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Update:  Selection and evaluation of panels of Simple Sequence Repeat (SSR) loci 
 
1. The American Seed Trade Association (ASTA) has identified a set of simple sequence 
repeat (SSR) loci that can help in the determination of essentially derived varieties (EDV) 
status in maize (http://crop.scijournals.org/content/vol50/issue2_Pages 486-503.) 
 
2. A final set of 285 SSR loci was selected based on informativeness (expected 
heterozygosity), genome distribution, and scoring ease of the markers that can be run on an 
inexpensive agarose gel based system.  In order to gain efficiency in use of the SSR panel a 
subset of 150 SSR loci was selected using the same criteria to select the 285 set.  The 
150 SSR set was designated core set 1 and the additional 135 could be used if necessary.  The 
complete 285 SSR panel is available on the ASTA web site 
(http://www.amseed.org/news_srr.asp). 
 
3. The French Maize Breeders (Union Française des Semenciers (UFS), formerly 
SEPROMA) has also designated a core set of 163 SSRs to help determine EDV status. These 
SSRs have been selected to be run on a more discriminative capillary sequencing system. 
 
  
Evaluation of Single Nucleotide Polymorphisms (SNPs) for genetic similarity in maize 
(Zea mays L.) 
 
Introduction 
 
4. Laboratories are now moving to the use of bi-allelic SNP markers in maize. It is 
therefore necessary to begin an evaluation of SNP loci for their potential utility in helping to 
determine EDV status. Initial issues to be addressed include the numerical range of numbers 
of SNPs required, and selection criteria such as level of informativeness and genomic 
coverage. We report upon those here. 
 
Materials and Methods 
 
5. Aliquots of the same DNA from the 98 inbreds profiled with the 285 ASTA SSRs were 
profiled with a 768 set of public SNPs previously reported on by Jones et al., (2009).  Quality 
control (QC) was performed on the data set and markers with >10% heterozygotes or scored 
in <70% of the inbreds were removed.  Inbreds were removed if they contained 
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>10% heterozygotes or had <70% of the SNP loci scored. These QC steps resulted in an 
initial SNP set of 601 loci with 80 of the 98 ASTA inbreds and 26 of the 30 SEPROMA 
inbreds.  Further subsets of the 601 SNP loci were selected to evaluate the impact of SNP 
number of coefficient of variation and similarity.  The basis for SNP selection was to retain a 
high level of  informativeness (expected heterozygosity) and also to retain even genome 
coverage.  The second subset removed any loci not mapped or not informative resulting in a 
set of 447 loci among the 80 inbreds.  A 306 subset was selected from the 447 set by 
removing markers mapped to the same location while retaining the most informative markers. 
Subsequent sets of 204, 83, and 42 loci were selected while maintaining or increasing mean 
expected heterozygosity and, although with increased mean genetic distance between loci, 
maintaining even genome coverage. 
 
6. We utilized the coefficient of variation (CV) comparison reported by 
Van Inghelandt et al. (2010) for comparison of marker type and number.  For a further basis 
of comparison to the SNP sets selected for informativeness and genome coverage, random 
SNP sets of the same size were selected beginning with the 601 set.  Each marker set was 
bootstrapped 1,000 times using the Resample module in NTSYSpc version 2.21 
(Rohlf, 2009).  Roger’s distances were calculated in the Genetic Distance module, mean and 
standard deviation of bootstrapped Roger’s distances were computed in the Summary module, 
then extracted and CVs computed for each inbred pair.  CVs of each inbred pair were then 
averaged across each marker set for comparison.   
 
7. To assess correlations between marker data sets and genetic conformity, 
Roger’s distance matrices were converted to inbred pair format to compare relationships 
between pedigree relatedness, SSR, and SNP distance data sets.  Cluster analysis on each data 
set was performed using the un-weighted pair group method with arithmetic average 
(UPGMA) in the SAHN module of NTSYSpc.  
 
Results 
 
8. Expected heterozygosities generally increased from 0.35 for the 601 SNP set to 0.48 for 
the 83 and 42 sets (Table 1).  Results were similar for the 26 subset of inbreds previously 
selected by SEPROMA for the SSR study (Table 1).   
 
Table 1. Expected heterozygosities among 80 inbreds and the 26 inbred subset. 
 
Marker Set Average (range) expected 

heterozygosity for 
80 inbred set 

Average (range) expected 
heterozygosity for 
26 inbred sub-set 

150 ASTA SSR 0.53 (0.03 – 0.79) 0.49 (0.00 – 0.80) 
163 SEPROMA SSR  NA 0.65 (0.00 – 0.88) 
601 SNP 0.35 (0.00 – 0.50) 0.34 (0.00 – 0.50) 
447 SNP 0.38 (0.03 - 0.50) 0.37 (0.00 - 0.50) 
306 SNP 0.41 (0.03 – 0.50) 0.39 (0.00 – 0.50) 
204 SNP 0.41 (0.03 – 0.50) 0.40 (0.00 – 0.50) 
83 SNP 0.48 (0.30 – 0.5)  
42 SNP 0.48 (0.34 – 0.5)  
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9. Cluster analysis with SSR sets showed associations consistent with known pedigrees 
(Kahler, et al., 2010).  With the 306 SNP set, all inbreds were clearly distinguished and 
revealed similar associations (Figure 1).  
 
Figure 1.   Associations among inbred lines revealed the following multivariate analysis of 
Roger’s distances computed from the 306 SNP subset. 
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10. CV values for each SNP set are shown in Figure 2.  As the number of SNPs in a set is 
increased, then, with these 80 inbreds, CVs decreased with the lowest value at 601 SNPs.  
Subsets of SNPs were selected for both high informativeness and even genome coverage. 
These subsets resulted in lower CVs than the randomly chosen sets of SNPs; differences 
became more marked as the number of SNPs further decreased.  Results were very similar 
using the 26 inbred subset (data not shown). 
 
Figure 2. CVs of genetic distances for sets of SNPs with sub-sets being selected for genome 
distribution and high informativeness (open diamonds) or randomly selected (closed 
squares). CV values for two standard SSR sets of markers are represented by dashed lines: 
the ASTA set of SSRs (CV of 0.057) with short dashes, and the SEPROMA set of SSRs (CV of 
0.048) with long dashes.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11. Correlations between Roger’s distances of the various SSR and SNP sets are shown in 
Table 2.  Data are only reported for the data sets that had CV values performing at or better 
than those of the SSR sets, thus only the 204 and greater sets were examined for correlations.  
We focused on more related materials by limiting pairs to those with at least a 0.25 coefficient 
of pedigree relatedness (maximum = 1.0).  The highest correlation among the 80 inbreds for 
the ASTA 150 core set of SSRs was with the 306 SNP set.  The highest correlations among 
the 26 inbred subset for the ASTA core set of SSRs was with the 204 SNP set, although very 
similar to the 306 set.  The SEPROMA 163 SSR core set was best correlated with the 
204 SNP set.  In general, correlations were consistently higher for the SEPROMA SSR core 
set than for the ASTA SSR core set. 
 

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 100 200 300 400 500 600 700

C.
V.

 o
f G

en
et

ic
 D

is
ta

nc
es

Number of SNP Markers



BMT/12/14 
page 6 

 
Table 2.  R2 (coefficient of determination) values for correlations of inbred-inbred genetic 
distances calculated with different marker sets. Only inbred pairs with > 0.25 pedigree 
relatedness (Malecot’s) were included in the analysis.  R2 values for the 80 inbred analyses 
are in the upper right of the matrix and for the 26 inbred sub-set are in the lower left of the 
matrix. Only the 26 inbred sub-set was profiled with the 163 SEPROMA SSR set; information 
is therefore not available for correlations involving 80 inbreds for this set of SSRs.  
 

 MALECOT 
150 ASTA 
SSR 

163 
SEPROMA 
SSR 

601 
SNP 

447 
SNP 

306 
SNP 

204 
SNP 

MALECOT    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 0.80    NA  NA  NA  NA 
601 SNP 0.49 0.56 0.75   0.98  0.96  0.92 
447 SNP 0.52 0.61 0.80 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   

 
Discussion 
 
12. ASTA and SEPROMA have designated core sets of SSRs that can be used to help 
determine EDV status. 
 
13. Laboratories are now moving to the use of bi-allelic SNPs. It is therefore necessary to 
begin an evaluation of SNP loci for their potential utility in helping to determine EDV status. 
Initial issues include determining a numerical range of numbers of SNPs that will be required 
and criteria such as level of informativeness and genomic coverage.  Only then can the next 
issue of determining SNP based thresholds of genetic similarity be appropriate to help 
determine EDV status be usefully examined. 
 
14. In order to help contribute to the first issue we have demonstrated that SNP profiles in 
maize meet two key criteria required for a marker system to be able to identify and to usefully 
characterize inbred lines. These are 1) high discrimination ability and 2) the ability to show 
associations which reflect known pedigree backgrounds. 
 
15. An initial basis for comparison were genetic similarities and associations among inbred 
lines shown using the SSR sets designated by ASTA and by SEPROMA.  The SNP sets that 
correlated most closely to either of these SSR sets were the 204 and 306 sets of SNPs.  We 
also examined CV of genetic similarities in relation to the number of SNP loci that were used 
in those computations. We found that CV values decreased as the number of SNPs increased.  
The 150 ASTA and 163 SEPROMA SSR sets had Roger’s distance CV values of 0.057 and 
0.048 respectively, which were equivalent to distance CVs found for 204 and 306 SNP sets. 
In contrast, Van Inghelandt et al. found CV values based on modified Roger’s distances using 
150 SSRs to be lower at roughly 0.03, which was equivalent to genetic distance CVs around 
800 SNPs.  The difference in our observations and Van Inghelandt et al. could be related to 
informativeness as selection criteria of the SNP sets.  Our observations show that SNP sets 
selected on the basis of both high informativeness and maintaining even genome coverage 
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showed an increasing advantage in CV value over randomly selected SNPs as SNP number 
per set declined from the 601 set.  The overall utility and efficiency (in terms of laboratory 
use) of a SNP set improve when consideration is given to both high informativeness (expected 
heterozygosity) and maintaining even genome coverage as components of selection. 
 
Future Experiments 
 
16. Illumina has developed a SNP chip of 60,000 public SNPs.  This chip provides very 
high density resolution in comparisons of inbreds.  We anticipate that future studies to 
evaluate the role of genetic similarity data obtained from comparisons of SNP profiles to help 
determine EDV status in maize will utilize this SNP chip. These studies will likely include to 
compare SNP profiles of inbred lines already used in EDV studies, additional sets of very 
closely related inbred lines, and comparisons with SSR and pedigree data. 
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