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Abstract : Integration of genetic linkage maps into a joint one is an effective approach to overcome the limitation of number
of markers due to the constraint of polymorphism in individual specific mapping populations. In the present study, four RIL
populations , Kefeng 1 x Nannong 1138-2, Nannong 87-23 x NG94- 156, Su 88- M21 x Xinyixiacheidou and Wan 82-178 x
Tongshanbopihuangdoujia derived from the crosses between distinct elite cultivars of Glycine max (L. ) Merr. were used at
first to construct individual genetic linkage maps with 560,223,195 and 133 markers, respectively, by using the software
JoinMap 3. 0. Then based on the common SSR markers across the four maps , the individual maps were integrated into an in-
tegrated genetic linkage map by using the same software , which containing 795 markers spanning 2 772.9 ¢M of the soybean
genome , distributed on 20 linkage groups with the length of linkage groups varied from 77.1 ¢M to 224.7 ¢M, the marker
number from 24 to 69 ,and an average marker distance of 3.49 ¢M. Among the linkage groups,C2,C1,N and F are obvious-
ly highly enhanced. In comparison with Song et al’ s integrated map, the present map shows a good coincidence with it ex-
cept with six SSR markers located on different linkage groups and five new SSR markers added to the present map. The inte-
grated map can be used in locating genes/QTLs detected in marker analysis and association mapping,in comparing mapping
results from different populations,and in searching for closer markers. The present integrated map performed a reasonable re-
sult in comparison with the individual maps. Therefore ,the present map is potential in QTL mapping study, especially for do-
mestic soybean breeding purposes since the parental materials of the four RIL populations are closely related to the breeding
materials in Chinese breeding programs.
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Table 1  Characteristics of eight recombinant inbred line populations
FEAR MR AR Z A SSR %
R £ R HE LK AV 2 S AN . . .
Difference in Polymorphic
Population Cross Generation Size
majoragronomical trait SSRs between parents
()M 87-23 x NG94-156( &) PR
NJ(SP)NN Foz:0 183 255
(@ )Nannong 87-23 x NG9%4-156( &) Plant type
? 2 5 xiffgE2-2( 8 TLRCE
NJ(RS)XG (@) k25 xifEFE2-2(8) Fron 149 HUS A R 515
(@ )Xianjin 2 x Gantai 2-2( &) Resistance to leaf- feeding insects
Q) 5 82-178 x S LU ¥ T ( & RT3
NJ(RS) WT (2 xBILFH R EEH(S) Fron o U A R 539
(@) Wan 82-178 x Tongshanbopihuangdoujia( & ) Resistance to leaf-feeding insects
Q) P x NG94-156( & il
NiGspypy O () Farn 2 25
(9 )Bogao x NG94-156( & ) Plant type
SR
NJ(RN)P7 (@) Peking x7605( & ) Frgs oy TUEHEREE 190
Resistance to SCN
NJ(RN)R7 (@ )RN-9 x7605( &) Frgn a0y DRI 148
Resistance to SCN
Q)75 88-M21 x i BT IR
NJ(TF)SX ()% x BT /NBRT( ) Fyos 16 &4 H 207
(@ )Su88-M21 x Xinyixiaoheidou( & ) Tofu output
L1 5 4% 1138-2 IR F AL 7
NJRIKY (OBHF 15 xR (38) Fyos 184 SRS YNGR 06
( 9 )Kefeng 1 x Nannong 1138-2( &) Resistance to SMV
) EEENE R7 .SX FI KY, SSR 5| ¥)7E & REAR KA ] ) 2 251k
B WA 1o KY BECEAR[ SSR 4RI £ A 5w , ik
2.1 SSR#RIEEEM 44.1% . 2 WL IRFRZH 4 KY USX U WT U NN
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AT LSRR, BRI, F 1 P& EY
H 28 R BEARAK 43 5 8T B NN XG  WT BN P7

AL, 2745 SSR ARCEIAE S 687 4~(F%2) . K
e PN R A BT 0T

22 BHALLE M2 ATE SSR H
Table 2 Prediction of polymorphic SSR in population groups
REIARLH A Population group  KYUSXUNN  KYUSXUWTUNN  KYUSXUWTUXGUNN  KYUSXUWTUNNUBN it Total
2254k SSR Polymorphic SSR 647 687 702 704 730
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PR
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Table 3 Characteristics of the four genetic linkage maps /cM
KY NN SX wT
EPHRELC  FRicH b PRICEL RIS FRicHL i A FRics e
Markers Distance Markers Distance Markers Distance Markers Distance
Al 23 99 12 175.1 12 154.3 - -
A2 32 154.7 13 221.8 16 187.1 10 187.1
B1 22 99.8 4 143.7 5 52.5 2(3) 15.8(60.2)
B2 18 56.6 8 69.7 90.9 - -
Cl 29 78.9 11 142.7 32.0 4 90.2
c2 38 131.1 8 109.4 12 122.8 6 71.7
Dla 25 109.4 14 106.0 8 150.0 3 61.7
D1b 47 113.3 21 181.2 10 147.7 7 141.9
D2 26 73 17 154.2 11 197.1 10 187.5
E 18(6) 63.2(48.7) 6 58.1 11 148.4 3 18.9
F 26(8) 56.1(43.5) 15 141.9 5 61.4 19 166.4
G 37 103.5 13 136.7 6(4) 46.2(37.7) 4 83.7
H 7(8) 29.0(53.4) 4 35.7 11 129.2 6 123.8
I 18(7) 98.7(32.1) 7 130.6 10 182.1 4(2) 86.5(17.8)
J 32 89.5 13 127.9 8 41.5 10 125.6
K 30 72.3 9 72.3 16 254.1 5 94.5
L 9(15) 40.6(83.1) 7 56.0 13 152.6 3 73
M 21 77.1 15 121.8 9 160.3 10 159.8
N 29 132.1 13 156.1 5 54.2 4 55.9
0 29 132.9 13 98.3 15 146.4 18 159.1
JE 3t Total 560 2071.6 223 2439.2 195 2548.8 133 1981.3

TR A B 23 P B 53 — B R IC B AN as A B 8

In parentheses are the number of makers and corresponding genetic distances when the linkage groups are separated into two parts.
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Table 4  The numbers of SSRs in common among NN ,SX, WT and KY maps
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Table 5  Marker position in the integrated map

HEBHE LG

v & Locus (cM)

Al

A2

Bl

B2

Cl

c2

Dla

D1b

Sat_369(0) ,Satt449(37.3) ,Sat_217 (43.7) ,Sat_407 (56.5) , GMKF148a(58.3) , GMKF148b (62.5) , Satt385 (67.5) , A170T
(68.4) ,GMKF104a(69) ,A176T(70.9) ,K4001(77.9) ,Satt619(79.7) ,LD24V (83.1),Sat_171(83.5) ,Satt545(84.9) , A725_
1V(86.2),Satt236(87.9) ,K6361(88) ,Satt511(95.8) ,Sat_267(97.3) ,K418_2V(98.3) ,B30T(104.8),Satt599 (107.4 ) ,Sat_
356(110) ,Sattl74 (112. 1) ,Satt300 (119. 6) ,Satt073 (121. 8 ) , GMKFO59b (124. 1) ,Sat_265(124.2) ,Sati211 (124.5) , Satt591
(125.7),L13V(132.8) ,Satt276(133.6) ,Sat_385(137.4) ,A407B(139) ,Satt382(156.3) ,Sat_271(183.5) ,Sat258(211.3)

Satt187(0) ,Sat_409 (16. 5) , Sat228 (24. 8 ), Saud09 (37.7) , AW132402 (44. 8) , Satd55 (45) , STASS _8T (48. 9) , Saud21
(49.9) ,Sat_036b (52.6) , STAS8 _5T (56.2),STAS8 _1T(57.9),Satt378 (61.2), Sat_347 (63.4 ), LE44D (63. 8) , Sct_194
(64.7) ,Sat_131(67.7) ,Satt133(69.1) ,K2T(71.5) ,Sattl58 (72.5) ,Sat_232(74.9) ,Sat_250 (75) , Satt327h(76.9) , Satt377
(78.4) ,A690D(79.8) ,A96V(81.9) ,Sat_199(87) ,A117_1D(88.8) ,LA7_2T(91.9) ,Sat_392(94.2) ,Satt525(99.5) , A117_
2H(101) ,Satt119 (102. 1), Satt089 ( 108. 2), Satt233 (115. 1), AI11H (115. 8), Sat_377 (116. 3 ), Satt333 (122. 4) , AT24T
(122.7) ,Sattd24 (126.4) ,Sat_157(135.2) ,Sat_138(135.9) ,Sat_162(139. 1) ,Satt315(139.5) , GMKF149a( 144.6) ,K418_1V
(150.6) ,B172T(152.9) , GMENOD2B ( 153. 9) , Satt589 ( 166. 3 ) , Satt177 ( 168. 1), A851(170. 3) , Sat_181 (170. 6 ) , Satt632
(178.9) ,Sct_067(188.4) ,Satt493(192.7) ,Sat_319(209.6) ,Sat_406 (224.8)

GMKF104b(0) ,GMKF177(11.6) , Satt509 ( 16. 9) , GMKFO080 ( 20. 6 ) , Sat_261 (25. 6 ) , GMKF082¢ ( 28. 5) , Satt426 (30. 5 ),
Sat251(34.5) ,GMpti_D (38. 2) , Sat_247 (40) , GMpti _E (40. 7) , GMKF168b (45. 4 ) , GMKF003 (47. 9) , Satt197 (50. 4)
GMKF046(52) ,Sat_128(56. 1), Satt359 (62. 4) , GMKF164 (62. 8) , A118T (66.2) , A520T (71.9) , GMKFO086a (78 ) , Satt597
(78.8) ,Satt332(86.4) ,LC351(98.2) ,Sattd44 (100.7) ,Sattd15(118.1)

Satt726(0) ,A953_2H(5) ,Satt560(7.8) ,AS19T(9.7) ,Sat_424(12.3) ,A516 2H(12.6) ,AW620774(14.2) ,A516_1H(14.6) ,
Satt063(17.1) ,A953_1H(23.2) ,Satt066(29) ,Sct_094(30.3) ,Satt556(33.5) ,Satt318(33.8) ,Sat_189(34.3) ,Satt272(34.6) ,
Satt020(36.5) ,A1481(36.9) ,Sattd74 (41.7) ,Satt168(51.6) ,Sct_034(56.8) ,Sat_355(59) ,Sat_342(105.1) ,Sat_177(123.7)

Sat_357(0) , AT794821(3. 8) ,Satt524 (9. 6) , Sat_416 (13.2) ,Sau338 (18.5) , Satt136(20. 1), K300I(21.6) , A1301(26. 1),
GMACTL(27.2) ,Sct_186(29.9) ,Satt396(30.5) , Sati646 (31.9) , Satt194 (32.9) ,LCI1T(35) ,Satt690 (36. 1) , Satt565 (38. 1),
A2561(38.2) ,Gpatr(42) , Satt713 (42.5) , Sat_337 (47.6) , Satt164 (47. 8) , Satt139 (47.9) , Sattl61 (50. 1) , Satt190 (51. 1),
AW277661(51.1) ,Sat_311(51.7),Satt361 (52.7) ,Satt399 (52. 8) , Sattd76 (54.5) , GMHZ (54. 7) , A9461(56. 4 ) , GMKF102
(57.8),Satt607 (62.3) ,Sat_042(65) ,Sat294 (72.8) ,LE39T(77.5) ,A63_2T(79.3) ,Sat_207(81.1)

STAS8_9T(0), STAS813T (2.9),Sat_213 (3.2),STAS810T (5.2),STAS8_4T(6.2),STAS8_7T(6.9),STAS811T(9.8),
STAS814T(12.2),Sattl00 (14.7) ,STAS817T(15) ,LI26T(15.3) ,Sat_076 (15.5) ,STASS16T(16.4) , Satt286 ( 18. 3 ) , Sat_402
(22.4) ,A63_1T(22.7) ,GMKF143 (24.4) ,STASS18T(24.6) ,K11_3T(28.2) ,STAS819T(29.7),Sat277 (30. 4 ) , STAS820T
(30.9) ,Satt557(32.7) , Satt319(33.5) , GMKF059a( 34. 1) , Staga001 (35. 6 ) , STAS815T (35. 8) , Sat_312(36.2), STASS _3T
(37.7) ,BI131V(38.8) ,STASS_6T(39.6) ,Satt489(41.2) ,Sat_251(43.3) ,K455D(47.5) ,A3971(48.6) ,Satt079(48.8) ,LE3LT
(50) ,Sat_238(51), A6761(51.5) , Sau371 (56.3) , Satt658 (56. 6 ) , A748V (58.9) , Satt307 (60. 6) , Sattd33 (60. 9) , Satt316
(69.4) ,Sat_246(77.1)

LEI1T(0) ,Satt531(23.2) ,A941V(25.4) ,A947V (25.7) ,Satt482(33) , Satt320 (35. 3) , KNBS221(38 ) , Satt324 (39.2) , Satt321
(41.7) ,A280_2D(45.9) ,Sati254 (46.2) ,Satt295(46.7) ,Satt267 (48) ,A280_1B(50.3) ,Sat_346(50.5) , A20T(56.3 ) , Satt468
(65.6) ,5a1t436(65.7) ,Sal_343 (69) , AW781285 (71. 1) ,Sat_345(72.9) ,Sat_036(79.8) , LE21H(86.3) ,Satt198 (86.7) ,
AAPK(87.7) ,GMKF008b(97.9) ,Sat_160(104.5) ,GMKF008a(108.7) ,Satt408(113.8) ,Satt147(119.2)

Rsc-9(0) , Rsa(30.8),Sat_203(31.5) , Rsc-3(34. 1) ,Rsc-7(35.2) , Rsc- 13 (45.2) , Sati296 (47.9) , Rnl (51.8) ,K4771(54.6) ,
BE070293(55.7) ,BE021153(56.2) , A69IT(60. 5 ) , Satt157 (61.5) ,LCST(61.7) ,Sat_211(63. 1) ,Rn3(65.9) , Sat698 (66.9)
Satt634(70.3) ,BEA75343(75.9) , Satt558 (77. 6) , AG8SH (78) , A725_3V (81),Sat_351(81.2) , A481V (84 ) , GMKF168a(87.1) ,
A725_2V(88.2) ,Sat_254(89.2) ,Sat_096(89. 6) , Satt216 (96 ) , Satt266 (97.4) , Sat_038 (97. 8) , Satt542 (98.2) , Sat_139(99.2) ,
K494_11(101.4) ,Sat701 (101. 6 ), Satt126 (103. 4) , B69T ( 104. 7) , GMKF149b ( 105.9) , Satt282 ( 106 ) , Sat_227 (108. 1) , Sat_264
(109.9) ,A3521(113.6) ,Satt506( 114. 1) ,Satt290( 115.5) ,B142_11(116.8) ,K411_11(123. 1) ,Satt350(124.7) ,B142_41(126.6) ,
Satt005 (127.8) ,Satt537(129. 4) , B142_21(131.6) , K411 _21(137), K494 _21(142), Sat_423 (144) , Sat_289 ( 144. 9) , Satt459
(149.4) Sat_202(153.1) ,GMKF168¢ (155.5) , Sat_283 (157.9) , LEA5T ( 160. 8 ) , Satt271 (162. 1), Sat_192 (164.3) , A516_3H
(164.9) ,Satt703(171.7) ,Sat_183(172.7) ,A953_3H(174.8) ,Satt172(181.3) ,Sat_198(190) ,Satt600(204. 1)
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Sat226(0) ,Sat_362(1.9) ,LIIOT(3.3) ,Sat_338(5.6) ,Sau311(9.9) ,Sat_365(10. 1) ,Sat_194 (13.6) ,Sat543 (14.3) , Saus14
(15.6) ,Satt528 (16. 1) ,Satt574 (16.6) ,Sat_209(16.9) ,Satt301 (17.8) ,Satt488 (21.5) ,Sctt008 (25.5) ,Sat_001 (27.4) , K286V
(28.6) ,GMHSP179(30.7) ,Sat_354(32.1) ,Sat_222(32.6) ,Satt154 (36.9) ,Satt186(41.4) ,Satt669 (42.4) ,Satt397 (43.8) , Sct
_192(47.8) ,GMKFO058(50.5) ,Sat_292(53.9) ,Satt002 (56.3) , Sat_022(59) ,Satt372(60. 1) ,Sat_277(71.9) ,Satd58 (74.3) ,
Satt135(75.5) ,B146H(80.9) ,A611D(89.3) ,A64_21(92.2) ,GMKFO86b(96.3) ,A64_11(99.5) ,W05_2H(103.6)

GMpti_A(0) ,GMpti_B(12.3) ,Sat_136 (21.8),Sat_273(29.8) , AS6H (33.2) , Sati573 (33.9) , A636D (39. 6 ) , Satt598 (40)
Satt606(42.6) ,Satt151(47.9) , 128T(50. 8) , Sat_380(52.7) , Satt268 (56.6) , Satt117 (57) , Satt355 (57. 8) , Satt491 (60.9)
Satt263(62) ,Satt185(62.6) ,Satt706 (64.4) ,Satt204(65.7) , LE361(67.9) ,GMKR4 (74.3) ,LI37V(82.8) , BE347343(86.6) ,
Satt699 (87.6) ,Satt685(94. 1) ,Sat691 (111.1) ,Satt369 (115.5) ,Sattd03 (157.8)

Sat_074(0) ,Satt193(2) ,Satt395(3.2) , Satt656 (4.2) , Sat_297 (10) , Sattd23 (20. 7) , Satt252 (24. 1) , Satt348 (25. 3) , Sat_313
(28.3) ,BES06387(30. 3 ), Satt522 (30. 6) , Sat_240 (34.5) , W (34.9) , Satt659 (35. 1) , Sattl60 (35. 6 ) , AW186493 (36.2) ,
Satt554(37.5) ,Sat269(40.5) ,Sat_298 (44.7) ,Satt145(46) ,BI74_11(46.2) ,Sau586 (47. 1) ,Sat_039(49.2)  hSpl76(51.3),
Satt343(52.4) ,B174_2T(53.6) ,Sat_229 (54.8) , Sat_317(58.2) ,Sat335 (60) , Sct_033 (60.7) , SOPNI1V (62. 3) , Sat_262
(63.1) ,K7T(63.5) ,GMRVBP(64. 1), Sat_234 (65.4),Satt334 (67.3) ,K4_2V(67.7) ,K644_21(69. 1) ,K694 _21(69.8),
B212T(70.8) ,Satt114(72. 1) ,Satt510(73.8) , AI86H (74.4) ,Sat_036a(81.2) ,Satt030(83.5) , GMKF167h(85.5) , GMKF167a
(90.7) ,Satt325(100.7) , SoyHSP176 (101 ) , Sat_309 (106 ) , A199H ( 108. 5) , Sat_390 ( 120. 8) , GMKFI167¢ (125.5) , Sat_120
(136.3)

B53B(0),Sat275(4.7) , Satt163(9.9) , Sat038 (11. 5) , Sat_168 (15.2) , Satt688 ( 16. 6) , Satt309 ( 18. 3 ) , GMKF012 (19.6) ,
Satt356(25) , Sat570 (31.2) , K69T (32. 1), Satd27 (32. 6 ), Saut130 (33. 8) , Satt235 (35. 1), L36T (39. 6) , A427T (40. 8),
GMKF138(44) ,Satt115(47.8) ,Sat_308 (48.3) ,Sat_358(49.7) ,A112V(55) ,Satt352(56) , Satt340(56.2 ) , Satt594 (57.9) , Sat_
088 (60.4) ,GMKFO50b(60.6) ,Satt566 (61.4) , A426T(61.9) ,Sat_094 (63 ), Satt303 (64. 8 ), Satt394 (66.3) ,Sat_223(67.8) ,
Satt503(69.4) ,Sat_185(70.8) ,Sat_164(71.2) ,Sau517(72.2) ,Satt199(73.7) , A885H(75.2) , A73H(77.6) ,Sau012(77.7)
LD6T(82) ,Sat_143(82.5) ,Sat288(89.3) ,K11_2T(97.1) ,Satt564(117.6) ,AW734137(153.7)

Sat_180(0) ,Satd34(4.8) BI48T(6.8) ,Sat317(12.5) ,A858V(16.5) ,B72V(17.5) ,Sau293(18.8) ,Satt302 (28.4) , Sat_206
(31.6) ,Sat_122(39.2) ,Satt279 (44.6) ,Satt222(48. 5) , Satt052 (50. 6) , A703_2B(53.7) ,Satt469 (53.8) , Satt541 (55.9) , Sat_
401(58) ,Sat_334(65.6) ,LI39T(71.1) ,GMKF129(98.3) ,GMKF124 (102.3) ,Satt353(107.7) ,A381B(110.5) ,Sat_214(129)
Sattd51(0) ,GMpti_C(4) ,A644V(18.3) ,Sattd440(27.5) ,Satt148(35.9) ,Sat_155(40.6) ,Satt102(44.3) B39V (46.6) ,Sat_420
(47.9) ,A71(50.6) ,Sctt012(51.9) , GMelpsl2 (52.6) , Sattl62(57.3) , Satt330 (63 ) , Satt292 (64.5) , Sat_421(65.1) , K644 _11
(73.7) ,K694_11(74.2) ,134_21(82) ,Satt623(83.9) ,Sat_418(84.9) ,Sat_324(89.4) ,Sat_170(93.6) ,137_11(97.6) , Saut496
(110) ,Sat367(153.5) ,Satt571 (165.9) ,Sattd19(171.2)

Satt287(0) ,Sct_046 (7.7) ,Sat_339 (13.2),Sat_228 (21.3) , GMKF073 (22. 8 ), Sat_259 (31. 6 ), Sct_193 (32.5) , Sct_001
(38.4) ,B74H(41) ,Sat622(41.9) , Sau621 (42.7) ,SCARO5 (46. 8) , Sat_151 (47.6) ,Sat_165(48.2) , LEI2T(51) , Sct_065
(51.9) ,Satt456(52. 1) ,Satt380(52.5) ,Sat_093(52.8) , W05 _1H(53.3),Satt529 (53.7) , Satt183 (54.9) ,K1021(55.4) , Sat_
370(56.4) ,Satt596(56.6) ,Sat215(56.8) , Satt132(58.9) ,LI20_1T(60. 1) ,Satt414(61.8) ,Sat_412(63.9) , Satt686 (66) , L10T
(69.7) ,HIH(73.6) ,Satt258 (74. 6) , Sat_396 (80) , Sctt011 (81.7) , Satt547 (85. 3) , Sat_393 (86.6) , B321(87.7) , Sat_224
(90.4) ,Sat_076(94.7) ,Satt431(99.4) ,A132T(102.6) ,Satt712(107.9) ,Sat_394 (131.5) ,Satt405( 150.6)

Sat_167(0) ,Saud99(5.3) , LE341(20.3) ,Sat260 (23. 3 ), Sattd75 (24.3) , Sct_196 (25.9) , Sat_399 (26.9) , Satt588 (29. 6 ) ,
Satt167(30.2) , A668H(33.3) ,Satt375(33.4) ,K390H (35.6) , Satt381 (35.7) ,K387T(38.7) , Satt544 (39.9) , K472T(40.2) ,
Satt247(41. 1) ,Sattd17 (42) , Satt552 (42.7) ,A661T(42.9) ,Satt555 (44.3) ,Sattl02 (44.4) ,Sat_044 (44.6) ,Satdd1 (46. 1),
Satt349(47.3) ,Salt055(48) ,A141D(49.5) ,Sat_116 (51.6) ,Satt673 (52.4) ,Sat_363(54.4) ,Sat727 (54.5) ,Sau326 (56.2)
Sat_349(58.7) ,GMKF157 (58.7) , A64_31(63.6) ,Satt559 (64.9) , A3151(69.6) ,Sat_352 (71.4) , Sat273 (76. 8 ) , Sat_043
(83.4) ,Sat242(85.2) ,Sct_190(85.7) ,Sat_119(96.2) ,A963H(110.6) ,A1621(117.7) ,K401H(128.7)

GMKF090(0) ,GMKF169(11.6) , GMKF120 (31.8),Sct_010(33.6),Sat_113 (42.5) , Sattl56 (47) , Satt527 (50. 3 ) , Sat_286
(61.8) ,AW508247(62.8) ,Sal_340(64.6) , A461T(65.7) ,Sat_009 (68.5) ,Sat513 (72.3) ,Sat_408 (74.2) ,Sat_405(75.4) ,
Satt495(76) , Satt373 (77.4) , K385H (78. 1), Satt229 (78. 8 ) , GMKF125b (83. 5) , A231(83.9) , Satt652 (88. 6) , GMKF125a
(92.3),Satt313(92.5) ,Satt182(95.2) ,Satt523(98. 1) , Satt278 (98.2) , Satt694 (99. 3 ) , Satt711 (103.5) ,Sat_320( 106.6) , Sat
397(107) ,A71_2V(109.8) ,Sal_195(122.7) ,Sau4d81(132.8)

Satt636 (0) ,Satt435(25.7) ,Sat_244(29.9) ,Satt463 (34.4) ,Satt245(34.6) ,Satt220(39.4) ,Satt323(42. 1) ,Satt626(43.4) ,Sat_
256(44.7) ,Satt540(47.9) ,Sat_003 (48 ), A60V (48.9),Sat_258 (50.9),Sat_226(53.9), Satt536 (55.2),Sat_121(60.2),
Satt567 (61.4) ,Satt702(65) ,Sat_148(65.9) ,Satt677(66.5) ,122V(67.8) ,Satt680(71.8) ,Satt590 (72 ) , Sati201 (74.8) ,B122T
(77.2),BI51_1T(79) ,Satt150(79.1) ,LD8T(79. 8 ) ,Sat_422(80.7) ,Satt494 (83.5) ,K241(84.5),Sattl75(88.9) , Sat_330
(89.6),Satt210(92.8) ,Satt551(94.6) ,Satt336(94.7) ,Sat_276(100.4 ) ,Sat_389 (100.7) ,Sat_391(105.3) ,Satt308 (108.8) ,
Satt346(117.7)
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LC4_4T(0) ,Satt080(5) ,LC4_2T(9.2) ,Sat_266(9.4) ,Satt033(12.1) ,Sat_280(13.8) ,Satt387(16.6) ,Sat_241(18.5) ,B162T
(19.8),Sat_236(20.7) ,Sat_033(21.7) ,K418_3V(25.1) ,Sattl125(27.2) ,Sat_275(29.3) ,Satt485(30.2) ,Sat_091(30.6) ,A71

_1V(34.8),Satt521 (38.9) , Satt009 (39. 6) , Satt549 (40) , Satt152¢ (42. 8) , Satt631 (43. 4) , Satt255 (44. 1), ATTV (44.2) ,

Satt152a(44.8) ,Satt159(46) ,ABAB(48.6) ,Satt237(49.5) ,Satt683 (49.8) ,Satt152(52.6) ,Satt660 (52.9) ,Satt530(54.5) , Sat
_285(56) ,Satt152h(58.5) ,LBC(59.1) ,Satt312(63.5) ,Satt022 (77 ) ,Sat_306(82.9) ,Satt257(83.2) ,Sat410(98.9)

Sat_274(0) ,Satt592(16) ,Satt331(17.5) ,GMKF082b(22.2) ,LE23T(32.6) ,Sat_145(54. 1) ,Sat_109(55) ,Satt585 (59 ) , LC4 _
1T(60) ,Satt420 (60. 4 ) ,Sat_196 (61.4) ,BI151_2T(61.6) ,LC4_3T(63.3),Satt345(64. 8) ,Satt633 (65. 1), Satt262 (66.9)

Satt173 (67 ) ,Sat_291 (67.2) ,Sattd73 (67.4) , Satt128 (67. 8 ) , Satt188 (68. 3 ) , Satt608 (68. 7) , Satt550 (69. 1), Satt576 (71) ,

Sattd79(72.9) , Sattd87 (74. 4) , Satt094 (76. 1), Satt679 (78.5) , Sat_341(78.8) , BESO1128 (84.4) , A6441(88. 1), Sat_321
(92.3),Sat_282(92.6) ,A8821(97.6) , Satt581 (101.7) , LE22H (107. 6) , Sat_303 ( 110. 3) , Satt445 (111.6) , ASIT(116.5) ,

Satt358 (125.6) ,Sat_132(133.3)

2.3.3  EOEEAE DKL ST T
872 4~ SSR Frid. it NN SX FI WT =5k i f& i
BiE bR e EE S SSR fRid 448 4>, 5 KY £ If,
3602 MMEFE K SSR Frid. A KIS I SSR frid
549 4~ SSR #Ric HANE N 62. 8% (57 549 4~ SSR
Fric/ MUk 3 S 1T 872 4~ SSR ARid) , AR N
91.2% (549/602 ) , i WA &1 3% 3% 5 380R 8 L VB BE
TRBEPRE M, (A 54 D24 SSR FRid KRB A
BNEE . AT B RSN T B bR, B0 T 5
KY Ei% I E1 \E2,F1 F2,H1 H2,11 .12 f1 L1 .12
BRI B 2 B, A3 T 5 A SRR A — B0 20
TR BRE
2.3.4 A HE#E5 NJRIKY B 5 KY
AR R L, B A ISR I T 235 M Rid,
%6
Table 6

Horbr SSR A 233 A, HoAth bR ic 2 A, 25 1% ST
FRIg 4 ~20 A SFXH N 11,75 A B bRic %
JEH 3. 70eM/ARic M E) 3. 49eM/FRid ; st 4 B
BIMNT 701, 3cM, ¥ BT 8t 1 B B o 2 R AR
1) 3R AL SEBUREINT 15 MRIC, B fE B &
HEI 112, 3¢M; A2 SRR N T 24 AR, s i
BN T0eM, 2) SEACARAR : O HEBREE In T 12 4
PRic, BRI B AU N 0. 4eM; C1 FESTREHG N 1 9
AbRiC, BB N 2. 2c M, 3) 46 % C2 H BRE
A 8 AN kR T, AL B B 131, 1eM 45 45 5
77. 1M, 4558 T 54cM N SRR I 11 MFRid, 15t
B 132, 1eM 4356 3] 98. 9¢M, 4346 T 33. 2cM,
P 4 - X %% B JRK 9 3. T0eM/BR 18 8
3. 49eM/FRic ML FIBE RS A 36N (R 6) .

A S NIRIKY 538 19 b
Comparisons between the integrated and NJRIKY maps

FRiCZL Marker number

K J& Length/cM

% & Density/cM per marker

W LG i A HiE A
NJRIKY A Joint NJRIKY A5 Joint NJRIKY #4 )5 Joint

Al 23 38 15 99 211.3 112.3 4.3 5.6
A2 32 56 24 154.7 224.7 70 4.8 4.0
Bl 22 26 4 99.8 118.1 18.3 4.5 4.5
B2 18 24 6 56.6 123.7 67.1 3.1 5.2
Cl 29 38 9 78.9 81.1 2.2 2.7 2.1
c2 38 46 8 131.1 77.1 -54 3.5 1.7
Dla 25 30 5 109.4 119.2 9.8 4.4 4.0
D1b 49 69 20 113.3 204.1 90.8 2.4 2.8
D2 26 39 13 73 103.6 30.6 2.8 2.7
E 18 +6 29 5 63.2 +48.7 157.8 45.9 4.6 5.4
F 26 +8 54 20 56.1+43.5 136.3 36.7 2.9 2.5
G 37 46 9 103.5 153.7 50.2 2.8 3.3
H 7+8 24 9 29 +53.4 129 46.6 5.5 5.4
I 18 +7 28 3 98.7 +32.1 171.2 40.4 5.2 6.1
J 32 46 14 89.5 150.6 61.1 2.8 3.3
K 30 46 16 72.3 128.7 56.4 2.4 2.8
L 9+15 34 10 40.6 +83.1 132.8 9.1 5.2 3.9
M 21 41 20 77.1 117.7 40.6 3.7 2.9
N 29 40 11 132.1 98.9 -33.2 4.6 2.5
0 29 41 12 132.9 133.3 0.4 4.6 3.3
23} Total 560 795 235 2071.6 2772.9 701.3 3.70 3.49

A 2 MECF RN ZE T S B

The linkage group with two figures means it has two segments.
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2.3.5 HELHE#BLHAEEEGE KESEIE
HAEDHE S Soybase /AL HEL, 78 SSR FRid
Mo SO0 E B RA N2, 500, BHEH

SENLT 5 A SSRARIE, 20 A7 T Db, M Al N 3% 4
#E Lo A 6 4> SSR ARICHUE 7R 5 2 S &35 AN [
MBI (X T) .

R HRIEEAFERRC

Table 7

Different marker loci in contrast to the consensus map

FriEtric New markers

AIFEBIHERFRIC Markers on different linkage groups

17 15 Locus & Linkage group 1v; & Position/cM 13 15 Locus NHEEE Consensus map R E3E This map
Sat_203 D1b 31.5 Sat_009 B2 L

Satt216 D1b 96.0 Sat_264 B2 D1b
Sat_226 M 53.9 Satt126 B2 D1b
Satt033 N 12.1 Sat_131 G A2
Satt410 N 98.9 Satt324 G Dla
Sat_038 0 D1b

3 it A QTL, AH&BFRIC 43 il h Sat_274 ~ Satt592 Fl

e GMKF082b ~ LE23T; H#l & 25 e Hi L 6 5 Fl 4

3.1 EiEEAMCLEMEMEBESEEMACESSE  F25 TTENEH AL REHE O R - sl 2

S T2 AAHE R AN QTL, AHARFRIC 433N Saud77

Fy s 5 9 H BO7E T ik — 2D P SR A 2 Y
AR B JH LA T MR B B R B QTL /2 iz, J3 2
PEATREN SERE . X — DA BT T AR ic i 2 5.
M T WA UMY ph — X SRS B 2 5 AU A T
G, FEIZ A SR AS B SRS BEAA Hp m] S (2 AR IE TR
A B (AT 55 A HE D 215 I 2R, S 23]
REZ MARICEL, 2 e 25 R BRI A A BB 111K
AT Al e 21X — 20K . IWBFFE TR LR, KY \SX |
NN FIWT 73 50 0K 2] 560,195,223 il 133
AZ BRI R A FE B AR A 795 4,
EL T TR A Ry B, 5 NJRIKY 3% LA,
BB Ja EER I T 235 AMBRIC, 4 3 BURE 730 1
T4 ~20 4, EAF BT S TR R RN AL,

ZERLE R A B S Song 45 A SRR AR
ICLERAMAANE LA 6 AR RE AL 7E A [R] () 12 81
i, 53H 5 A Song JE A EALIYARIC, BB i 1%
S W AR A TR A AR ) 5 DR 4 248 T o3 BAT AR AL, 1EL
UBAAFAEAA A ) s 1] 33 ] F) R X 4 53 1, TR AN
[FIRE R 20 X BAF A B AN R SE T I s . ST A
17 ] R DX A5 A HL A o B 3 AR, A ) A 3 X
B RIBORHE LIS 5 AS R AR M XA 52 A PR3 R
P T RE SEAT R T AR A BE I A A A5 R, S
TR 5 QTL & fi,

3.2 BEUEAEIEHITARREEMLERIELR

RS S 1ok AARRHAR N AE L,
AN I AP AR ) 22 IR s QTL AR L H g it 1 T
AEPE. 4 NJRIKY fE(A O HEGUE_LA FHI Y

~Satt331 FlI Satt331 ~ Satt153, BT FEEA QTL
B X VA A R A bR, T R AT R
HPEHE A B g R O M SR L, Satt592 | Satt331 Al
GMKFO82b ARV HES , 'S % %401, 3= B AE 3 ISR
(1 O 3% PiE I A7 78 2 AH A 0 B # QTL, 3
NJRIKY [&§# C2 48 | A3971 ~ K11_3T [X [a] 4
— A RS RN R = IR Y R QTL 53 & &
% C2 HPHERY satt079 {7 B AHUT , ] Mansur 25418
[ REIARTE Song 85 /8 L IS Z A7 A5 B R AR A7 7R &
P2 I AN BR 5 9 QTL

BB E L 25 R SR A RIS M L, AR SR
BN X RN S A B2 Fhrid, W ERR
25 IR A ) NJIRIKY A C2 38R |5 TS %
FHE 57 5 SATSS_6T ~ A6761, 2 A 5 ke Fak 4
K3 L BIARIC AR A 7 N Ric. sREr g2
7 SX FEARMY A2 SERHE LRI T 5 BRI
FUAFRA S A7 5 X 8] satt424 ~ sat_162, &4 3%
MZIX B NS AT 5540 2 MhRid. QR aeAa R Al
FHIXEERIC, AT i — 24 QTL (15 o7 IX W] 4 %,
Kadn e (i3] T 3t
3.3 BEEESEEHITXES TR QTL A& i

BEEMAOLLEL

A AR S bR i B A 2 R/ QTL 5 4 %)
7 [ N R e 9 A T A BUE NS TR T Tl
Jaks QTL & Se B 3 b S B0 0o vl el
FNEF ARG A SR BRI A A 20 0 T MR 2R A7 OGR4
BT, G 381 5 4 2 DR R MR A B 17 SSRs 4%
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O1 ANFI 39 A R4 5707 1 -5 B PRI B AR X TR, 0331
TENEEN TAHSCEBE o A5 IR SC A 507
A, Satt592, 28 5 B TE AN HU AL, 22 3] T O 4 B
e, 5 M IR AR BT 1G] ) A QTL Az
AR T 53— AL AR Sat244 BiE AL AE T 34 B
ff L R RESUEBA R EI R ALE . gk
T T X v R R A A R AT G 4
Br K 2] 45 A7 5 1L AR EPER QTL SCHK,
I LRSS L, oA 22 MLS SRR %
BUERLR QTL X[RIFHE 5 XA, RHR A slibm i
AT A2 S R 1 R PR A T AR A F A

4 HFig

I ELBA A MR 2% S5 10 B Rt b A
AL A AT K T2 A 38 R BRS04 s
3% B 3, LA P 1) 645 SSR AR AC 1 b il 2 b
g, f# H JoinMap3. 0 #1734, 15 8 — sk &
20 AN 3E BURE, 795 A 4r T obRad, B iR B
2772.9cM, SEH B 3. 49¢M ) 15 45 i a4 [/ i
5 Song 8¢ B HLEIE LU, AR EITEE AL T 5 DNEA
e FRA 1 SSR FRid, 73 6 1~ SSR FRid e
FEARI IR L, AR bric 78 3 B RE L 0y 53 A Fl
B SAEERE YA . BA RS TR
SR e OCHR AAT BIT A I TR/ QTL 5 A 1) 3 B X (1]
TR A 0 45 SR R B b A, O o 4% 4 =13
| TFEHZERE B WA bRIE . B TARIE T H
VEFEREUR 4 2524 5 [ 3 75 e A R R A4 e T A
I WG T E N B FEAR QTL A AH SCAH 5T
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