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Research advance of genetic linkage map and QTL location in Vicia faba L.
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Abstract: As a kind of edible legumes which can be used as food, vegetables feed and green manure, Vicia faba 1.
plays a crucial role in human health and soil improvement. The construction of high-density genetic linkage map is the basis
and main method for genome research in V. faba L.. 24 genetic maps have been constructed so far, in which the most satu-
rated map spanned 1 439 ¢M with an average genetic distance of 0. 8 ¢M. Quantitative trait locus (QTL) mapping on yield-
related traits, quality-related traits, and resistance-related traits had been carried out, which effectively promoted inherit-
ance and gene research in V. faba L..
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PLR A Fhricii Bha et B S A A EHEER

BT A Gt R X R P
PERIEAT NS QTL @07, IF41 %5 R I & i
PR, A A TR B ERERT AR AT f2 it 4
FARICHTBhREFE (MAS) B R Y & e , 2 11 46 46 B Fh
PR AR SO A A RS A S R
PEIR b BRMER LA ST fY QTL 5 17 BB 53 1k J it
TPEER | B 7 kA s A 1 A L 1 Jn 2 | itk
F0) RS 200 52 (32 1 MAS B P54 S

1 B B T AR

i s E R AR R IR T 1991 4F Van
de Ven % il T A HAR 1 KL RIS, fERE)S
(Y3 30 4FHL, JE T 12 Mgt EpRiC It T 24 5Kkt
LIRS (R 1), SELRAE EIE BT ERE 7] KRB
FUNE 2 BB 55 1 B B A B 255 ( Morpho-
logical markers) . [A] T_fi# ( Isozymes ) G tnic 5k
B ig?ﬁ‘@(f{andom amplified polymorphic DNA,
RAPD) Fric . f# T2 ( Microsatellite ) 45 1% S8 fnic ¥4
AR SR R 55 2 [ B A v e 0 e B R
FF % 14 3 35 J7 9 b5 2 ( Expressed sequence tag,
EST) ¥ 4% H 1R 2 5 7% ( Single nucleotide polymor-
phisms , SNP ) ZEbRic 44 A Sagt % S
1.1 EFEEE . RAPD FiricIES REEE

T [ Ahags R R B SR S s R S —
SE[a) TRER G AT 1, JF0hoe 7 HIE A E G @
PR RO B DI A 2 MR R ] T R A v
VE R 38t A% bR aC 13z N ] T A 35t 4% 18135 19 1
AU T ) TR BRI B 2 S
(Restriction fragment length polymorphism, RFLP ) %5
FRGEpRICH 1 38 4% S AR IC B 8D, R
fiX. Van de Ven % H @ A5 1 sKIENE AL & 7 4
FRic s Roman 45117 #4) £ 1) 388 4% RIS 6 & 121 A4
0, PG IR R 13.77 oM, Y & AL
TS R EST R 2 TR AEKE(2n=12),
Satovic 5E R HLA EI RS AL A T 48 ANEBIRE, MY
A6 MIEBTFPEE R T YA -,

TEAERBHAREE -, LA VI6!'™ ™ Vi136M> 151
V27T A R A Ry AR ) A (] 58 B A4 ( Backeross
population,BC population) '™ | F, BEALL K # 40 A 38 £
(Recombinant inbred lines, RIL) ZEBEAAANE J 7 R B4
DI DAAR S = AR SR AR AR (TR A4

ALK SRS e R DG, A A = RS2 L
V6 R HEA S HAM RIS I B , A I 57 358
TG P RS Y R Z [ X N DG R Sa-
tovic ¢ BUKE VE6 4315 R R A e R = Aok R 2y
2 IJE T HAT3.4.5.6 YR AR 7 A FAERIFE
& IR E RS & 1 MBS ERE 9 AR TR bR
105 147 4~ RAPD #nid, TR E 284
B, T AT 2 M ERIBHAR EE T 52 A B flie T
LB ehRic, N T S R

2002 4, Pozarkova 2520 A T 4% S50 DNA 3¢
£l P A L VA S =P CRCER N o £ O 7 G R S Tagic
B IZ N T AR A A R e R
wood ZE VA RIL BEAHIEE TAL 5 151 &
T ) 31 2 5 % (Intron-targeted amplified poly-
morphic, ITAP) Fric 12 &G E 351 685.8 <M
AR AL S, B B E bR icEcE i 3 43 30
AR KM 23.6 cM F| 324. 8 <M AN, 5pRE
7 G (A2 22 1R 1 [ A 285 SR B P R E ) 22
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T AL e o R b AT T LR M, M ST A
FEPR A5 H A SRR L R 20 2 [ 1 ) PR PR T
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FEA bR ) P9 ¥ 1 F 2 k2 1Y 17 80 1 5 Y )
(Simple sequence repeats , SSR ) 5 ic F4) 2 78 Sk (4 1%
BRPE , I 3 AT 2 A Ma 2P R
HHY SSR AL RIFE LR |- | Yang 2512 4k2E 1L 91825
xK1563 (1) F, FF 1A g 15 BIRE AR AT 2 | fe 2
P T AL 465 A SSR ARic 7 A IEBIRE E K E
H4 516.75 M FHEREREE N 9.71 M %
Tk EHE LAY SSR FRic B M 12 ) 136 AEF,
BRI B 129.35 M %1 180.21 M, [Klil%
B AT (AP YL s Ak

2014 455, SNP FRic a9 FH T2 st A% 5]
TR A i A B Ay B AL R g 2
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B EIE AR G T RS 6 AR
1 850/ Fr 1 1Y B 5 G, OB o S K 1439
CM,—TIZi’Jﬁ@tﬂE%j? 0.8 cM, #iT, Carrillo-Perdo-
mo 55U HIHITE 3 AN EALT R RMEETER 819
A SNP pRickg s 17—k &1 728 hRiC | R B
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*1 CHRENEZHEEESEILES QTL
Table 1 Genetic linkage maps and QTL in Vicia faba L. which have been published

it P — wik g SN e TS . 5%
Ay IS b JON R O © ik
(cM) (cM)
1991 7~ RFLP #5i2.3 4~ RAPD #Ric, [IsCHEMA - 17 231.40 7 - [8]
3R THERIC , 4 MBS pRd
1993 7 ANEITEEFRIC, 1 4 RFLP #3ic, 2 1~ F, i 4k (V6 x - 50 - 11 - [12]
43 4~ RAPD #rid VI175; VI6xV(173)
1996 1 ANESZARIC .9 A TEEFRC, 71 FRHA 813 157 - 48 - [13]
147 /4~ RAPD #5ic
1999 1 AMESZARIC 10 MR THgFRIE . 34 F A 116 135 - 13 - FPREE. 20 MEBRRIE [14]
121 4~ RAPD #7ic, 3 PRI
FiEEFEbRC
2002 117 4 RAPD #Ric.2 AR T BERR FoHHA(VI6xVI136) 19 121 144550 16 1377 %24 ( Orobanche spp. re- [15]
I8 .2 MFRE H B R iE sistance ) P : Ocl-0c3
2004 94> RAPD FRiC 4 ANE THEkRC ., FoREAR(29HXVI136) - 103 130800 18 - WEESEPUPE (Ascochyta [ 16]
2 ANKPRER R FE BRI 3 M T blight resistance:); Af3-
Ehrid A8
2004 2 MEBPRIC.T MR TEEARIC .3 114 FBHA 654 192 1559.00 14 8 [19]
ANFERL R H 53 A AR IC, 176 4
RAPD #rit 4 MA T EbRiC
2005 95 RAPD #RIT .3 AN THEHRT ., FoREAR(29HXVI136) 159 103 130800 18 - WEERSM TR [20]
2 SRR A R AR 3 MM T I35 2.5 8 4 QTL
Arid
2008 131 4~ RAPD #3ic .1 MESZFRIE Fe RIL #A(Cote d” 106 132 163539 21 1473 TitgEPE, U_AUSPC-1 . U_ [31]
(Fhpz e, Or 1 x BeanPureLine AUSPC-2 .U_AUSPC-3 H_
4628) AUSPC-1 .H_AUSPC-2
2008 151 4~ ITAP Frid Fg RIL # {4 ( Vi6 x 9% 151 1685.80 12 - [17]
Vi27)
2009, 4 A T.EFFRIC, 238 4~ RAPD 45 Fe RIL FEAR (Vo x 165 277 28%70 21 1272 F2440H: 0c2,0e3,0c4, [18,32]
2010 12,6 1> SSR #Ric.5 A EST #5ic, 1 Vi27) Oc5  FBERHTIE Af1 A2
™ SCAR #3224~ STS #Ric .21 4~
W TR
2012, 71 > RAPD Fic 167 A EST #5ic. Fe RIL #f MK (V6 x 124 258 1875.00 16 726 KT 5 5 ASHFAERIAE [22,33]
2017 34 RGA #Ric 11 M TARRT. Vi27) FAPEIRMERY 12 4> QTL
2 AN TRERRIC 3 KPR 15
PARiE 1 AMEESFpRE
2013 121 4> RAPD 7 .6 1 SSR #ict.1 Fyg RIL #EK(20Hx 119 171 140210 29 9.87  HIM4i: 0c7-0c13 [23]
AFPRIER FURZEFEFRIC .S 4 RGA V136)
tric 14> DR (& B %) SR bR
it .38 /1~ EST fiiktric
2013 128 4~ SSR #Fid F, B & (91825 x 129 128 158830 14 12.50 [24]
K1563)
2013 SSR #RiC. RGA #RiC.DR #EHAR 3 4~ RIL BEAK (Vi6x - 729 460200 43 10.70 [34]
it ITAP #Ric V27, VI6x V136 ;29Hx
Vf136)
2014 223 4~ SSR ARid F, #f 4 (91825 x 129 23 2543.00 16 11.40 [5]
K1563)
2014, 336 4~ EST-SSR #11C.768 > SNP Fs ¢ RIL FHA (Icarusx 95 104 1216.80 12 230 5 BE W BL Pk QTL-1-[26,35]
2017 FFic Ascot) QTL-4; I A 1 []: gDF-
TR, qDF-PR-1 - gDF-PR-
4. qTTF-TR. gNF-TR-1.
qNF-TR-2
2016 117 4> SNP #7ic LA Fg RILBER LA 40508 17 - 14 320 HRIC VF_Mi3g086600 5 [27]
NURAEREA 101, 189 PR ATR IR ¢
2016 687 > SNP FRic 54 F RHAR 14~ Fs - 687  1403.80 6 2.60 [28]
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£E3R1  Continuedl

Pl

K —— Y Bk dRid e EBUE o - %%
(eM) (M)
2017 SNP #7ict RAPD #ric F;. ¢ RIL #¥{A (29Hx 119 251 279691 19 9.89  F M Hi P Oc7, 08, [36]
VF136) Ocl0; ¥ BE I $ P A2
Af3., Field _DSPI , LO9S _
DSL Field_DSP2
2018 29 4~ SSR #Ric F, BER (5 122%x 138 29 796.90 8 2748 KB, QTLgSL-1-1, QTL q [37]
TF42) SW-1-2, QTL q SH-1-3,
QTL qSH-1-4
2019 465 4~ SSR kit F, Bf & (91825 x 129 456 451675 7 971 [25]
K1563)
2019 1 850 4~ SNP #5id F, RIL #¥ & ( Nura x 145 180  1439.00 6 0.80  WBERHLIEAB_NI, AB_ [29]
Farah) N2
2020 1728 /1~ SNP #3ic 34 FaftfiA - 1728 154771 6 0.89 [30]

“ =T AR

2.2 BREMEREXRE

WEFME R, WS E 5 ER AR T
71 mOEARE—-MERASYEA R, EA
JEZH 43 5 B AR TR B Be Ak F AR Wi AR (L ) Macas
SESIIRIE T 5 AN 2R TORPR R LRGSR 9F
N THREI YT, & SRR PUE IR T AF
FEREAR TR A A AN, EF R R
PUE TR T B SRR B AR AL TR
WFE T 10, Gutierrez 4517 352 T 5 o7 ik
M (2t-1 ,21-2) BB FEDY 2 1> SCAR Fric, il T
5 70 7 AT R A M A B A OGS P
BEESRY 14 CAPs bRig, Hou %7 FF 596 4
SSR FRic Al 100 4> ISSR ARic ikt 5 1 A5 -1 B
BB SSR ARIC (SSR84) , AT L VE A Hb 50 ze-1
SRR,
2.3 HUEMEX QTL FEEE L

R E ARG RN EE RGN R —, 2R
2 2018 4FE R IR HGE T8 MBS  FREIN SE 10 Ff
T WG EDY Uk iR Ak S SO LA
ARG RO 47 vk 7 b, DA s B X bk
A HLRIEATORSE . BT, BT RS 48 B | i
FEVE PURMERIAISE QTL - 4T THF5T, 2R B0 R 5
3 S0 T (1) 3 AL R 9 SR 55, (S D5 I S | B
TR B st £ ML 45 7 T I 5T i
23.1 #mbLBBimict A 5K E BLR 2
LR % AR R A o e Y MR
BEIG B A I 2338 1 35% ~ 40% 087250 L B B R
BN A%, C /BT S A T T AR N
FPi Atk 5 3 e Hi ik, B miwE L3R AR 58 S du ik,

Sillero %57 7 648 {73 #% 12 Fh i Hh 0 16 HH 6 1y (V-
300.V-1271 V-1273 \V-313 \V-1272 V-1335) A 4
PRPUPHERIBEIR . FE T U R 2NS52 U R
VF-176 22387~ 1) B, BEA, Avila 2578 SR 41IR
BONTERINE T 3 5P (1) B%
A RAPD #Ric, FEFRIC OPI20900 F Unf-1 [A] K
R 2] T 2, SR 2 A 10 X B 45 o 36 DR A6 ) 2o 8 2k
i 14 BE BT A A5 A 3 R 2Ok R F Ve,
29H  Ascot % i &, £ A% P BER AR OC QTL E
iR Z Ml T IX L R, W, BT VIex V136
FI29HX V136 fi7 A AR, Roman %5 60 21 (1
A T BERHIIER QTL (Af1) 5 Avila 251" K6
BN A3 AT 3 S Yk, R ZF AT RN TR
—FL R X, 3T Tearusx Ascot fiT 4= B4 RIL Bf
M Kaur 25720 78 2 4F 9 PEAG TPoRE I 21 4 A4S0 56
QTL, 43547 F Chr-1. A Chr-1I 5 Chr-VI, Hi1 3 5
AL AT BEAE S HT A B9 g 4l 2o, 1T At 3 0]
SRR 7 55 . AR, Sudheesh 2512 Fy g T —
sk % R A TR 1 A AR BER BT AH DG QTL
EN NVERIBEAAR R Nurax Farah fi7 42 1% RIL, Nura &
M Tcarus Fl Ascot 7% 38 7= A= 1) Z i Hh i 8 ok 19,
HPork: FERET Ascot, IAWE T 2 MHREFAIX
B (AB_NI AB_N2) , ] it B¢ 223K 49% B FHAL 5 2
A QTL 5 Kaur 25> KGN EN Y 1507 S A 4 5007 5,
SRR A 55,
232 #lH b FEHLHIEIE R, P SN TR
Ak ™, M DL Rk T, Diaz-Ruiz
LEDOLHELT VEOx V136 1) RIL FEARR R T 4 44
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5 QTL X3 0c2 ,0c3 ,0c4 ,0c5) , Fih Ocd . 0c5 W
SENLTE 1 B Y A4, Diaz-Ruiz 455 78 R [R] (AL
FEREE HPXTF S BT 5 QTL X IRHEAT T 90 10F , i
LAEARF B 3 4 RIL BEA S E Y 4 N Fathil
SR HLTER QTL, M YE R E Y FE F, A 44 e i )
) Ocl TERARHEAR R AR B 2 . Ocaiia-Moral %%
T SNP FRiCAT Gutiérrez %5 2 3] 19 QTL #E47
THHIE, K IAE 6 5 YL AR BB E) Oc7 TEAN [
AR T BIARRE T ARI R AR S JFAE QTL X [H] 4
HEUR T 2 4> SNP b, B/ TARIC B, 1 Oc8 fif
SUXAE 1 AR AG I 2]
2.3.3 AEAdpAtE MAS B AR R b L
TR, JUHIE XS TR 338 32 PR 55 52 i 2 K i A
AWIA T AR R T FE AR R R A
AR, FE AR R (A AR R
T TR PRI RO, 15 58 B RN T R T Rk A
PR A i A5 ok R R 22 18 L Arbaoui 45 Al Sallam
SEHET SNP ) iy aut A% (1 i A 0 281) 5 ik % 1 R it
FEMEA FIA G A Z A B A e QTL ), 4R,
HEE W) QTL Tk HE N T Fhnic i ik #:
Ffr, Bt , Sallam %5/ ff F 101 4~ RIL #1189 4~ AR
[Fi] 35 A AU ) SRS 5 AR st A 15 55, >R QTL &
AN i1 4 5 DR 2 DI 40 B, A 1) 5 4 55 i SR
R S KOG SNP 3 15, R SR TE 2 MR P A
1 > SNP #Ric ( VF_Mt3g086600) 54T R AR 56 3L
BT, X PRICE e I g e B 5 e
A,

A 15 H AR G AR 5 N A X EURR T
AE A S 3 i T 5 00 2 T 30 O )™ H
771 Khazaei 2510 L 211 4> RIL W AE BRI BEIA, 17
FAR AL B A& 1) SNP Rzl 2] 15 A5 3 FLFR AR
KIHEE QTL, I A %8 G 5538 B 15 Z (] (1 4t 4k
PERRERE T TRG 2 SR EAR R 8 4 QTL
(qSD-2013-1, qSD-2014 . qSL-2013 . ¢SL-2014 , ¢GS-
2013 qCT-2012 .qCT-2013 .qCT-2014) , X% QTL 7]
AEE SHT R ARG Rk LA

3 [l R
3.1 EEEfEHEiGnE

R R A B R A B R 5
HHEBIIN A THRICITER W MAS B # AR
M4 B T L, B OY TARIREEAR (0 R R,

KR EST SNP & hric g H T4 g 4
T TE A S A SRR T3 BT AR I , A R b3 fin
T RSP, m R A s R T
5 A 3T % SRR AR R SR AT AU B AR
Mo S5/ KRG HEETRED LTS f ok
1 BEIEAT AR TR B AN

T 138 P A S T 2 A AR L )
ORI T R e 0 4R B RIS B —FE A P B
PRECE 7 200 #RLAE, B2 T 3845 LS RS 1
QU MIE M fx Tt L % R 23 TAE bRl T
SNP tric il g st f4 SR 6 5K, JT K1 5 T
B rbmic Bt O O b i 1y 2 3 it A% i B
TEM B EEZAEL 500 oM e A7, MU 35 4 5K
FOERZH , S04 LT SSR K HiAth bric il 3ot % K13
HAR DK EEBR (HA PR,

PRI, 7 38 2o 47 K AE R, I & 5 e o 1Y
EST . SNP Z§45ic VA KX 2 & R i S T8 & 4
o, DA i A s A R A A A K T R
S5 B R B ISR T 8 S 3 1 3% 1 A
AR FBZ—, R hFEERERS TkA
oA RS AR, A A XA R R oA D 3 )
QTL AT LAY | LA HE7E 24> B PR e ik
(4 QTL; HR, i SR A% [ 335 i AL e 2T 22 1Y
BERIAAFE B, an EST 315 B 40 8 A T3 4K S
EAE DLt — 5 F R 2 5 TR bR, 3 &g
TRURVRE JEE , #2805 F R AH O 1 QTL X311 43 ¢
3.2 ®BEEEMWIREX QTL &M

TGRS, KRN QTL % %E , ¥ R IF 1k
Rtk 7R KA RPRLER T = BN
otk BP9 S e SRS A
FEMR PR T HEGA RA K T P BTk
BB i S A L PR BB T B A AR I

1A% G T BARIRARE QTL &7 )7 1, f7AE LA T
[ DQTL & M WFoE 24 i FHUrE S, 7 it 5 1
() QTL R iE 5 /0, AR M MM PE R i — D 50
TIE ; @ 58 T3 10 1 0 38 A0 K el PR ) T
ARIGFEF IR QTL MG 4l 2 fL A Fo e, Xt F 23k
PR il A B R, T 07k 8 3L QTL 1 HERf X
sk, M DA B0 5 L B B o TARIE , S EOL PR
N ERAR

QTL JIr#E & PR 21 X 5 19 1 A 5 7E 2 A S BT Al



JAANAT A - e G AL R 5 QTL R (AT fié

243

Ui

TR EAT B R AR A AT AR B g B e T

$RT BRI, BTE QTL A X sk — 5 81514,
/N ENL DK 5340, i A S R A R
PO IR R 20 = 53 A T LA 250 6 i T MR AH 56
QTL v 45, B 2 FI RE 4 Ao B HE A 707 i e T J
(VR 7S e iU P o 7S TR G i WA - S5 Il E R TR BN
BRI 7Thnic, DUE T A0 A F AR PR Y
AMABERT P ER AR, bR AR

S

(7]

(8]

[9]

[11]

[12]

[14]

M. REESY [M]. Jea: ERE M, 2003.
XEIE. PG5, 507, (et F iR G AT [T]. 5
WERH, 2018, 25(1) : 35-37.

JARYS kA, ARG A LA GIEHS [J]. Ak
Az, 2016(11) ; 107-111.

UL EE I8, LS AR (Ziziphus jujube) HIITE
PR AL A e QTL sE AT St [J]. 4 FAEWE
F, 2019, 17(24) : 8184-8190.

LM, BT OFR B A K SSR s A B RS [D].
Jemt: P EAOLRERE, 2014

COOPER J W, WILSON M H, DERKS M F L, et al. Enhancing
faba bean ( Vicia faba 1..) genome resources [ J]. Journal of Ex-
perimental Botany, 2017, 68(8) : 1941-1953.

RRAT SRR 5k L SF T hRIC B R E AT ST
[J]. fEIBRIE, 2008, 22 (S1): 355-358.

VAN DE VEN W T G, WAUGH R, DUNCAN N, et al. Develop-
ment of a genetic linkage map in Vicia faba using molecular and
biochemical techniques [ J]. Aspects of Applied Biology, 1991,
27, 49-54.

SUSO M J, MORENO M T. Genetic control of electrophoretic vari-
ation for glutamate oxalacetate transaminase ( GOT) in Vicia faba
L.[J]. Fabis Newsletter Faba Bean Information Service, 1982, 5.
14.

CABRERA A, CUBERO J I, MARTIN A. Genetic mapping using
trisomics in Vicia faba L. [ J]. Fabis Newsletter Faba Bean Infor-
mation Service, 1989, 23. 5-7.

SJOKDIN J. Induced translocation in Vicia faba L. [J]. Heredi-
tas, 1971, 68. 1-34.

TORRES A M, WEEDEN N F, MARTIN A. Linkage among
isozyme, RFLP and RAPD markers in Vicia faba [ J]. Theoretical
and Applied Genetics, 1993, 85(8) : 937-945.

SATOVIC Z, TORRES A M, CUBERO ] I. Genetic mapping of
new morphological , isozyme and RAPD markers in Vicia faba L. u-
sing trisomics [ J]. Theoretical and Applied Genetics, 1996, 93.
1130-1138.

PATTO M C V, TORRES A M, KOBLIZKOVA A, et al. Devel-
opment of a genetic composite map of Vicia faba using F, popula-

tions derived from trisomics plants [ J]. Theoretical and Applied

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

Genetics, 1999, 98. 736-743.

ROMAN B, TORRES A M, RUBIALES D, et al. Mapping of
quantitative trait loci controlling broomrape ( Orobanche crenata
Forsk.) resistance in faba bean ( Vicia faba L.) [J]. Genome,
2002, 45(6) : 1057-1063.

AVILA C M, SATOVIC Z, SILLERO J C, et al. Isolate and or-
gan-specific QTLs for ascochyta blight resistance in faba bean [ J].
Theoretical and Applied Genetics, 2004, 108. 1071-1078.
ELLWOOD S R, PHAN H T, JORDAN M, et al. Construction of
a comparative genetic map in faba bean ( Vicia faba L.) ; conser-
vation of genome structure with Lens culinaris [ J]. BMC Genom-
ics, 2008, 9. 380.

DIAZ-RUIZ R, SATOVIC Z, AVILA C M, et al. Confirmation of
QTLs controlling Ascochyta fabae resistance in different generations
of faba bean ( Vicia faba 1.) [J]. Crop and Pasture Science,
2009, 60: 353-361.

ROMAN B, SATOVIC Z, POZARKOVA D, et al. Development of
a composite map in Vicia faba, breeding applications and future
prospects [ J]. Theoretical and Applied Genetics, 2004, 108.
1079-1088.

POZARKOVA D, KOBLIZKOVA A, ROMAN B, et al. Develop-
ment and characterization of microsatellite markers from chromo-
some 1-specific DNA libraries of Vicia faba [ J]. Biologia Planta-
rum, 2002, 45 337-345.

AVILA C M, SATOVIC Z, SILLERO J C, et al. QTL detection for
agronomic traits in faba bean ( Vicia faba L.) [J]. Agriculturae
Conspectus Scientificus, 2005, 70 (3) . 65-73.
CRUZ-1ZQUIERDO S, AVILA C M, SATOVIC Z, et al. Compar-
ative genomics to bridge Vicia faba with model and closely-related
legume species; stability of QTLs for flowering and yield-related
traits [ J]. Theoretical and Applied Genetics, 2012, 125; 1767-
1782.

GUTIERREZ N, PALOMINO C, SATOVIC Z, et al. QTLs for
Orobanche spp. resistance in faba bean: identification and valida-
tion across different environments [ J]. Molecular Breeding, 2013,
32(4): 909-922.

MA Y, BAO SY, YANG T, et al. Genetic linkage map of Chi-
nese native variety faba bean ( Vicia faba L.) based on simple se-
quence repeat markers [ J]. Plant Breeding, 2013, 132 (4).
397- 400.

YANG T, JIANG J Y, ZHANG H Y, et al. Density enhancement
of a faba bean genetic linkage map ( Vicia faba) based on simple
sequence repeats markers [ J]. Plant Breeding, 2019, 138 (2) .
207-215.

KAUR S, KIMBER R B E, COGAN N O I, et al. SNP discovery
and high-density genetic mapping in faba bean ( Vicia faba L.)
permits identification of QTLs for ascochyta blight resistance [ ]J].
Plant Science, 2014, 217, 47-55.

SALLAM A, ARBAOUI M, ELESAWI M A, et al. Identification

and verification of QTL associated with frost tolerance using linkage



244

AN N A o

2021 4F & 37 % 1M

[28]

[30]

[31]

[32]

[35]

[36]

[38]

[39]

[40]

[41]

mapping and GWAS in winter faba bean [ J]. Frontiers in Plant
Science, 2016, 7. 1098.

WEBB A, COTTAGE A, WOOD T, et al. A SNP based consen-
sus genetic map for synteny-based trait targeting in faba bean ( Vi-
cia faba L.) [J]. Plant Biotechnology Journal, 2016, 14 177-
185.

SUDHEESH S, KIMBER R B E, BRAICH S, et al. Construction
of an integrated genetic linkage map and detection of quantitative
trait loci for ascochyta blight resistance in faba bean ( Vicia faba
L.) [J]. Euphytica, 2019, 215 (3) . 42.
CARRILLO-PERDOMO E, VIDAL A, KREPLAK ], et al. Devel-
opment of new genetic resources for faba bean ( Vicia faba L.)
breeding through the discovery of gene-based SNP markers and the
construction of a high-density consesus map [ J]. Scientific Re-
ports, 2020, 10: 6790.

ARBAOUI M, LINK W, SATOVIC Z, et al. Quantitative trait loci
of frost tolerance and physiologically related trait in faba bean ( Vi-
cia faba L.) [J]. Euphytica, 2008, 164; 93-104.

DIAZ-RUIZ R, TORRES A M, SATOVIC Z, et al. Validation of
QTLs for Orobanche crenata resistance in faba bean ( Vicia faba
L.) across environments and generations [ J]. Theoretical and Ap-
plied Genetics, 2010, 120: 909-919.

AVILA C M, RUIZ-RODRIGUEZ M D, CRUZ-IZQUIERDO S, et
al. Identification of plant architecture and yield-related QTL in Vi-
cia faba L. [J]. Molecular Breeding, 2017, 37.88.

SATOVIC Z, AVILA C M, CRUZ-IZQUIERDO S, et al. A refer-
ence consensus genetic map for molecular markers and economical-
ly important traits in faba bean ( Vicia faba L.) [J]. BMC Genom-
ics, 2013, 14(1): 932.

CATT S C, BRAICH S, KAUR S, et al. QTL detection for flower-
ing time in faba bean and the responses to ambient temperature and
photoperiod [ J]. Euphytica, 2017, 213; 125.

OCANA-MORAL S, GUTIERREZ N, TORRES A M, et al. Satu-
ration mapping of regions determining resistance to ascochyta blight
and broomrape in faba bean using transcriptome-based SNP genoty-
ping [ J]. Theoretical and Applied Genetics, 2017, 130, 2271-
2282.

HIZE%E T X R dx SRR 1038 7% 0#7 & QTL 46
W L3]. SrTAIARR, 2018, 16 (4): 1174-1183.

et X kg AR TR SR BB URR  ORS
P[], PEBEE, 2016 (10) : 32-40.

AR, ST EE IR SSRARICHTSY [D]. P97 :
K2, 2017.

AVILA C M, NADAL S, MORENO M T, et al. Development of a

i

simple PCR-based marker for the determination of growth habit in
Vicia faba L. using a candidate gene approach [ J]. Molecular
Breeding, 2006, 17: 185-190.

AVILA C M, ATIENZA S G, MORENO M T, et al. Development
of a new diagnostic marker for growth habit selection in faba bean

(Vicia faba L.) breeding [ J]. Theoretical and Applied Genetics,

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

[57]

[58]

[59]

2007, 115. 1075-1082.

%% PENS BEHE S BREMERSMTHE (1], K
TLHR3E, 2019(12) ; 42-45.

XBE AR 32,5, RARSE A AR (1]
BB EFF %R, 2019, 40(23) ; 82-86.

MACAS J, DOLEZEL J, LUCRETTI S, et al. Localization of seed
genes on flow-sorted field bean chromosomes [ J]. Chromosome
Research, 1993, 1. 107-115.

MACAS J, WESCHKE W, BUMLEIN H, et al. Localization of vi-
cilin genes via polymerase chain reaction on microisolated field
bean chromosomes [ J]. Plant Journal, 1993, 3. 883-886.
TORRES A M, AVILA C M, GUTIERREZ N, et al. Marker-assis-
ted selection in faba bean ( Vicia faba L.) []J]. Field Crops Re-
search, 2010, 115, 243-252.

GUTIERREZ N, AVILA C M, RODRIGUEZ-SUAREZ C, et al.
Development of SCAR markers linked to a gene controlling absence
of tannins in faba bean [ J]. Molecular Breed, 2007, 19. 305-
314.

GUTIERREZ N, AVILA C M, MORENO M T, et al. Develop-
ment of SCAR markers linked to zt-2, one of the genes controlling
absence of tannins in faba bean [ J]. Australian Journal of Agricul-
tural Research, 2008, 59. 62-68.

GUTIERREZ N, AVILA C M, DUC G, et al. CAPs markers to as-
sist selection for low vicine and convicine content in faba bean ( Vi-
cia faba 1..) [J]. Theoretical and Applied Genetics, 2006, 114
59-66.

HOU W W, ZHANG X J, YAN Q B, et al. Linkage map of a gene
controlling zero tannins (zt-1) in faba bean ( Vicia faba L.) with
SSR and ISSR markers [ J]. Agronomy, 2018, 8. 80.
R AR B AR E SR (],
LRk, 2019, 36(8) : 1976-1987.

NG, Hy 100 R e 45 27 2 ) o 4 2 A6 0 HH 1) By
THRCR R [1]. RAFESHEB, 2019, 40(7) : 60-63.

& e, a2 SRR AR 8 RN TR N B AR SR B 1 By
HRRCR [1]. MRS, 2019, 45(3) : 245-248.

MolEs, e FREL, 22T7 0, 45, TR SR BERG HUIE I 3R R + 2 3
g0 [1]. R AR, 2019, 45(6) ; 131-137.
FHE R, R TGRSR IR PO B AR QTL % o K i
PEOEFCHE R [J]. ARG IR, 2011, 12 (2) « 259-270.
ROMAN B, SATOVIC Z, AVILA C M, et al. Locating genes asso-
ciated with Ascochyta fabae resistance in Vicia faba[ J]. Australian
Journal of Agricultural Research, 2003, 54. 85-90.

SILLERO J C, MORENO M T, RUBIALES D. Characterization of
new sources of resistance to Uromyces viciae-fabae in a germplasm
collection of Vicia faba [ J]. Plant Pathology, 2000, 49, 389-395.
AVILA C M, SILLERO J C, RUBIALES D, et al. Identification of
RAPD markers linked to the Unf-1 gene conferring hypersensitive
resistance against rust ( Uromyces viciae-fabae) in Vicia faba L.
[J]. Theoretical and Applied Genetics, 2003, 107 353-358.
DIAZ-RUIZ R, ROMAN B, SATOVIC Z, et al. Validation of



JAANAT A - e G AL R 5 QTL R (AT fié

245

[60]

[63]

[64]

[65]

QTLs for broomrape resistance in an Fy population of faba bean
[ C]//AEP. Conference handbook-european conference on grain
legumes with international conference on legume genomics & genet-
ics. Dijon, France: European Association for Grain Legume Re-
search, 2004, 122.

DIAZ-RUIZ R, SATOVIC Z, ROMAN B, et al. QTL analysis of
broomrape resistance in faba bean ( Vicia faba L.) [ C]//KO-
VACEVIC V, JOVANOVAC S. Proceedings of XL croatian sympo-
sium on agriculture. Opatija, Croatia; Faculty of Agriculture,
2005:181-182.

SALEM S, ALGHAMDI H M, MIGDADI M H, et al. Faba bean
genomics; current status and future prospects [ J]. Euphytica,
2012, 186: 609-624.

REDDY N R, RAGIMASALAWADA M, SABBAVARAPU M M,
et al. Detection and validation of stay-green QTL in post-rainy sor-
ghum involving widely adapted cultivar, M35-1 and a popular stay-
green genotype B35 [ J]. BMC Genomics, 2014, 15 (1) 909.
SALLAM A, DHANAPAL A, LIU S. Association mapping of win-
ter hardiness and yield traits in winter faba bean ( Vicia faba L.)
[J]. Crop and Pasture Science, 2015, 67; 55-68.

SALLAM A, ARBAOUI M, ELESAWI M A, et al. Identification
and verification of QTL associated with frost tolerance using linkage
mapping and GWAS in winter faba bean[ J]. Frontiers in Plant
Science, 2016, 7. 1098.

XIA M Z. Effects of soil drought during the generative development

phase of faba bean ( Vicia faba) on photosynthetic characters and

[66]

[67]

biomass production [ J]. Journal of Agricultural Science, 1994,
122 67-72.

KHAZAEI H, O’ SULLIVAN D M, SILLANPAA M J, et al. Use
of synteny to identify candidate genes underlying QTL controlling
stomatal traits in faba bean ( Vicia faba L.) []J]. Theoretical and
Applied Genetics, 2014, 127 (11) . 2371-2385.

WANG S C, WONG D, FORREST K, et al. Characterization of
polyploidy wheat genomic diversity using a high-density 90 000
single nucleotide polymorphism array [ J]. Plant Biotechnology
Journal, 2014, 12 787-796.

T K KEATHIE TOF7 BB M fE a4 [ D].
K I EREBE R (P EREB AR AL S ol A= BT
Fit) , 2019.

TORRES A M, ROMAN B, AVILA C M, et al. Faba bean breed-
ing for resistance against biotic stresses: Towards application of
marker technology [ J]. Euphytica, 2006, 147 (1/2) ; 67-80.
GNANASAMBANDAM A, PAULL J G, TORRES A, et al. Im-
pact of molecular technologies on faba bean ( Vicia faba L.) breed-
ing strategies| J|. Agronomy, 2012, 2 (3) :132-166.

BOREVITZ JO, CHORY J. Genomics tools for QTL analysis and
gene discovery [ J]. Current Opinion in Plant Biology, 2004, 7.
132-136.

RISPAIL N, KALO P, KISS G B, et al. Model legumes contribute
to faba bean breeding [ J]. Field Crops Research, 2010, 115
(3) :253-269.

(FrAE 2% 4% . K EAK)





