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Peru, 2008 The World’s #1 Crop - 91 M U.S. Acres 



The Other Members of the Top 10 

World Crops 

Wheat 

Rice 

Potatoes 

Cassava 

Soybean 

 

Sweet Potatoes 

Sorghum 

Yams 

Plantains 



DEMAND FOR NPGS GERMPLASM AND INFORMATION VS. 

NPGS BUDGET 
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NPGS Web Page Access 
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Germplasm Distribution 
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NPGS Annual Budget 

Courtesy of P.K. Bretting, 2012 
Courtesy of P.K. Bretting, 2012 

Courtesy of P.K. Bretting, 2012 



Use of the Collections  

• Trait evaluation and extraction 
Morphological, agronomic, horticultural and quality 
Biochemical, molecular 
Aesthetic 

• Varietal improvement and crop development 
• Industrial applications 
• Genomic and genetic investigations 
• Taxonomic research 
• Other basic and applied research 
• Education and outreach 
• Repatriation 



NCRPIS Holdings – October, 2012 

52,075 Accessions – 1,925 Taxa 

Carrot 
2.33% 

Cucurbits 
9.93% 

Ornamentals 
5% 

Umbels 
1.59% 

Amaranth 
5.67% 

Sweet Clover 
1.70% 

Millets 
3.81% 

Maize 
47.64% 

Medicinals 
0.82% 

Crucifers 
5.19% 

Cuphea 
1.08% 

Sunflower 
7.14% 

Flax 
5.08% 

Parsnips 
0.14% 

Chicory 
0.48% 

Basil 
0.16% 

Mints 
0.20% 

Asters 
0.53% 

Euphorbia 
0.35% 

Wild flax 
0.26% 

Grasses 
0.20% 

Legumes 
0.38% 

Quinoa 
0.40% 

Celosia 
0.08% 

Spinach 
0.68% 

Perilla 
0.04% 

Other 
3.90% 



Genebank Site  Count  

% of NPGS  

Holdings 

% of NPGS 

Distributions** 

Avg Annual 

Distributions** 

National Small Grains 

Collection  
139,941 26 24.4 36,626 

Plant Genetic Resources 

Conservation Unit, Griffin, 

GA  

91,843 17 17.7 26,508 

Western Regional PI Station  89,144 16 16.4 24,687 

North Central Regional PI 

Station  
51,576 9 16.7 25,005 

Total – 4 Sites 380,014 69 75.2 112,826 

 

Total - All NPGS Sites (20) 

 

543,863 

 

100 
100 150,095 

* November, 2011 data – 
excludes genetic stocks data 

** 2005 - 2010 Data 

Genebank Site  Count  % of NPGS Holdings 

% of NPGS 

Distributions** 

Avg Annual 

Distributions** 

Maize Genetic Stock Center  7,510 1 58.7 10, 186 

Plant Germplasm Accessions by NPGS Site * 

Although the NCRPIS holds about 9% of NPGS accessions, it accounts for 

16.7% of annual distributions.  Of these, 40-50% are maize germplasm. 



y = 304.54x + 17259 
R² = 0.9117 

y = 251.74x + 10838 
R² = 0.9927 

10,000 

12,000 

14,000 

16,000 

18,000 

20,000 

22,000 

24,000 

01' 02' 03' 04' 05' 06' 07' 08' 09' 10' 11' 

Total Accessions 

Available 

Linear Trend (Total Accessions) 

Linear Trend (Available) 

Maize Collection Holdings and Availability 
October 1, 2011 Status 



Comparison of Collection and Distribution Groups 



Researchers frequently want…. 

• Linked genomic and phenotypic information 
 
• Ability to determine value of alleles, including 

cryptic alleles, haplotypes 
 
• Access to standardized information 
 
• Access to descendant germplasm populations 



Key Challenges 

• Fulfilling the demand for additional germplasm 
characterizations/evaluations 

• Managing large collections 

• Understanding the composition of the collections 

• Facilitating utilization by providing useful quality 
information 

 

Courtesy of P.K. Bretting, 2012 



From this point through slide 35, 

most slides were developed by 

Cinta Romay for: 

Maize inbred lines at the NCRPIS*: 

a great public resource to explore 

maize genetics 

M. Cinta Romay; Mark Millard; Zhiwu 
Zhang; Jason A. Peiffer; Jeffrey C. 
Glaubitz; Sharon E. Mitchell;  Sherry 
Flint-Garcia; Michael D. McMullen; 
James B. Holland; Edward S. Buckler; 
Candice Gardner 
 

Maize meeting  2012 
* PI Station in Ames, IA 



Objectives: 

• Evaluate the genetic diversity present at the entire 
USDA maize inbred lines collection 
▫ Confirm germplasm identity and help curational 

management 

▫ Identify additional materials that could be requested to 
improve the collection 

• Understand population structure across the genome 
and subgroups of germplasm 

• Evaluate the use of the collection and GBS markers for 
genome-wide association studies 

• Facilitate targeted use of the collection 



The germplasm: Ames inbred panel 
TOTAL: 2,812 unique taxa (2,711 from the USDA collection in Ames, IA) 

Includes different breeding materials: 
• 213 ExPVP    
• 212 GEM (Genetic Enhancement of Maize) 
• 179 classified as Stiff Stalk 
• 187 classified as Non-Stiff Stalk 
• 141 sweet corn 
• 80 popcorn 
• 402 from tropical origin 

Different breeding origins: 
• 31 different countries (USA, Spain, Mexico, 
Thailand, China, Nigeria, etc.) 
• 35 different US states 
• Almost a century of breeding efforts 



Phenotypic Data  

Locations: 
- 2010 – Geneva, NY, Columbia, MO, and Raleigh, 
NC locations (Ames destroyed by storms) 
-2011 – Ames, IA (2 reps) 
Traits from all locations: 
GDUSHD, GDUSLK, ASI, Plant ht, Ear ht, Number 
of Nodes, Number of Nodes to Ear & Above Ear 
Traits from Ames: 
Shank length, Shank node #, # Husk Leaves, Husk 
Extension, # kernel rows, ear length, ear 
diameter, kernel row orientation, cob color, etc. 



Billions of good reads 

Process  through 
GBS reference 

genome pipeline 

The tool: Genotyping By Sequencing (GBS) 

681,257 SNPs  
Filtered with GBS Hapmap filters 

(Site and Taxa coverage, 
Heterozygosity and local LD) 

• SNP discovery based on sample of ≈22,000 Zea taxa  
• 14% of tags are too repetitive  
• Millions of frequent tags genetically map 

Run on Illumina  

Digest DNA with RE ApeKI 
96-plex 

(Elshire et al. 2011) 

GBS discovers low frequency alleles that can be mapped 
There is some B73 bias due to the use of reference genome   



GBS explains the genetic variation among 

the 2,812 maize inbreds 

Principal Coordinate Analysis of the maize inbreds using information from GBS markers 

Tropical 
Landraces 

Non-Stiff Stalk 

Sweet corn 

Popcorn Stiff Stalk 



Some historical inbreds create clusters 

with more than 10 lines 

Network of inbreds more than 0.96 IBD 

B73 

Mo17 

B37 

Oh43 

A632/B14 

A619 

Wf9 

PH207 

P39 

N545 

687 lines have at 
least one BC4-like 
relation 
 



B73 is closely related to more than 50 

other inbreds 

Network relations for inbreds more than 0.96 IBD with B73 

GBS relations 
can help 
identify 
errors 



Most SNPs are rare in the Ames inbred panel 

Ames 

How are alleles distributed? 

573,159 SNPs 

SNP distribution across 2,709 lines 

MAF  Prop of SNPs 

<1% 24% 

1% to 5% 28% 

5% to 10% 12% 

>10% 36% 



Goodman association panel is a good subsample of 
the whole Ames panel 

How are alleles distributed? 

SNP distribution across 2,709 lines vs. 282 lines in the association panel 

Material  # Taxa Prop of SNPs 

Assoc. panel 282 76% Ames 

Assoc. panel 

76% 



With a small sample NAM captures over a half of 
overall diversity 

How are alleles distributed? 

SNP distribution across 2,709 lines vs. 282 lines in the association panel and NAM parents 

Material  # Taxa Prop of SNPs 

Assoc. panel 282 76% 

NAM + Mo17 27 60% 
Ames 

NAM 

60% 

Assoc. panel 



Tropical inbreds captures the most allelic 
diversity  

How are alleles distributed? 

SNP distribution across 2,709 lines vs. 402 lines with tropical origin 

Material  # Taxa Prop of SNPs 

Tropical 402 77% 
Ames 

Tropical 

77% 



Non-Stiff Stalk have a substantial bottleneck 

How are alleles distributed? 

SNP distribution across 2,709 lines vs. 187 lines classified as Non-Stiff Stalk 

Material  # Taxa Prop of SNPs 

Non-Stiff Stalk 187 50% 
Ames 

50% 

Non-Stiff Stalk 



Stiff Stalk is the group with the strongest  
bottleneck 

How are alleles distributed? 

SNP distribution across 2,709 lines vs. 187 lines classified as Non-Stiff Stalk and 179 classified 
as Stiff Stalk 

Material  # Taxa Prop of SNPs 

Non-Stiff Stalk 187 50% 

Stiff Stalk 179 43% 
Ames 

Stiff Stalk 

39% 

4% 

Non-Stiff Stalk 

Modern breeding has focused on working with 
common alleles 

+20/30% 



USA and Canada public breeding programs have 
done a good job adding diversity to those groups 

How are alleles distributed? 

Ames 

N.A. public 
breeding 

83% 

Material  # Taxa Prop of SNPs 

N.A. public 1484 83% 

SNP distribution across 2,709 lines vs. 1484 USA and Canadian lines from public breeding 
programs  (GEM, NC breeding program, etc.) 



But a modest amount of available diversity 
has been commercially exploited 

How are alleles distributed? 

Ames 

N.A. public 
breeding 

ExPVP 

45% 

Material  # Taxa Prop of SNPs 

N.A. public 1484 83% 

ExPVP 213 45% 

SNP distribution across 2,709 lines vs. 1484 N.A lines from public breeding programs and 
213 ExPVP 



PH207 

B73  

Mo17 

Network relations for inbreds sharing more than 90 % of SNPs 

Oh43 

How are alleles distributed? 

Breeding has pushed alleles apart   

ExPVPs from different 
companies form 
clusters around 4 
inbreds 
 



Allele distribution between 3 main 
heterotic pools 

Iodent (46) 

Non-Stiff Stalk (46) 
Stiff Stalk (73) 

30% 

11% 

9% 
10% 

7% 

18% 14% 

How are alleles distributed? 

70% of alleles are not 
shared between groups 

Breeding has pushed alleles apart   



How are alleles distributed? 

Average genetic distances within groups of germplasm 

???????? 



Fig.1. Distribution of number of SNPs found in 1 Mb 

windows across the 10 maize chromosomes.  Centromere 

positions are showed in black. 



Conclusions 

• Ames panel captures an important slice of rare 
alleles 

• Temperate materials, specially ExPVPs,  only capture 
a modest amount of the available diversity. Tropical 
inbreds, landraces and Teosinte can be added to 
increase diversity 

• GBS data can assist with curational management 



Goals:  Application of Technology to 

Identification and Capture of Valuable Allelic 

Diversity 

Phenotyping 
Genotyping 
 GBS 
 Resequencing 
Association analysis  
GWAS 
 
Bioinformatics 
 
Leveraging  information across platforms 
 



The germplasm: Ames inbred panel 
TOTAL: 2,812 unique taxa (2,711 from the USDA collection in Ames, IA) 

Includes different breeding materials: 
• 213 ExPVP    
• 212 GEM (Germplasm Enhancement of Maize) 
• 179 classified as Stiff Stalk 
• 187 classified as Non-Stiff Stalk 
• 141 sweet corn 
• 80 popcorn 
• 402 from tropical origin 

Different breeding origins: 
• 31 different countries (USA, Spain, Mexico, 
Thailand, China, Nigeria, etc.) 
• 35 different US states 
• Almost a century of breeding efforts 

C. Romay, 2012 



Maize Curator Develops Query Method 

for Studying Relationships between 

Inbred Lines 



Cinta Romay provided a divergence 

matrix based on hundreds of thousands 

of SNP loci to Curator Mark 

Millard.  The value is a % different 

SNPs based on good reads. 

 





That data was just too hard to handle so he 
made an entry list table and then created a 
mapping table that had this value in 
it.  Those two tables looked like this.  The 
germplasm1_id and germplasm2_id have 
the snp_entry_id in them. 

 







He then 
created a 
SQL 
Server 
view that 
looks like 
this: 



Germplasm
1 Like   %27126%   

Germplasm
2 Like   %%   

Divergence 
>=   0   

Similarity 
<=   1   

Then he created an ODBC (open database connectivity) 
connection to the database with Excel.  The top allows 
entry of parameters that the spreadsheet below then 
presents. 
 



germplasm1 germplasm1_id germplasm2 germplasm2_id 

diver
genc
e 

simila
rity 

Ki43_Ames2712
6_12393 825 Ki43_282 2007 

0.006
4948 

0.993
505 

Ki43_Ames27
126_12393 825 

Ki43_Ames27126
_04ncai01_SD 824 

0.007
2390 

0.992
760 

Ki43_Ames2712
6_04ncai01 824 

Ki43_Ames271
26_12393 825 

0.007
2390 

0.992
760 

Ki43_Ames2712
6_04ncai01 824 Ki43_282 2007 

0.009
1088 

0.990
891 

Ki43_Ames2712
6_04ncai01 824 Ki43_282 2008 

0.010
2069 

0.989
793 

Ki43_Ames2712
6_12393 825 Ki2021_282 1996 

0.119
2408 

0.880
759 

Ki43_Ames2712
6_04ncai01 824 Ki2021_282 1996 

0.119
4020 

0.880
597 

Ki43_Ames2712
6_04ncai01 824 

CML481_CML4
81_Krakowksy 1608 

0.120
5745 

0.879
425 



Understanding how Useful Diversity was Captured 

Wf9    Indiana Station strain of Reid Yellow Dent 

W64A   Wf9 x C.I.187-2 

 

R222   (W64A x Ht1B)  W64A BC3 

R222A    (W64A x Ht1B) W64A BC3 

 

SD41   SDp309 x W64A 

SD60   White conversion of W64A using SD316W  

 

AusTRCF 306335 {W64Abm3 x Gn32}-1-1-1-1-1  

C.I. 187-2  Krug 

K63   Pride of Saline 

SDp309  SDp236 X K63 

SD316W  SDp236 x K63 

SDp236M  Fulton Yellow Dent 







Schema considerations to handle SNP data and 
curatorial/public use of this data: 
- add a second inventory_id link in the 
crop_trait_observation table in order to make the 
crop_trait_observation table sort of a mapping table.   
  
- if GRIN could handle all the datapoints on the SNPs and 
had enough computing power then the similarity could 
be calculated on the fly.  This table is pretty snappy to 
query.  Computing power required to do it on the fly? 
  
The 1,000 year plan would be to have this capability to 
get similarities across all traits, phenotypic, genotypic, 
geographic, etc. 

 



John Doebley lab website: 
 

a We obtained three separate and conflicting pedigrees for M14 
(a.k.a. Gn2; Don Duvick and Stan Jensen from Pioneer both indicated 
that Gn2 was derived from M14).  (1) According to Bob Lambert at 
the University of Illinois (and Clarion Henderson of Illinois Foundation 
Seeds and Gerdes et.al., 1993), the pedigree is BR10 X R8, where 
BR10 is from Funk's Yellow Dent and R8 is from Texas Surecropper.  
(2) According to Tom Gocken at DeKalb, the pedigree is Lancaster X A, 
where A is a line from Funk's Yellow Dent.  (3) According to records at 
Pioneer Hi-Bred, the pedigree is Lancaster X B21, where B21 is Fe2 X 
Steen 665.  Ralph Hart of Moews Hybrids (Ben Moews developed 
M14 in the early 1930's) says that their existing records do not go 
back past 1966.  Pioneer acquired Gn2 from Charlie Gunn of DeKalb 
Agricultural Research in 1935.  DeKalb's records of it go back to 1932 
(Tom Gocken, personal communication). 
 



Conclusions 

• The germplasm conserved at the PI Station in Ames 
combined with GBS information is a great resource 
to study the genetic architecture of quantitative 
traits as well as identify unique/similar accessions 
and resolve curatorial issues 

• GBS data can be used to choose inbreds for different 
projects and help with the development of future 
breeding programs 



For the future there is a huge world of 

extensive diversity  to explore 

 

 

 

Landraces 

Teosinte 



When and where? 

To obtain maize and/or wild Zea  germplasm, contact: 

Mark Millard  (Maize Curator) 
North Central Regional Plant Introduction Station (NC7) USDA/ARS & Iowa State University  
State and Mortensen Rd.  
Ames, IA 50011  
E-Mail: Mark.Millard@ARS.USDA.GOV 

GBS data will be publicly available following publication of 
results.   Visit: http://www.panzea.org 

mailto:Mark.Millard@ARS.USDA.GOV (Mark Millard)
http://www.panzea.org/
http://www.panzea.org/


• Buckler Lab: 
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