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Mis-labelling error frequently

occurred in germplasm management

Genetic purity and variety tracking

Pedigree verification (intra and inter
specific)

Trait performance prediction at early
generation through MAS

Optimizing the breeding program
Parental selection & heterotic group

Implementation of genomic

prediction and cross performance
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QC/QA Marker: Selection procedure
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QC/QA Marker: Selection procedure

50
N_markers

75

100

Method
— Purity

— Simulated annealing

With a range from
50 - 100 markers,
all accessions could
be distinguished
using Purity method

https://github.com/HPCBio/eib-marker-design/blob/main/Pedigree verification.md
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WA + Low density SNP markers: QC/QA
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QC/QA Marker: selection procedure

TASSEL (Trait Analysis by aSSociation, Evolution, and Linkage) 5.2.58
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| [ TCCREARAACTACHCTT CRGA ARTIAIAAACACACKHTAARRAARTRTTTTAARCTAATRGCA
TCGTTTGMGCTCTCCCTCCAAATGTAAATAGACCTAAGTAATTTTTTTAARCTHANTCHE
1 5 0 O O 1T 1O D 6 1 R R I R

TCGTTTGAGTCTGCGEMCEMAATGTAMATAGACCTAAGTIHATTTTTTITAAGCTIHAGTGTAAATT|
TCGTTTGHMGTCTGCGTCCAAATGTAAATAGACCTAAGTAATTTTTTTAAGCTIAGTGTAAATT

R 000 v ) RO W R v O R I O Y

T CcGTTTGEMGTCTGCGT CCAAATGTAAATAGACCTAAGTAATTTTIITTAAGCTIIAGTGTAAATT)

= 99 SNP markers well distributed across the genome were selected and
successfully converted to KASP

= 374 diverse clones representing D. alata, D. rotundata, D. praehensilis, D.
esculenta D. cayenensis sent to INTERTEK for validation
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W + Low density SNP markers: QC/Q

Application of QC/QA markers in yam breeding

Individuals - PCA
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™ ¢ Low density SNP markers: QC/QA

sl b b (AR

Application of QC/QA markers: Pedigree reconstruction
L)

Isolation field
Plants (Basel). 2020 Apr; 9(4): 527. PMCID: PMC7238154
Published online 2020 Apr 19. doi: 10.3390/plants9040527 PMID: 32325826
Parent . X
selection Field design Paternity Assignment in White Guinea Yam (Dioscorea Rorundara) Half-Sib Progenies
from Polycross Mating Design Using SINP Markers
na i n 3

\ Prince E. Norman,’-2:3-" Agre A. Paterne,? Agyemang Danquah.® Pangirayi B. Tongoona,® Eric Y. Danguah,
wu M. lkeogu,® Robert Asiedu,? and Asrat Asfaw?

David De Koeyer,® Ugochukwu Ik
Polycross block
» Author information » Article notes » Copyright and License information PMC Disclaimer

et e i e o First approach analysis conducted using
[ o sst gy | 6K SNP markers from DArT

Genotype
(Marker data)

o Replicated work using only 50 QC markers

TDr9700205
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Application of QC/QA markers: Fldellty of crosses/hybridity test

Savannah-adapted Rainforest-adapted A 8 < D H ! ) £ L M L) o £ Q

SUBECT_ID  snpDRDOO71 snpDROG104 snpDR00113 snpDR00123 snpDRDO126 | Comment SnpDROD134 snpDRO0140 snpDRO0143 spDROO14E  snpDRODI0B

oa c AA o« m AR ™ cc L o Plemale GG (100%6) T (100%T) T (100%T) TT (100%T) TT (100%T)

Topr ™ ™ 66 « G6 [ 66 o « pmale GA(S0%GES0%A)  TCIS0ST & 50%C)  TC[SOST &50%C)  TCISOST & S0%C)  TCISOST & 50%C)

INTERSPCE-BOB  TC TA GC TC GA TC GC TC TC Hybrid GA ITC c TC TC
GG T L L L
INTERSPCE-DO8  TC A 6C c GA G [ T c Hybrid =] T T © «
INTERSPCE-£08  TC TA GC T GA T© [ TC T Hybrid 66 TC T© T o«
INTERSPCEFO8  TC TA 6C Tc GA T &C TC Tc Hybrid 66 ™ T Tc T
INTERSPCE-GO8  TC TA GC TC GA TC GC TC TC Hybrid GA ITC TC TC TC
ini il INTERSPCE-HO8  TC TA GC Tc GA Tc GC TC Tc Hybrid GA T Tc Tc Tc
D. aby ssinica D. praehensilis |nTersece-a0e TC TA 6C T© GA T [ T T© Hybrid GA T T © T©
INTERSPCE-B03  TC TA 6C T GA T© ac TC T© Hybrid GA TC T T© Tc
INTERSPCECO9  TC TA 6C Tc GA e &C T T Hybrid GA TC T Tc T
INTERSPCE-DO9  TC TA GC TC GA TC GC TC TC Hybrid GA ITC TC TC TC
o 2 INTERSPCE-E09  TC TA GC Tc GA Tc GC TC Tc Hybrid GA LLY cc Tc TC
D. burkiliana D. togoensis INTERSPCEF09  TC TA 6C T G T [ T T© Hybrid 66 T T © «
INTERSPCE-GOS  TC TA &C Tc GA T© ac TC T© Hybrid GG TC T© T© «©
INTERSPCEHOS  TC TA 6C T GA T &C T T© Hybrid GG T © Tc T
- -arames e INTERSPCE-AL0  TC TA GC TC GA TC GC TC TC Hybrid GA TC TC Tc o
INTERSPCE-B10 GG LL T Tc o
INTERSPCE-C10  TC TA 6C T GA T GC i3 Tc Hybrid 66 TC T T «
INTERSPCE-DI0  TC TA &C Tc GA T© ac TC T Hybrid GA ™ T© Tc T
INTERSPCE-E10  TC A GC Tc GA Tc GC T T Hybrid GA T Tc Tc T
INTERSPCEF10  TC A GC Tc GA Tc GC TC Tc Hybrid GA T Tc Tc Tc
INTERSPCEG10  TC A &C T© GA T [ T T© Hybrid GA m [ © ©
INTERSPCEH10  TC TA 6C T GA T© [ TC T Hybrid GA TC T© Tc o«
D. rotundata INTERSPCE-ALL  TC TA 6C Tc GA e &C TC Tc Hybrid GA TC e Tc «
INTERSPCE-B11  TC TA GC TC GA TC GC TC TC Hybrid GA ITC TC TC o
INTERSPCEC11  TC TA GC Tc GA Tc GC TC Tc Hybrid GG LLY Tc Tc o
INTERSPCE-DIL  TC TA 6C T© G T [ T T© Hybrid GA T T © ©
: INTERSPCE£11  TC TA 6C T GA T© ac TC T Hybrid GA TC T© T© Tc
Cultivated INTERSPCE-F11  TC A GC Tc GA Tc GC TC Tc Hybrid GA T 1€ Tc o
3 INTERSPCE-G11  TC TA GC TC GA TC GC TC TC Hybrid GA TC TC TC TC
G uinea ya m INTERSPCE-A12  TC TA GC Tc GA T GC TC Tc Hybrid GA LY cc Tc T
INTERSPCE-B12  TC TA 6C T GA T [ T T Hybrid GA TC T T© T
L INTERSPCEC12  TC TA &C Tc GA T© ac TC T Hybrid GA ™ T© Tc T
Tflpk)ld D. rotundata INTERSPCED12  TC A 6 T GA T &C Tc TC Hybrid GA Tc c T TC
INTERSPCEE12 TC TA GC TC GA TC GC TC TC Hybrid GA TC o Tc TC
INTERSPCEF12  TC TA 6C Tc GA T ac Tc Tc Hybrid GA Tc e c T
INTERSPCEGL2  TC TA 6C Tc GA T [ T T Hybrid 66 TC T T «
=== i INTERSPCE-AOL  TC TA &C Tc GA T ac TC T© Hybrid GA TC T T© T
Paternal orlgln INTERSPCE-BO1  TC TA GC TC GA T GC TC TC Hybrid GA T ic Tc o
D. cayenensis Matemalingel S S S S— . 5 " % e
. ybrid GA Tc e c T
e e e e ————— INTERSPCE-£01  TC TA 6C Tc GA T [ TC T Hybrid GA TC T Tc TC
INTERSPCEFOL  TC TA &C T© GA T© ac TC T Hybrid GG TC T© T© T
INTERSPCE-GO1  TC A GC Tc GA Tc GC T Tc Hybrid GG T Tc Tc Tc
- INTERSPCE-HO1  TC TA GC TC GA TC GC TC TC Hybrid GA L TC TC TC
S u g | h ara et al . 2 O 20 INTERSPCE-AO2  TC TA 6C Tc [ T [ Tc c Hybrid GA T T T© T©
INTERSPCE-802 GG TC T T© «©
INTERSPCE-CO2  TC TA 6C Tc GA e e TC Tc Hybrid GA TC T Tc T
INTERSPCE-DOZ  TC TA GC TC GA TC GC TC TC Hybrid GA T TC TC TC
INTERSPCEE02  TC TA GC Tc GA T GC TC T Hybrid GA LL T Tc TC
INTERSPCEF02  TC TA 6C T GA T [ T T Hybrid GA TC T T© T©
INTERSPCE-GO2  TC TA &C Tc GA T© ac TC i Hybrid GG TC T© Tc T
INTERSPCE-HO2  TC A GC Tc GA T GC TC TC Hybrid GA TC T Tc TC
INTERSPCE-A03  TC TA GC TC GA GC TC TC Hybrid GG TC TC Tc o
INTERSPCE803  TC TA 6C T GA [ Tc Tc Hybrid GA Tc T c T
INTERSPCE-CO3  TC TA 6C T GA T [ T T Hybrid GA TC T T TC
INTERSPCE-DO3  TC TA GC TC GA C [ TC TC Hybrid GA TC T Tc «
INTERSPCE-EO3 GG T Tc Tc Tc
INTERSPCEFO3  TC TA GC TC GA TC GC TC TC Hybrid GA L TC cc TC
INTERSPCE-GO3  TC TA 6C T GA T ac Tc T Hybrid GA TC T Tc T©
INTERSPCEHO3  TC TA 6C T GA T [ TC T Hybrid 66 TC T T Tc
INTERSPCE-AO4  TC TA &C T GA T© ac T T Hybrid GA TC T© T© T
INTERSPCE-BO4  TC A GC Tc GA ic GC T Tc Hybrid GA T ic Tc Tc
INTERSPCE-CD4  TC TA GC TC GA TC GC TC TC Hybrid GG TC TC Tc TC
INTERSPCE-DO4  TC TA GC Tc GA TC ac Tc Tc Hybrid GA Tc T© A4 T
e con e AT e A ey o ¢ ¢ i T
INTERSPCEF04  TC TA &C T GA T [ TC T Hybrid GA TC T© T© «
INTERSPCE-GO4  TC A GC Tc GA Tc GC T Tc Hybrid GA T Tc Tc Tc
INTERSPCEHO4  TC A &C © GA T [ T T© Hybrid GA T T T ©
GC GA T© A4 Tc

&; ﬂ H H ﬂ ﬁ H ﬂ u INTERSPCE-AQS  TC TA T T GC TC TC Hybrid GA TC
‘ Marker segregation among the inter-specific progenies

nember of the CGIAR System Organization. www.iita.org |
Www.cgiar.org



R+ Low density SNP markers: QC/QA

Genetic purity

Fourteen SNP selected for varietal tracking, verification

. Genotypes were selected from trials: APT, NPT, RVT & VVT
. Six plants selected per plot and rep across various locations
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WA ¥ | ow density SNP markers: Trait markers
Selection of promising markers

SNP markers already identified using GWAS and QTL mapping

Traits Species Sources Number of QTL Promising QTL Validated QTL

YMV D.rotundata Association 15 4 2
mapping

Yield per plant D.rotundata Association 18 3 2
mapping

Plant sex D.rotundata Association 14 2 2
mapping

Flowering D.rotundata Association 7 4 2

Intensity mapping

Plant vigor D.rotundata Association 3 1 1
mapping

Tuber appearance | D.rotundata Association 4 2 1
mapping

YAD D.alata Linkage mapping 5 2 NA

Dry matter D.alata Association 2 2 NA
mapping

Oxidation D.alata Association 4 2 NA
mapping

Plant sex D.alata Association 57
mapping

ACR D.alata Association 12
mapping

PHC D.alata Association 6
mapping

PHC D.rotundata Association 2
mapping

D.rotundata Association 2
mapping
IITA is a member of the CGIAR System Organization. www.iita.org |
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"+ | ow density SNP markers: Trait markers
Selection of promising markers

Hapl
chr03_6338751 GGGT 0.427 1.000 ns 002 2.25e-07 |
Hap2 30004 l 0.254 ‘
GGTT 0.320 1.000 ns | ‘ .
Hap3 3
GTTT 0.466 1.000 ns
Hapl .
chrl0 1116193 AAAG 0.226 0.254 ns
Hap2 ]
AAGG 0.309 0.003 *x 2000+ M
Hap3
AGGG 0.465 6.75 e 07 Fokkk E
>
Hapl !
chrl5 3906069 AAAC 0.214 0.882 ns
Hap2 ‘
AACC 0.281 0.882 ns e
Hap3 1000+
ACCC 0.412 0.882 ns
Hapl
chrl6 1482029 AAAT 0.307 0.096 ns
Hap2
AATT 0.424 2.01 04 il
Hap3 ATTT 0.576 0.006 i |
0.
Hapl GG AG AA
chr05_30671001 AAAG 0.365 1.000 ns chr10. 1116193
Hap2
AAGG 0.265 1.000 ns
Hap3
AGGG 0.369 1.000 ns
IITA is a member of the CGIAR System Organization. www.iita.org |
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Low density SNP markers: Trait markers
Selection of promising markers

FPosition (Mb)

GWAS marker score

5 =]

FPosition of
>|< Candidate genes <i> DE genes CI} GWAS peaks

DE gene score

1.501.752.002.252 .50

() (
IITA is a member of the CGIAR System Organization.

www.iita.org |
Www.cgiar.org




A & | ow densit

Seven traits were
considered for the
marker validation in .
D. rotundata
e Tuber yield per

plant .
* Yam mosaic virus
« Plant sex,

SNP markers: Trait markers

Flanking sequencing around the target region associated
with each trait was developed and sent to INTERTEK for
conversion into KASP-PCR

For traits like sex, clones with well known sex information and
those with unknow sex status were selected for the validation
For disease, clones susceptible or tolerant to disease were used
for the validation

We then developed haplotype variant to estimate the marker
prediction accuracy of each marker and for each trait

* Flowering intensity (& = v

BIOSEARCH /v i 00084
NNNN oLOGIES F','.; o tege S"DDR

« Plant vigor
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snpDR00160: Yam mosaic virus

5 Anoga, p < 2.2e-16

L]
R=0.96, p<22e-16

'YMV_Score
©

Observed YMV
(4%
[ ]

snpDRO0160TT <2e-16 ***

2 snpDR0O0160GG <2e-16 ***
snpDR0O0160TG <2e-16 ***
! 1{ » .
snpDR00160 . . 1 2 é 4 5
snpDR00162: Yam mosaic virus YMV
Bootstrap01 || Bootstrap02 || Bootstrap03 || Bootstrap04 |
51 51 k=003, p<220-16
4.
3.
2.
14 ¢ 41
Bootstrap05 || Boolstrap06 || Bootstrap07 || Bootstrap08 S
B5]e ® . . . . =
S, |R=097.p<2246 R=004p<220M6 R=094p<2 R=087,p<22 >
g @
S 31 53
22 .
> 14 . — 2 :
Bootstrap10 T 2 3 4 51 2 3 4 5 )] snpDRO0162TT <2e-16 ok ok
j‘ ®=089,p<22 snpDRO0162AA <2e-16 ***
3. snpDRO0162TA <2e-16 ***
21 1 .
1+ S T— . . . .
1 2 3 4 5 2 3 4 5
YMV YMV

vvvvvv.Lyial .uily



™ % | ow denSIt SNP markers: Trait markers

snpDR00164 EJ TT

R=0.31,p=19e-06 sipDR00164: Yield per plant
5 Anova, p = 1.2e-05 : '
L ]
s .
L]
4 L ]
& ]
3
2 o R
H .
by 14 ]
" snpDRO0164TT < 2e-16 *** i '
‘ snpDR00164GG 0.058 . o .
o SNPDRO0164TG 2.29¢-06 *** | .
o> . . . . .
L { 1.4 15 16 17 1.8 1.9
i Yield_Per_plant YP
. : snpDR00163: Yield per plant
" sopaootes T R=054,p<22e-16 . ¢
s ' =
3 s
: )
53 . snpDR0O0163GG <2e-16 *** .
¢ > snpDRO0163TG 0.21 :
b ° 9
2 §2 snpDRO0163TT <2e-16 ***
o
\ 17
. |
0- T T
10 15
0 - = - Yield_Per_plant YP

ARt~ |

snpDR00163 WWW. cglar org



Middle density SNP markers

Highly Informative SNP Marker Panels in Yam
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LDdecay across the 20 chromosomes
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A total of 3092 SNP markers selected across the yam genome including the QC/QA the traits associated markers
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CIMMYT Research Data & Software Repository Network > Crops to End Hunger (CtEH) Data >

The reference genomes of four yam (Dioscorea spp.) clones.

Link Dataset
Agre, Paterne; Asfaw, Asrat, 2023, "The reference genomes of four yam (Dioscorea spp.) clones”, https.#/hdLha B EReALEn Share
— ndle.net/11529/10548882, CIMMYT Research Data & Software Repository Metwork, Vi

Cite Dataset « Learn about Data Citation Standards.

Description @ 1. TDaooo01g4 is a female flowering and white tuber fleshed water yam clone (Dioscorea
alata) with less tendency to oxidize often used as trait progenitor in IITA breeding program. It
is a released variety in Nigeria.

2 TDaozooo1z is a male flowering and anthracnose tolerant water yam (Dioscorea alata)
parental clone.

3. TDrggoz78g is male flowering white Guinea yam (Dioscorea rotundata) breeding line
tolerant to yam mosaic virus often used as a trait progenitor in IITA white Guinea yam
breeding program.

4. Gwagwa is a female flowering white Guinea yam (Dioscorea rotundata) landrace variety in
Nigeria. It is a short vine length and less tendency to climb landrace clone producing
multiple shoots and tubers.

Subject @ Agricultural Sciences
Keyword @ genomes, genome, reference_genome
Notes @ For the description of each file, please see: Yam_v.01xlsx, included in this dataset.

License/Data Use Agreement Custorn Dataset Terms

Files Metadata Terms Versions

https://data.cimmyt.org/dataset.xhtml?persistentld=hdl%3A11529%2F10548882
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https://data.cimmyt.org/dataset.xhtml?persistentId=hdl%3A11529%2F10548882

o Deployment of MAS in the breeding program
o Annotation and gene model prediction
o Gene expression analysis for semi-dwarf genotypes

o Validation of middle density SNP markers and deployment for
product advancement and for GPCP

o ldentification of tolerant/resistant inter-specific genotype-
based marker coupled with quantitative method

o Variety tracking and monitoring adoption of improved yam
varieties
o Implementation of GS and prediction

o Effect of heterozygosity level on trait association

IITA is a member of the CGIAR System Organization. www.iita.org |
iar.or



QC/QA markers were successfully
developed and deployed in yam breeding
for routine activities

Trait linked markers developed and
deployed for MAS for key traits; ongoing
work on validating additional markers

Ta. ke h O m e Middle density SNP markers developed

and in the process of validation for GS as

message well as for GPCP

Additional reference genome developed to
accelerate discovery in yam with the
support of EiB/CtEH

Continuing application of low, middle and
high-density SNP markers in the breeding
program for breeding optimization.
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