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12 FHQTLNetwork v2.2 3%+ 2008 1 2009 PY4F )R BB BEAT A& 20 4, JLAS MU BIPRT EA7EQTL, 7
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QTL Mapping for Flowering Duration Stage of Chrysanthemum

ZHANG Fei*?, CHEN Fa-di*", FANG Wei-min', CHEN Su-mei’, ZHANG Xian-yan', and YIN
Dong-mei'

(*College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2Research & Development Center of
Flower, Zhejiang Academy of Agricultural Sciences, Hangzhou 311202, China)

Abstract: In this study, flowering duration stage of chrysanthemum were evaluated in 2008 and
2009, and QTL analysis was undertaken for this trait based on the two-year phenotypic data in 142 F;
mapping population derived from a cross between chrysanthemum cultivars of ‘Yuhualuoying’ and

‘Aoyunhanxiao’ and their SRAP-based genetic linkage maps presently published. The QTL analysis
based on the single-year data of 2008 and 2009 with Win QTL Cartographer v2.5 and composite interval
mapping method indicated that 3 additive QTL were detected in 2008 but none in 2009. The three additive
QTL scattered on linkage group Y20 and A42 of ‘Yuhualuoying’ map and A14 of ‘Aoyunhanxiao’ map,
with a LOD value of 2.65 - 3.44 and contribution ratio for phenotypic variation ranging from 6.54% to
11.58% for each QTL. The QTL joint analysis based on the two-year phenotypic data of 2008 and 2009
with QTLNetwork v2.2 suggested that 2 additive-additive epsitatic QTL were mapped, with the similar
contribution ratio and effect value to additive QTL detected by Win QTL Cartographer v2.5. In addition,
there was interaction between the 2 epistatic QTL and environment.

Key words: chrysanthemum; F; population; flowering duration stage; QTL mapping
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KLk, 254680 A R 8 1 SR AR B AL S S5 IR L, AR 38 A 5 T 3Rt b
%% (Sirohi & Behera, 2000; %% %%, 2000; Pal & George, 2002; [RA&AAME %%, 2003; % Hi4m
4%, 2003; Ghimiray & Sarkar, 2005; 7k & %§, 2008, 2010a, 2010b, 2010c), TfiT-4eHIMEIR A
AR FCHIEE ARG . MR ass (1991) AR E 4. HAKAE. RRERIZES MhPh B AHAAL, 4l
JEARII LIRS & 24, T L ) Rk A, B AR FE A I L LU A o B A HAE (2003)
R 26 D4R ALE TG AR I 20 A, R & =R TF AL 0 4416 W Bl B0 FH R RK A4 i Rl AR REAR,
HBIFI S FERA . XL 50 s e I R e B A L — e e S EH . (RSB 45 161E
WIEF TAERIARBHRN, X704l RO GER 2 IR A L B ML T 2. Rk, 75 ZEREUHNY
FBdt— SR N TG TEAE IR AL, A 416 AL 0T & Rt (3 e i

WTEBAESR, BlAS 4 T AR BOAR B A, T B30 A R 1 fr S MR I R 52 47 (Quiantitative
Trait Loci, QTL) &£ N H T 4&4E4 (Wang et al., 2007a; Z&7K4: %%, 2009; Zhang et al., 2009;
~EREEE, 2010), BCARFFUEDECE EIREAE AL — AN E T B H A% 77545 -1 25 (Crespel et al.,
2002; Dugo etal., 2005; Oyantetal., 2008). H# (Abeetal., 2002). FE/J5% (Yagietal., 2006)
VR LA b B AT AT GRS, 4 R AR AR PR BT T QTL %42 T4 . Crespel %% (2002)
WA TR H 2 R AR PR, FEHEAT T RER 6 007 . Dugo 48 (2005) %f A ZE M 51T
TEFTT B HIRBGEAT T B MRIE IR e A 5T, I R A ZE T AE 05 K/ QTL Z I AE
AIPEH AR . Leon £5 (2001) Ky INE] 6 A~ QTL 5 i [ ZEMIAE WM B AH o6, Hon 27 4
(¥ ERTTIR R IL F] 76%, 1T HAGPRBAFAE AN . H AT AR WLOE T e e PR QTL sy Jr i
OIS

TFAERFSE] (REI ) R EAE TR A 2 —, B Rewh e 25 4 1E A6 i MR 0 0 5%
W) S HLTT I T s )y o AREG P DUTAERF L) 22 53 LUK IO RS SR AETE 9 R4 Wb < )
B MAASF AR E B R, 5 A% IR AE 2008—2009 PY4E AR A5, Al 45 4 Zhang
S5 (2011a) IR MG TE SRAPIS: 14 B B0 4G 1 TF A RESE I T QTLE MW 5T, BAETF 5 %1
FFACRFEE M E20QTL B PEQTL KX R M AR S [ vk R, dE— DT s 16 AL RE S 1)
BRIERE, DO A S A AE A PR 1 70 TR ic e 48 1 R AL IR KT .

1 MESIHNA

1.1 SRR

PERALRL A CRAT T 1 B ARV K 27 F ] 2 A b 0T 08 YR ARAT Lo I RK 2 i Bl AR TR 08 RN 3 4 oy
B BLUEER MR 2 EAEE R KRR &, 2011a),
1.2 HAEMRKAES S

MF ZAZ BEAR AT IR FF 142 ¥RFSEAE W AR ERIBEAR,  BFAE DAFTHE 0 5 N T o S R A7
2351 F 2008 A1 2009 FEFKZ=2 I Zhang®s: (2011b) ) 5 LM & S AN RIF BEAR I T AL R 830, Rl B kR
50%{6 35 TT 4R TR 10% 48 2 T 4R 2 MU R 2N, AR EE R 3 IR . K H Microsoft Excel 2003 ¥4 FISPSS
15.0 RAFIATFEAF IR ST T
1.3 FEFEFEHIQTLEM S

BT AR RN ¢ BUE S BB AL 183 (Zhang et al., 2011a), 32 [T} Win QTL Cartographer
v2.5 # A (Wang et al., 2007b) & 5 % X [0 /£ K7 (Composite Interval Mapping, CIM; Zeng, 1994)
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X446 TFAE B 1 7E 2008—2009 75 /N4 5 (1) 22 00 I 5tk 43 790 3047 QTL A, A5 54 QTL
AN R T SR AAR S [ DR R S AR S . A OGIBAT S8 - Walk speed = 2 ¢cM; Window size =
10.00; Model =6. X LOD i 4 2.5, 4 LOD WA KT 2.5 I BRI AT s AL A7 AE— A 23 QTL 7
R EAE X AR YE LOD {E KW P I 4%~ F% 1 AN LOD fE KA % » [A]I ) QTLNetwork v2.2 (Yang
& Zhu, 2005) HIEETIRAG AL 25 X AAER (Mixed linear model-based composite interval
mapping, MCIM) (Zhu, 2000) X} bR pyaER BB AT G 70 A, 0F— 20 LU S ik 425 1 2 12 T 4E
KR4 QTL fystE LAl . A Map Chart v2.2 #4%: (Voorrips, 2002) £:7] QTL 434 4.

QTL iy A FE AL M McCouch 45 (1997) kI RfES ) : MHRIECHE L G FRERE) +
¥ (E1, E2) + &EBRENES . filln, “FdsE1A14” F£/FIH] 2008 4F (E1) 7S 76 1% e
Ald EATINR O T TR RESE] (Fds) R TIRIE BRI A1

2 HiIR 50

2.1 FFIEIFLEHATE 2008—2009 FEEMH BRI

M 1 AT LLEH, 4 FFAE RS 4E 2008—2009 PR AF[H] 72 S AN B3, 1y HLF BEARIZ R 1Y
{HHESA TR 0], R AE R SIS . M EERIEEAY, (38 1) DARSIR Al (& D
AT, AR IEAR TR A IE A S, A 2 LR IS E R, XS RIHEE T 2008
H1 2009 P4 IIME A SHE (Zhang etal., 2011b) & —EUH.

F1 Wk MEER, REER REF BN MNERER T ER
Table 1 Descriptive statistics for flowering duration stage of chrysanthemum cultivars ¢Yuhualuoying’ (P;)
and ‘Aoyunhanxiao’ (P,) and their F; mapping population

L JEAId Parent F1 {E I #44F, mapping population
Year P p SN e /MiN T PR/ fhi % I iz
! 2 Maximum Minimum Average SD Skewness Kurtosis
2008 18 12 29 9 15.73 3.53 1.34 2.78
2009 20 13 31 10 17.17 3.73 1.05 1.95
707 2008 501 2009
60t ) ] P
2 40} !
2 50 P &y
o
3 40+ P, l 30+ P,
: | /7 !
Z 30 200
§ 20+
10+
10+
0 0 ~]
10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 10.0 12515.0 17.5 20.0 22.5 25.027.530.0
T 645 2:11/d Flowering duration stage T 645 2:31/d Flowering duration stage

B 1 PRFEHEHE WEER M REFE #XFHEPHAESR
Fig. 1 Frequency distributions for flowering duration stage in an F; population derived from a cross
between ‘Yuhualuoying’ (P;) and ‘Aoyunhanxiao’ (P;)
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22 ETBRFHENQTLENMS #

FE AR R L7 2008—2009 4 (1) R AW MIAE, FFH Win QTL Cartographer v2.5 % F 1S &
DX a4 B JEHEAT QTL 230 Mr. &5 5 Wi, 78 2008 4EFL Kyl 3 3 A QTL 54446 T b ey 5 3%
R (K2, K 2), IMfE 2009 AR, S EITF RSN QTL 2B mi b K .
X 3 QTL HEIMMEKE TARR L BUE K Y20 Fl YA2 JEBELA R 4 < WIs 5% Bifk
KT AL4 B L, LOD fHA T 2.65 ~ 3.44 28], A QTL X FF AL R4 R AR S5 (1 DTk N
6.54% ~ 11.58%. H.H 7 T Al4 JEBEE A-Mel3Em5-3_A-Me4Em8-3 Fric X [a] ) FAsE1AL14 Jin %%
fHh - 3.34, W LUARE 11.58%[1 JF AL RFELIN R AN AR 5 FASELY20 1 FASELYA2 [N 8 NAE 73 70 ok
2.06 T - 1.88, W IFAERFLLIHFR AR F (K DTk #5074 8.19% 1 6.51%, 34 Tl 2 BE A

# 2 72008 #2009 FAN4E IR E) 5 LT EFFEERIIE XM QTL
Table 2 Significant additive QTL detected for flowering duration stage (Fds) in 2008 and 2009

QTL #Fx B FRic X i) QTL fi'&/eM  BEEX/eM  dRK IR, TUBREE/%
QTL name Linkage group  Marker interval QTL position Range LOD Additive effect R
FdsE1Y20 Y20 Y-Me3Em4-2_Y-Me2Em1-2 225 31 3.30 2.06 8.19
FdsE1Y42 Y42 Y-Me21Em4-4_Y-Me22Em10-1 0 34 2.65 -1.88 6.51
FdsE1A14  Al4 A-Mel3Em5-3_A-Me4Em8-3 115 7.2 3.44 -3.34 11.58
Y20 Y42 Al4
0—F—"Y-Me20Em13-2 0—F—Y-Me21Em4-4 0~ A-Me13Em19-1

CrALHSPH

7.0 —H—Y-Me22Em10- 5.5 —11—A-Mel3EmS5-3

12.1 1 Y-Mel7Em1-4

13.9 —=—Y-Me24Em1-6
12.6 +——A-Me21Em5-1

pIVIASPA

17.6 ———Y-Me3Em4-2
15.7 —+1A-Me4Em8-3

22.5

— Y-Me20Em9-7 i 19.2 —+H—A-Me20Em8-5

0TAIHSPAH

27.9—H-Y-Me2Em1-2 23 8Ll AMo2Emo-8

24.7 —11—""A-Me2Em9-7

34.8 —=—""Y-Me11Em19-3 28.4 —=—"A-Me24Em17-1

B 2 Win QTL Cartographer v2.5 $&I B35 FFIEHE M QTL AR REE LN T
PROSLOERIR QTL L AZE D278 QTL M EAEX W .
Fig. 2 Distribution of significant additive QTL for flowering duration stage on the genetic linkage maps of chrysanthemum
detected by Win QTL Cartographer v2.5
The black solid pillar indicates QTL position and the fine line the support intervals of QTL position.

23 ETHEHIEMNQTLEES R

1ZH QTLNetwork v2.2 BRAFFIEE T A L BRI 52 & X (a4 V200 8 L T Ae FE 4 I7E 2008
FT 2009 WA IR B AT RS o0 B, SLr RS 2P o6 B AT n—n A P BRSOV QTL, AT
Koz ntE QTL (K 3, % 3). Hrp, Fds-1 i+ ‘BE&5E” EBRET AS il A24 I, XfRMAR
SR TR 9.72%, A LRGN AE RS 3.20 d; Fds-2 A7 TREBURE A12 F1 A49 |, xFEAIARH
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FITTHR A 9.44%, W] LAMGINTTFACFEEEH 2.64 do [R), A 25X P9 X in—hn_EA7 7 QTL 53434

FAETAERAR, (HR IR 1 otk A LLE D, 239304 0.04%741 0.02%

%3 QTLNetwork v2.2 MBI X FHEFHSERHEEE LA QTL
Table 3 Epistatic QTL detected by QTLNetwork v2.0 for flowering duration stage of chrysanthemum

- . E 5 X [/ L{_ﬁ'l&‘_ﬂ?ﬁ%{ﬁj
QTL # %k iRt Fric X 1a] QTL £ #/cM oM Epistatic H%(aa)/  H(aae)/
QTL name  Linkage group Marker interval QTL position interaction effect % %
Range (AA)
Fds-1 A5 A-ME20EM7-4_ 15.3 143~17.0 3.20 0.0000 9.72 0.04
“A-ME15EM19-3
A24 “A-MEL7EM1-2_  54.4 50.4 ~ 54.4
“A-ME16EM7-2
Fds-2 Al2 A-ME18EM17-1_ 37.6 35.6 ~ 37.6 2.64 0.0000 9.44 0.02
A-ME13EM5-4
A49 A-ME4EM10-4_ 12.0 9.0~12.0

A-ME23EM14-3

FE: <RI 53 B ORARITAE 0.05. 0.01 /K P HL A i 435 o H*(aa) RoRQTLIKI—N_EAL 1 TR CAAD Xt A8 S I TTHR K o H(age)

FOR M0 LA PEQT LA FREE AR RN 0 R B AS 57t () DTk

Note: *and ** indicates the distorted marker at 0.05 and 0.01 level, respectively. H*(aa) indicates the phenotypic variations explained by
epistatic interaction effect CAA) and H?(aae) the phenotypic variations explained by interaction effect (AA) between epistatic QTL and environment.

AS A24
0—T A-Me18Em35-3 0 ——"A-Me18Em6-1
4.2-1-"A-Mc23Em§-2
6.1 T A-Mc7Em4-5
10.5~ *AA-1\1<I/?2123FEm 1 49-11
A T N ei8Emas 13.5—{— A-Me16Em10-5
%;_'(3) . 18.4—1 A-Me16Em10-3
18.9
23.07]

5834

64.2—
67.7

752 —

V2T UER, e 2 2 SN BeE 1k (Zhuetal., 2002; Anbessaetal., 2006; Hao
etal., 2008), 1M HAZJ6 I Wb 5 S5 P85 PR 35 () 52 s LUK (Snape et al., 2001; Zhang et al.,
20090, FITLL, AL G I8 AL A 7 AR MEHERRIE S AR (st A s ) L ail . T M, Zhang %%
VeSS, I RAPD. ISSR. AFLP fll SRAP 7> Fhric i3
L T A EB R ], I T3 1E SRAP dgt AL B R A E A EIRIE BRI S ARTE R 505 3 Mk

(2010, 2011a) AiRHE XU

—""A-Me10Em19-4

—A-Me20Em4-1
—A-Me23Em2-5

—A-Me13Em5-2

—""A-Me17Em1-2

**A-Me16Em7-2

Al2 A49
0——A-Me2Em4-3 0 A-Me4Em10-4
9.1 1 "A-Me2Em5-1
11.6 1 "A-Me21Em4-5 A-Me23Em14-3
15.2—7"A-Me24Em3-5
20.2 1 A-Me24Em11-
24.0 4—1+A-Me24Em
27.9—+ A-Mg
326 /ér e¢18Em17-1

383 —e—A-Mel3Em5-4

B3 QTLNetwork v2.2 EX& S AT NBHR G FFEFEH A LA QTL EHEEE LS H

Fig. 3 Distribution of significant epistatic QTL for flowering duration stage on the genetic linkage maps of chrysanthemum

detected by QTLNetwork v2.2 using joint analysis

N

ﬁC
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FHRRIEAT QTL @ AiWF7e, LM 12 4~ QTL, A QTL xR AR R (1 TTk %N 4% ~ 76%.
Zhang %5 (2011b) ik FHED + 2 DR A BAL BT TR A AL AL RF S e R B v — 2
PE— A P A5 PR A 50 = R DR ), ] B R B DR 2R 2 A A 1) 5 TR AR SRS AR OC 1K) SRAP 45
THRICAL L, A IEA M JE T3 e AL TR 0 B RUE r 9 . SR1T, 1F 2 AR AEY) (Skat et al., 2005;
Cai etal., 2008; Uptmoor etal., 2008; Zhang etal., 2009; 7rft 2%, 2010) A/ WL FkE4 (Leon
etal., 2001; Crespel etal., 2002; Dugoetal., 2005) e TAEWITER QTL SEAL, A3AE EIIvE
R QTL sEALM TR AL T LS F AR . AW Lo TR B FITF LR B 3 Atk QTL A
265 m—n LAz QTL, FRMATAE FAEVR S [ Y20 FI Y42 EBIHELL A IS5 1) AL,
Al2, Al4. A24 FI A4Q JEREE, A GF) QTL nf LUERE R AL 7 1Y) STk % 4 6.51% ~ 11.58%,
Horp HAT IE B QTL fTH T Thric B & B Fh.

AWFFCH, BT AR (1) QTL 43T 76 2008 ARSI 3 1) 3 ANk QTL 5 AL RFEE I W AH 5K,
1M AE 2009 FEHIARATI S|, YiW]IXLE QTL (EA R FAEE K L TEFEE 2 AR, FAERF S a5 A 52
WESRIFE g . VF2MERy, EALE QTL AUtk QTL [FI i il A otk s AE WL % (Song &
Zhang, 2009; Zhang et al., 2009), I H EA7VEE & Zep gt # i) B 2RI 2 — o Awtsirhiz B
QTLNetwork FHJE i 7 2 A ) 5245 [X (] 4 (817250 2008 A1 2009 P4 ) R B EA T IG5 20 AT
R 2 3 m—mn B2 QTL (Fds-1 Al Fds-2), 43l v] LA#RE 10% 7 47 R AR S, A K TF AR FF4E
W13 d A, ST HESPRMEIN 3 4 QTL Tk R AN FAAHY . dtrl i, Ef7dE QTL
Aot QTL fEsa AL T AL RF LI i ast A Sl M R EZE A . —fekit, BAIME QTL 124 3
FhHEAERIAEAL, BIF2 QTL ). F2 QTL 5 HAh 1 Sebrid A sz A1 LA AE 28 QTL Z A3
fity 2 AN 25 2 1) HLAF (Song & Zhang, 2009), AHFFTALI EIff 2 % A7 QTL M JE T4 %% QTL
ZAMPIARICAT s HAEEAY

AT I, P AT AE RS 2 X BRI QTL SEREE 2 M3 HAT FAERN, RIS
B IREE 2 R ) E AR RN AR TE AR RF S R A vp 38 i A7 5, PAGE A2 5% e FE e S0 0 F R 1« AR,
5t QTL 8% EALME QTL AHEL, PAEE AR X 32 B AR e (1) vk Ze A% (3R 3), RN TE
BN, FREES T AR RF S P e 2 /N, AR X AE — e R AR Ul B 3 8 T AE e 2 02 2 B0
BRI R, SR THRAEHE QTL g SAHAr. FEIRHMNZE, A5 HAAH Win QTL
Cartgrapher v2.5 F1 QTLNetwork v2.2 BF R AR 211 QTL 2 1], K ILE Zhang % (2011b) .1
oL 2 255 46 TF AL RS HIAE DGR 12 A FAR e sl 18], AR AR INIE R 1) 5 F-FRac A md o 1K 0] B A& i LA
N R & . —J2 Zhang % (2011b) AR ZRH R4 Al SR A ST R 4
1M H I —f B hrid A e AL BBESE b AR QTL 73 M 4 5 7 ¥ AL DR (R A I 25 2% 1
FEXTLOI— 380, AEfs 22 FE D A I A% 3 B S AR RANI], TTAKH 50 e A7 () B4 B2 s 2
DR, 52 AR [R5 M AR
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