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Marker-Assisted Breeding
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* Genetic purity

e Confirm crosses

* Whole genome mapping
* Trait association —
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High oleic/linoleic acid ratio
Nematode resistance

Leaf spot resistance

Virus resistance

Seed size



Peanut is an allotetraploid species with two
subgenomes
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@® A subgenome (A. duranensis)
@ B subgenome (A. ipaensis)

Ramos et al., 2006. Mol Gen Genomics. 275: 578-592.
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Remarkable Similarity Between A & B
Genomes and Tetraploid Subgenomes
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Expanding Genetic Diversity

Arachis Arachis ,
controlled . X evolutionary
crosses duranensis /paenSIs history
AA

chromosome

doubling
Synthetic Arachis
tetraploid X hypogaea
AABB AABB

Tetrasomic inheritance

Introgressed genetic diversity
from wild AA and BB species




Computational Challenge to Identify True SNPs

- sub genome 1 reference sub genome 2

TCCG CGGCCACCTCACGGCGGACGTCCTCGACG
TCCGAGGCCACCT 'ACGGCGGACGTCCTCAACG
TCCGAGGCCACCT 'ACGGCGGACGTCCTCAACG

TCCGAGGCCACCT ' ACGGCGGACGTCCTCAACG

TCCGAGGCCACCTCACGGCGGACGTCCTCAACG

TCCGAGGCCACCTCACGGCGGACGTCCTCAACG
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Peanut SNP Arrays

Developed Axiom_Arachisl and Arachis2 SNP arrays
(former PhD students Josh Clevenger and Walid Korani applied
novel computational pipelines and machine learning)

e 58,233 and 48,000 total features, respectively, with 15,287 and
30,539 polymorphic in diverse tetraploids

* 54,564 and 33,763 markers, respectively, that produced high
qguality, polymorphic clusters between diploid species

* 47,116 polymorphic markers between cultivated and interspecific
hybrids

MY Institute of Plant Breeding,
Il Genetics and Genomics
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Axiom_Arachis2 Array
SNP Distribution Across Genome

» 48,000 total markers » 7,861 interspecific markers from v1
* 4,489 simple markers from v1 * 35,650 new markers

30,539 A. hypogaea markers (double v1)
33,763 diploid wild species markers

M Versionl All ™ Versionl PN ™ Version2 PN
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Axiom Analysis Suite

appliedbiosystems

" Summary " Sample Table | ProbeSet Summary Table

TFxGT_F1 - SNP

BP: DQCE BP:QCCRE SP: QC CRvs DQC@ PV: DQCE [Fev: QC CRE | Cluster Plot

Batch Name: TFxGT_F1

Array Package Name: Axiom_Arachis2.rl
Array Type Name: Axiom_Arachis2
Array Display Name: Axiom_Arachis2.rl
‘Workflow Type: Best Practices Workflow
Date Created: §/22/2018 3:42:35 PM

Sample Summary

ProbeSet Metrics Summary

* Number of ProbeSets: 47837

vpe Count Percentage
18270 38,192
Other 10521 21,953
i i 10083 21,078
NoMinorHom 6309 13.189
CallRateBelowThreshold 2328 4867
236 0,681

Marker Metrics Summary

* Number of Markers: 47837
Number of BestandRecommended: 10083
Percent BestandRecommended: 21.078

samples
that
passed

a2
27

+ Number of input samples: 50
+ Samples passing DQC: 59 out of 59
+ Samples passing DQC and QC CR- 50 out of 59
* Samples passing DQC. QC CR and Plate QC: 59 out of 39 (100%)
* Number of failing samples: 0
* Number of input samples without QC information: 0
* Number of Samples Genotyped: 39
* Average QC CR for the passing samples: 96.375
* Inbred Penalty Applied: no
Plate OC Summary
Plate Barcode Result | Number of | Humber of | Number of | Number of
iles in a files files
batch failing | failing QC
dish QC | Call rate
5508464341834102118808 | PASSED | 32 | 0 | 0
53084£4341834102118814 | PASSED 27 a a

Percent
of passing
samples

100
100

Average
call rate

passing

samples
56,434

36,305

-
QC call_rate by Plate
QC call_rate
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Axiom Analysis Suite

appliedbiosystems

Summary ' Sample Table

ProbeSet Summary Table

[ Selected Samples| [ QC Analysis [¥ | | Impart Sample Attributes [ | Revert Calls [+

Apply View | ¥ | [Save View] | Show/Hide Columns [7] [ Export [¥ | | Filters []

TFxGT_F1 - SNP

Type: Contrast | [Scale Scttings| Color By:| Genotype | Shape By: user_color ~ | [ Revert Calls sl

AX-176805101
S T S RS S 12
Sample Filename. Pass/Fail | DO Sample Name + Neallrate |, % Fhetrate| 9
call_rate he compute
2550846-4341834-102118-814_C20.CEL 0877/)C_AT2 96655 96,653
a550846-4341834-102118-814_A2ACEL _|Pass 0.98]J¢_CT6-16 96862 96.862
2550846-4341834-102118-814_C2ACEL  [Pass 0.963|JC_COC230 95606 95.608)
2550046-4341834-102118-814_COACEL _[Pass 0973 [1C_Florida-07 %676 oes7e 7971 7470
2550046-4341834-102118-814_CTACEL _ [Pass 0.269JC_Florunner 96062 96062 0453 9453
2550046-4341834-102118-814_A20CEL _[Pass 0.873[1C_Gregory 06846 68dE|  0M9| 9440
2350046-4341834-102118-814_ATOCEL _[Pass 0872[1C_6T-C20 %6517 %517 8002 8o
2550846-4341834-102118-814_AT2.CEL _|Pass 0.974[1C_6T-C20 06605 6405 0% 8032
2550846 4341834 102118 814_EOB.CEL _ |Pass 0.967|1C_Hanoch 96.212| 96212 0643 9643 I o
2550846-434183-102118-214_E10.CEL_|Pass 0.871|JC_Harari 964 964 0254 9254 . Posterior
2550846-434183-102118-814_COB.CEL _|Pass 0.963| JC_ICB1471 9635|935 0076 9976, [el=]
2550846-434183-102118-214_EO4.CEL__|Pass 0.964JC_Katie-SARI 05602 95602 9927 9927
2550846-4341834-102118-814_CT2.CEL _|Pass 0.866/C_N080B20UCT 958 958 11035 11035 @ P ©
2550846-4341834-102118-814_CI8.CEL _[Pass 0.97JC_NC3033 95478 96478 9221 9221 )
2550846-4341834-102118-814_ATACEL _|Pass 0.969|JC_NC84022 82 9%.16| 9605 896 896 o )
2550846-4341834-102116-814_COG.CEL _|Pass 0.873JC_NM-Valencia-A 95305 96305 10,199 10,199 o 0
a550846-4341834-102118-814_EOB.CEL _ |Pass 0.877)JC_0lin 9432 %432 879  81% , S o
2550846-4341834-102118-814_CIOCEL _|Pass 0.872/1C_PI203306-3%4 %156 %6166 8604 8604 & o}
2550046-4341834-102118-814_CO2.CEL _ [Pass 0.969|1C_SPT06-06 %436 %643 858l 8561 N o 4 o
2550046-4341834-102118-814_CI6.CEL _ [Pass 0.966/1C_s5D6-2 95211 21| 9202 920 5 st >
2550046-4341834-102118-814_AOB.CEL _ [Pass 0871 [1C_sunOleicdTR %246 %6206 8843|845
2350046-4341834-102118-814_ADB.CEL _[Pass 0.37/1C_SunOleicd7R %735 %6735 8567 8567 °
2550846-4341834-102118-814_AT6.CEL _|Pass 0.872[1C_Tifguard %6279 %6279 907 907 o &
2550046-4341834-102118-814_ATO.CEL _[Pass 0.871 JC_THguard 05500 6508 8552 5% o
2550846-4341834-102118-814_AZ2.CEL _|Pass 0968 JC_Tifrunner 0626|9626 8636 8636,
2550846-434183-102118-214_EO2.CEL _|Pass 0.963/C_TL054520-27 9631|9631 1036 1036,
2550846-434183-102118-814_C22.CEL _|Pass 0.966| JC_TL080243-05 95331 96331 0095 0085
2550846-4341834-102118-808_P2A.CEL__|Pass 0.885|VC_GT-C20x Tifrunner F1_1 06603 96603 20522 20522
2550846-4341834-102118-808_POG.CEL__[Pass 098] YC_GT-C20x Tifrunner F1_10 06657 96657 2034 2034
2550846-4341834-102118-808_PO4.CEL__ |Pass 0.982[YC_6T-C20 Tifrunner F1_11 96229 96229 20417 20417
2550846-4341634-102118-806_PO2.CEL_|Pass 0.881|YC_GT-C20 x Tifrunner F1_12 95369 96368 19.813 19813 10425 b
2550846-4341834-102118-808_N2A.CEL _|Pass 0.886|YC_GT-C20 x Tifrunner F1_13 9517 9517|2038 2038
2550846-4341834-102116-808_N2Z.CEL  |Pass 0.882|VC_GT-C20 x Tifrunner F1_14 0653 9653|2042 20342
2550046-4341834-102118-808_N20.CEL _[Pass 0.282|YC_GT-C20 x Tifrunner F1_15 06505 96505 20467 20467
2550046-4341834-102118-808_P22.CEL _|Pass 0.283|YC_GT-C20 x Tifrunner F1_2 06308 96388 2049] 2049
2550046-4341834-102118-808_P20.CEL _ [Pass 0.98|¥C_GT-C20x Tifrunner F1_3 06260 96260 20543 20543
2350046-4341834-102118-808_P1B.CEL _ |Pass 0.985(Y€_GT-C20x Tifrunner F1_4 96607 96687 20332 20332
2550846-4341834-102118-808_P16.CEL _|Pass 0.985|VC_GT-C20x Tifrunner F1.5 96603 9603 20275 20275
2550046-4341834-102118-808_P14.CEL__|Pass 0.888|VC_GT-C20 x Tifrunner F1.6 05764 6764 20357 20357
2550846-4341834-102118-208_P12.CEL__|Pass 0.883|VC_GT-C20 x Tifrunner F17 95779 96779 20313 20313
2550846-4341834-102118-208_P1D.CEL _|Pass 0.882|VC_GT-C20 x Tifrunner F1.8 9654|9654 20271 20271
2550846-4341834-102118-208_POB.CEL _|Pass 0.884|VC_GT-C20 x Tifrunner F1.9 05425 96425 20051 20051 o . . .
2550846-4341834-102118-808_L10.CEL__[Pass 0.883|VC_6T-C201 05905 96806 639 639 2 a2 025 0625 15
Contrast
Table Show Filtered Only Genome Version: NA ||l prior M p,,m,;o,| Default H Spe(iaISNPs:l
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Axiom SNP Calls

Poly High Res

AX-147226721

No Minor Homo
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Genotype Clusters for Inbred Peanut Lines

Heterozygote class is

not a true het, but

detection of A/B
subgenomes

AX-147214307

CACACBC®

CACATBTB
TATACBCB

TATAT BT B

Institute of Plant Breeding,
Genetics and Genomics
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UNIVERSITY OF GEORGIA
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Clustering Dependent on Analysis Group
Examples from Biparental Cross and Multiple F1s

AX-147226692

12

8
Biusp
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11
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10.5
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TATAT BT B
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Contrast
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Clustering Dependent on Analysis Group

AX-147222275

13.5

CATACBTB
13 CACACBCB
Gene conversion
oo ® Tetrasomy
_ﬁ: Parental offtype
o®
@
¢ &
o S

12 -

1 1 1
-2.5 1.5 0.5 0.5 1.5
Contrast
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RIL Population — Parents Monomorphic

Example of Tetrasomy
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12

Size
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Expanding Genetic Diversity

Arachis Arachis ,
controlled . X evolutionary
crosses duranensis /paenSIs history
AA

chromosome

doubling
Synthetic Arachis
tetraploid X hypogaea
AABB AABB

Tetrasomic inheritance

Introgressed genetic diversity
from wild AA and BB species




A. ipaensis X A. duranensis
Chromosome Segment Substitution Line

ADY AD2Z A AL ADS ADE A7 AD@  ADS A0 BOY B02 B0 BO4 BOS BOB BO7 B0 BO9 B10 BN
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A. ipaensis X A. duranensis CSSL
Filter SNPs by subgenome (Davis Gimode)

Fleur 11 Fleur 11

CSSLs CSSLs

A. ipaensis A. duranensis

G SNP calls G SNP calls
C SNP calls C SNP calls
A. duranensis A. ipaensis
a b
‘A’ genome SNPs ‘B’ genome SNPs

Institute of Plant Breeding,
Genetics and Genomics

College of Agricultural &Environmental Sciences

UNIVERSITY OF GEORGIA
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A. ipaensis X A. duranensis CSSL
Fleur 11 background

Caca
5 A. duranensis R . - 2 A. ipaensis
controls o controls
CacaGbi — 2 Fleur 11
3 (Ai X Ad) %X I controls
l aacbeb
controls ” G2G2G*G
CSSLs

Example of expected clustering for ‘A” genome SNPs

Institute of Plant Breeding,

Genetics and Genomics
College of Agricultural &Environmental Sciences

UNIVERSITY OF GEORGIA
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A. ipaensis X A. duranensis CSSL
Detecting A genome introgression

=D

I CSSL 52
@ I

oo @

CICIGPG®

Introgressions cluster with (Ai X Ad) #*

Institute of Plant Breeding,
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A. ipaensis X A. duranensis CSSL

Introgression across A genome

77 CSSLs

Al A2 A3 Ad A5 A6 A7 A8

Graphical representation of A. duranensis genome

Introgressions span
the A genome

A9 A10

Fleur 11
4. duranensis

A. ipaensis
Ai X Ad) *

1,610 SNPs



A. ipaensis X A. duranensis CSSL

Introgression across A genome

77 CSSLs

Al A2 A3 Ad A5 A6 A7 A8

Graphical representation of A. duranensis genome

Tetrasomic region
at arrow

A9 A10

Fleur 11
4. duranensis

A. ipaensis
Ai X Ad) *

1,610 SNPs



A. ipaensis X A. correntina Tetrasomy
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Summary
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A SNP array is available for the peanut community
» Must process 384 samples at a time - $S28 per sample

The array is useful for genotyping among cultivated lines and
interspecific hybrids

Manual inspection is ecommended to validate Axiom calls

Awareness of segmental allopolyploidy will inform
interpretations

Institute of Plant Breeding,

Genetics and Genomics
College of Agricultural &Environmental Sciences

UNIVERSITY OF GEORGIA
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