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Key Achievements (June 2021 — 2022)

50 QC/QA markers developed and validated

Additional QTLs linked with key agronomic and tuber
quality developed

QTL markers related to 7 traits developed and validated

YamBase fully operational and used in the breeding
program with additional functionalities
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Different genotyping platforms used

* DArT

506 D. rotundata == GWAS and for pop validation, forward marker
development

100 D. alata GWAS for key agronomic, tuber quality traits and textural
traits

86 D. rotundata farmer varieties (trait profiling)

2903 D. rotundata for parental selection and breeding advancement using
GPCP

940 D. rotundata (SCG Abuja)
1624 D. rotundata (Seedling nursery Ibadan)

 Intertek
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374 multiple yam species (QC/QA markers development/validation)
940 D. rotundata for markers validation targeting 7 traits
374 D. rotundata used for varietal tracking and verification
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Linkage analysis for QTL detection for anthracnose resistance in

D. alata

Summary of significant QTLs detected for
yam anthracnose disease tolerance in water

yam

Markers

Chr

Pos (cM)

LOD

R? (%)

Gene function

Qyad-7-1

10.60

4.51

33.7

DRNTG_08663.1

QTL-7-2

19.21

5.28

29.54

DRNTG_08664.1,
DRNTG_23336.1

Qyad-15

15

28.80

4.43

30.90

DRNTG_14305.1

Qyad-18

18

61.4

4.65

39.40

DRNTG_18245.1,
DRNTG_29617.1

» Genes (Basel). 2022 Feb 14;13(2):347. doi: 10.3390/genes13020347.

Identification of QTLs Controlling Resistance to
Anthracnose Disease in Water Yam ( Dioscorea alata)

Paterne Angelot Agre 1, Kwabena Darkwa 2, Bunmi Olasanmi 2, Olufisayo Kolade 1,
Pierre Mournet # 5, Ranjana Bhattacharjee 1, Antenio Lopez-Montes ®, David De Koeyer 7,
Patrick Adebola 7, Lava Kumar !, Robert Asiedu 7, Asrat Asfaw !
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Assoclation mapping

D. rotundata

Set of materials used:

® Diversity panel

332 yam genotype sequenced using WGRS

® Breeding panel

406 genotypes sequenced using DArT

206 genotypes using GBS (historical data)

Traits
YMV, tuber appearance, tuber yield per plant, plant sex,
flowering intensity, cross-compatibility related traits such
as average crossability rate (ACR), and percentage of high
crossability (PHC)

Analysis

®  Phenotypic value as BLUE estimated for respective traits

of the study populations

GWAS analysis using mixed linear model implemented in
mrMLM, CMPLOT and GAPIT R package

* Gene annotation conducted for gene
prediction

®  Promising SNP markers identified and converted into

Kasp-PCR with INTERTEK

D. alata

Set of materials used:

® Diversity panel

® 100 yam genotype sequenced using

DArT
® Historical trials
® 72 genotypes (historical data)

Traits

* YAD, tuber yield, plant sex, flowering
intensity, average crossability rate (ACR),
percentage of high crossability (PHC),
tuber shape, tuber browning

index/oxidation, dry matter content
Analysis
®  Phenotypic value as BLUE estimated for
respective traits of the study populations
®  GWAS analysis using mixed linear model

implemented in GWASPOLY using K+Q model

* Gene annotation conducted for gene

IITA is a member of the CGIAR System Organization.
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Identification of quantitative trait nucleotides and
candidate genes for tuber yield and mosaic virus
tolerance in an elite population of white guinea yam
(Diescorea rotundata) using genome-wide association
scan
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Association inapping in D.rotundata breeding panel
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4 Multiples SNPs marker

" :" located on chromosome 6, 8,
14, 15 and 19 were i1dentified

‘ to be associated with the

- TTY/Plant

1 ; Multiples SNPs marker

: 4 1 d h 3
i - ocated on chromosome 3,
H
t
i 4,10 and 16 were
E identified for YMV
@
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Expctind g Pt}
Trait- SNP. Chro Rz _effect  LOD _Putative genes identified
chr14_14300070 14 62.74 -0.08 4.71 _ Zinc finger, CCHC-type
chri4_11128124 14 62,74 0,05 470 Mio-related protein
chr14_14292173 14 62.62 -0.07 4.44  Transcription factor TFIIB
- chr14_15507 116 4 6253 0.05 424 UDP-giucuronosyl/UDP-giucosyltransferase
chr15_4138634 15 6236 ~ -003  4.00 Survival protein SurE-like phosphatase/nucleotidase
.~ chr08_21789522 8 6219 =~ 0.05 435 Protein with unknown function
chr06_965642 ] 62.13 -0.02 412 DNA polymerase alpha/epsilon, subunit B
chr14_8143018 14 62.13 0.03 4.06  Unknow

ATPase, F1/V1/A1 complex, alpha/beta subunit, nucleotide-

chr10_1116193 10 12.85 -240.87 4.00 protein;
YMV AP2/ERF domain; Gdt1 family; NB-ARC; Probable fransposase,
38 42: - -169.09- - - -428 - Ptta’En’S
; Geminivirus AL1 replicafion-associated protein_cafalyfic ———
domain; - Kinesin-like protein and Geminivirus Rep catalytic
39 38—~ 138.99- -~ 436 domain
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Association mapping in D.rotundata diversity panel
Tuber yield per plant

YMV

Tuber Appearance
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Trait Chr. Position Candidate Iglenes Description

Plant vigour 3 8809006 DRNTG 27903 .4 MSF1-like family protein

DRINTG_27904.1 Sm-like protein LSMS5
DRINTG 27907.1 Zinc finger protein WIP2
Plant Sex 11 1819621 DRNTG._ 104331 Transposase-associated domain
1 7175652 DRINTG__18989.1 Zinc finger, CCHC-type
DRINTG._18987.3 Plant transposase (Ptta/En/Spm
family)

Flowering 11 93339 DRINTG._ _18807.1 BAG family molecular chaperone

intensity regulator 1

222725 DRINTG 224431 WV acuolar-sorting-associated 13
protein C-terminal

260263 DRINTG_ _22446.1 60s Acidic ribosomal protein

278178 DRINTG 224481 Polyvadenvlate-binding protein-
interacting

3534606 DRINTG _13800.1 No apical meristem (INANM) domain-
containing protein 43

553347 DRNTG_ _25602.3 Cyclophilin type peptidyl-prolyl cis-
trans isomerase

1450774 DRINTG _ 18497.2 Cwyclophilin type peptidyl-prolyl cis-
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Association mapping in D. rotundata based historical information

AC R Trait SNP Chr | PVE (%) [ Orthologs Putative function
* ACR | chr11_7229882 [ 11 | 5.67 PPM- Abscisic acid signal transduction
: type_phosphatase_do
e - - lE m
4 = chr11_7229910 |11 | 3.65
- " e w SEE W W s g B & " = - - s @ - I:“ chr1 1_7229912 11 6.78
] . N chr11_7229926 | 11 | 4.18
. _: chr19_ 4269172 (19 |[3.78 Cyt_P450 Biosynthesis of hormones
o chr19_4269173 |19 | 2.12
1 PHC | chr06_463969 |6 4.70 Pectinesterase_cat Important role in fruit ripening
3 JS chr01_1068963 | 1 8.90 BLH1 Cell-fate switch of synergid to egg cell
(LR  TATe  NTT  Threy T s e T TT Te Te LEA_2 Active during seed formation
Gw  Cwa Cw3 G Cwh  Gwk w7 Gaa Gw3  Cwn Gaid  cwis  cwir  cww | Sex | chri1 867049 |11 | 1034 | LIM-bd/SEUSS Regulates flower development
AP2/ERF_dom Regulates meristem identity, floral organ
1 P H C specification, and seed coat
development.
i1 TraB/PrgY/GumN_fam | Acts as a protease to inactivate the
ils mating pheromone
chr11_4499228 (11 [ 11.23 WD40_repeat Key regulator of plant-specific
i developmental events
4 Gprotein_alpha_su Cell growth and hormonal regulation
i. chr11_4664050 [ 11 | 9.76 NmrA Involved in asexual and sexual
development
chr11_4664100 | 11 [ 12.45 Haem_peroxidase Ethylene biosynthesis
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Association mapping of plant sex and cross-
compatibility related traits in white Guinea yam
(Dioscorea rotundata Poir.) clones

Asrat Asfaw, Jean M, Mondo, Paterne A, Agre &1, Robert Asiedy & Malachy O, Akorgda
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homozygote of the allele variants associated with plant sex

while the male clones displayed heterozygote
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Primary Outcome 2: Methods and

SNP markers already identified to be associated with different traits using different

breeding population and technics

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 D.rotundata Association 4 2 1

appearance 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

ACR D.rotundata Association 2 -
mapping

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

WWWw.cgiar.org




GWAS result in D. rotundata breeding panel
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Haplotypes associated TTY: Frequency and markers prediction effect
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Traits Prob.
Adjusted Adj.
probabilit | significan

Markers Hap Seq Freq y ce
Yield chr04 6236404 | Hap1 CCCT 0475 | 3.74e% i
Hap2 CCTT 0.296 | 7.11 e el
Hap3 CTTT 0.228 0.001 e
chr04 8196378 | Hap1 CCCT 0.481 0.218 ns
Hap2 CCTT 0.364 0.041 *
Hap3 CTTT 0.154 0.218 ns
chr04 18269860 | Hap1 AAAC 0.328 0.399 ns
Hap2 AACC 0.359 0.814 ns
Hap3 ACCC 0.312 0.814 ns
chr04 23401186 | Hap1 AAAG 0.274 0.029 *
Hap2 AAGG 0.396 0.001 e
Hap3 AGGG 0.330 0.619 ns
chr05_ 24237388 | Hap1 CCCT 0.367 0.020 *
Hap2 CCTT 0.316 | 3.57e™ el
Hap3 CTTT 0.317 1.02 %5 i
chr05_ 24682916 | Hap1 AAAC 0.295 0.921 ns
Hap2 AACC 0.305 0.044 *
Hap3 ACCC 0.400 0.043 *
chr08_7046574 | Hap1 AAAC 0.142 0.294 ns
Hap2 AACC 0.423 1.25eM i
Hap3 ACCC 0435 | 2.16e% il
chr08_10135940 | Hap1 CCCG 0.217 0.363 ns
Hap2 CCGG 0.326 0.522 ns
Hap3 CGGG 0.457 0.522 ns
chr10_1317508 | Hap1 CCCT 0.363 0.079 ns
Hap2 CCTT 0.359 0.713 ns
Hap3 CTTT 0.278 0.246 ns
chr10_1571815 | Hap1 CCCT 0.144 0.873 ns
Hap2 CCTT 0.362 0.873 ns
Hap3 CTTT 0.494 0.978 ns
chr13_ 13467988 | Hap1 CCCT 0.364 0.912 ns
Hap2 CCTT 0.365 | 6.12e™ e
Hap3 CTTT 0.270 0.001 e
chr14 11301309 | Hap1 AAAG 0.110 0.705 ns
Hap2 AAGG 0.393 0.386 ns
Hap3 AGGG 0.498 1.01e2 el
chr14 11128124 | Hap1 CCGG 0414 | 6.59¢e"8 il
chr15_ 5858214 | Hap1 CCCT 0.394 0.003 >
Hap2 CCTT 0.192 0.242 ns
Hap3 CTTT 0.315 0.057 ns
-13 Hkkk

chr17 15363223 | Hap1 ,,\LAARE o g ?.539 1.20 e
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GWAS result in D. rotundata breeding panel

Haplotypes associated YMV: frequency and markers prediction effect
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2000 I - 0375 !
> a0 : YMV
2 . Hap1
g : | . chr03 6338751 GGGT | 0427 | 1.000 ns
’ H
1000
- - o g Hap2 | gorr | 0320 | 1.000 ns
1000
. —— Hap3 | o111 | o466 | 1.000 ns
0 0
] ]
. , ” . chr1o_1116193 | 31 | aaac | 0226 | 0.254 ns
% Y 6 o o I
m chrOS,GSESWSW GG chrd_23336802 chri6_1325272 Hapz AAGG 0.309 0.003 *k
6.75 e
Hap3 | acea | 0465 07
D
- ‘ chr15 3906069 | M1 | aaac | 0.214 | o882 ns
e e — Hap2
. == w AACC | 0.281 | 0.882 ns
' : Hap3 | accc | 0412 | oss2 ns
2000 0 '
Hap1
. . > . chr16_1482029 AAAT | 0.307 | 0.096 ns
: : : | 2.01e
wo - - mno ' Hap2 | aaTT | 0424 o4
— + Hap3 | ATTT | 0.576 | 0.006 -
X 1 Hap1
O ' 0 ! chr05 30671001 AAAG | 0.365 | 1.000 ns
]
~ . . . Hap2 | pmace | 0265 | 1.000 ns
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Primary Outcome 2: Methods and

GC
Traits SNP ID Chr Pos Flanking sequence % FA UA
SpTu GGAAATTCTTGACTCCAGAAATCCCTGATGATGAGATATA
TTAGCTAGTG
[YITGCTTTGTTTTTGTAATACYATGGACATATGCTGCTTGT
snpDR00165 4 2381068 TTTTTTTCTTT 035]|c T

TTAACCTTGAGTGACCCCACTGCTAGGTCACCTCAACGG
GCACACCAGACIY]

GGTTTCATGCATCAATGGACTTTTAAATTTGAACCAGGGA | 0.4
snpDR00166 17 5305858 AGTACTCATT 6 ] T

App AACACAGCTCCCCAGCTGCATGGGAGTTGGTGYAGGTAT
GGTGTGTTTGGIR]
TGTATTCTTTTAAAGAAKTCAGTTGCATTCCATTTAGGCC | 0.4
snpDR00167 2 23410203 TCTCTTTCAC 6 Bad Bad
GCCTCTTGCTTTTGCCTTCATTGTATGGTATTCTTGTATTT
ACTTTTCTA[W]
TACTAGTTAAGTAGAAAACTTCTATTTAAGAGTTAGGTTA | 0.3
snpDR00168 11 2022871 GAAAGTAGGC 1 T A

Flower Inten AGAAGCATGTAGCTTGCTGAAGGCTATTAATTTGTCAGTT
ATCCTCTGTC[R]
CCAGTTTCCATGGTCTCCTATTATTTTTGTTTACTACGATT | 0.3
snpDR00154 11 203612 ACAACTTAT 5
TCATATAGGGTGAGATAATACAGGTGTTTTACGGTAATAA
TTCATTGGTG[S]
CTTGTCATTATTTTGGCAACAAAAAAATAATAATATATTTT 0.3
snpDR0O0155 11 353466 TTTTACTTA 4
CACGTGCYCTCTTTAATGACGTGTCATATCTGTGTATGCA
AATGGAGGGQG[Y]
GAGCTGGTGTTAACGTGGCAACTATGGYATCAAATTCTC 0.4
snpDR0O0156 11 508869 TCCAGGATCCT 6
AGATGACTATCATCCAAGCATTGAAACGGTYGACCATCK
TTYCCTTAACTIR]
TTMTTTCACTAGGCGGATCTGGGATTACTTTATTCATCTG | 0.4
snpDR00159 11 1758116 TTTCCGCTTC 0

ATCAACGCATATGCCTTTTGATCCTTTTTCAATTTTTTGAA
AAATTATTTIY]
TTTCTCTGTTTTTCTCTTTTGATGTTTAATGCTTTATACTAT | 0.2
Plant sex snpDR00152 11 1819621 GGTGTATT 4 NA | NA
GAAACCCCAACAAGTCAAAARAAAAAAAACGCCAAATTA
GACTTCCACCA]JY]
ATATGAAAACAGAAAATCAGCAAATAAAACAAAATCACCA | 0.3
snpDR0O0153 11 1892426 GCGCCTTGCT 4 NA | NA

GCGCTGTTCTGCAAGAACCTCTCAGCGCACCGTTGCTCM
ACCTTCTCAGC[R]
ATAGACGCCAAGGCCGACAAGGGCTTGCATCGGATCCT 0.5
Plant vigor snpDR0O0151 3 880906 CGTCTCTTGCCG 9 G A
Yield TTKATTGTTTCTCTTTTGTTTRATTKCAGTGTATGCCMCC
GAAGGGTAAA[K]
CACCAAGATTGGTAGAAGATGAGAATWGTGCAGAAAGA 0.3
snpDR00163 7 24207228 GTRATTAGAACC 9 T G
TTGGTGGAAAAGCGGGTGGGAAGGTGGAGGCATGGTGA
AAGAAAGAACAA[K]
CTTATTATTTTGTAAGACGYTTTGACTWGGTGAAACGTTG | 0.4
snpDR00164 7 24200191 AAGTATCCTC 2 T G

YMV TATTATACCCTTGGAAATAACCAATATTTRGGAGAGCAAA
GTGATAGATTIK]
ATATTTTGCATKTATATCATTCTTTCMATTTTCTTGCTTGT
snpDR0O0160 7 10278867 GCTAAATAG 029 | G T
AAAAGTGGSTAAGTGTTCCACAYGCCCTTGTAGCAATTC
CACACAGGCATIK]
TGGATGCGCACAGCGGTACTCACAAGGGTACTCACACG
snpDR0O0161 7 10332993 SCCCTGTGTCTT 0.53 |Bad |Bad
GCCATCAGTRATATTTTGAATTTTAAAATTAGCAGCCTCC
CGTTTGCCTA[W]
WAAGAGGTTCTCATTGCTCCCAAGAGGATTCCAGTAAGC
snpDR0O0162 7 10293618 CACTTTAAGCA 039 | A T
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Markers validation and deployment

Seven traits were
considered for the
markers validation in
D. rotundata

* Tuber yield per

plant
 Yam mosaic virus
* Plant sex,

* Flowering intensity
* Plant vigor
 Tuber appearance
 Tuber shape

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

* For trait like sex, clones with well known sex information were
selected for the validation as well as unknown sex plant
information

* For disease, susceptible and tolerant to disease clones were used
for the validation

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

snpDR00154 5 GG GA B AA
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snpDR00154: Flowering intensity

°] R=088, p<22e18
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snpDR00155: Flowering intensity

Booistrapdi ||  Bootstapdz ||  Bootstapdd3 ||  Bootstrapds |
1% 027, p= R=027.p=00079 R=016,p=014 & RZ0 26, p=0.0027
4 4 _-_____..--
KEN | ] ] L ] - ] - L ]
2-1
11 » . . .
Bonmmpas | | mmm? | | amuuaw! |
T RS0  p=00050 R=0.36,p=000021 R=028p=0. R 025p =0
S 4 /9 /__,”2@
2 31
11 »e . » B L
E— Boowmpio |32 36 40 44 32 356 40 44
54 o @ . [
ul R:Jwa R=021,p=0055
31 . & » .
24
R — v
32 36 40 44 32 36 40 44
Fl

* 1'?=U-31-.p=3.23-u?
44
[
%3* L] ™
é
snpDR0O0155CC < 2e-16 ***
i snpDRO0155GC 0.557
snpDR0O0155GG 9.35e-07 ***
1 L] *
36 3.9 42
Flow_intensity FI

raraoygiaar sy



snpDR00156: Flowering intensity
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YMV_Score

snpDR00160: Yam mosaic virus
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Africa¥am
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Africa¥am

o =T = e =T snpDR00164: Yield per plant
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2.1.3. Molecular tool-kits available for routine use (quality control

and assurance) in yam breeding
Milestone: Ultra low SNP markers (at least 50) for QA/QC
selected from the previous data IITA
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QC Marker selection procedure

99 SNP markers well distributed across the
been
successfully converted to KASP markers
and are yet to be validated in a diversity

genome

have

panel for QC/QA usage

= 374 divers clones representing D. alata, D. -
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https://github.com/HPCBio/eib-marker-design/blob/main/Pedigree_verification.md

SNP markers quality view
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Application of QC/QA marker in yam breeding

. Pedigree verification and reconstruction
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Application of QC/QA marker in yam breeding

« Fourteen SNP selected for varietal tracking, verification

« Selected of advanced trials (APT, NPT, RVT, VVT)

« Six plants selected per plot and rep across various locations’
« Disc leave sent to INTERTEK
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Analyze Genomes About
Data categories
Trial Types
Showing 781 Total Trials
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