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Mapping quantitative trait loci associated with Alternaria
leaf blotch susceptibility in a Malus asiatica X
M. domestica interspecific population

JING Xiao-kang, LU Song, LIU Xin-ying, WANG Yi, WU Ting.,

ZHANG Xin-zhong, HAN Zhen-hai, LI Tian-hong"
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract This paper focused on understanding the susceptibility inheritance rule of Alternaria leaf blotch. One strain of
A. mali was inoculated on the detached leaves of 1 071 seedlings of M. asiatica ‘ Zisai pearl” X M. domestica ‘Red
Fuji”and then measured the infection rate, disease severity . disease index. Interval mapping of QTL were processed with
the phenotypic data, the genetic map of the population and parental genotype data. The 18 QTLs related to the
susceptibility of Malus domestica to Alternaria leaf blotch were mapped with both regression algorithm and mixture
model algorithm. They were located in LGO7 LGO8 LGO9 LG12 and LG17. The minor QTLs mapped within regression
were totally or partially overlapped with those by mixture model. Regression algorithm did not give the major QTLs.
However, two major QTLs were mapped with the mixture model algorithm in infection rate and disease severity. There
were some similarities and differences between the outcomes of regression algorithm and mixture model algorithm. In
general.the mixture model algorithm was more comprehensive and precise than regression algorithm. The genetic
control of infection rate was fundamentally same as that of disease index,while disease severity was independent.
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Table 1 F test of the severity of F1 segregating progeny of ‘Zisai pearl” X ‘Fuji’ inoculated with Alternaria mali
7 S S R A i T % o7 F Fo.os Fo.o
Variation Source DF SS MS
AR A R 1070 428.93 0. 401 1.475" 1. 00 1. 00
H 2 0.11 0. 056 0.207 3.00 4.61
w2 2 140 581.71 0.272

2.2 QTL Efi

TSR BE 7% e O M AH O QTL & fi v
I3 LA R R R T TR 3 AN B AR AR R AT
X E/E K QTL 43 #1» & #5 Regression #ll Mixture
model 2 P&

K JH Regression Fk#E 1T QTL 4387 . &%
J S T 0 I 8 R 3 A IR T A8 AR B K g e L B
MQTL i s, TEREA P BRI A A & L1
LG12 P 3] % 5 5 09 i ak QTL iz 53 Irf12(R)
M Irz12 (R, L B 18. 9% M R A A 7, Jf H

Irf12(R)YF Trz12(R) 7E %A B3 b A & L &
GGR2AE D, R FERBCE R LG12 Bk il 5%
TEHE B 3 QTL 37 45 Dif12(R) Hl Diz12(R),
BT fgfe 12. 2% M XAV 5. Dif12(R) Al Diz12
(R4 55 B A QTL Irf12(R) Fl Irz12
(R)EEFEAFGEE2 MA D, KGR 44 5m™HE
FEAH G ) QTL 7 s, 4 3 7E BF A% 58 %€ B 2k 1
LGO7.LGO8 Al LGO9 FIAA & 4 1) LG09 I, H i
B 29. 3% ERAMA R, Hd Dsf09(R) 5 Dsz09(R)
A RN FILPEA R 2 MK D,
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Table 2 QTLs of susceptibility to Alternaria mali in *Zisai pearl’ X ‘Fuji’
population detected by regression model

Pk QrL i 5 (/M SR i LOD f sk %
Trait Group Position Nearest marker LOD score Var.
KRR Irf12(R) F12 42. 544 CHO1gl2 4.09 8.9
Irz12(R) Z12 30. 720 CHO01d09 4.61 8.9
T Dsf09(R) F12 85.921 CN928134 3.21 7.0
Dsz07(R) 707 50.038 CN914458z2 4. 09 8.9
Dsz08(R) 208 32.118 CTG1064499z 2.91 6.4
Dsz09(R) 709 76.567 CN928134 3.21 7.0
975 1 16 4L Dif12(R) F12 42,544 CHO1g12 4,92 12.2
Diz12(R) Z12 30. 720 CHO01d09 5.69 12.2

T :QTL AR A BIRTEIR AR S CEA T AR F B GEPTES MBS A, Hrp . Ir,Ds K Di 43 5 3% & 5 36 ™ 5 B AU % 98 50
2 L 43 7R BEAS 48 SE W Bk e SCAS & + 3 M R 4351 3278 Mixture Model 535 ) Regression 5 .

Note: Name of QTLs composes of the acronym of infection index, the first letter of chinese name of parent,the number of linkage and the

abbreviation of algorithm. Ir,Ds and Di represent Infection rate,Disease severity and Disease index,respectively. z and f mean Malus

asiatica and Fuji. M stands for the algorithm of Mixture Model, while R is for Regression.

¥ H Mixture model 8 ¥, 75 B A< 25 58 W] 2 (1)
LGL17 #5I0 2) & 0 A0 M E8 QTL 14,44 Hh
Irz17(MD , #F LG12 #0024k %% QTL {7 &5 Irz12
(VD s Al B, 7E A B 19 LGO7 F1 LG12 43550 K
BRI M 4 QTL A7 & Irf07 (M) FL L

QTL fii 5 Ir f12(MD (52 3 F1IE 1, Hh sk QTL
Irz12(M) 5 Irf12 (M) B AR TE A (K 1, Mg B
19.1% (yZemias 2, 35 B Ir f12(VD Il Irz12 (M) {E %%
AEE M EILTFEAGESAE D, KRFEME
QTL v S STk L] B 149. 4 0 M R AAR S,

£3 CREWH X BLF RSFERIEAE AR Misture Model $ 3% QTL fi &
Table 3 QTLs of susceptibility to Alternaria mali in ‘Zisai pearl” X ‘Fuji’
population detected by Mixture Model
Pk QrL B Wi /eM R £ i LOD f BEK /%
Trait Group Position Nearest marker LOD score Var.
BIRR Irf12(MD) F12 42,544 CHO1gl2 4.09 8.9
Irz12(M) Z12 30. 720 CHO01d09 4. 65 10. 2
1rf07 (M) Fo7 71.703 MdSNPui06769 3. 80 64. 3
Irz17(MD) 717 12.941 CTG1069827 5.51 66.0
T Dsf07 (M) Fo7 71.703 MdSNPui06769 4.75 65.4
Dsf09 (M) Fo09 85.921 CN928134 3.21 7.0
Dsz09 (M) 709 76.567 CN928134 3.21 7.1
Dsz17(M) 717 12.941 CTG1069827 4. 89 65.9
W 1E 18 81 Dif12(M) F12 42.544 CHO1gl12 4.92 10.6
Diz12(M) 712 30. 720 CHO01d09 5.69 12.2
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Note:1)Name of QTLs composes of the acronym of infection index, the first letter of chinese name of parent,the number of linkage
and the abbreviation of algorithm. Ir, Ds and Di represent Infection rate, Disease severity and Disease index, respectively. z and
mean ‘ Zisai pearl’ and ‘Fuji’. M stands for the algorithm of Mixture Model, while R is for Regression;2) QTLs are represented
by boxes on the left and right side of linkage groups,in which length represents the LOD-1 confidence interval and extended lines

represent the LOD-2 confidence interval; 3) Different fillstyles represent different infection index. Boxes representing QTLs for

disease severity are blank,infection rate are black-filled and disease index are diagonal hatch.
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Fig. 1

BE1

QTLs distribution of the susceptibility to apple Alternaria blotch in ‘Zisai pearl” X ‘Fuji” interspecific population

H-ZLia




146 o kO K E R R

2014 4 55 19 &

TESEAR S FE I BR B9 LGL7 K3 7 5 B A0 O 1Y
T3 QTLL A fiv 44 A Dsz17(MD L £ LGO9 45  5)
s QTL i 45 Dsz09 (M) 5 [f] B, 76 42 A & + 1
LGO7 1 LGO9 4 il Il 1) 7™ & AH SC i) 21 QTL
B Ds 07 (M) R AL A Ds 09 (M) (3% 3 il
K 1), Hrbh, %k QTL Dsf09(M)Fl Dsz09 (M) Iifi
WEARICH A (R 3, LR 14, 100 £ AR, H
Ds f09(M) Fll Dsz09 (M) 75 % £ B 3% 1 #9 0 B 5¢ 4
AR D, &A™ 8 A C F 5 QTL 7 41
A3 XN AR e — S H AR RS A E S e E A (R 3
FE 1.

TE LA S S W TR LG 12 A6 3955 155 5 Bk G 1%
M QTL 7 fi Diz12(M) s[RI ZEACA S 11 LG12
o 0 1) 9 15 48 BOAH G sk QTL i & Dif12 (M)
(F 3R D, [, 8% QTL Dizl12(M) 5 Dif12
(VDL B 22, 8 W R AR S, 3 H. Ir f12(MD 1
Irz12(MD 163 A 3 07 & LT84 (8 3 Al
K1,

3 i

AW 5 QTL & n 43 B & H X ] AE &
Regression il Mixture model 2 F 3 ¥ 3 47 /0 #r
bl - g B 221 Regression Fll Mixture model 2 Fji &
AR R —E BRI E R 22 . 2 M EE R
DE] 3 A8 Pk 48 bR 10 0% QTL A7 g 58 42— 3K
RN A C A VA S U @ S S S (£
Regression 5 2 A g & W 2] £ 2 QTL {7 &2, 1
Mixture model 5357 3 AN JE 1 45 A 2 A6 0 3]
B QTL AV . XIS R T 352 S BE i 7% 9 a0
FETE BSR4y B s A R . MapQTL 84 11
Regression vk FR T HA T B 5 H N A/
B O 5 LAAN s FE T B RS B 5 5 o 3 7 T O G
Mixture model 8 352271 . AR 4 AR 0F 5% T 15 45 4,
R A Regression B4 vk % 38 B8 iF 17 91 40
£ R J5 FH Mixture Model 8 3047 — 20 3 i, 45
A AR MBS R AL

RN P I 4R BUR VIR O, T 5 7 R
AR ST AR . BT Mixture Model 83, 3Lk
M5 %R BMHLEH QTL i &5 4 14, 5515 15 5
A QTL ALk 2 A Horbos 5 48 B 5C QTL £
MR FRML QTL AT 2 A %EeEA, R
B 2% 0 235 5 9 1 i BOPE IR 0 st AL 45 T BEAC AR ] . AR
B FE ™ AR G B 4 4 QTL i s, 2 A isk

QTL i & Dsf09(M) Fl Ds=z09 (M) 5 & W5 T X%,
I 9 R A & sk QTL A a5 Irf12 (VD Fl Trz12
(M) 5™ H I K, 2 A F8 QTL i g Dsfo7
(MO Ds=z17 (MD 43 35 5 & 9 A0 6 19 F280 QTL
NS Ir fOT(MDF Irz17(MD E A, T TE Regression
SEVE T R 5 I 4R B ¢ QTL i g 58 &
AL H5™EEME QTL i fsg e, Hi,
I 2 95 23 15 909 1 48 BOLE 38 A% 5 1 % U0 DG B T
R B R S MR . 7R RS R B M T A v
K993 R 5 9 18 HE B e — B AT 2 A SR AR S AR
BT R B 5 W R T AR UM TSR 2
AP B U] 2 rp B RO T 3 A S M B b T B AR 4 g
WIgk Loy QTL 2 TRAR L, 5EAK
A B (1 8 M 25 S A AT

Li 280 {23l ) 5 3 S B i 75 o 8 2 A G
HIARiE CHO5g07 , #E & & i 11 37 3L 3 K 21 rh A5 48,
RIZARICAL THRAS Huacui B LG14, 5 R 0158 45
S it 3 R B AT i RO PR AR ¢ QTL JE G HE
H1 TSR FHAS [R) 09 1 T BE A A ] B A it 20 AR F 5
FrAR ) QTL 45 51 xE L5 5 22 H il iF 5% 45 21 Loy
BT o F B Z A8 A% 20 BT 45 5% o A5 AR B i 95 s &
W55 AN KR R BT IR R AR S v K 2 A AR
DAV A5 40 B8 . i A F 98 R A Mlixture model &
e K5 T R R R I B 2 A E &L QTL,
% BRI 13000 2 AT I R AR 5L 558 4E o b 4
A . A DTk S v 0 B R S RE B A A TR
— BTN

Z £ x M

[1] Sawamura K. Studies on apple Alternaria blotch caused by
Alternaria mali Roberts [ J ]. Bulletin of the Faculty of
Agriculture, Hirosaki University,1972,18:152-235

[2] Soleimani M J,Esmailzadeh M. First report of Alternaria mali
causing apple leaf blotch disease in Iran[J]. Australasian Plant
Disease Notes,2007,2(1) :57-58

[3] Bulajic A, Filajdic N, Babovic M, et al. First report of
Alternaria mali on apples in Yugoslavia[ J]. Plant Disease,
1996,80(6):709

[4] Sutton T B. Identification and distribution of Alternaria mali
on apples in North Carolina and susceptibility of different
varieties of apples to Alternaria blotch [ J]. Plant Disease,
1991,75(10) :1045-1048

[5] Abe K, Iwanami H, Kotoda N, et al. Evaluation of apple

genotypes and Malus species for resistance to Alternaria



6 4

WUNRESE . Malus asiatica X M. domestica T[] 2 T 3 SEBE 2 7% 75 1B M 19 QTL 5& 7

147

(6]

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

blotch caused by Alternaria alternata apple pathotype using
detached - leaf method[]J]. Plant breeding,2010,129(2) ;208-
218

ERS EAC BROB L A8 SR B AT 0 BT R AN R gt
oA LT AR R 242 4 2012,17(4) :68-74
X HEFR L SRR XS 7, A5 S SR [R] i i BRE A 9 2R A 1 T
P2 LT, E R 7R 200153006 :58-59

Saito K I, Niizeki M. Fundamental studies on breeding of the
apple XI Genetic analysis of resistance to Alternaria blotch
(Alternaria mali Roberts) in the interspecific crosses[ ] ].
Bulletin of the Faculty of Agriculture, Hirosaki University,
1988,50:27-34
e, SRR BB SE L R 2 R R X R A0 g s B i g
fe 3 B PH AL AR BE o4l - 2007, 22(4) : 128-130

XA LR X G F 1 4 S8R OR E R R 2 0 BT 1k 1 38t A% 4
BB QTL &AL D], dbat . i E 0l K4, 2010

Calenge F, Faure A, Goerre M, et al. Quantitative trait loci
(QTL) analysis reveals both broad-spectrum and isolate-

specific QTL for apple

scab resistance in an progeny
challenged with eight isolates of Venturia inaequalis [ ] ].
Phytopathology,2004,94(4) :370-379

Peil A, Flachowsky H, Hanke M V, et al. Inoculation of
MalusX Robusta 5 progeny with a strain breaking resistance
to fire blight reveals a minor QTL on LG5 [ C]//XII
International Workshop on Fire Blight,2010:357-362

B B L SE R L AFL ZR 0 R R e A S AR R 0 R
99 A4 35t 4% 43 B LT ], Pa bl 224 . 2008, 17(2) :197-201
ARA L TT R A A SRR UBE R T BE R — A RAPD
PRI SCAR 64 [T]. PadLA 2 2. 2010.19(6) : 106-109
RAEEA, BB, FREAN L AF L B V8 i T 1 o b B A

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

SFERRFELI]. PR AR, 1999(4) 1 11-15

5 e Pl o 2 4 0, XK S SR BT B R A 1 T T
[J0. BB 22412,2009,26(6):912-914

Van O J W. MapQTL ® 6, Software for the mapping of
quantitative trait loci in experimental populations of diploid
species[ ] ]. Kyazma B V, Wageningen, Netherlands, 2009

Xu S. A comment on the simple regression method for
interval mapping[J]. Genetics,1995,141(4):1657-1659
Jansen R C. Interval mapping of multiple quantitative trait
loci[ J]. Genetics,1993,135(1):205-211
Voorrips R E. Map Chart: Software for the graphical
presentation of linkage maps and QTLs [ J]. Journal of
Heredity,2002,93(1):77-78

Kao C H. On the differences between maximum likelihood and
regression interval mapping in the analysis of quantitative
trait loci[ J]. Genetics,2000,156:855-865

Segura V, Denancé C, Durel C E, et al. Wide range QTL
analysis for complex architectural traits in a 1-year-old apple
progeny[ J]. Genome,2007,50(2):159-171

Haley C S, Knott S A. A simple regression method for
mapping quantitative trait loci in line crosses using flanking
markers[ J]. Heredity,1992,69(4) :315-324

Hackett C A. Model diagnostics for fitting QTL models to
trait and marker data by interval mapping [ J]. Heredity,
1997.79:319-328

Li Y. Zhang L. Y, Zhang Z.et al. A simple sequence repeat
marker linked to the susceptibility of apple to Alternaria
blotch caused by Alternaria alternata apple pathotypel J].
Journal of the American Society for Horticultural Science,

2011,136(2):109-115
m%ﬁ:%ﬁ : i.,":’fiil42



