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The Other Members of the Top 10
World Crops

Wheat Sweet Potatoes
Rice Sorghum
Potatoes Yams

Cassava Plantains

Soybean



DEMAND FOR NPGS GERMPLASM AND INFORMATION VS.
NPGS BUDGET

NPGS Web Page Access Germplasm Distribution NPGS Annual Budget
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Use of the Collections

 Trait evaluation and extraction
“*Morphological, agronomic, horticultural and quality
*sBiochemical, 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

Parsnips
0.14%

Crucifers Chicory
5.19% 0.48%

Cuphea Basil
1.08% 0.16%

Sunflower Mints
7.14% 0.20%

Medicinals
0.82%

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%

Maize
47.64%

Millets
3.81%
Sweet Clover

1.70% Ornamentals Perilla

Amaranth 5o 0.04%
5.67%



Plant Germplasm Accessions by NPGS Site *

% of NPGS % of NPGS Avg Annual
Genebank Site Count Holdings Distributions**  Distributions**
National Small Grains
Collection 139,941 26 24.4 36,626
Plant Genetic Resources
Conservation Unit, Griffin, 91,843 17 17.7 26,508
GA
Western Regional PI Station 89,144 16 16.4 24,687
North Central Regional Pl
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 130k
* November, 2011 data —
excludes genetic stocks data
** 2005 - 2010 Data
% of NPGS Avg Annual
Genebank Site Count % of NPGS Holdings  Distributions**  Distributions**
Maize Genetic Stock Center 7,510 1 58.7 10, 186

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

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




Maize Collection Holdings and Availability

October 1, 2011 Status




Zea Accession Types FY 2011

Populations
17,086
83%

Inbreds
2,503
12%

Zea Non-Maintenance Distributions FY 2011

NON-PVP
Inbreds
8,775
50%

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
* P| 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

ldentify 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, |A)

Includes different breeding materials:
e 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
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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.



N
The tool: Genotyping By Sequencing (GBS)

Run on lllumina Billions of good reads

Digest DNA with RE ApeKI

96-plex »

(Elshire et al. 2011)

¥

Filtered with GBS Hapmap filters Process through
681,257 SNPs « (Site and Taxa coverage, « GBS reference
Heterozygosity and local LD) genome pipeline

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

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

Popcorn Stiff Stalk
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/ Landraces

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




Some historical inbreds create clusters
with more than 10 lines

- A619 ona3, 687 lines have at
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W e e relation

[ S

>

.+ P39 B37
PH207 °, . .t e Lo, LY
® /’ ....:_._-:i%g.. »

N545° . © 7 < B73

Network of inbreds more than 0.96 IBD



B73 is closely related to more than 50
other inbreds
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How are alleles distributed?
Most SNPs are rare in the Ames inbred panel
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How are alleles distributed?

Goodman association panel is a good subsample of
the whole Ames panel
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SNP distribution across 2,709 lines vs. 282 lines in the association panel



How are alleles distributed?
With a small sample NAM captures over a half of

overall diversity
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How are alleles distributed?
Tropical inbreds captures the most allelic
diversity
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SNP distribution across 2,709 lines vs. 402 lines with tropical origin



How are alleles distributed?
Non-Stiff Stalk have a substantial bottleneck
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How are alleles distributed?

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



How are alleles distributed?
USA and Canada public breeding programs have

done a good job adding diversity to those groups
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How are alleles distributed?
But a modest amount of available diversity

has been commercially exploited
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How are alleles distributed?
Breeding has pushed alleles apart

B73

PH207

Network relations for inbreds sharing more than 90 % of SNPs



How are alleles distributed?
Breeding has pushed alleles apart

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

(O

lodent (46)

Allele distribution between 3 main
heterotic pools




How are alleles distributed?
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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, |A)

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.
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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.
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=] owned_date (datetime2(7), nat null)
=] owned_by {int, not null
[ Keys
[ Constraints
| Triggers
[ Indexes
| Statistics
= 2 dba.snp_enkry_map
[ 3 Columns
'j snp_entry_map_id {P¥, int, not null)
=] germplasml_id {ink, nul)
=] germplasmz_id int, rul)
Z] divergence (Float, nul
=] similarity {Flaat, nul)
=] created_date (datetime2(7), nat nul)
=] created_by (int, nat null)
=| modified_date {datetimez(7), null)
=] modified_by int, nul)
=] owned_date (datetime2(7), nat null)
=] owned_by {int, not null
[ Keys
[ Constraints
| Triggers
[ Indexes
| Statistics
1 dho.sys_database
1 dha.sys_database_migration
1 dha.sys_database_migration_lang
1 dbo.sys_datatrigger
1 dbo.sys_datatrigger_lang
1 dho.sys_dataview
1 dho.sys_dataview_Ffield
1 dha.sys_dataview_field_lang
1 dba.sys_dataview_lang
1 dbo.sys_dataview param
1 dbo.sys_dataview sql
1 dha.sys_file
= dha.sys_file_group

=

)|
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= reneral
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In

|./ wextst Spript for SelectTopNRows command from J3M3  rewses/
ﬂ [ SELECT TOP 1000 [snp entry wap id]
, [geruplasml id]
; [gerwmp lasmz_id]
; [divergence]_
s [Bimilarity]
; [created date]
; [created:hgr]
, [modified date]
[wodified byl 3
; [owned daze]
, [owne d_bgr]
- FROM [gr ingIDhal] . [dbo] . [snp_entry map]
«
1 Results | _'j Messages |
shp_entry_map_id I germplasml_id | gemplasm?_id | divergence similarity created_date created_by | modified_date | modified by | owned date
1 36703202 1 1 0 1 2M2061314:43:25.9404160 1 MULL HULL 201206131
2_| 36703203 2 1 0132309745722 0.867630250277519 20240613 14:4325.9404160 1 NULL NULL 2M 206131
3_[ 36703204 3 1 0141625478863716  0.858374521136284 201240613 14:4325. 9404160 1 WULL NULL 2M 206131
4_[ 36703205 4 1 0142576202760206 0 857423797245734 201240613 14:4326 9404160 1 HULL NULL 2M 206131
5_[ 6703206 5 1 0135260254144669  0.964739745855331 201240613 1443259404160 1 MULL HULL 201206131
| E_l 36703207 & 1 (1359433581464 (.8640506118536 2M206-1314:4325.9404160 1 NULL NULL 2M 206131
?_[ 36703208 7 1 013973933062973  DAA02R00RSA70L7  20M12406-1314:4325 9404160 1 WULL NULL 2M 206131
8_[ 36703209 8 1 0137673273652594  0.A62326726317406 20120613 1443259404160 1 WULL WULL 201206131
9_[ 37030 3 1 0148422554135323  0.951577445864677 201240613 1443259404160 1 MULL HULL 201206131
M 3703211 10 1 014322991394396E  0.850770086050034 201240613 14:4325.9404160 1 NULL NULL 2M 206131
L‘ 3670342 " 1 013839328289032  D8R1BOG71710968  2012406-1314:4325 9404160 1 HULL NULL 2M 206131
H 37033 12 1 0144048735433382  0.955951 264500618 201240613 14:.4325.9404160 1 WULL WULL 201206131
M 36703214 13 1 014341 279916628  0.891858720183373 201240613 14:43:25. 9404160 1 NULL NULL 2M 206131
M 36703215 14 1 0146216258406639  0.853783741553361 2240613 14:4325.9404160 1 NULL NULL 2M 206131
M 670324186 15 1 0141457542777061 0 858542457222933 201240613 14:4325 9404160 1 HULL NULL 2M 206131
_lj M E70IN7 16 1 013309724354744  0.96030275645256 201240613 1443259404160 1 WULL WULL 201206131
| + ﬂ 36703218 17 1 0141463404107372  0.8595305958590628 201240613 14:43:25. 9404160 1 NULL NULL 2M 206131
M 36703219 18 1 0140780001876738  0.8592199931 21262 201240613 14:4325. 9404160 1 WULL NULL 2206131
19 1 W73 19 1 N1RIPAEARIIARART  NARTIIRIFZI1149 PO 2.0R1 314 4% 9R adnd1rn - 1 ML NI R

b




Connect~ 3 3 w T 2] 5
= |y MCRPIS-ZEAGRIMZ {SOL Server 10.50.2500 - IASTATE\mimillar)
= |_J Databases

1 Svyskem Databases H e t h en
| Database Snapshioks
= | gringlobal created a

|__| Database Diagrams

| Tables S QL

= [ Yiews
1 Swstem Views Se rver

F [} dbo.view_snp_matrix

= Co (R view that

=] germplasml {mvarchariZ55), null)

=] germplasm1_id {int, null |OO kS Ilke
=] germplasmz irvarchar(255), null
=] germplasmz_id {int, rull) th |S .

=] divergence (Float, null)
=] similarity (Float, null)

| Triggers
L Indexes
| Statistics

L Swnonyms

|__ Programmahility

|_ Service Broker



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.

Germplasm

1 Like %27126%

Germplasm

2 Like %%

Divergence

>= 0)
Similarity

<= 1



diver

genc simila
germplasml germplasml_id germplasm2 germplasm2_id e rity
Ki43 Ames2712 0.006 0.993
6_12393 825 Ki43 282 2007 4948 505
Kid3 Ames27 Ki43_ Ames27126 0.007 0.992
126 12393 825 04ncai01_SD 824 2390 760
Ki43_Ames2712 Ki43 Ames271 0.007 0.992
6_04ncai0l 824 26 12393 825 2390 760
Kid3_Ames2712 0.009 0.990
6_04ncai0l 824 Ki43_282 2007 1088 891
Ki43_Ames2712 0.010 0.989
6_04ncai0l 824 Ki43_ 282 2008 2069 793
Ki43 Ames2712 0.119 0.880
6_12393 825 Ki2021 282 1996 2408 759
Ki43 Ames2712 0.119 0.880
6_04ncai0l 824 Ki2021 282 1996 4020 597
Kid3_Ames2712 CML481 CML4 0.120 0.879

6_04ncai0l 824 81 Krakowksy 1608 5745 425



N
Understanding how Useful Diversity was Captured

W{9 Indiana Station strain of Reid Yellow Dent
WG64A Wf9 x C.1.187-2

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



& Millards Query to ZEAGR
A
8 Germplasm1 Like

C

M Germplasm?2 Like %%

B Divergence >=

'8 Similarity <=

6

10 germplasmi ﬂgermplasml_id ﬂgermplasmz

il W64A_PI587152 94ncai0l_SD
Pl W6AA PISE7152 94ncai0l SD
£ W64A_PI587152 94ncai0l_SD
U0 W61A PISE7152 94ncai0l SD
S8 W64A_PI587152 94ncai0l_SD
i3 W64A _PI587152 94ncai0l SD
ivllW64A_PI587152 94ncai0l_SD
SENW64A _PISE7152 94ncai0l SD

19 W64A_PI587152 34ncai0l_SD
Pl W64A _PIS87152 94ncai0l SD
villW64A_PI587152 94ncai0l_SD
Wl W6dA _PIS87152 94ncai0l SD
I W64A_PI587152 94ncai0l_SD
I W6aA_PI587152_94ncai0l_SD
Sl W64A_PI587152 94ncai0l_SD
P W64A_PI587152_94ncai0l_SD
rllW64A_PI587152 94ncai0l_SD
i W64A_PI587152_94ncai0l_SD
I W64A_PI587152 94ncai0l_SD
Wl W64A_PI587152_94ncai0l_SD
30l W6dA_PI587152 94ncai0l_SD
£l W64A_PI587152_94ncai0l_SD
£ W6dA_PI587152 94ncai0l_SD
0 W6dA_PI587152_ 94ncai0l_SD
E5 W64A_PI587152 94ncai0l_SD
Al W64A_PI587152_94ncai0l_SD
70l W6dA_PI587152 94ncai0l_SD
50 W64A_PIS87152_94ncai0l_SD

)| W64A_PIS87152_94ncai0l_SD
Shoat1 ACTTTTSINAS

3518 WedA_282

3518 WadA_282

3518 W64A_NSL30058_05ncai0l_SD

3518 W64A ae/wx_Ames26768 03ncaill SD
3518 W64A T_Ames15292 91ncao0l SD
3518 W64A ae_Ames26767 03ncai0l SD
3518 R222A_NSL29898_07ncai0l_SD

3518 R222 N5L29313 95ncai0l SD

%W64A PI587152 94ncai0l SD%

ﬂ germplasm2 id ﬂ divergence ﬂ similarity |

4468
4463
2312
642
1719
641
2301
2300

3518|5060 P1538236 99ncai0l SD

| 3102

3518 SD41_PIG06769 S1ncaidl SD
3518 SD41_PI606769_S1ncai0l SD

3518 SD41_PIG06769 S1ncaidl SD

3518 SD41_PI606769_S1ncai0l SD

3518 SD41_PI606769_31ncai0l_SD

3518 SD41_PI606769_S1ncai0l SD

3518 AUSTRCF 306335_NSL438021_09ncai0l_SD
3518 Wf9_282

3518 Wf9_Ames19293_07ncai0l_SD

3518 Wf9_282

3518 WXWFS_Ames26758_03ncaidl_SD

3518 WXWFS_Ames26758 03ncai0l_SD

3518 WXWFS_Ames26758_03ncaidl_SD

3518 WXWFS_Ames26758 03ncai0l_SD

3518 WXWFS_Ames26758_03ncaidl_SD

3518 W9 T_Ames19294 91ncac01 SD

3518 WXWFS_Ames26758_03ncaidl_SD

3518 R909_NSL3009_07ncai0l_SD

3518 RI0STMS_NSL29286_01ncfo01_SD

3518 AG30_Ames23466 98ncai0l_SD

el

3929
3931
3933
3930
3932
3928

473
130
4474
629
631
632
628
627
131
630
2319
2290
435

0.00387828
0.005062772
0.013472688
0.018175215
0.018325064
0.018714802
0.026120329
0030645607
0.031268805
0045658355
0.045880444
0046366338

0.04645123

0.04657514
0.048183542
0.059017844
0.060593382
0.061894748
0.062096361
0062646031
0.063081875
0.063215576
0.063674332
0.064008735
0.064626671
0.064948142
0.068656638
0.069564812
0.070493568

|

Statistics to watch!

B73 and Mo17 are 86% similar

B73 and Till, Teosinte Lines is 79.7% similar

DNA samples from one lot B73_Flint-Garcia go from 99.7%% to
98.13% similar with mean 99.56% standard dev of .36%

0.99612172
0.994937228
0.986527312
0.981824785
0.981674336
0.981285198
0.973879671
0.969354393
0.968731195
0.954341445
0.954119356
0.953633662

0.95334877

0.95342486
0.951816458
0.940982156
0.939406618
0.938105252
0.937903639
0.937353969
0.936918125
0.936784424
0.936325468
0.935991265
0.935373329
0.935051858
0.931343362
0.930435188
0.929504432




Home Insert Page Layout Farmulas Data Review View
Cut sl =
& Cu Calibri Wl -l gl =
e t 53 Copy B A
aste - A==
- Format Painter e I &’ EE=
Clipboard F] Font F] Alignment

S Wrap Text

E| S Merge s Center~ | § - % o |[%0 5%

Acrobat

Microsoft Exce

General 2

Conditional

=

Format

P Mumber F]

Styles

Ly

Cell Insert Delete Format
Formatting = as Table = Styles - v

- -

Cells

@ - 7 x

X AutoSum * % [ﬁ

8] Fill -
Sort & Find &
(2 Clear™  Filter~ Select~

Editing

G6 - f |
A B c D E F G H | |
1 Germplasm1 Like %B73 PI550473 08ncai02 SD%
2 Germplasm2 Like %%
3 Divergence >=
4 Similarity <=
5
6 —
7 _M
3 B73 PISS0473 0Bncai02 sn 3278 B73_282 0.002063222 0.99793678
9 B73_PIS50473_08ncai02_SD 3278 B73_PI550473_10099 3279 0.002585488 0.99741451
10 B73 PI550473_08ncai02_SD 3278 B73 282 1206 0.002863302 0.9971367
11 |B73 PI550473_08ncai02_sD 3278 GEMS5-0101 GEMS-0101 12214 1394 0.003035401 0.9969606
12 B73 PI550473_08ncai02_SD 3278 B73_B73 Flint-Garcia 1224 0.003216751 0.95678325
13 B73_PI550473_08ncai02_sD 3278 F42_P1601026_08ncai0l_SD 3730 0.003715402 0.9962846 1
14 B73_PI550473_08ncai02_sD 3278 B73Htrhm_Ames27065_03ncai0l_SD 739 0.003834837 0.9961651 1
15 B73_PI1550473_08ncai02_sD 3278 B73_P1550473_08ncai0l_sD 3277 0.003955584 0.95604442
16 B73_PI1550473_08ncai02_sD 3278 DJ7_P1601151_04ncai0l_sSD 3741 0.005011542 0.95498846
17 B73_P1550473_08ncai02_sD 3278 NC372_Ames27182 04ncai0l_SD 918 0.005832336 0.99410766
4431 B73_PIS50473_08ncai02_SD 3278 TIL08_Teo 4346 0.192192405 0.80780759
4432 B73_PIS50473_08ncai02_SD 3278 TIL15_Teo 4374 0.192248732 0.80775127
4433 B73_PIS50473_08ncai02_SD 3278 TILO6_Teo 4337 0.192329466 0.80767053
4434 B73_PI550473_08ncai02_SD 3278 TIL16_Teo 4382 0.192599028 0.80740097
4435 B73_PI550473 08ncaid2_SD 3278 TIL16 Teo 4380  0.19273147 0.80726853
4436 B73_PI550473 08ncaid2_SD 3278 TILO8 Teo 4348 0.192810059 0.807189%4
4437 B73_PI550473_08ncail2_sD 3278 TILOS_Teo 4344 0.192932382 0.80706762
4438 B73_PI550473_08ncail2_sD 3278 TIL15_Teo 4376  0.19320403 0.80679597
4435 B73_PI550473_08ncai02_sD 3278 TILOS_Teo 4345 0.193233341 0.80676666
4440 B73_PI550473_08ncai02_sD 3278 TIL15_Teo 4378 0.193510458 0.80648954

4441

i 4 ¥ M| Sheet1 Sheet?

Sheet3

2

Ready




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:

2 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 lllinois (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 Pl 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
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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 & lowa 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/
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