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Recent advances in research on the genetic linkage maps in pears
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Abstract: The construction of pear genetic linkage maps is an important field in research on pear ge-
nome, and is also a basis for location and clone of pear genes and MAS of pear. Sofar twenty-six pear
genetic linkage maps have been constructed in both home and abroad, and the QTL locations have been
accomplished including leaf traits, growth trait, skin color, hardness of fruit, fruit shape index, resis-
tance to scabdisease, fire-blight and pear psylla, efc.. In the paper, the present situation and application
of research on constructing pear genetic linkage maps are summarized, which will provide reference for
a higher density pear genetic map and MAS in pear breeding.
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Table 1 Previously published genetic linkage maps of pear
s S TR R ANPE S8
U i TR : N . o
My hric e 1?@?4@/& HEA Number of  Number of 1735 s Bk
Constru- Markers Population/ . . . . -
. . . Mapping parents population/  linkage Density of genetic linkage map Reference
ction year mapping Generation .
Strains groups
2017 SSR/SNP F, EARITE S PEE S 161 17 4 6641~ SNP ARt ,201 4> SSRARIL , EIE R E  [6]
Red Clapp Favoritex 2703.61 cM, P EFE ] 0.56 cM
Mansoo 4 664 SNP marks, 201 SSR marks, genome spans
2 703.61 cM, average distance of 0.56 cM
2016 SSR F LA x5 B 167 17 186 Mbric, B K BE 1 125,33 ML, 1 [9]
Red Clapp Favoritex #i756.05 cM
Mansoo 186 marks, genome spans 1 125.33 cM, average
distance of 6.05 cM
2014 SNP/SSRsF, J\A Az lifzs 102 17 3241 MRl S B KB 2 243.4 oM, FISIE [10]
Bayuehongx #E°50.70 cM
Dangshansuli 3 241 marks, genome spans 2 243.4 cM, average
distance of 0.70 cM
2014 SSR F, J\H 2005 1L TR AY 56 17 7344 Rl B A E N 1 661.4 oM, 1 E] [11]
Bayuehongx #2226 cM
Dangshansuli 734 marks, genome spans 1 661.4 cM, average
distance of 2.26 cM
2014 SSR/ F, WA ERREL 210 14 96 MRIC, Bl KN 1530 cM, 1] [12]
SRAP/ Shinseikix FEN16.1 cM
ISSR Chonghuadali 96 marks, genome spansl 530 cM, average
distance of 16.1 cM
2014 SNP/SSR F, [WREEFAERSEE VI 63 22 951 M Rid, Bl MK E 9 1 341.9 oM, P E] [4]
BartlettxHosui BN 1.4 cM
951 marks, genome spans 1 341.9 ¢cM, average
distance of 1.4 cM
2013 SSR F YR 4 62 9 24AbRiL, ERE K 207cM, PR A 13.8 cM [13]
ShenbuzhixJinhua 24 marks, genome spans207 cM, average distance
of 13.8 cM
2013 AFLP/ F, JASEEARS I Y 97 17 BEAR 214 Fric, B K 1 352.7 cML A 122 [14]
SRAP/ Bayuchongx FRig, Bl R 1 044.3 cM
SSR Dangshansuli 214 marks, genome spans 1 352.7 ¢cM, 122 marks,
genome spans 1 044.3cM
2012 SSR F, Fokx< iz 1L R AL 104 18 1044 bRic, I 2 K 831.8 oM, T2 [ [15]
HosuixDangshansuli H8.0cM
104 marks, genome spans 831.8 cM, average
distance of 8.0 cM
2011 SSR/ F, SUREDH LR 94 18 194~ SSRARIE, 3154~ SRAP #ic , ik K [16]
SRAP Chonghuadalix FEN 1300 cM, PN 3.9 cM
Shinseiki 19 SSR marks, 315 SRAP marks, genome
spans 1 300 cM, average distance of 3.9 cM
2011 AFLP  F, NHanhikse 97 17 209 MR KSRGS 1 506.3 M, T 114 [17]
Bayuehongx BEN7.21 cM
Dangshansuli 209 mark, genome spans 1 506.3 cM, average
distance of 7.21 cM
2010 EST-SSR/ F, JANEARY 7 1TY 7= 91 19 182hwic, B B A 982 oM, 13 [l EE [18]
SSR/ Bayuehongx N 5.4 cM
RAPD Dangshansuli 182 marks, genome spans 982 cM, average
distance of 5.4 cM
2010 RAPD/ F, (R SE-VN 77 19 162/Mid, % K901 oM, THIERES A 5.63 cM  [19]
SSR/ XizilixKisui 162 marks, genome spans 901 c¢M, average
EST-SSR distance of 5.63 cM
2009 AFLP  F, FLEmRx )\ 4 92 20 145 M FRid, S K B 618.7 oM, T iR [20]
Zaomeisux N 6.58 cM
Bayuehong 145 marks, genome spans 618.7 cM, average

distance 6.58 cM




4 RO E R #35%
R 1(&5) Tablel (continued)
e e Tl FEARR/ANPR SEBURE
WEEG Rkl 1’5%?%/4& TERISEA Number of ~ Number of i %5 J& S5 3Lk
Constru- Markers Population/ . . . . A
. . . Mapping parents population/  linkage Density of genetic linkage map Reference
ction year mapping Generation .
Strains groups
2009 AFLP/ F, (LRSS 145 18 368 4~ AFLP #xic, 34 4~ SSR Axich , Bl & K [7]
SSR YalixJingbaili F£1395.9 cM, P EIE N 3.8 cM
368 AFLP marks, 34 SSR marks, genome spans
1 395.9 cM, average distance of 3.8 cM
2009 RAPD F, S2x LAY 66 15 39NbRIC, BRE K 39418 oML PR EIEE Y [21]
S2xChaoxianyangli 10.11 cM
39 mark, genome spans394.18 cM, average
distance 10. 11 cM
2009 AFLP/ F, LR B 7K 63 17 1054~ SSR #xitt , 224 4~ AFLP frict, il i [22]
SSR BartlettxHosui £1174.0 cM, P EIEEH3.5 cM
105 SSR marks, 224 AFLP mark, genome span
1 174.0 cM, average distance 3.5 cM
2008 RAPD F, LY A= BAE 73 12 1234510 B K 672.02 oM, P B [23]
Shenbuzhix A32.28 cM
Jinhua 123 marks, genome span 672.02 cM, average
distance 32.28 cM
2007  AFLP/ F, Abbe Fetelx 95 17 198 MHRiE, BEA B BN 908.1 ML AR [24]
SSR Max Red Bartle B 879.8 cM
198 marks, genome span of female parent
908.1 cM, genome span of male parent 879.8 cM
2007 F, B AFA 447 hRic, B RS A 1000 oM BRI )£ B [25]
Bartlett 423 cM
447 mark, genome span 1 000 cM, average
distance 2.3 ¢cM
La France 414 Frid, B S 1156 oM, biid ()~ F 35
279279 cM
414 mark, genome span 1 156 cM, average
distance 2.79 ¢cM
2006 AFLP  F, LR A Tk 129 20 67 Mic, BIRE K 785.093 oM, T35 [5]
Zaomeisux EA11.72 cM
Hongxiangsu 67 marks, genome span 785.093 cM, average
distance 11.72 ¢cM
2004 SSR/ F, Passe Crassanex 99 18 155 M FRid, B 4K 912 oM, Arid (| -5 [26]
MFLP/ Harrow Sweet BHES 5.9 cM
AFLP 155 marks, genome span 912 c¢M, average
distance 5.9 cM
2004 AFLP/  F, FARCRARAR 63 20 1784 AFLP#FIC, 76 1 SSRATIC , itk K [27]
SSR Hosuix Bartlett 1020 cM
178 AFLP marks,76 SSR marks, genome span
1020 cM
2002 AFLP/ F, LR B X 27K 63 18 1754~ AFLP#Rit ,49 /> SSRFRic , i i [28]
SSR BartlettxHosui K949 M, FRIL IR H TR 5 4.9 cM
175 AFLP marks, 49 SSRmarks, genome
span 949 cM, average distance 4.9 cM
17 106 AFLPFxic, 424 SSRAwIC , B 4K 926 cM
106 AFLP marks, 42 SSRmarks, genome
span 926 cM
2002 RAPD F, Osa Nijisseiki x 90 7 224 FRiE, B 191.1 oM, A [ (1 °F [29]
Oharabeni PIEE S 8.36 cM
22 marks, genome span 191.1 cM, average
distance 8.36 cM
13 57, il K 470.7 cM
57 marks, genome span 470.7 cM
2001 RAPD F, KinchakuxKosui 82 18 120 MFRid, B 4K 768 oM, b i) 1) <7 [3]
VIR 42 cM
120 marks, genome span 768 c¢M, average
distance 4.2 cM
22 78 bR, K 508 cM

78 marks, genome span 508 cM
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A 75 LG7 B e A R SERER 10 QTL 1 /5 78
LG6 FILG7 EBHE b A SR SEHP AR 1 QTL & 145
7E LG1 A1 LGS E R I e A BRI Fa £ QTL 4% 1
AN, % QTL £ /&4 ) LOD {H A 2.50~4.14, 1] fi# B¢
11.4%~36.4% IR B AR T . X 4 LE 12 ) FL R/
(g NS €Y bl A mhA = EARE SR 7 111 17
T LG2 ES R . 2013 4F, Zhang Z" 43 ik 2 T
WAVEEARE I 7 NI St b g e e PO )i =
R LR T AR & & RIE e 5L
FECAIA 6 N R SR FEAT T QTL E AL, IX 22 QTLs
B4y e AL AE )\ A 40 A 8L S LG1.LG2.
LG5.LG7.LGS8.LG10 ZE8HRE L F0“ 711 ik it 4% 1%
BURRE Y LG2.LG6. LG15 EBRE L, o] ffkE 7.1%~
22.0% )RR T, 2014 4E, Wa ZE0H < )\ H 407 x
WA ER R, 2 28 T 102 AN B ik N 1 B BE A, SR
SSR I SNP 73 FHRic BRI G 1 AL = 2% FE it A% %

B, FE SRR B R AT T R R R
YA RS A DL R TR
Pl 7 He R R e IR RO RS 11 AN RSPk
(19 32 AN FE 1 QTL A e 7 Bhizeist 4% g . &
S gk A I X [E] 4E 174 (interval mapping) %) 3 5K
() AL B BT R A R R R
N SR [ T B BORh TR S 13 AN IR AT
T QTLER S5 #r. LAl 40> QTLAL A : 14
B QTL A7 43 5 AN R AL i 2 1 QTL A7 it (L 3
AN QTLs $t 70 B 8l B B B .6 N BT K E
QTL AL A 2 AN S0 K/ QTL A 55 . 5 AN AT ¥ 14 [
V) fr & QTL A i 8 MM T2 & QTL A7 i 4 N R AN
K/ QTL A 17 AN S B 8 QTL A7 s F 4 AN FE A
QTL £ £ o Yamamoto 55 "'F] ] SSR #7 i 7E ¢ Akia-
kari” F1 ‘ Taihaku” 7% 22 J& AQRF A4 Hpox) SRS PEAR R 4T
QTL & Az 43 A , FAar i 21) 55 5 s il 24 A L 5 R e
SRR R R VR SR AR Y & 2
TR T A SRIRAE G 16 > QTL A A1, Hh iy
A QTL AL B 2 FF IR 2] . 2016 4, F 45T
RSERAMARFEAT QTL & ALA 747, S 2kl 21 5
Fsz R R MR R AR IE BT 4 4 QTL A7 45, 4B
LT LG11, & ik 4 F A id B9 3845 55 8 1.00~
2.00 cM. 3 — 22 p A H S S K/ QTL A AR
B BT I bR 2k R A 5 R A L A i, A
JEH 72.5%~82.5% . 1AL F K B E R 5 U7 TH , 2008
F, Donidi S5 @ i X} 7 AN (1 1 A R B, B4 R S
2 MR S B L IR Red 35 1] 1), Bt 4545 L g AL AE
‘Max Red Bartlett” B () LG4 41 Ff . 2010 4F,
FABEEIN 37 > W LR A4 S BEAR o AT A B, A4
oy i MR 5245 F 2 0h 2 47 JE ], IR BSA vk
o — AN R R 8 AL AR R S Y LG8 IE B B
24> SSR it CHO1c06 11 Hi20003 22 7] . 2017 4,
Xue PN R AL < LLETR 1 F1LACER S AR 7L
U, 1) B4 Bz 41/ B 64 1) QTL 7E LGS 1% 8
i
2.3 HUEMEAEARIR A

2001 4, Tketani %% F§ RAPD % ¥ b ic 1) 7
%, Fil ‘Kinchaku’ x ‘Kosui’ ] F, /€ 82 Bk 24 &8 B4 7
SR g LB A PR i, T B R (1 S R RN 5 J e P
B 1 2 [ 5 A7 7 “ Kinchaku” /S [7] (738 BUBREAA L .
2004 4, Dondini %" F§ SSR\MFLP #1 AFLP #5ic.
Sy 9 Ky T VY v BY ‘Passe Crassane” Al ‘Harrow
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Sweet” [ &%, H A1 4F ‘Harrow Sweet” 3% F g
T 4NPUAL KN I QTL AL A5, 40 ) %E 2 7E LG2(2
M).LG4 LG EH# I, £ LG2 L& F R QTL %
M. {HJZ1E ‘Harrow Sweet’ A & IAH ) QTL AL
"o 2006 4, Terakami %5 "7 H A2 Y5 T B4 A0 37 B 11
SSR Fric#E H A% “Kinchaku i o & B 37T B8 22 90
{3 Kl Vnk A7 T Kinchaku () LG1 8 # . 2007
4F, Pierantoni %1% 1 2 Bl 70 ¥ #F5 ic , F A “ Abbe
Fetel” (AF)x ‘Max Red Bartlett” (MRB)F, 1t 95 ¥k 524
SR A % B BRI . JF BAE AF RS _EAS I
B 2 A3 1) A4 2L 1 AL QTL A A (LOD>10), 1L
T LG3 M LG7 #E8#E L, 2 M7 s T e iR R AR
YL 88% LA I . Terakam ZEC0 2 AN PHVEZL R
993 JEI 55 (K] Ani F1 Ano B X E AL B LG EBRE I
K] 2 > SSR #xic. CH04h02 Al CHO3d02 2 [a] . 2008
., Evans ZPIE R LG 7 EB U LRI T 24554
A deF i P L PR 5 %5 0% B SSR A% id NHO06b £
NHO14a. 2009 4F, Fh 3L e 55V BLEER < )\ H
2L [ F AR A e f T 5 BERAERM T4
QTLs. 2015 4, Bouvier 25" )\ 78 4 L 470 22 J2 97 b
Fft‘Navara” KL T —ANHitEEE B Ropl, 3644 HE A7
£ LG2 % 8 #f I 89 2 4~ SSR #7 i CHO02b10 Al
CHO05e03 2 [f] . 2014 4F , Wan Z5“VBfF 5 62 5 T BR
LRIV M AL PEAR1 xPEAR (1) J5 4K, FH i V0 322 e 4
AIEGL 34NV, pirina W AT 8EV% , K SNP ARic 4
## PEARIXPEAR2 15X, 2 P ks K B2 2 3 1) 8 %
I, 1% P H 17 AN BB A B, BEASTFI A AR 1o A%
B i B K2 B 11323 cM AT 136.8 M, i
Kruskal-Wallis 73 87, 8 22 1 7 /™ 2 HU Ak TR 2 2 3 1)
QTL {7 i, 7E PEAR 1 81 1 LG17 818 A —
ANREAH B3 A B E WV I QTL A7 51, £ PEAR2
HEEE W LGTIEBUHE LA — DM e AR 2 B AR
V& 10 QTL A7 55, HAth 5 4~ QTLs 47 55 4 7 7
PEAR2 #40 1% LG2 fl LGS i 8i# b} PEARI i
B LG7 FILG10IEBiHE . 2015 4F, Perchepied
SRR I T 2B B B A R R Y QTL AL A,
Hor 1> QTL A7 A7E BR U AL ity B Wilder” (1) 2% Fh
P3480 11 LGO1 B # L, 55— QTL {7 s 7E s Fb
‘Buras’ [] LGO4 F &8 # . 2016 4F, Perchepied
SIS SR I 3 AN HLALR B QTL A7 A1, 73 I AE
‘NY10355° B4 b Bl 1) LGO1. LG04. LG17 2 81 4 I

(‘NY 10355’ #& P communis* P. ussuriensis {12432 J5

), I-45 £ LGO1 M LG17 8T8 E 24 QTL
Z ()5 ZU ) A AR N & ] NY 103557 2 i
ALK A EE R R

3 il s

W LA, B A A0 AL 554 P i) A A LA
TR It 2, a4 P 0l 1) 5 B A 3 FE A T AR K 1)
PE i, (E A G A P T3 A PR ik S L N A 3 R M LA
NEAN T R AR
3.1 BUREEIEME

H A, B b g iy fr P B A S = D, — i
100 & 76 A5 BIREAR , AN B 70 20 A 0 21 A5 i 8] 1) 28
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FLIRIIR RS . AR L B K 2
JEE AR » bR o 7 e Bk 1R A AN 3550, v 2 B 1) A
BB A7 B T4 e A QTL 2 [R5 AL AR RS B2
BEAT 2 T 5 B0 B B R B R 3T PR (1 2
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T T R (1 R R
32 RURFFENENA

F B AL QTL 4 M s A i 78 5 4 b, B i,
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AL O FAPTI7E (FE L7 2 BE IR A K ) 25 7
T, 3% H QTL & i kg BB, X 3L T4 B & #h oy
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