6-217 60,347 X-M17E13-50

7 7Ll xM2E0-205" 63.6/ X-M1 4E7-653

64.6 X-M24E6-166**
66.4 X-M16E12-141
67.8 X-gSSR59-1609 l
70.0 X-M10E4-106
738 X-M21E5-314
76.3 X-gSSR65-96™
851 X-gSSR59-212™

70.3 X-M1E16-148™

ArX4

B2 FEOM QTLARE ‘BREE (X) M ‘WH (M) EHBFLNSH
Fig.2 Location of the QTLs linked to aphid resistance on the linkage groups of ‘Nannong Xuefeng’ (X) and ‘Monolisa’ (M) genetic maps
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AT PSRRI AL ST HEAR S 1 5.9% ~ 9.38%, ¥INHEK QTL. iX 4 ANl QTL RSN - 0.16 ~
0.18, Hr, ArX3 Fl ArX4 FIINMERON AT, N QTL: M+ ‘A’ MO ESHER ArM9
FALT “FEARTIE ArX30 HINPER N N IEE, AR QTL (£ 5) .

RS FEMIFMER QTL ERLSHF

Table S QTL mapping for aphid resistance traits of chrysanthemum
EER Tk R

TL A0 X VL E /M T X [A]/cM TTHRER/ ¢
Q L Linkage L lﬂl_lj flLEj‘C BB X [A/c LoD Additive TZWKK %
g Marker interval Position Range
group effect
ArM9 M9 M-M9E5-337 ~ M-M1E8-181 52.5 4.1 2.40 0.13 5.90
ArX3 X3 X-M24E15-343 ~ X-M16E12-137 5.2 3.1 2.92 -0.15 7.09
ArX4 X4 X-gSSR65-96"" ~ X-gSSR59-212"" 78.4 6.0 2.60 -0.16 8.67
ArX30 X30 X-M6E7-172"" ~ X-M7E12-353 1.4 7.1 3.52 0.18 9.38
» \/\
3 Wie

TR BT P Y 5 5 A G 2 855 B 0 R P A i M R R Al o i G DR e HR v 45 e A JR] e
PR RFIE N HTIEPF R R (Dengetal., 2010; FMIE 45, 2012). AHFFE IS5 TEPULF L% 2 K
PR BRI 753, RESEAR 1 B AT PP s g 4 SR s (R s A, SO T 28 A 43 o B 7
547, Fu % (2018) 8 = F ARG AG WK 0 (1) 77550 80 A BLbAT T Pl ik, @
N TEM IS 5 AP G K s A6 s P AT 1 AR St 2, HE ARG REA
BE— 8, PR T AR ER AT Ak, AREE RGO EE R R U,
RRHR & T i d s e 25 R M.

Bt FEAE BT M R 18 A6 47 9 R IR S I et P i O B e DR S gL A2 e 07 0. 124 Mk,
Ho At B e B AL R 2, ARSI AR HRIE R D o AN [FEHEY I Bt PR as A& AL SIS S AH A
B, /NZE XA BN F2 b B B (Liu et al., 2005), 1 78 X #5485 . Acythosiphon kondoi (Klingler
etal., 2005) FIEfEPLEF Therioaphis trifolii (Klingler et al., 2007) FIHTM: A i 5 1 8 3 R 2 1 110
MR A B 78 X Wi Z8F Acyrthosiphon pisum Harris (Julier et al., 2004). ERXSEREF (Eriosoma
lanigerum) [FPUIEH 2 FE K351 (Bus et al., 2008; Stoeckliet al., 2008). Lt4h, [F—#FhHT
PUEARHOANE],  rig L 77 A AR, 4ok &6 R F Bt otk s R R 1Y, A X
P IE DR, A B IS A7 s 35/ (Clarice et al., 2008; Zhang et al., 2008,
20090 AT UL, AEVIHOEYE R B ALY 2 A B RO BT, TR AR 2 Bl R E s,
Wt —B 3R TP R E 4. fE%AE L, Wang %5 (2014) BFFCRBLHTRE M2 0] 32 2
PRIz, IR PRI INPE R B-3 LAY, ARG 5 A th A IR A8 BT 14 2 b 0 R PR %], (H
TR R I AN — A B-2 LAY, U S AL U P (R B AL AT N S 8L 15 S se ), R
Ut B2 AE P Mg A% 1R B 2 1

AR, QTL it 5t e fEtk= (Zhang et al., 2012). fEH] (Zhang et al., 2013). 7344

(Peng etal., 2015). Mif#itE (Suetal., 2018) SFMHARHF 2| KTz H . (HH T2 608 7R i,
HERAEZ, HEAEAERENAGER, QTL Ak THIE BB, M LUR A @ A B i HE A
KT HAEPEFTE, Wang 2 (2014) T SRAP. SSR Ml SCoT Fric i A% e, FIH mHish
Fiv w27 ABEA, mERGAE CRRER NSRRI F A, it QTL 1EEITNEEM A AR
LRI 5 A QTL SATETIFIEMIR B MR, A QTL XRAAR K TR 14.30% ~
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28.00%. 18], HIATRL. AT HIET SRAP. SSR Aric &R ‘BRTFIE A ‘ZFH HfLE
W, K 4 AN ST B AR, (EXSAMRL QTL. AL, P eI MBTiFiE QTL
RBTHZERER . HTHREMLEERAGE, A7 Wang & (2014) FFTH 2 H &
'rﬁxﬁa*ﬁ%i_ S A% TS, R H AT DR AL A e P E QTL B R . 4 5 i, Wit —
A3 R B P T K SNP BR i As) i 4 A8 e % FE AR B, DN JE 4R QTL K 4 e Ar A it 2 Rl 472 4
LT RE

AT AR i 2 AR A W, EREE + ZEFRABERR TR, 1% F B
Prlgf ik e 2 o E SR, FRERE N AN — R . B4 X EE RS E 4 A QTL 545764t
ek B AR, A QTL AT LUAREPTIF AR 10 5.9% ~ 9.38%, HINFIR QTL. AHE 7 M i
&2 0 FERR R S AL U VeI BB AL, 045 J5 3 AEPTIF P AH SGBE DR 48 A3 B B AR s e 14 1) 2
TEH PP B R A S R
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