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Abstract: A new molecular marker system, presence/absence variation (PAV) of large fragment genomic sequences shows
potential because of its convenient PCR-based technique and distinct band distribution on. However, its application in soybean
breeding and genetic research remains to be carried. There are some core parents in soybean breeding program, which are the
key to success in breeding, revealing their role is helpful for parent selection in hybrid breeding work. In this study, total 154
soybean materials including 28 parents and 126 breeding lines were used to reveal their genetic relationship. These lines were
derived from the crosses between three core parents ( Nannong 864, Nannong 8848 and Youchu 4) and a set of domestic and
exotic lines in a breeding program in National Center of Soybean Improvement. The average number of allele per PAV was
2. 1. The average value of polymorphic information content ( PIC) per PAV was 0.239. The average allele number of the
gene-based and non-coding region PAV marker and the average values of polymorphic information content ( PIC) of the two
PAV types were almost the same. All 34 crosses were clustered into 6 groups based on PAV markers data, among them, three
big groups correspond to the three core parents could be identified. All 154 materials were clustered into 9 groups. Most lines
from the same core parent or same cross were classified as a group. According to the genetic contribution rate of PAV allele of
the core parents, 22 crosses had higher average contribution rate than the expected ratio in the 29 crosses. The observed con-
tribution values of core parent Nannong 86-4, Nannong 88-48 were higher than the expected values based on pedigree analy-
sis, while Youchu 4 from other region had less contribution to the derived lines, indicating the rationalities of using local elite
line as core parent in breeding program. In comparison with pedigree analysis, PAV marker can reveal detail genetic relation-
ship among the parents and their derived lines.
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Table 1 List of the materials and their classification based on the data of PAV markers

%' HE/FARLK e S %' HE/FARLK RELR WY HE/FEARLTR RELR
Code Cross/Parent name Cluster Code Cross/Parent name Cluster Code Cross/Parent name Cluster
NI-1 N7241/NN864 IX E1-3 22369/NN88-48 X Y53 Sp//NN493-1/YC4 X
N1-2 N7241/NN86-4 IX El14 22369/NN88-48 X Y6-1 Chuxiu//NXHD/YC4 X
N1-3 N7241/NN864 IX E2-1 NN88-48/NG4690 VIl Y6-2 Chuxiu//NXHD/YC4 X
N14 N7241/NN86-4 IX E2-2 NN88-48/NG4690 Vil Y6-3 Chuxiu//NXHD/YC4 X
N1-5 N7241/NN86-4 IX E2-3 NN88-48/NG4690 VI Y7-1 HCBYB/YC4 VI
N2-1 NN86-4/NH5 IX E3-1 NN88-48/NN87-17 Vil Y72 HCBYB/YC4 Vil
N2-2 NN86-4/NH5 VIl E3-2 NN88-48/NN87-17 VIl Y73 HCBYB/YC4 VI
N2-3 NN86-4/NHS IX E3-3 NN88-48/NN87-17 VIl Y74 HCBYB/YC4 Vil
N24 NN86-4/NH5 IX E34 NN88-48/NN87-17 Vil Y8-1 XSD/YC4 X
N3-1 NN86-4/NT-1 v E4-1 NN88-48/AGH VIl Y8-2 XSD/YC4 X
N3-2 NN86-4/NT-1 \ E4-2 NN88-48/AGH VIl Y9-1 YC4/NG5545 VI
N3-3 NN86-4/NT-1 VI E4-3 NN88-48/AGH VIl Y9-2 YC4/NG5545 Vi
N4-1 NN86-4/Sp IX E44 NN88-48/AGH VIl Y9-3 YC4/NG5545 Vi
N4-2 NN86-4/Sp IX E4-5 NN88-48/AGH IX Y10-1 YC4/Graham Vi
N4-3 NN86-4/Sp IX E4-6 NN88-48/AGH VIl Y10-2 YC4/Graham Vi
N44 NN86-4/Sp IX E5-1 NN88-48/NT-1 Vil Y11-1 YC4/Chudou 1 X
N4-5 NN86-4/Sp IX E5-2 NN88-48/NT-1 VIl Y112 YC4/Chudou 1 X
N5-1 NN86-4/Vance X ES-3 NN88-48/NT-1 Vil Y11-3 YC4/Chudou 1 KX
N5-2 NN86-4/Vance IX E6-1 NN88-48/Sp Vil Y14 YC4/Chudou 1 VI
N6-1 NN86-4/XSD X E6-2 NN88-48/Sp X Y12-1 ZGDD/YC4 X
N6-2 NN86-4/XSD X E6-3 NN88-48/Sp VIl Y122 ZGDD/YC4 KX
N7-1 ~ NN86-4/XSD//NN87-23 v E64 NN88-48/Sp VIl Y12-3 ZGDD/YC4 X
N7-2  NN86-4/XSD//NN87-23 IX E7-1 NN88-48/T173 VIl P1 NG4690 Vi
N7-3  NN864/XSD//NN87-23 IX E7-2 NN88-48/T173 VIl P2 NN73-935 IX
N74  NN86-4/XSD//NN87-23 X E7-3 NN88-48/T173 VI P3 NN86-4 X
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N7-5  NN864/XSD//NN87-23 X E74 NN8848/T173 I P4 NN88-48 VI
N7-6  NN86-4/XSD//NN87-23 X E8-1 NN88-48/NXHD//sh \ P5 A 5i4 5 ZGDD X
N7-7  NN864/XSD//NN87-23 X E8-2 NN88-48/NXHD//sh \Y P6 T173 I
N8-1 NN86-4/YC4 X £8-3 NN88-48/NXHD//sh \Y P7 NT-1
N8-2 NN86-4/YC4 X E84 NN88-48/NXHD//sh v P8 P ¥ . NXHD \
N8-3 NN86-4/YC4 X E8-5 NN88-48/NXHD//sh \Y P9 SIS 1% HCBYB VI
N84 NN86-4/YC4 X £9-1 NN8848/YC4 X P10 7 1% Chudou 1 X
N8-5 NN86-4/YC4 X £9-2 NN88-48/YC4 VI P11 NN493-1 X
N8-6 NN86-4/YC4 X E10-1 N//XSD/NN88-48 I P12 NN88-31 X
N9-1 NN87-23/NN86-4 X E10-2 N//XSD/NN88-48 I P13 NN87-23 X
N9-2 NN87-23/NN864 X E10-3 N//XSD/NN88-48 X P14 YC4 X
N9-3 NN87-23/NN864 X Y1-1 NN493-1/YC4 X P15 N7241 |
N94 NN87-23/NN86-4 X Y12 NN493-1/YC4 X P16 Vance VI
N9-5 NN87-23/NN864 X Y13 NN493-1/YC4 X P17 NN1138-2 X
N9-6 NN87-23/NN86-4 X Y14 NN493-1/YC4 X P18 i 94412 You94412 X
N9-7 NN87-32/NN86-4 X Y15 NN493-1/YC4 X P19 Graham VI
N10-1 Sp//NN86-4/YC4 X Y16 NN493-1/YC4 X P20 kT XSD X
N10-2 Sp//NN86-4/YC4 X Y2-1 NN88-31/YC4//NN73935  IX P21 i 96-3 You 96-3 VI
N10-3 Sp//NN86-4/YC4 X Y22 NN88-31/YC4//NN73935  IX P22 NN87-17 X
N11-1 You 94412/NN86-4 X Y3-1  You 96-3//YC4/NN88-31 X P23 3% 964 Youchun 964 X
NI12  You 94-412/NN864 X Y32 You 96-3//YC4/NN88-31 X P24 NH5 VI
N11-3 You 94-412/NN86-4 VI Y4-1 NIL91-1N/YC4 % P25 NG5545 VI
N12-1  Youchun 96-4/NN864 X Y42 NIL91-1N/YC4 \Y P26 Sp VI
NI22  Youchun 96-4/NN86-4 X Y43 NIL91-1N/YC4 \% P27 AGH |
N123  Youchun 96-4/NN864 X Y44 NIL91-1N/YC4 \% P28 # 75 Chuxiu X
E1-1 22369/NN8848 X Y5-1 Sp//NN493-1/YC4 VI
E1-2 22369/NN8848 X Y52 Sp//NN493-1/YC4 X

Mk St XA A5 -5 RS N EY 7 5RER TR 864 Ak 8848 FIifsAb 4 S LA MALE . NN86-4 Jyrifk 864, NN8848
IR 8848, YC4 Jyifihk 4 5,

The material code is named as crossidentifier-line code. N, E, Y represent the crosses using the core parent Nannong 864, Nannong 8848, Youchu

4 respectively. NN86-4 indicates Nannong 864, NN88-48 indicates Nannong 8848, YC4 indicates Youbian 4.
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Table 2 Diversity parameters of 221 PAV markers in the tested 154 lines

bRidafr S ZBEE IdAR ST ZRFEE AL FhE ZREE Rids S Z2EFER
Marker LI=b 5 oy Marker BB o Marker SR iy Marker S i
name AN PIC name AN PIC name AN PIC name AN PIC
01P0206 2 0.371 05P0522 2 0.019 09P1243 2 0.329 15P0687 2 0.067
01P0361 2 0.068 05P0726 2 0.099 09P1340 2 0.169 15P1300 2 0.267
01P0624 2 0.109 05P0124 2 0.298 09P1364 2 0.184 15P1409 2 0.031
01P0849 2 0.209 05P0496 2 0.099 09P1428 2 0.025 15P1450 2 0.201
01P1094 2 0.353 05P0686 2 0.027 09P1523 2 0.234 15P1451 2 0.095
01P0504 2 0.332 05P0655 2 0.253 10P0293 2 0.235 15P1487 2 0.328
01P0998 2 0.289 05P0868 3 0.545 10P0368 2 0.110 15P1562 2 0.212
01P1352 2 0.321 06P0596 2 0.348 10P0503 2 0.078 16P0403 2 0.169
02P0124 3 0.400 06P1249 2 0.216 10P0576 2 0.375 16P0436 2 0.132
02P0820 2 0.364 06P1288 2 0.204 10P0633 2 0.031 16P0595 2 0.153
02P0946 2 0.195 06P1301 2 0.183 10P0919 2 0.014 16P0781 2 0.330
02P1379 2 0.315 06P1360 2 0.242 10P1217 3 0.104 16P1098 2 0.315
02P0564 2 0.341 06P1362 2 0.265 10P1243 2 0.050 16P0272 2 0.368
02P0784 2 0.374 06P1365 2 0.283 11P0009 2 0.126 16P0616 2 0.359
02P0169 3 0.394 06P1371 2 0.223 11P0027 2 0.329 16P0626 2 0.354
02P0368 2 0.013 06P0067 2 0.373 11P0034 2 0.119 16P0856 2 0.355
02P0480 3 0.541 06P0568 2 0.351 11P0042 2 0.119 16P1017 2 0.188
02P1028 2 0.309 06P1284 2 0.352 11P0058 2 0.112 17P0018 2 0.374
03P1236 2 0.177 06P1366 2 0.362 11P0269 2 0.367 17P0117 3 0.093
03P1072 2 0.193 06P1581 3 0.297 11P0400 2 0.299 17P0136 2 0.019
03P0995 2 0.360 06P0222 2 0.067 11P1085 2 0.375 17P0253 3 0.508
03P0504 2 0.271 06P0352 4 0.611 12P0437 2 0.306 17P1020 2 0.254
03P0416 2 0.372 06P1392 2 0.348 12P0467 2 0.095 17P1033 2 0.242
03P0069 2 0.067 06P1411 2 0.355 12P0669 2 0.278 17P1109 2 0.295
03P0273 3 0.353 06P1426 2 0.344 12P1027 3 0.390 17P1187 2 0.342
03P0364 2 0.320 07P0051 2 0.144 12P1060 3 0.382 17P0788 2 0.309
03P0390 2 0.331 07P0389 2 0.374 12P1230 2 0.129 17P1384 2 0.323
03P0447 2 0.294 07P0595 2 0.370 12P1234 2 0.178 18P0141 2 0.185
03P0457 2 0.293 07P0765 2 0.303 12P0081 2 0.362 18P0247 2 0.307
03P0490 2 0.297 07P0833 2 0.159 12P0195 2 0.346 18P0397 2 0.280
03P0503 2 0.267 07P1368 2 0.283 12P0390 2 0.372 18P0599 2 0.322
03P0606 2 0.345 07P0167 2 0.183 13P0424 2 0.372 18P1108 2 0.104
03P0633 2 0.133 07P0793 2 0.191 13P1374 2 0.088 18P1146 2 0.365
03P0642 2 0.347 07P0917 2 0.038 13P1655 2 0.095 18P1186 2 0.349
03P0689 2 0.371 07P1175 2 0.273 13P1810 2 0.090 18P1405 2 0.152
03P0694 2 0.371 08P0549 2 0.356 13P1852 2 0.055 18P1783 2 0.360
03P0926 2 0.350 08P0671 2 0.129 13P1902 2 0.043 18P1786 2 0.117
03P0926 2 0.374 08P0784 2 0.370 13P0179 2 0.363 19P0128 3 0.137
03P1147 2 0.281 08P1233 2 0.171 13P0530 2 0.218 19P0363 2 0. 160
03P1356 2 0.274 08P0381 2 0.369 13P0627 2 0.299 19P0676 2 0.201
04P0604 2 0.019 08P0941 2 0.251 13P1078 2 0.364 19P0866 2 0.050
04P0619 2 0.145 08P0994 2 0.375 14P0042 2 0.296 19P0900 2 0.333
04P0720 2 0.202 08P1206 2 0.072 14P0077 2 0.019 19P1169 3 0.482
04P0736 2 0. 109 09P0140 2 0.050 14P0417 2 0.372 19P1286 3 0.399
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Marker SR oy Marker 8% o Marker 2% i Marker =254 [l

name AN PIC name AN PIC name AN PIC name AN PIC
04P0833 2 0.038 09P0222 2 0.038 14P0598 2 0.109 19P1295 2 0.038
04P0851 2 0.084 09P0314 2 0.026 14P0641 2 0.236 20P0160 2 0.323
04P0061 2 0.212 09P0516 2 0.176 14P0979 2 0.370 20P0796 2 0.038
04P0084 2 0.007 09P0816 2 0.373 14P1166 2 0.359 20P0850 2 0.177
04P0104 4 0. 190 09P0864 2 0.326 14P1209 2 0.374 20P0874 2 0.099
04P0348 2 0.166 09P0916 3 0.428 14P0760 2 0.292 20P0978 3 0.412
04P0461 2 0.375 09P1016 2 0.235 14P0811 2 0.296 20P1079 2 0.132
04P0678 2 0.026 09P1033 2 0. 146 15P0363 2 0.067 20P1095 2 0.165
04P0687 2 0.013 09P1183 2 0.110 15P0365 2 0.118 20P1139 2 0.232
04P0979 2 0.319 09P1202 2 0.273 15P0551 2 0.370 Min 2 0.007
04P1037 2 0.056 09P1208 2 0.273 15P0554 2 0.038 Max 4 0.611
05P0332 2 0.286 09P1211 3 0.533 15P0642 2 0.147 Mean 2.1 0.239

FRC a4 7 2R RS + P+ ARICR S, 15 Wang 25X . AN 2R %08 S8 PIC R 2 AVER B B85

The marker name is showed as chromosome number + P + marker code followed Wang'l“. AN Allele number; PIC: Polymorphic information con-

tent.
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Do BN PAV BRI i1 19 45 4 78 S R 22 254
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Table 3 Polymorphism of the PAV markers located in gene or non-coding sequence regions

FRicem FRic sk SN AR AR Allele number LR B &% PIC value
Marker type Marker number S Average 515 Range P-4 Average 25 Variation
FEH A Gene-based PAV 74 2.11 2~4 0.250 0.007 ~0.533
FL K [E] Non-coding region PAV 147 2.09 2~4 0.234 0.013 ~0.611
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Fig. 1 The cluster results of the 34 crosses based on the data of pedigree (a)
and PAV marker (b)
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Table 4 Contribution rate of core parents to the derived lines based on PAV markers

HE P &Y B2 AR tar 4 WU EARFRICEEAL AR F FTHR R Contribution rate of core parent /%

Cross Number of line Marker number FEMH Expected value SEPR{E Observed values SEXEL Average
N1# 5 64 50.00 43.84,58.67,70.15,71.11,74.19 63.59 +12.52
N2 4 83 50.00 42.86,52.94,54.43 ,62.67 53.22+8.13
N3 3 75 50.00 32.88,35.14,55.84 41.29 £12.66
N5 2 85 50.00 52.27,64.20 58.24 +8.43
N6 2 46 50.00 43.48,54.35 48.91 £7.69
N8 6 72 50.00 37.14,51.56,53.33,56.58,59.46,63.51 53.60 +9.13
No* 7 70 50.00 67.65,68.12,68.57,81.43,81.69,81.69,82.86  76.00 +7.40

N11# 3 65 50.00 50.00,58.67,66.67 58.44 +8.34

N12* 3 57 50.00 56.14,59.65,73.21 63.00 +9.02
E2 3 66 50.00 51.47,56.72,60.94 56.37 +4.74
E3 4 71 50.00 57.14,57.97,59.15,61.11 58.84+1.72
E4 6 64 50.00 60.32,71.93,81.54,81.82,81.82,81.82 76.54 £8.87
E5 3 70 50.00 61.11,62.50,63.08 62.23 +1.01
E6 4 57 50.00 44.64,80.85,80.95,80.95 71.85+18.14
E7 4 85 50.00 55.95,67.47,68.24,68. 60 65.07 £6.09
E9 2 74 50.00 54.22,57.81 56.01 +2.54
Y1# 6 77 50.00 60.26,61.84,72.73,76.62,76.62,77.63 70.95 £7.87
Y7* 4 82 50.00 45.78,48.75,48.78,50.62 48.48 £2.00
Y8# 2 44 50.00 30.43,38.10 34.27 £5.42
Y9 3 77 50.00 42.47,50.00,53.85 48.77 £5.79
Y10 2 68 50.00 35.82,47.06 41.44 +7.95
Y1l 4 42 50.00 41.67,43.48,56.10,58. 14 49.85 +8.47

Y12# 4 65 50.00 65.63,70.69,72.97 69.76 +3.76
N7 ¢ 7 28 25.00 50.00,50.00,56.25,58.33,59.26,65.52,70.37  58.53 £7.53

N10® 3 43 43.75 39.47,45.65,50.00 45.04 £5.29
Y2# 2 29 25.00 25.64,26.32 25.98 +0.48
Y3 $ 2 27 25.00 60.71,65.38 63.05 +3.30
Y5 $ 3 42 25.00 33.33,55.00,58. 14 48.82 £13.51
Y6 * 3 31 25.00 46.88,46.88,51.72 48.49 +2.80

FRRZA B P EARE A P =G

The cross with the * represents the core parent was used as male parent; ® indicates a three-way cross.
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