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Standards for helping to 
determine EDV status in maize 

using SSRs and future prospects 
using SNPs

Barry Nelson, Elizabeth Jones, Alex Kahler, Jonathan 
Kahler, Steve Thompson, Ron Ferriss, Mark Mikel, and 

Stephen Smith

American Seed Trade Association
Corn Variety Identification Sub-Committee

 
 

 

 

Selection and evaluation of panels 
of SSR loci

ASTA (American Seed Trade Association) have selected a set of 
285 SSR loci for EDV

Selection based on:
Genetic conformity
Expected Heterozygosity (informative)
Genome coverage
Scoring ease using an inexpensive assay

150 sub-set (Core Set 1) for efficiency, additional 135 use as needed.
Published in Crop Science

Kahler, A.L., J.L. Kahler, S.A. Thompson, R.S. Ferriss, E.S. Jones, B.K. 
Nelson, M.A. Mikel, and S. Smith. 2010. North American Study on Essential 
Derivation in Maize: II. Selection and Evaluation of a Panel of Simple 
Sequence Repeat Loci.  Crop Sci 50: 486-503. 

285 marker set posted on ASTA web site (www.amseed.org)
UFS (French Maize Breeders, formerly SEPROMA)

selected a set of 223 SSR with a core set of 163 for EDV
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Evaluation of SNPs for genetic 
similarity in maize

Maize breeders are moving to SNPs
Throughput 
Cost efficiencies

Necessitates the need to evaluate SNP utility in 
EDV

Objective
Evaluate SNP’s for potential use in EDV

Considered a “primary step” before EDV thresholds could 
be determined

Genetic associations with pedigree relatedness and SSRs
Number of SNPs necessary

 
 

 

 

Inbreds Used

98 inbreds selected by ASTA members
Public sources

Public material
Off-PVP

Same material used in SSR panel evaluation
30 inbred sub-set profiled with SEPROMAs 
163 core set

Reduced inbred set due to cost
Maintained diversity of 98 inbred set.
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Marker Sets
-SSR Sets and SNP Assay

SSRs
150 ASTA public set
163 SEPROMA SSRs

SNPs
Started with 768 public set

Profiled by Pioneer
Aliquots of same DNA used for published SSR panel
Illumina GoldenGate® assay

Data subject to quality control steps
Thresholds for both inbreds and markers

10% hets
70% data coverage

80 of the 98 inbreds used in analysis
26 of 30 SEPROMA sub-set

 
 

 

 

Marker Sets
-SNP Set Selections

6 Subsets evaluated
601 Set

Passed quality control
447 Set

Removed unmapped and expected heterozygosity = 0
306 Set

Removed loci mapped to same location, retaining highest 
expected heterozygosity

204 Set
Removed loci mapped within 10 cM of another, while maintaining 
genome coverage & previous expected heterozygosity average

Maintain genome coverage (with increasing 
intervals between loci) & previous expected 
heterozygosity average

83 Set
42 Set
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Marker Sets
-Expected Het. & Genome Coverage

Marker Set Average (range) 
expected 
heterozygosity for 
80 inbred set

Average (range) 
expected 
heterozygosity for 
26 inbred subset

Genome coverage 
(%)

Average (range) 
marker distances 
(cM)

150 ASTA SSR 0.53
(0.03 – 0.79)

0.49
(0.00 – 0.80)

89.0 47.2
(0-196.0)

163 SEPROMA SSR NA 0.65
(0.00 – 0.88)

88.2 44.1
(0-206.1)

601 SNP 0.35
(0.00-0.50)

0.34
(0.00-0.50)

88.4 15.1
(0-112.8)

447 SNP 0.38
(0.03-0.50)

0.37
(0.00-0.50)

88.4 15.1
(0-112.8)

306 SNP 0.41
(0.03-0.50)

0.39
(0.00-0.50)

88.0 22.3
(0.2-117.8)

204 SNP 0.41
(0.03-0.50)

0.40
(0.00-0.50)

87.2 33.7
(6.4-117.8)

83 SNP 0.48
(0.30-0.5)

0.46
(0.15-0.50)

83.5 89.5
(13.8-240.3)

42 SNP 0.48
(0.34-0.5)

0.47
(0.28-0.50)

74.6 186.7
(44.6-408.8)

 
 

 

 

Map Coverage for 306 SNP Marker Set 
Based on IBM2 2008 Map

PHM175.25
PHM2244.142
PHM7935.15
PHM4997.11
PZA00181.2
PZA00566.5
PHM1653.31
PHM13619.5
PHM3226.15
PHM18887.12
PHM3951.25
PHM3726.129
PHM11000.21
PHM4913.18
PHM12323.17
PHM2130.29
PHM574.14
PHM1950.71
PHM5481.94
PHM5306.16
PHM4185.17
PZA02763.1
PHM12633.15
PHM3463.18
PHM1725.34
PHM4695.5
PZA02577.1

PHM5622.21

PHM5727.5

PHM5597.15
PHM3627.11
PHM12706.14
PHM3690.23
PHM15871.11
PHM12693.8
PHM4942.12

PZA00381.3
PHM4926.16
PZA00137.2
PZA03064.6
PHM14475.7

PZA00030.11

PHM595.30
PHM3563.17
PHM18705.23

PHM13191.8
PZA00276.18
PZA02359.10
PHM1275.22
PHM9807.9
PHM673.33

1

PHM13440.11
PHM1511.14
PHM5535.8
PHM6552.113
PZA00396.9
PHM3334.6
PHM12952.13
PHM5628.11
PZA00200.8
PHM12979.9
PHM5822.15
PZA00108.12
PHM4425.25
PHM4586.12
PZA02058.1 PHM4780.38
PHM10404.8
PHM3457.6
PHM3626.3
PHM883.16
PHM13360.13
PHM13648.11
PZA01537.2
PZA01280.2
PHM635.23

PHM3055.9
PZA02731.1 PHM3668.12
PZA00725.4

PZA00163.4

PZA02266.3
PZA02727.1

PHM3094.23

2

PHM4259.5

PHM12859.10
PHM15475.27

PZA01765.1
PHM4204.69

PHM4145.18
PHM2766.14
PHM13823.7
PZA02589.1
PZA00627.1
PZA00109.3

PZA02299.16
PHM1745.16

PHM4955.12
PHM9914.11
PHM2885.31
PHM4621.57
PHM1959.26

PHM13673.53
PZA02122.9
PZA00892.5
PHM3688.14
PHM8828.7

PHM3342.31

PZA02824.4
PHM2672.19
PZA00817.2
PZA00234.19
PHM3852.23
PHM2423.33
PHM13174.18

3

PZA03013.7
PHM1971.20
PHM1184.26
PHM14235.15
PHM2438.28
PHM3301.28

PHM259.11
PHM8527.2
PHM687.25
PZA00078.2

PZA03043.14
PHM15427.11
PZA00125.2
PHM3587.6
PHM14055.6
PZA00311.4
PZA00663.5
PZA00057.2

PZA00453.2
PHM3155.14
PZA01477.3
PZA01187.1
PHM3637.14

PZA00941.2

PZA00193.2
PZA01810.2
PZA01332.2
PZA00399.10

PHM5599.20

PHM5665.26
PHM2100.21
PZA00005.5
PHM4310.112

PZA00682.2

4

PZA01887.1

PHM14671.9
PHM15223.38
PZA02462.1
PHM3137.17
PHM9676.10
PZA00112.4
PZA00517.6
PZA00934.2
PHM4647.8
PZA00981.3
PHM6795.4
PHM2769.43
PHM1870.20
PHM4165.14
PHM5798.39
PZA02862.10
PZA02818.10
PZA00547.6
PHM6910.187
PZA00987.1
PZA02633.4
PHM1899.157

PHM6386.11 PHM7908.20
PHM532.23
PZA02820.17
PHM3512.186

PHM4349.3

PHM3612.19
PHM2865.8
PZA02817.15
PHM13639.13

5

PHM3019.38

PHM15961.13
PZA03047.12
PHM1572.17
PHM8327.18
PHM12904.7
PHM8909.12

PZA00382.17
PHM12794.47
PHM13020.10
PZA00357.19

PZA02148.1

PZA01462.1
PHM5794.13
PHM597.18
PHM4748.16
PHM16607.11
PHM1956.90
PZA01468.1
PHM4978.27

PHM5361.13
PHM4468.13
PHM3466.69

6

PHM9241.13
PHM3078.12
PHM3676.33
PHM2691.31
PZA02872.1
PZA00256.27
PHM4080.15
PHM15501.9
PHM4353.31
PZA00132.17
PZA00084.2
PHM904.21

PZA01946.7

PHM5766.12
PHM9162.135
PZA02722.1
PZA00670.2
PHM112.8
PHM1912.20
PHM424.13

PHM3435.6

PHM7898.10

PHM5232.11

7

PHM5218.14
PZA02174.2
PHM4512.38

PHM4711.14
PHM5637.15
PHM5158.13
PHM1978.111
PHM4968.10
PHM191.18
PZA01257.1
PHM5395.34
PHM1534.45

PHM5235.8
PZA00908.2
PHM934.19
PHM5805.19
PHM10525.9
PHM5468.25
PHM448.23
PHM15744.10
PHM4677.11
PHM15278.6
PHM4757.14

PHM13493.12
PHM765.24

PHM14046.9
PHM14104.23

PHM5019.59

8

PHM3925.79

PZA00410.2

PHM11946.17
PHM1218.6
PZA01386.3
PHM5181.10
PHM4720.12
PHM5185.13

PHM697.21
PZA02861.12
PHM1871.19

PHM13183.12

PZA00060.2
PHM4905.6
PZA02397.12
PHM1599.84

PHM794.26

PHM816.29

PZA01715.1

PHM4303.16
PHM15445.25
PHM1911.173
PHM13681.12

9

PHM3631.47
PHM2828.83
PHM5740.9
PHM3765.7
PZA01451.1
PHM15331.16
PHM3922.32
PHM6822.4
PZA00562.4 PHM1155.14
PHM2770.19
PZA00337.3
PZA00400.3
PHM12625.18
PHM537.22
PZA01292.1
PHM798.24
PHM13687.14
PHM1576.25

PZA01456.2
PHM18513.156

PZA02519.7

PZA02969.9
PHM5435.25
PZA01073.1
PHM3844.14
PHM1506.23

10

0

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000

1050

1100

1150

 
 

 



BMT/12/14 Add. 
page 6 

 

 

 

98(80) Inbred / 306 SNP Associations
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Coefficient of Variation(CV) 
Comparisons

Van Inghelandt et al., (2010) used the CV of 
genetic distances to compare marker type and 
number.  

Independence from polymorphism and marker 
number factors between individual comparisons

Bootstrap analysis(1000 reps) of Rogers 
Distance in NTSYSpc version 2.21
Created randomly chosen SNP sets, same in 
number, to compare against sets selected for 
informativeness and genome coverage.
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CV Comparison (Roger’s D)

ASTA 
150 core 
set CV

SEPROMA 
163 core 
set CV
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= Expected Het & Coverage SNPs

 
 

 

 

Pairwise Correlations

Roger’s distance based
Pair distances for different marker sets 
and pedigree relatedness were 
correlated (R2)

Pedigree Relatedness
Numerous pairs are not known to be related
Inbred pairs <0.25 removed to avoid spurious 
results

 
 

 



BMT/12/14 Add. 
page 8 

 

 

 

Pairwise Correlations (R2)

Pedigree
Relatednes

s
150 ASTA 

SSR
163 SEPROMA 

SSR 601 SNP 447 SNP 306 SNP 204 SNP

Pedigree
Relatedness 0.38 NA 0.44 0.46 0.46 0.46

150 ASTA SSR 0.42 NA 0.55 0.58 0.61 0.59

163 SEPROMA
SSR 0.66 0.8 NA NA NA NA

601 SNP 0.49 0.56 0.75 0.98 0.96 0.92

447 SNP 0.52 0.61 0.8 0.98 0.98 0.95

306 SNP 0.53 0.65 0.82 0.97 0.99 0.97

204 SNP 0.56 0.66 0.82 0.95 0.97 0.98

26 inbreds

80 inbreds

 
 

 

 

150 ASTA SSR’s / 306 SNP’s

82% Similarity

EDV Zone
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163 SEPROMA SSR’s / 306 SNP’s

 
 

 

 

Summary

SNPs will be useful in EDV determination
Demonstrate high discriminating power
Accurately reflect inbred associations with known pedigrees

SNP sets selected for informativeness and genome 
coverage had lower CVs than randomly chosen sets of the 
same number of SNPs per set
204 and 306 SNP sets

Gave equivalent CVs to the 150 ASTA and 163 SEPROMA 
SSR sets
Had the best correlations to pedigree relatedness and SSR 
distances
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Future Experiments

SNP chip development
Illumina has developed 60,000 public SNP 
chip
Leverage for SNPs in EDV with

Established EDV SSR sets
Inbred sets
Additional closely related material in EDV 
similarity zones
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