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Abstract: Based on whole-genome resequencing data, a high resolution genetic map was developed

by using a set of backcross inbred lines (BILs) crossed by a wild species ‘Songzi’ with a cultivar
‘Amsterdam’, and used to map QTLs for main carotenoids in carrot root. Finally, the genetic map was
consisted of 1 976 Bins which contained 29 435 SNPs. The total genetic distance of map was 834.28 cM

with an average interval of 0.42 cM between Bin markers. There were 2, 2, 3, 2, 2 and 2 main-effect QTLs

KRB 2016-12-08; f&EIHHAE: 2017 -01-24

HEWB: EXREAGIRITTE (2016YFD0100204-04): EHKBHSCATRIGIH (2013BAD01B04):  Hh E AR VB B BH: Gl T2
TiH (CAAS-ASTIP-IVFCAAS); [EFHMRRIFEESTH (31272162)

* Jl{E{E& Author for correspondence (E-mail: zhuangfeiyun@caas.cn)



WORRL, PMEEE, XU, ZEmIT, A, BEE, EEs.
BIE MR TS N RS EAMDE QTL MRSl & fr.
[l 2 %4%, 2017, 44 (2): 288 - 296. 289

(M-QTLs) associated with a-carotene, S-carotene, (-carotene, lutein, zeaxanthin and total carotenoid
contents, respectively, with 11.47% - 19.18% phenotypic variance. There were 1, 1, 2, 1 and 1 epistatic
QTLs contributed to a-carotene, f-carotene, (-carotene, zeaxanthin and total carotenoid contents,
respectively, with 2.50% - 3.66% phenotypic variance. A total of 36 predicted genes with function
annotations were detected in M-QTLs. Among these, gene Dck018297 was {-carotene desaturase and
associated with f-carotene biosynthesis and total carotenoid contents; gene Dck008006 homologouse to
ERF2.2 was associated with a-carotene and zeaxanthin biosynthesis; gene Dck029898 homologouse to
bHLHI35 was associated with {~carotene biosynthesis. These three candidate genes might play central
roles in the carotenoid biosynthesis in carrot root.

Keywords: carrot; carotenoid; genetic map; fine mapping; QTL

HAEE MRS PR BRRNEENEEM L — BRI TORIHE MRS N ERE
PR R S — LRI, U O, WA Ca - BAEE PERMBD. Or ORBEHEEIED) . Y IHIEHE M &
RO Y, Y, (a-HHE MR B-HE MRS 4 (Umiel & Gabelman, 1972; Buishand &
Gabelman, 1979; Goldman & Breitbach, 1996; Simon, 2000). K% N RAW& K2 ThAE
FEFEmRF RS MRNGRESRER, W\EAFMALREGREEEEE (PSY) {EREBIHE bR
EEETHAEAGBIEA (Wangetal., 2014), T KFEFIAEMIER (ZEP). \EFEMARZMEA
BERER (PDS) MRS NEFHBFRE (CRTISO) WIFRILK TR g - #1% MR A
NEMALER (Jourdan etal., 2015), #HE NEIRWEF CYPITA3 iRk, nJUABFRARF o - $HE b
FAERIHY PR EE (Arangoetal., 2014), IhAh, HIEIRGERE - 4 - BER (MEP) &5 B4
AT BE IR & Al (DXS) I ] FUFREAE bR A AR AT AR, S N ARk
R N ERIAL R (Simpson etal., 2016).

KT HE PR PSS MRS EMR QTL EM FARIE, HiXL QTL H&E 5KHE b
KOM@ahThAe RN @7 Hi55 & (Santos & Simon, 2002, 2006; K&K %5, 2010). FJ
R B AL RS, fERE AR 1 AR F AL QTL, RAITTEARIAS] 54.61%, FFTE1%
QTL XA Wik 1 NE T Ia 2R GmCHXT 7T LA K E I £ (Qietal., 2014); E Kb
SEALE] 1 AT QTL #HHMEMRIEA, 7E1% QTL X [H] A JfiE t 2 AN F5AE P4 A B AR i 11 3 S (R 7
(Zhou etal., 2016). #H% NEERFHAKIEM A (Xuetal., 2014; Iorizzoetal., 2016) ANFHE ME&E
TR AR RS A0 58 A R FOR P LR iz R 44t T H BRI, Torizzo 5 (2016) 1@ KRERAHTIE 5
SOk EEAE] 1 MR PR S RSB R R DCAR_032551. #R1W, kT HAMEEHE b
RGN 2 O Je FL R P B D PO 0 M R IR IE o« AHIFU LA B B A AR N RN AT (W)
ARG I HET A Amsterdam’ (Af) SNE AR 1A 22 H 20 H %2 & (Backceross inbred lines, BILs)
NI, FETARME BN FEARME S AL E0E, X RS N RIATR e, IRATZIR A
S MR BRI N R G U R BRI IR A .

1Rk

1.1 #8
DL O“FAEEFAE” (Ws) #AE MAD ‘Amsterdam’ (A NZEARBEITIRT, HA Ws RNRIET L



Ou Chenggang, Sun Tingting, Liu Xinyan, Li Chengjiang, Xu Donghui, Zhao Zhiwei, Zhuang Feiyun.
Fine mapping of QTLs related to main carotenoids in carrot root .
290 Acta Horticulturae Sinica, 2017, 44 (2): 288 - 296.

BRNUEH X B AR E N, FEARTR, AEEAE MR ACHRRMNARE SR, BERmER, &
AFEEMEHE bR, DLACNREEEARREZE 2/, BAHK 6 %, # T —E&H 223 MEARM BIL
(BC,Se) FEfR. 2015 4 8 HYPK S RME B AL B =B AL 5 B T 455 R 00 S s AT 25 Hh % F
110 MER, T 11 AYIE MR RBENUER S #k, 2 BIXTR A IR, EE%E, BT -80 C
EEAGIR VKA TP AR F
12 £PE MNREENE

SR EES (2014) 5%, 2 B HREE AT AR T, FREL0.50 ¢ T-8E, f#H 1: 1 FNER
FAMEE (5 0.1% = THREHIR, BHT) $2BCRHE M. RAHB S BB G (Waters A F],
FED R EFRAY PREE, oo f- AT MR HEEMEKRE AN A 450 nm, (-
BAE SRR K Y 405 nm. B - BHEY b E. MR KBRS MARFEIY H 3L E Sigma AF], as
C-HE NERSENRESIE p- W DR, BT NESEN a. . (- MR, HEXR
MERFE S EZ M. KA SPSS BRI & K MR SR IEAS i

1.3 BHKENF K SNP i

Z: i Briard %5 (2000) 1) CTAB V%4280 Ws.Af & 110 > BIL )i /7 st DNA, & H] Illumina HiSeq
2500 “FEFEATIF, W7 EHE T Q30 > 85%; @I ZBRIEELIT AL N> 10%H)EK (reads). Jli &
fERT 10 BOBRIE L 50%M K, A UEEEK (cleanreads). DL Xu 2§ (2014) AARHFREIKI4H N
S IR M, K FH BWA #4(Li & Durbin, 2009347 741 LLX, K GATK(Genome Analysis Toolkit)
BRI SNP. IR FER 20 7 f SNP 23 M 7E b 5t B B R AR A BR A 7 34T

14 BHREEEIGRGE

Z & Huang 25 (2009) {17774 3E SNP, LL 10 kb & 1 K/NA Bin i€ 5% Bin frid& Ky
K S A P < 0.005 3R 73 B ARid . K JoinMap 4.0 #4E (Van, 2006) #@i L&k, LI LOD
R 6.0 Hy P, HRKEAFN 045 (REBIME), KA Kosambi R H LR . FIH
QTLNetwork 2.0 3 (Yang etal., 2005) H VR & S A B & & X A /E KV (Mixed-model-based
composite interval mapping, MCIM) &l E4 QTL (M-QTL) F1_ LAz QTL (E-QTL): 43E[A4H
FIHEE T 10.0 M, HHiEK 1.0 cM, E#dl%: (Permutation test) 1 000 XEE, EEM P <0.05
YE P QTL FAERIME, FFLL 95%IM BAS X IEAE Y QTL 35 1 X JH], 54 FEE MR A i 4 B PR 4
AR EAZ T QTL. QTL w44 LR TE A S, B E#F S & QTL T 5 %R .

2 RS0

21 EPE MRFERDE

FEE T Ws IR AR 2R MR (R Do AFHIRT a0 g C- 8 M. HEEMMAR
A% MRS ES IR 156.6. 182.3. 28.4. 6.5 M1373.8 mg - kg’ DW, ARAMH F K5 . BILs BEA
SRR RS R RIS R, WEBIRT 1.4, AWIESSAN, Ko g (- HE MR,
R ALK N RS ERAEDHIEE 2072, 4592, 53.1. 20.6 1 678.7 mg - kg'DW, A
A AR 130 2.5, 1.9, 32 il 1.8 £, Tk pi & B KMEIAH] 4.6 mg - kg 'DW.
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F#1 JFEERBIL RHBERE MEESEHE

Table 1 Comparison of carotenoids contents between parents and BILs roots mg - kg'DW
LN a-H1E MR p-HE PR C- W% MR MR EX SV ISESTE NN
Population a-carotene p-carotene {-carotene Lutein Zeaxanthin Total carotenoid
Ws ND ND ND ND ND ND
Af 156.6 182.3 28.4 6.5 ND 373.8
BIL 36.8+5.7 81.9+10.0 9.9+1.2 3.7+£0.4 0.9+0.1 129.2+£16.2
(0~207.2) (0~459.2) (0~53.1) (0.1 ~20.6) (0~4.6) (0.1 ~678.7)

7 ND FoREA RN KNS b REE.

Note: ND means none of carotenoid was detected.

2.2 EfEREE

SEA Ws FAF 10 £ 55378 5.6 Gb il JEHIE (clean base), FEM- TR 7.0 X, FEH
H V7 T FE N 82.6%; 110 4> BIL B3 &8 77.5 Gb, ATV PR E 1.5 X, FEREATY
BTN 48.6%, BEMFES Q30 MHI KT 90%. GATK #A:7r i iis) 4 332 203 4> SNP, Hrh
H 259 246 4~ SNP B 240, @it 7 A5 33k 45 8 076 /> Bin brid, HA1 1976 4 Bin Anic 4 AL 2
9 MEBEE (LG) L, % SNP #rid 29 435 4, P4 Bin Arid 27 32.1 /> SNP #rid; ERE &
FEES 834.28 cM, “FIJEEE 0.42 cM. H A LGO3 FIFEES K, 4 108.12 cM; LGO9 [1)-F3 E FE &% /)N,
N 0.25cM (F2).

F2 WF b BIL B{FREEESH
Table 2 The parameters of genetic map of BILs

BB SNP #( Bin R it B /M /M BKIA /M
Linkage group Number of SNP Number of Bin Distance Average distance Max gap
LGO1 824 98 84.81 0.87 5.50
LG02 885 66 84.40 1.28 5.23
LG03 3116 251 108.12 0.43 2.95
LG04 6217 358 103.00 0.29 2.81
LGOS 4613 344 103.30 0.30 2.30
LG06 2263 103 101.48 0.99 4.85
LG07 926 67 54.07 0.81 5.10
LGO08 5056 314 102.74 0.33 2.18
LG09 5535 375 92.36 0.25 2.36
&t Total 29 435 1976 834.28 0.42

2.3 M-QTL Ef{iL

wmk 3 fror, KA MCIM J5iENES o p- HE MR, 3R, EREAMAKHE MRS
AR M-QTL % 2 A, BEITTERR 058 11.67%F1 12.08%- 18.23%F1 19.18%- 13.18%A1 14.56%-
12.23%41 15.48% 16.94%41 18.88%; 5 ¢ - %Y PEEEAHKM M-QTL 3 1>, KAUTTRREFN 11.47% ~
17.78% (3£ 3),

& M-QTL #4781 #E LG04 F1 LGOS I, FHntEsniB hifl, JFERR 4 A~ QTL #%: 1E
LGO04 1] 46.3 ~48.5 cM X [A]F5 2 /™ (betd-1 I Tead-1), 7 52.6 ~53.8 cM X |84 4 A~ Calp4-1- bet4-2.
zet4-2 Fl Tea4-2), £ LGO8 [ 52.9 ~55.9 cM X [EH 2 1 (zet8-1 Fl lut8-1), {E 67.6 ~ 68.0 cM X [H]
G 34 Calp8-1+ ut8-2 F zea8-2).
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&3 PE MRPEEXPE MREEHEXH M-QTL
Table 3 The M-QTL for carotenoids contents of carrot root

PR QTL AR FrE /eM brid EFERAY 5 Hl/eM TR R RMFIIRZR/%
Trait Linkage Position Closet marker Interval Range Additive Phenotypic
a-WE NE  alps1 4 53.8 bin6111 0.05 52.6~53.8 -16.54 12.08
a-carotene alp8-1 8 68.0 bin3415 0.05 68.0 ~ 69.1 -15.89 11.67
B NE  berd-1 4 46.9 bin3349 0 46.3 ~48.5 -28.95 18.23
p-carotene betd-2 4 53.8 bin6111 0.05 532~53.8 -28.18 19.18
- bR zetd-1 4 19.4 bin287 0.05 18.7~19.4 -2.84 15.23
(-carotene zet4-2 4 53.8 bin6111 0.05 52.6~53.8 -2.43 17.78
ze8-1 8 54.7 bin8540 0.03 52.9~55.9 -3.35 11.47
iR t8-1 8 547 bin8540 0.03 52.9~55.9 -1.20 13.18
Lutein 82 8 67.6 bin3415 0.35 63.0 ~ 68.0 - 1.50 14.56
FORH zea8-1 8 39.6 bin694 0.03 38.5~40.6 -0.27 12.23
Zeaxanthin zea8-2 8 68.0 bin3415 0.05 68.0 ~ 68.6 -0.34 15.48
MBHE MR Tead-1 4 46.9 bin3349 0 463 ~48.5 - 4720 16.94
Total carotenoid ~ Tead-2 4 53.8 bin6111 0.05 53.2~53.8 - 4598 18.88

TE: a bRiCARE QTL W EBR B BRI 72 ThRic: b B ARRICET 2 QTL WE(E B 2.
Note: a: Closet marker means the marker was closed to the peak of QTL; b: Interval means the distance between closet marker and the peak of QTL.

2.4 E-QTL EfI

BRI AN, a2 S o - B2 MR, B- I MR TR EAY bR EHCH
E-QTL % 1/, BAITTERE 54 3.08%- 3.25%- 3.66%H 3.17%, AL 4354 15.85. 27.60.
0.26 F146.36. KE| 2 N5 ¢~ {3 MR EEMKM B-QTL, RMITHREN 2.50%F1 3.11%, A7
PN R 2.88 F13.16 (£ 4),

R4 SEFLNT MEYEMERM E-QTL

Table 4 The E-QTL for carotenoids contents of root

[E27N QTLi Frid [EBE/eM AL E/eM QTL Fric B/ M P /M BN RETTERE /%
Trait Closet marker Interval ~ Position Closet marker Interval  Position Epistatic Phenotypic variance
a- W% NE  alp4-1 bin6lll 0.05 53.8 alp8-1 bin3415 0.05 68.0 15.85 3.08
a-carotene

B-THE NE  betd-1 bin3349 0 46.9 bedt-3  bin6111 0.05 53.8 27.60 3.25
[-carotene

(-3 NE zetd-1 bin287 0.05 19.4 zet4-2  bin6111 0.05 53.8 2.88 2.50
{-carotene zet4-2  bin6111 0.05 53.8 zet8-1  bin8540 0.03 54.7 3.16 3.11

TR zea8-1 bin694 0.03 39.6 zea8-2 bin3415 0.05 68.0 0.26 3.66
Zeaxanthin

MRS MK Tead-1 bin3349 0 46.9 Tca4-2  bin6111 0.05 53.8 46.36 3.17

Total carotenoid

¥E: QTLi 1 QTLj BA b7 BAEM A QTL.
Note: QTLi and QTLj means the QTLs with epistatic interaction.

2.5 fEikEE

G ik 13 4~ M-QTL &35 1 X Al N AR I T EESH R KA (Xu et al., 2014) HRAiE, 3t
R 78 AN, A 36 NIINFEF RS REERE (R 5), Hr 3 ANERT R SRAY bxE
A% (Just et al., 2007; Leeetal,, 2012; Endoetal., 2016): Dck018297 Jy ¢ - W35 & i S
23K (ZDS2), —FMEIEF] 100%, 5 betd-1 A1 Tead-1 #15%; Dck008006 5 . 470i B [K T (ERF)
22 NFVERE, —#MEN 67.41%, 5 alp8-1 Al zea8-2 #15%; Dck029898 555K 1 bHLHI35 NF
PIER, — MR 58.43%, 5 zet4-1 %,
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#5 {IF M-QTL REHXER 36 MHMER
Table 5 36 predicted genes located at the M-QTLs

TR B QTL ThReERE [FRFE R 1D —H/% EfH
Predict genes Associated QTL Annotated function Homologue Identity  E-value
Dck000108  zetd-1 WUEE RNA Z558EH 4 XP_002272597.2 51.18  3.0E-41
Double-stranded RNA-binding protein 4-like W% Vitis vinifera
Dck000109  zetd-1 U-box #ifiE A 4 XP_002273909.1 73.17  2.0E-138
U-box domain-containing protein 4 W% Vitis vinifera
Dck000260  alp4-1, betd-2, FR N RE P NARR/BERR e iz 14 2 XP_002282424.1 64.85  3.0E-99
zet4-2, Tea4-2 Phosphoenolpyruvate/phosphate translocator 2, chloroplastic &% Vitis vinifera
Dck002956  zeaS-1 22 R/ 75 = R 1 S Nek8 XP_002524221.1 7462  5.0E-111
Serine/threonine-protein kinase Nek8, putative HRK Ricinus communis
Dck002958  zeaS-1 HEAT EH6E%EA 5B XP_002279980.2 8145  1.0E-52
HEAT repeat-containing protein 5B-like W% Vitis vinifera
Dck004805  alp4-1, betd-2, HFNE A BESL R B/ /K (G R AD024299.1 79.93  1.0E-142
zet4-2, Tca4-2 Xyloglucan endotransglucosylase/hydrolase KiAE Gossypium hirsutum
Dck005126  zet8-1, Iut8-1 - F W&+ Al 2 f-amyrin Synthase 2 082146.1 A% Panax ginseng 8794 0
Dck008006  alp8-1, zea8-2 ZJFHWINL[HF 2.2 CBJ55933.1 67.41  3.0E-64
Ethylene response factor 2.2 R4 Bupleurum kaoi
Dck010040  alp4-1, betd-2, ¥3[FF BIM2 XP_002278322.2 44.67  1.0E-42
zet4-2, Tca4-2 Transcription factor BIM2-like W% Vitis vinifera
Dck010281  zetd-1 BIIA - 3B T3 4 XP_003534692.1 83.39  2.0E-130
Splicing factor 3B subunit 4-like K& Glycine max
Dck010681  Iut8-2 ACT S5 H IR 5 8 11 Sl BAI63585.1 63.64  8.0E-8
ACT-domain-containing protein kinase H NI Lotus japonicus
Dck010999  zetd-1 LOB 45t A XP_002527399.1 84.55  4.0E-50
LOB domain-containing protein, putative HRK Ricinus communis
Dck015774  zea8-1 HEAE A L1 B R XP_002282613.1 6531  2.0E-94
Ribosomal protein L11 methyltransferase W% Vitis vinifera
Dck015775  zea8-1 268 HAFHAIE ATP Bz 5 XP_002285156.1 66.67  8.0E-85
268 proteasome non-ATPase regulatory subunit 5-like & Vitis vinifera
Dck018243  betd-1, Tca4-1 WJERE D XP_002511773.1 79.41 6.0E-130
Phospholipase D beta, putative HRR Ricinus communis
Dck018297  betd-1, Tead-1 (- W% NEWER 2 ABB52070.1 100.00  6.0E-179
Putative zeta carotene desaturase 2 A3 N Daucus carota
Dck021340  bet4-1, Tead-1 F-box /Kelch HE & [ SKIP4 XP_002274480.2 67.50 1.0E-139
PREDICTED: F-box/kelch-repeat protein SKIP4-like W%l Vitis vinifera
Dck021936  alp8-1, zea8-2 Nudix 7K fRHEF 19 XP_002285069.1 68.72 2.0E-162
Nudix hydrolase 19, chloroplastic-like W% Vitis vinifera
Dck028346  betd-1, Tead-1 WEFEIEEPTENER R AR R W & NP_191712.1 86.03  2.0E-53
Phosphoenolpyruvate carboxylase family protein \EETF Arabidopsis thaliana
Dck029441  zet8-1, Iut8-1 =FRTKESE XA 5 HA At5g56310 XP_002283791.1 57.06 6.0E-158
Pentatricopeptide repeat-containing protein At5g56310 & Vitis vinifera
Dck029898  zetd-1 #3¢HF bHLHI35 Transcription factor bHLH135 XP_002268291.1 %] Vitis vinifera 58.43  1.0E-18
Dck029899  zetd-1 /A e BRI i 77 26 XP 002275117.1 35.66  2.0E-11
Putative pectinesterase/pectinesterase inhibitor 26-like & Vitis vinifera
Dck033605  [ut§-2 ACC # ALl 1-aminocyclopropane-1-carboxylate oxidase ~ XP_002263131.2 %] Vitis vinifera 66.67  8.0E-102
Dck034943  zet8-1, Iut8-1 TRAFEFISH [ S Pathogenesis-related protein 5-like XP_003543788.1 K7 Ghcinemax 68.66  3.0E-88
Dck034945  zet8-1, lut8-1  FEEH B/ 3l 3 - FRALEE Q7XZQ6.1 9169 0
Flavonol synthase/flavanone 3-hydroxylase WK Petroselinum crispum
Dck036361  zetd-1 AR A RIS A LB A B AAZ80046.1 8578 0
Hydroxycinnamoyl-CoA: quinate hydroxycinnamoyltransferase il %132 ] Cynara cardunculus
Dck046404  alp4-1, bet4-2, MWk LR &4 il GH3.1 XP_002283886.1 8161 0
zet4-2, Tea4-2 Probable indole-3-acetic acid-amido synthetase GH3.1 W% Vitis vinifera
Dck054809  alp4-1, zet4-2 MADS-box H [ 12 AAQ72498.1 66.79 8.0E-95
MADS-box protein 12 R Petunia x hybrida
Dck061138  zetS-1, Iut8-1 225/ 75 AR H I BEIR TG 7 NP _175246.2 25.60  3.0E-10
Serine/threonine-protein phosphatase 7-like protein F ST Arabidopsis thaliana
Dck061859  zetd-1 DNA £ |54 GINS 2 H PSF1 XP_003632756.1 70.75  9.0E-57
DNA replication complex GINS protein PSF1-like W% Vitis vinifera
Dck061860  zet4-1 23 E B XP_002517599.1 59.07  1.0E-119
Ubiquitin-protein ligase, putative BERK Ricinus communis
Dck063377  lut8-2 ATFP4 H21 XP_003601491.1 37.04 5.0E-12

ATFP4-like protein

15 Medicago truncatula
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gk s

TUMAERE 8 QTL DhReR R 1D —H1%/% EfH

Predict genes Associated QTL Annotated function Homologue Identity  E-value

Dck069142  alp4-1, zetd-2 DNA {H$hFHJME | DNA topoisomerase 1 P93119.1 M8 N Daucus carota 8377 0

Dck069143  alp4-1, betd-2, IREAZRJE Alta7  Minor allergen Alta 7 XP_002280986.1 72.00 2.0E-92

zetd-2, Tca4-2 W% Vitis vinifera

Dck069378  betd-1, Tead-1 425188/ 5 B BRHE (AT XP_002514387.1 66.80  4.0E-86
Serine/threonine protein kinase, putative HRK Ricinus communis

Dck077122  zet4-1 PR A XP_002527314.1 4505  4.0E-40
Zinc finger protein, putative HRK Ricinus communis

» M
3 R

QTL jEfL 22T REIE A, MEHTIEI AR Z VR RPN B TR —, % AL Ei
AT QTL A &% %, $2m QTL LIk ifitE (Wangetal., 2011; Zhouetal., 2016). J:if
WIERIHAE b stfL i, £ 25 F RAPD. RFLP. AFLP. SRAP. DArT (Diversity Arrays Technology)
Al SSR 25 bRic My, PHEZ FE{K (Vivek & Simon, 1999; Boiteux et al., 2000; Santos & Simon, 2006;
KA 45, 2010; Cavagnaro etal., 2011; Grzebelus etal., 2014). Cavagnaro 5§ (2014) Fl Iorizzo
2 (2016) )5 KM KASPar SURFIE 2 5 B 894 ANAT 2 073 4> SNP bric 4L gL i, P&
PR 1.3 cM AT 0.7 cM.o ) B4 B0 P AR AL 3 v 5 B2 SNP bt % 11, C&RfEKFE. K
G L TOREEAEY 3RS T M ] (Huang et al., 2009; Qietal., 2014; Hanetal., 2016; Zhou
etal., 2016). AHFFLHFIHAK AR BIL Bk, FETH#HE MEFRHEE (Xuetal, 2014), KRHH
MFHECRIT & SNP FRic, & 7 #1976 4> Bin brid (29 435 > SNP #xid) Ak, ~FHIKElEE 0.42 cM
(i 2 FE I AL T, FL TRl AR, R IR FZ A IR T SR N T FE B AR IR 1) 2 S Rt
. (Meietal.,, 2005). AHFF ALK E] 13 A M-QTL Al 6 /> E-QTL 43 HIiiH%E o - #% MR, -
FAEE ML C- S MR MR, EAFEAAEHE PR E, B 44 QTL #%, H A LGo4
L1526 ~538cM X[EINEET 4 > M-QTL, HHliIE o - #HE NE. - #HE MR, - #HI &R
FIRRIAS N AR, £ LG08 L1 67.6 ~ 68.0 cM XA NRET 34N M-QTL, 4 HiH#% o - $HE
N MR EOKTE R &R AT AIRE R RIS MR g - B MR- S PR EEN
2/~ QTL R&EIME (Santos & Simon, 2002), ZVEIR QTL BMAALE T HALEYH, Wttt T A
AR K MRS 1 ABSEIA 2R R Y, R PR SIS, 7T LUA 20 & A
PRI, Wb BT EASEIER E K (Santos & Simon, 2002; Liuetal,, 2013, 2016).

KA NREWE B AEP I — R E R K5 S MRS PRSI R
HYIMSG, AT EEENRIAR MR IH S H S EE (Moreno etal., 2013; Arango etal., 2014;
Wang etal., 2014; FE %, 2014; Jourdanetal., 2015), {H&KAE 5HEXHE PESE QTL
Z IR FR . TR T A MRS MRS A& EMR QTL WA H, ARG KT
AEFE[R (Santos & Simon, 2002; KKA&MWI| 25, 2010). AW ARIEREREHEIE (Xuetal.,, 2014),
7E M-QTL 23 X 5] R = 2 36 M DhReiE B LR . Hr, B Dck018297 5 ZDS2, 1AL
- HHE P EIWCABEMLLE, Just 55 (2007) W HERAEIE o - BHE MR B - HE b FR LA
RLRE Y, XTI, AR FENIAL T betd-1 R Tead-1 X (A1, RUTZIEF XS EHE MR g - 513 b ERAA
K% M RESEMBREEET(EM. Dck008006 FIHWNFF 2.2 FIFRJEER, ST
W N S R RAP2.2 N S () W N [R T SIAP2a SIERF6 #3F.45 AP2/ERF 454, RAP2.2
5 PSY A ahFIX L) ATCTA B4k (motif) £54, W PSY iGN, SR @G A L2



WORRL, PMEEE, XU, ZEmIT, A, BEE, EEs.
BIE MR TS N RS EAMDE QTL MRSl & fr.
[l 2 %4%, 2017, 44 (2): 288 - 296. 295

&5 (Welschetal.,, 2007). SIAP2a F SIERF6 n] LA AR SL N PSYI il LCYB [IRIEE, M
Mz RS B ARLL R A p - 13 P RIS E (Chung et al., 2010; Leeetal., 2012). AHFFRH K
WL Dck008006 5 alp8-1 1 zea8-2 #5%, WS 5% MR o - $HE M Z A TOKE & % .
Dck029898 5 bHLHI135 [FJ&, S5¥5K¥ CubHLHI A M EIZHE - ¥/ - 12jE (bHLH) %5
. T RIE CubHLHI WUL I B - $HE N RIBABEAEAEY N RAERRIRIE, nbEML R E
i (Endo etal.,, 2016). Dck029898 545t (- A% MR &R zerd-1 MG, Hrp - % NREFE
AL LR, RZERT RS S5EHE MRT - Y PRGBS . R0 T % A
BAE EREYID EAL T A RS DR A EM O QTL 54 Mg 12 b o idk 2 K 2 8] (1) SR Bk, MR
NTRVS A R AL B it T A
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