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Mining of Elite Alleles Controlling Root Traits at the
Seedling Stage in North Spring Soybean
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Abstract: Genetic improvement of root traits in soybean largely relied on exploring the elite loci that
associated with beneficial root traits. In this study, 242 northern spring cultivars and 102 landraces were subjected
for analyzing phenotypic variation in root under laboratory conditions in 2018 and 2019. 175 pairs of SSR
primers were applied for genotyping, followed by the genetic linkage disequilibrium analysis, the population
structure analysis, and association analysis using general linear model ( GLM ). The results show that both
collinear combination and non-collinear combination groups have different degree of linkage disequilibrium.
The cultivars were clustered into two subpopulations. Seventeen genetic loci associated with six root traits were
detected showing the phenotypic variation ranged from 1.35% to 7.83%. The landraces were assigned into two
subgroups. Twelve genetic loci were found to be associated with five root traits, which contributed to 3.89% to
16.64% on phenotypic variation. Two genetic loci Satt309 and Sat_358, which were simultaneously detected

in the two cultivar and landrace populations, were associated with main root length and root average diameter,
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respectively. A total of 38 alleles with positive effect were present in 29 cultivars. Out of them, the alleles of main
root length ( MRL ) , root length (RL ) , root average diameter (RAD ), root volume ( RV ) , root surface area
(RSA ), root tip number ( RTN ) with the greatest synergistic effect were Sa#t309-122bp ( Hefeng35 ) , Sat_272-
254bp (Heihel6, Heinong62 ) , Sat_358-236bp (Jilin12, Jilinl ) , Sat_381-193bp ( Suinong26 ) , Sat_381-193bp
( Suinong26 . Kendoul8 ) , and Sat_381-224bp ( Changnong24 . Hefeng51 ) , respectively. A total of 33 alleles
with synergistic effect were found from 31 landraces. For example, the alleles governing MRL, RL, RAD,
RV, RSA, RTN which had the greatest synergistic effects, were Satt220-242bp ( Xiaobaiqi ) , Satt683-206bp
( Wangqingshenxiandong | Xiaobaiqi . Baogingdabaimei ) , Sat_160-174bp ( Pingdingxiang-2 ) , Satt239-200bp
( Linjiangdahuangdou ) , Satt247-245bp ( Bailudou-1 , Wangqingshenxiandong ) , and Satt156-227bp ( Xiaobaiqi .

Tiejiaqing-1 ), respectively. Collectively, this study identified the superior alleles and donor lines which could be

used in breeding for soybean varieties with superior root traits.

Key words: North Spring Soybean ; seedling stage ; root traits; elite alleles
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Table 1 Statistical analysis of 344 soybean root traits in 2018-2019

PR Ay E KA /IME brifi2E 535 it £ SRR )SGRER

Traits Years Mean Max. Min. SD Kurtosis ~ Skewness (%)CV (%)H;

FEMREK (em ) MRL 2018 18.75 30.93 8.13 426 -0.29 0.31 22.72 S6.16
2019 15.60 28.73 6.47 3.43 1.09 0.69 21.98

JBARE (em )RL 2018 170.78 361.41 3235 64.03 -0.49 0.43 37.49 20,65
2019 96.21 212.62 8.22 38.41 -0.39 0.20 39.93

54 (mm )RAD 2018 0.07 0.10 0.05 0.01 0.66 -0.06 15.00 76,68
2019 0.09 0.12 0.07 0.01 131 0.77 9.80

AR (cm® )RV 2018 0.77 1.54 0.14 0.22 0.11 0.22 28.04 608
2019 0.82 1.76 0.11 0.29 -0.16 0.15 35.29

HEEH (cm® )RSA 2018 3431 67.90 6.51 10.65 0.05 0.42 31.04 78,99
2019 26.21 58.03 3.03 9.67 -0.35 0.12 36.90

HRISKC RTN 2018 111.80 272.30 28.60 48.48 0.09 0.61 43.37 8217
2019 51.85 119.10 7.20 19.51 0.15 0.49 37.63

FAAR S e KAE RN R/ IMA

Bold is maximum and minimum. MRL : main root length, RL: root length, RAD: root average diameter, RV : root volume, RSA : root surface area,

RTN:: root tip number, CV : coefficient of variation, Hy’: heritability in the broad sense. The same as below
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Table 2 Correlation analysis between soybean root traits in 2018-2019

PR FARK BRE A HAZ R HRFHA YKL
Traits MRL RL RAD RV RSA RTN
FHREK MRL 1 0.68" —0.54" 0.41" 0.65" 0.58"
BRK RL 0.76" 1 —0.64" 0.69" 0.94" 0.88"
HAPH A RAD -0.50" -0.55" 0.06" -0.38" -0.70"
AR RV 0.64" 0.89" -0.20" 1 0.88" 0.48"
R RSA 0.72" 0.98" —0.40" 0.97" 1 0.76"
4% RTN 0.74” 0.93" -0.55" 0.80" 0.89" 1

MU A B AR5 * Rl FIRAE 0.05 F 0.01 /K L ZEARDE; XMLt b5k 2018 SEAYEN , XML ZE T J5h 2019 48 A8

Bold is maximum, * and ** were significantly correlated at 0.05 and 0.01 levels, the data upper right of the diagonal line is the 2018 analysis result,

and the data lower left of the diagonal line is the 2019 analysis result
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Table 3 Marker sites significantly associated with each trait ( P<0.05 ) and their rate of interpretation of phenotypic

variation
FEfR ——TT THIRRIE " AERAE " iR 2018 2019
Traits SSR marker Chr. (bp ) . (bp ) . (,CM,) ) B
Start position ~ End position  Genetic distance ~ Pvalue R (%) Pvalue R*(%)

B Cultivars

FHREK MRL Satt309 13 1736305 1736343 4.53 0.0422 3.26 0.0313 3.62

SR RL Satt542 2 12956554 12956610 53.02 0.0236 2.61 0.0379 2.69
Satt420 10 9907940 9907987 49.7 0.0023 4.29 0.0112 291
Sat 272 11 2710546 2710583 14.32 0.015 4.51 0.0118 4.25
Sat 381 15 50282249 50282298 64.18 0.0015 4.49 0.0093 2.93

P EZ RAD  Sant531 1 3758404 3758445 40.86 0.0017 5.2 0.0355 2.59
Sat 379 3 462846 462865 433 0.0034 4.69 0.0001 6.79
Sat 207 4 42774033 42774058 87.3 0.004 7.83 0.0239 5.68
Satt244 16 33327246 33327326 65.04 0.0315 5.28 0.0229 5.27
Sat_358 18 11619335 11619400 45.49 0.0151 7.17 0.0140 6.74

HRARFL RV Satt578 4 7819442 7819474 65.08 0.0002 4.73 0.0413 1.35
Satt681 6 488842 488901 3.15 0.0312 3.75 0.0323 3.44
Satt260 9 39730973 39731041 80.12 0.0031 3.98 0.0000 7.50
Satt420 10 9907940 9907987 49.7 0.0006 5.29 0.0031 3.82
Sat 381 15 50282249 50282298 64.18 0.0004 5.42 0.0021 3.95
Satt529 16 23096020 23096058 419 0.0262 2.56 0.0483 1.96
Satt038 18 1343760 1343810 1.84 0.0215 5.73 0.0078 6.13

MR M RSA Satt420 10 9907940 9907987 49.7 0.0005 5.20 0.0066 3.22
Sat 381 15 50282249 50282298 64.18 0.0005 5.11 0.0026 3.69
Satt038 18 1343760 1343810 1.84 0.0205 5.63 0.0099 5.74
Satt373 19 49191336 49191398 107.23 0.0392 3.44 0.0056 4.56

HRA%L RTN Satt296 2 12975935 12975997 52.61 0.0440 2.40 0.0165 2.51
Satt420 10 9907940 9907987 49.7 0.0143 3.30 0.0073 3.09
Sat_381 15 50282249 50282298 64.18 0.033 2.62 0.0116 2.72
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FEiR SSRERE Rk THARE " AR i g 2018 2019
Traits SSR marker Chr. (bp ) . (bp ) . (ACM_) 2 2
Start position  End position  Genetic distance P value  R’( %) Pvalue R* (%)
5 A Landraces
FHHK MRL Sat_337 4 4172809 4172860 32.09 0.0008 16.64 0.0394 8.54
Satt220 7 9862827 9862901 56.29 0.0429 6.22 0.0001 16.32
Satt347 10 5041002 5041034 4229 0.0359 437 0.0009 10.34
Satt309 13 1736305 1736343 4.53 0.0477 6.02 0.0287 6.88
R RL Satt683 3 9058190 9058213 34.52 0.0375 10.13 0.0269 10.81
Satt262 10 35510863 35510922 57.02 0.0344 8.45 0.0103 10.8
Satt156 19 40444250 40444300 56.13 0.0021 9.51 0.0151 5.93
WOEH B4 RAD  Sat 160 1 53236862 53236911 104.27 — — 0.0035 12.64
Satt266 2 14090384 14090434 59.61 0.0027 17.13 — —
SOYGPATR 4 525144 525164 10.34 — — 0.0066 11.46
Sat 256 7 17606889 17606932 74.52 0.0191 17 — —
Sat_358 18 11619335 11619400 45.49 0.0013 19.12 — —
A RV Satt683 3 9058190 9058213 34.52 0.0318 10.47 0.0257 11.01
Satt565 4 511133 511189 0 0.0012 15.02 0.0055 12.17
Satt262 10 35510863 35510922 57.02 0.0270 8.94 0.0057 12.09
Sat 214 12 14359 14368 2.85 0.0295 10.53 0.0422 9.8
Satt649 13 12953321 12953374 5.36 0.0485 3.89 0.0200 5.4
Satt156 19 40444250 40444300 56.13 0.0012 10.42 0.0187 5.67
Satt239 20 24129710 24129775 36.93 0.0035 13.14 0.0351 8.53
MR FH A RSA Satt683 3 9058190 9058213 34.52 0.0119 12.63 0.0228 11.24
Satt247 9 9265135 9265197 43.95 0.0357 10.21 0.0500 9.25
Satt262 10 35510863 35510922 57.02 0.0213 9.43 0.0069 11.65
Satt156 19 40444250 40444300 56.13 0.0007 11.44 0.0132 6.21
IS RTN Satt156 19 40444250 40444300 56.13 0.0066 7.49 0.0070 732

— BB SRR I ; Chr.: Je A . Al 380 f4 55 2 A1 BERE 25

— : no association of markers with traits, Chr.: chromosome, *: the estimated map position ( ¢M ) and physical position ( bp ) was inferred the

Gremene ( https: //www.soybase.org/ )

2.7 EEFRE

TERER B 5 AR RERA DGO S A1 2 B
A6 Mhrichi s 248 2 DL AR R MR A R
15 % e 7] 5 67 3] 1) 5 Z2 A AR SCIBE A7 a5 A AH DG Ik
PREREANER 4 PR, SR 228w, 58 r s
TR AR DC, ATRE SR R A K kK F WA %I
PRI

28 REBKMURANAREFAERREFTRRSE
138 FHIFF 1
Xt SRRV 545 S A S R R DR (HL A T 70 A
S BRIV [ — {37 i S50 70 5 ) A R BN A A AR
RS, BAEFM HARPEIREOR, 3 5 0 & iiahFh
Gl T R RS SN PRIV SR €It INAC ONIDS S VS
St AR A A (B S HA AP I S A S AR ek
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Table 4 Related genes annotated based on co positioned sites

A 1D IR IF IR AL 1D SEFE AR A P R A

Gene ID The Arabidopsis ortholog ID Description of biological processes in Gene Ontology
Glyma.03g061000 AT2G45270.1 WEAR A 1

Glyma.15g266600 AT3G12670.1 CTP &R &N
Glyma.18g018400 AT5G65100.1 X LGB 3 IR
Glyma.18g018500 AT5G10130.1 AERI el ST HUS RIS AR A R A
Glyma.19g143300 AT5G06940.1 st AR Y A AR R R R
Glyma.19g143400 AT3G20840.1 (PLT1) AT DNA 4548 E E A

RS5 BEPEIREBEXKUANSEAMFECER REMNERETLREMERHME
Table 5 Max elite alleles, phenotypic effect and materials carrying excellent allelic variation of each stability marker alleles
associated in population

bk I RIL A ML SR R SO BTR
Traits Locus.alleles Phenotypic effect Materials carryir-lg ‘excellent allelic
2018 2019 - Mean variation

H AR Cultivars

FAREK (cm ) MRL Satt309-122bp 9.7251 0.9293 5.3272 &FE 35

B (em )RL Sat_381-193bp 11.8407 37.1291 24.4849 KT 18. 424 26
Satt420-212bp 7.8848 8.7083 8.2966 P 19 BAA 60
Sat_272-254bp 4.5958 50.2086 27.4022 16 Bk 62
Satt542-203bp 4.1430 3.5557 3.8493 19 A 51

HAFHEAE (mm ) RAD Sat_379-246bp 0.0021 0.0012 0.0016 N 79 55 Gk 12
Sat_358-236bp 0.0161 0.0152 0.0157 Tk 12 AR LS
Satt244-154bp 0.0037 0.0043 0.0040 AR 12
Sat_207-254bp 0.0021 0.0070 0.0046 FAR 12 A 32
Satt531-248bp 0.0008 0.0003 0.0006 T2 RE 35

WAF (em’ )RV Satt578-158bp 0.1278 0.1247 0.1262 e 26 BT 18
Sat_381-193bp 0.2708 0.3358 0.3033 R 26
Satt420-212bp 0.0255 0.0732 0.0494 SR 19 224k 31
Satt260-272bp 0.0494 0.0831 0.0662 A% 26 BRI 19
Satt038-206bp 0.1101 0.1379 0.1240 AF 28 A 61
Satt529-225bp 0.0255 0.0062 0.0159 B 19 24 26
Satt681-285bp 0.1319 0.1017 0.1168 A3 55 .54 66

HEMH (ecm® ) RSA Sat_381-193bp 7.7250 10.9329 9.3290 A 26 R E 18
Satt420-212bp 1.3579 2.4356 1.8967 224 31 BRI 19
Satt038-206bp 7.6364 5.2785 6.4574 HESL KL 24
Satt373-237bp 1.6976 2.8536 22756 SR 16 FEUR 11

HLH RTN Satt420-212bp 4.1268 4.8468 4.4868 BA 60 BT 19

Sat_381-224bp 19.6979 5.7848 12.7414 KA 24 A 51
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F5(4)
PR P AR ARUIE WAL S OB R
Traits Locﬁs—alleles Phenotypic effect Materials carryir'lg .excellent allelic
2018 2019 -2 Mean variation

b7 il Landraces

FAREK (em ) MRL Sat_337-281bp 3.4045 1.5830 2.4938 Al NANE] S
Satt347-260bp 4.6907 6.2354 5.4630 I HERA L BERRE
Satt220-242bp 9.3821 13.4677 11.4249 UNED

SR (em )RL Satt156-227bp 6.4163 5.3890 5.9026 TERE AL NEB  H 8T (NETE)
Satt262-256bp 7.7977 6.6788 7.2382 AN RS PN R iR
Satt683-206bp 22.9574 13.7298 18.3436 TEEAMIE N E SR EE

HOF 4% (mm ) RAD Sat_358-270bp 0.0050 — — INEIER RUFNI Y
Satt266-227bp 0.0093 — — TELL R4
Sat_256-280bp 0.0031 — — LsCIP N o
Sat_160-174bp — 0.0187 — I -2

SOYGPATR-115bp — 0.0089 — S ZE/NRY

WAF (em’ )RV Satt565-165bp 0.0717 0.0859 0.0788 B DU VTR
Satt156-227bp 0.0250 0.0320 0.0285 ESUN oy S S AVINEL
Satt239-200bp 0.1972 0.3368 0.2670 VTR B T
Satt262-256bp 0.0248 0.0517 0.0382 FE /DA VTR L
Sat_214-244bp 0.0666 0.0876 0.0771 SRR E U HIIINTIN W S
Satt683-206bp 0.0918 0.0999 0.0958 R PR SR
Satt649-245bp 0.0316 0.0486 0.0401 P e I NITING £ 1 1D e N b N

HEEMHIFL (em’® ) RSA Satt156-227bp 1.2032 1.2778 1.2405 VRSP RES 5 /N 1
Satt683-206bp 43197 3.4138 3.8668 JNFUBE TEVE AL | 5 PR
Satt262-256bp 13215 1.7303 1.5259 TR AL RES S /N
Satt247-245bp 7.5605 7.5377 7.5491 FIgE -1 TRV R

HLJ3B RTN Satt156-227bp 4.5550 2.6404 3.5977 INEIRE e -1

— IRV FIOAE

— indicating no phenotypic effect value

SRR IR FE B R R e SRS ) 1 1 R A A
AR5 38 AN BRI CHRE] A7 05 H, B L
N 1) S A AR S 3 3 A4S, Horp, Satr309-122bp (1) 3
RN B K, N 9.7251, BB 4 F 355 EAR
e I 0 19 A7 g5 v, ELA B RO 1) S A AR S A
A 64>, Horhr, Sar 272-254bp 14 14 30 3 BY 80 Hx
K, A 50.2086, 4 KA A 16 B4R 625 RV EH
78 SR B ) 67 a5y, EL A 1S A0 1 A A6 AR S At
B 94, Hvr, Sar_358-236bp (1) 3 5k 32 Y 5% 1 B
K, R 0.0161, HFBEE M 12 5K 1455 iR

B A A7 a5 rh, B SO0 ) A AR S AR 11
A, Hordr, Sar_381-193bp B3GR F RIRL N e K, H
0.3358, M1 BF R Z2AR 26 5 AR e T B 2 A9 67 55
AT SR (AL e 3 7 A4S, Hor, Sar_381-
193bp Wy 3G R AUV 55 K, 4 10.9329, B K S 2%
4 26, B2 0185 ARABOCH ) A A7 5 b, HATHE 2L
BN ) S AR S A 2 A, e Sar_381-224bp 1)
AR AN e K, N 19.6979, MR K AR 24 &
£ 51,

FEHE T R SH ARG I 8 R S AR 5 33
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FARA IR B A7, EAT BERIRO, 1) 4 o7 AR
A 34, Horlr, Satr220-242bp (1434 3508 B B
K, N 13.4677, MR /N T BRI 2 A9 07
O B RN B A A AR S A 3 A, Hirp,
Satt683-206bp 1) 34 % 32 4 v : A, M 22.9574,
ABE R HALE N B R EE s AR
B CHE B AL, B BRI 1 45 AR S 2t
A 144, o, Sar_160-174bp 1) 34 280 38 BIRL N 5
K, K 0.0187, B4 8L A0 Fr -2 MR AR B OCEK 2] (1)
A7 5, B RN B A AR S A 8 A, i,
Satt239-200bp W38 R F RIZL N Fe K, o0 0.3368, #4
BRIV G5 MR R B B AL i b, A
RO () S AR S A 4 A4S, o, Sant247-245bp
FIBE R R RN i K, oM 7.5605, KA FA#E G -1
TEVE PRI 5 AR SRS I 2] i 7 o5, ELAT B 3803
o A AR S A 1A, Hirh, Sart] 56-227bp 11
R RS e K, R 4.5550, B KL RN IR 3k
-1,

I E R, X 5 BAR T REAERE B L
R AR R PEAR SR i R o [RIEEFRATTAT A& T
S IL S S AR S A BRI 45 2 sk 2 AR
TR IR DGR AT A5 38 S8 A A AR S, AN SRS 19
TEVERAINR 55 . bR T X Setl (S50 A8 5 LIAh , i
KA A28 5 5 K AR R AR AN Ok, BAK I
%5,
29 MRENTRNFEARZAGEIT

e R LRI T OO0 S S50 A8 S i B R A 45
Ho ARFAESZI BN A0 S50 A8 S (0 BE A |, 2
T 525 0 A8 S A 2 M RMBCEAS , I R G
R R MR B F R R A A R R LA, BAR
WAL 6.
3 itig

H A, AERABHEY KRG L EORFI/NE AR R %
AROOBIFTE e 7 B T — SRR RASCH QTL, WEY)
HR 2R A A0 R B AIE T ast AL L hl (FX R S B J0AR R Pk
MR QTL A FEHE R /D o A5 % WU AR K 51 AR
FERAR SRR AL R T A A R R AE R OR R
TSR B Z R AT T2 0y ast A% A8 5 R 1Y it
i DI S S Y I B EF e 2 A Re 2 S
o [RIEFIA 175 ASFRicx I os BRI T 15 1%
TG ZRIIT, G55 TR AHIE G SO B A 22 (]
A BE ARSI MRS O FR Tl 2 IR A3 B i A
2R,

£6 56 MRAMKHAREMTRIRZAS
Table 6 Cross combinations with superior allelic variants
for six root traits

pbT ez

PR FARAS RLAE 7 EL
Traits Parental combinations Predicted No. of
elite alleles
FHEK MRL B 19% /NS 23
FAI 19% B4R 66 16
B 66% /NI 15
SR RL FETT 19% Z4% 26 21
A 19% 5 51 16
BT 19% 54 59 16
HROF-H4 H A2 RAD KHJE x TR 9
LROPRICE S PN 9
TR 12x Ak 32 8
AT RV ST 19 TRV PR 20
/N x 224 26 20
ANFARE < PE R 19
MM RSA 224 26% TERFFHILR 17
/NI x BRE 18 15
/N x G4 66 15
RO RTN GRS ERINE] s 15
KeqR 24x M 19 15
2 NS 14

AT 2 ST A BT Ll 0L SCIE AT
i A AR B R A BN A i e e 4, A
WF5E 2 AR G AR TE HEA T 4 SE PR L A 55 (R B
TOHCR — R 150~300 DL ARBFSEEE T 175 4
SSR Fric AT M, HeA il i 15209 FpgH 5. XF D’
1B 5 35t 1% FE 85 1% 01059 3 87 45 11 LD %98 ( D'<0.5)
JT4E A f B/ INBE 25 R 2.83 oM, % 2 Tk 2245 2
FE4EH(0.65 cM ) FIISC [ 31450 BF 7 45 31 (1.02
cM ), LD 2 l FE B8 S5 0 B AR L i B B
MR

ABIFFE R P AT e A T 3 5 AR R
RE IR AT 17 ARl , BITFEEER] 24 1k
(AN ), Ml it o 7 7 1 [ ARG 1) 5 4R R PR (B AR
SEETERAN ) BB A 12 MhRid, BRiTe
EXCE] 19 R (A )o P4 HLE SRRy 5l o 3
ARSI 2 07 A 2 A, o il 5 EAR K SCHR
1 Satt309 F15HR V34 B AR OGR4, Sar_358,
AT RE I AT BN ], 5 305 I 25 RS
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A = 22 %

#5,

TE B By, R 24 I 5] 9 4> QTL
HERKKEK, 2 MEH6.7.8.11.12 Fl 145
e fk b, o5 6.7 5 Y @R p AR ic X 8] R
Satt520-Satt305 . Satt305-Satt291 . Satt590-Satt201
Brensha 25 © 7£ 5 6 3 Y {8, 1k I Satr357-Satt202
1 Satt239-Sar 105 [X 8] 0 K6 I 2] 2 46l 2= AR K 19
QTL. FEAHFFEH, WAL [ R 21] 5 4R & R
I 1 28 A2 i, A 2 A bR Satt296 1 Sate239
7r gk 2y 42U F Brensha 254 B A 5% h A oo R
B (HCHR MR AN, S8 A — 5 T T
PERERIANTR], 53— 5 AR Z2 bR Tl 4 i etk i
D7 BB E BB 24 . X RS AEAAI 5
WA KB BRI R A7 5 P 6 ANz 2 Ak
24N Dh RO, LR 3 AN A R 4 A4
MR, SRR (4% AR 3R G242 03 11 40
FEAE R AT S, X R FEORIF A AR R MR
PR E A AT E Y PSSt

4 T ARiC Satt296 F Satt239 , A< WF 5% i 46 ) 3]
HoA Yy 26 R FRAHCBIARIC 5 BT ABEFEE A7 AR
FAARMERAR A AL T Rl — R e o fk b IR R
PREARC X R —3, G R 2 45
FAHRAE A QTL, AL T4 6 Fl 10 S YL afk -, 45
10 [X 8] & Satt281-Sat 153 . Satt345-Sat 291 ; ¥ il
3N GRARBSCE R QTL, 7 T 7.11. 14 5
Ye i fK b, bRiC IX 8] N Sat 287-Sct 034 . Sat_360—
Satt415  Satt336-Sat 330, T A WF 5T, £ 55 7.
10 S 4k BRG] 2 A5 B KA KM AT,
FRICAT 85 Satt220 , Satt347; 1645 6.9, 10 5 YL £,
A LA 2 4 A4S 5 AR AR BROCHE B A B, A e A6 B
N Satt681  Satt260 . Satt420 . Satt262; 1t f 115
Pee Rk AR E] 1 A5 SR ST, ARtz
B A Sat 272, Liang %5 * 4] 545 FARK L
B QTL, 20 A AEER 7.9 S YOk b, ARic X 8]l
Satt519-Sait597 . Saitl52-Satt521 . Satt388-Satt182
Satt232-Satt446 . Satt345-Satt466; ¥ 3] 3 4~ 5
MRARFLCIE ) QTL, A A 7256 3. 11,19 S YL A {k
b, bRAC X (8] Ky Satt337-Satt167 . Satt220-Satt323 .
Satt323-Sart175, Lian 25 86 I 3 2 4> 5 K %
A QTL, 20 A A6 55 1. 11 S 4L a4k b, ARic X ]
K Satt519-Sat_128 F i i Sat_343., A58 th 1E
55 3 Yk By IR E] 1A RBAR K AR
BLAR AR FURITAR 2R 18 B DAL A, AR il 7 o5
Satt683 . Sat_379; 1E55 19 5 YL iR 4G 3] 5 F

FRAC AR AR FR AR i AR R B 7 45, Al
{37 15, Satt156, XIS AR 6 Sy kg R T
6 T AR OCAR R MO QTL; DASE JESOR AR TG
JEAREEAESR 6 YRS 11 S Y@kl e
6 1A AR M R Pk QTL, %45 Al
F R7 WIMARIEAESS 6 S YL AT 8 S YL tafks)
SRS E] 1A F0 3 AR E QTL, Wang 25 DL,
PR R RAVETESE 6 T 11 5 G AR 2
3/MREE QTL. MUA LAFGEE i nl LA K
TR QTL & 47, 5T AR FH R R B TE
VE P E KA TR I A g 010 AR R Sk
W R e B T — AR R MR Y QTL,
FEREEN3.6.7.9.10,11. 19 S Y@k -, H
TR R BB B FE AR 5245 [R5 R 43 B 7 ik
AR R R LA R — SR e iR - (HIX AR SE—,
XS X AR A S, T it — 5T . SEA
FEHRRIN A5 6 R R IR SCER Y 26 A7 o5 2
T UHRGE , AR S 9 FRIC , 7 AR A R I LASG T
IEE— L5

XA FE A R R 1 F ) 6 — 280N R 2k
ARAASENL A AT IR R, 4 R 0 - JE3R 3 6 M4
LI, 43R Glyma.03g061000 . Glyma.15g266600
Glyma. 182018400, Glyma.18g018500 , Glyma.19g143300
1 Glyma.19g143400, A1 SHY M AEK KT %
PR G, Hirh Glyma.19g143400 & %% 45 il %) DNA
SRR EE N, SR P B F ST
T 20 A S A ) SR B ARV AR AR A KR
TRt S5 19, AR 80 T AL 0 A K 38 s g ) e 5
- LA AR B v, 32 3 DR A 00 e T I D 35 [
SRR WAERKBUIAC, B, FRATAT LA W A
Glyma.19g143400 5 KGR R E K EE % VM
S0 H I Glyma.19¢143300 B D) RETE B N B &
SERTR W SRR M R R L IR Bk
UEBH =2 P AR & & DA IRBE e 45 5 1 iF
A7 Glyma.03g061000 1 Glyma. 152266600
() Ty BE I B O BE R A 1A CTP & il K R
EH, ~H XY R R T R E B,
Glyma.18g018400 #1 Glyma.18g018500,—> X%} Z,
W ANEUEREY 3 ZEEE A, 5 — AR el 1B
FIE A B R 1, W A K & B B B UIAH
S PLERT 6 ANEIHEST TR A T RE T RE
RSB ANt H AR AR Az 5 A 75 2 —
PR

WGBTS R RO B 07 i (1 28
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RO, F24 AN S S5 678 5 S 0 5 55 (08 S )
FORE. B R A G I B A S A S 38 A1,
7 b b A B R AR AS S 33 4. Hek gy
B IL A SO0 S B PRHF] 57 2 el 2 SRR
AN RIMPHAR I 5 3G R A 5, (TN SRR 19 []
A5 RS ARG AR AR SR T AURIAR SR %K
5 AR SR AL G AR S o /INA T IF]
A5 RS R AR AR SR T AURIAR S %K
5 AN FIMEIR SR AT A S SR AR 57 o TR AL
) ) 5l BRI AR AR AR e 1 A 3 AN [R] 1R
ARKIROL A IR AT AL 5 o AT A I 5755
AR S AT DL S5 A S AL A D 2 AR B
R 2 BRI FE A B B A 5, 1) FH 25 6728 S5 by
FEORA PRGBS e P A i 1

TEHT o
4 Zig

ARHFGE K BRI I 2t s R L4 14 1) SSR v
S EHT IZ YU (LD ), FeZe i fi D’
(i it (% P S 20 e b . 383 Tassel 3.0 4 GLM
R X 7 o K YRR e 7 b R SRR ) 6
AMRAMARG 175 4~ SSR Aric Hb AT BT, B X
SR AR L R B 17 RO S5 AR R
ERE, BRI E] 24 4> Q) KW 0 Rt 555
A S 38 AN, Fr kAR 5 0 S S50 A8 S A
RHEAT 29 4S5 M7 ARSI E] 17 A5 SRR
PEAREE 1 ZE AR OC , BRARST- 34 AR OCHR Y 5 M5 1,
Foft 12 A Fric PRAE Y g 21, St £ 19 4
(), B AR B IGROAR 5 500 A8 S A 33 A, BT gikAs
(5O S SRR S AR 31 4
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Table 1 Variety number and variety name of cultivar varieties

%5 EA S G EZ S sy EZS T EA S
No. Name No. Name No. Name No. Name

1 HAR 24 62 B 62 123 2R 40 184 BE2 5
2 HAe 36 63 G4 63 124 4R 41 185 BE9H
3 HAk 38 64 B 67 125 k& 55 186 218
4 R 42 65 G4k 69 126 BT 18 187 25
5 R 43 66 G4 70 127 B 40 188 FR 1
6 HAk 47 67 i 35 128 BT 4 189 BRI S5
7 HAk 48 68 4 55 129 B’ 43 190 HE 15
8 KA 49 69 I 10 130 BF 14 191 K35
9 A 50 70 Y 11 131 BE17 192 HE 95
10 A 51 71 B 12 132 BF20 193 K% 30
11 R 52 72 I 14 133 BF22 194 KA 18
12 A 53 73 B 15 134 BF23 195 KAk 24
13 A 54 74 I 16 135 B 27 196 KAk 26
14 A S5 75 B 18 136 R¥T 43 197 KAk 27
15 R 56 76 B 19 137 Bk 23 198 Kk 28
16 R 57 77 BT 20 138 Bk 26 199 KAk 29
17 REKSS 78 B 21 139 Bk 28 200 Kk 31
18 R 67 79 B 22 140 L& 10 201 K 30
19 1 80 B 23 141 L5 19 202 Hhk 29 5
20 35 8l B 24 142 b5 21 203 kK 28 5
21 KF9 82 T 25 143 1t 34 204 R4S
22 AT 83 T 26 144 1t 41 205 HR 1S
23 A8 84 T 33 145 b 42 206 FHHk9 5
24 Fi5 06 85 BT 39 146 b5 47 207 FHHk2 5
25 FUk 11 86 T 44 147 Jbti 49 208 k15
26 Fi5 20 87 T 49 148 b= 11 209 k25
27 Fik 24 88 B 50 149 b3 14 210 FHk 25 5
28 F1U 25 89 51 150 FEA&K 211 R 85
29 G324 90 i 52 151 B 25 212 FHK 20 5
30 “F 25 91 B 53 152 R 38 213 REAR 2 5
31 “F 28 92 T 56 153 JeiE 2 =5 214 ks 5
32 “F 29 93 gk 37 154 JeiE 15 215 AR 9 5
33 “F 41 94 AR 40 155 sk 46-1 216 FEHHk 15 5
34 GF 40 95 A 44 156 aE3H 217 Lt 21
35 HE43 96 A 48 157 &2 218 16 5
36 GF 44 97 Ak 51 158 RF-1 219 A 41
37 G 46 98 Ak 52 159 A%E 6308-1 220 k45
38 GF 48 99 Ak 58 160 AR 56102 221 e 75
39 4350 100 B 60 161 %35 37-1 222 HA3 5
40 551 101 A 61 162 7L 5 209 223 JER S5




41 HE 52 102 AR 62 163 AK 60052 224 HH15
42 &3 53 103 AR 64 164 AR 5201-18 225 HHE 1S
43 &3 55 104 AR 65 165 AL 5601-1 226 Kk 55
44 B 59 105 A 66 166 AL 5610-1 227 Hk19 5
45 G 61 106 AR 68 167 T 86-5453 228 PRIz 15
46 Gk 64 107 K 71 168 164-4-32 229 FH 135
47 HAk 65 108 K 83 169 6521 230 HHS 5
48 Gk 66 109 ’E 15 170 274-2 231 FHK 21 5
49 G4k 68 110 B 69 171 FIE B 232 NT9 T
50 HA 75 111 e 84 172 #T A 233 FHk 145
51 HA 76 112 e 85 173 fi 8122 234 AR 32
52 HF 05 113 5 05-5675 174 HE 115 235 ZE1T
53 &F 06 114 " 06-1939 175 HE20 236 FH1T 5
54 HFE 22 115 Ak 24 176 %45 237 AR 11
55 HF30 116 Ak 26 177 BES T 238 AR 12
56 G335 117 4% 04 178 TE3%5 239 HHk 18 5
57 &3 40 118 %A% 25 179 LE 11 240 k9 5
58 £ 45 119 Ak 31 180 25 241 k1S
59 &¥E57 120 AR 35 181 %+ 16 242 6155
60 & 58 121 4R 36 182 k15

61 “F 60 122 Ak 38 183 TFHENS

Bz 2 M7 mFPE mihdR S M mih B IR

Table 2 Variety number and variety name of landrace varieties

% e ETRE ki ETRE e EnRe e
No. Name No. Name No. Name No. Name

1 PNED: 27 1Y AE 53 INGE#E-2 79 e

2 Ke#E-1 28 ER RN 54 PN 80 INFR T

3 RGN 29 EXCPNELE 55 KEH-2 81 NEE

4 N 30 SFATE 56 KALH-2 82 HRE

5 KEANHEE 31 NG EE-1 57 v RS 83 M NBE
6 ZEAEGKRE 32 ZikEE 58 VUKL -4 84 RE

7 TURL B (R 16) 33 ANEL 59 W 85 i [

8 PR BE (A 27) 34 [ YN 60 WA E 86 HREE

9 I /N R 35 AT T 61 Ke¥E-3 87 2y

10 ZE/NRE 36 Uk -2 62 EREIEEE 88 FEH-2
11 W 5L 37 FEE AR 63 N3 89 BRETH-1
12 B RE-1 38 W 64 N 90 HILE
13 TEAAEMRIE & 39 ZEBEKRE 65 — R 91 B EE
14 AP 4 40 A 5 66 R T 92 PRI
15 DIRTHET 41 TN BRI 67 SEIRA-2 93 B RE-2
16 VUK 31 42 A o 68 FEH-1 9% FER
17 IR 43 BEMEAEANA S 69 oLyl FN 95 T HE I 3
18 e 44 IfVEKESE 70 HEEZ(hEATE) 96 PR3 -2
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