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The objective of this study were to conduct association mapping for drought tolerance at the
seedling stage and yield-related traits. 60 cowpea accessions were used in the study. Single-
nucleotide polymorphisms (SNPs) discovered through genotyping by sequencing (GBS) were
used for genotyping. Association mapping was conducted using single-marker regression
(SMR) in Q Gene, and general linear model (GLM) and mixed linear model (MLM) built in
TASSEL. The population of the cowpea accessions were analysed using STRUCTURE 2.3.4
and the peak of delta K in the greenhouse showed seven population types, whereas the peak of
delta K in the glasshouse indicated the presence of six population types. One SNP marker,
14083649|F|0-9 was associated with NP with a p value <0.001. Fifty SNP markers were
associated with PWT at p <0.001. Four SNP markers, 14074781|F|0-16, 100047392|F|0-36,
14083801|F|0-28 and 100051488|F|0-49 were associated with AVSPD at p <0.001. SNP
markers, 14074781|F|0-16, 14083801|F|0-28 and 100051488|F|0-49 were associated with PL
at P <0.001. Five SNP markers, 100047392|F|0-36, 14083801|F|0-28, 100072738|F|0-34,
14076881|F|0-49 and 14076881|F|0-49 were associated with PWDTH at  p <0.001. The 65
SNP markers identified can be used in cowpea molecular breeding to select for AVSPD, NP,
PL, PWDTH, PWT, and RR through marker assisted selection (MAS).

Key words: Association mapping, chromosomes, drought tolerance, markers, structure,

traits.

Introduction

Cowpea [Vigna unguiculata (L.) Walp.] is a food legume of the family Fabaceae/Papilionaceae
(2). According to (2), all cultivated cowpeas are grouped under the species Vigna unguiculata,
which is subdivided into four cultivar groups: Unguiculata (common cowpea for food and

fodder), Biflora (catjang), Sesquipedalis (yard long or asparagus bean used as a vegetable), and
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Textilis (used for fibres). The crop is of major importance to many smallholder farmers in

Africa and the developing world, as it serves as food, cash crop, animal feed, and manure (3).

The major aims of cowpea breeding are high yield, early maturity for grain production, long
vegetative period for vegetable production, high leaf and grain nutrient contents, high cooking
quality, and high emergence rate. In order to provide farmers with quality seeds of improved
cultivars, breeding programmes and seed systems should be based on information on the
genetic diversity available in the germplasm (4). According to (5), assessments of phenotypic
or genotypic diversity in cultivated plants provide useful information for the improvement of

germplasm collections, which provide material for genetic improvement and breeding.

Studies of association mapping for drought tolerance in cowpea using DArTSeq genotyping
data are very limited. Drought is a major production constraint in the smallholder farming
sector in Zimbabwe; thus, there is a need to develop drought-tolerant varieties, which in turn
requires the identification of genotypes that carry genes associated with drought tolerance.
Association mapping was used to investigate the associations among 76 SSR markers and six
drought-related traits on a set of 107 barley accessions evaluated under well-watered and
drought-stress conditions (6). The results showed that there were 36 significant marker—trait
associations for drought-related traits.(7), used single nucleotide polymorphisms (SNP)
associated with drought tolerance indices in 328 wheat lines using a genome-wide association
study (GWAS) under fully irrigated and rain-fed conditions. Results showed that most
associations were located on chromosome 4A, and that this chromosome is very important in

drought tolerance and should be used in wheat improvement programmes.
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In a study of correlation coefficient and path analysis in the cowpea germplasm line, (2),
observed significant and positive correlations between the growth characters and seed yield of
cowpea. Using a path analysis study, the experiment further concluded that seed yield in
cowpea can be improved by focusing on the traits of biological yield per plant, harvest index,
number of pods per plant, and plant height. (8), studied phenotypic and genotypic divergence
for yield and related quantitative traits among 30 cowpea landraces in Cameroon. The study
revealed strong correlations between seed length and grain yield, 100-seed weight and grain
yield, 100-seed weight and seed length, number of seeds per pod and pod length, number of
branches per plant and plant biomass, and grain yield and leaf width. Thus, characters such as

seed length or 100-seed weight are very useful in early selection when improving yield.

(9), evaluated the genetic variability among 20 wild cowpea accessions and observed high
morphological variability among the accessions. The high variability observed among the wild
cowpea accessions in terms of their agro-morphological and yield parameters provided useful
traits in the crop that can be exploited for its improvement. Results obtained from (10), on
population structure analysis and association mapping of the seed antioxidant content in the
369-accession USDA cowpea [Vigna unguiculata (L.) Walp.] core collection using SNPs show
that there were significant correlations between the seed antioxidant content and black seed
colour. It was further observed and concluded that cowpea accessions with red and black seed
coat colours were useful as parents in cowpea breeding programmes to provide new cowpea
cultivars with high seed antioxidant contents.

(11), analysed the genomic regions, cellular constituents and genes controlling pod length
variation in cowpeas. The research observed that cell proliferation was the major reason for
extended pods as against cell elongation or enlargement. A total of 116 and 155 cowpea

accessions during emergence and seedling stages, respectively were analysed for salt

d0i:10.20944/preprints202010.0001.v1
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tolerance index with 1,049 single nucleotide polymorphisms (SNPs) that were used for
association analysis (12). A total of three SNPs, Scaffold 87490 622, Scaffold87490_630,
and C35017374_128, were highly associated with salt tolerance during germination stage
while seven SNPs, Scaffold93827 270, Scaffold68489 600, Scaffold87490 633,
Scaffold87490_640, Scaffold82042_3387, C35069468 1916, and Scaffold93942_ 1089,
were associated to salt tolerance at the seedling stage. Thus, these SNP markers could be
used as a tool to select salt-tolerant lines for breeding improved salt-tolerant cowpea

cultivars.

The objective of this study were to conduct association mapping for drought tolerance at the

seedling stage and yield-related traits in cowpea.

Materials and Methods

Phenotype data

A total of 60 cowpea accessions collected from three geographic origins were used in this study
(Table 1). Of these, 33 accessions were from the International Institute of Tropical Agriculture
(ITA) in Nigeria, 19 were from the Agricultural Research Council — Grain Crops in South
Africa, and eight were from smallholder farmers in Buhera District in Zimbabwe.

The seeds used were grown under favourable conditions in two screen houses (glasshouse and
greenhouse). All of the populations phenotyped were grown in greenhouse and glasshouse
trials. The cowpea accessions were planted in pots in topsoil mixed with compost (3:1) at the
Agriculture Research Council — Grain Crops, Potchefstroom, South Africa in January 2019 for
the greenhouse trial and February 2019 for the glasshouse trial. A triplicated 6x 10 alpha lattice
design was used for the experiment. In all greenhouse and glasshouse trials, mature pods were
harvested and dried for storage (<15% moisture) after screening for drought tolerance. Seeds

were subsequently cleaned from the pods, counted, and weighed.
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Table S1: List of cowpea accessions used in this study obtained from three geographic origin.

Entry Name Source Origin

1 Dr Saunders ARC-GC South Africa
2 IT96D-610 ITA Nigeria

3 RV 574 ARC-GC South Africa
4 RV 342 ARC-GC South Africa
5 Pan 311 ARC-GC South Africa
6 Bechuana white ARC-GC South Africa
7 Barapara jena Buhera Zimbabwe

8 TVU 9443 IITA Nigeria

9 95K-589-2 IITA Nigeria

10 RV 344 ARC-GC South Africa
11 Agrinawa ARC-GC South Africa
12 IT 95K-207-15 IITA Nigeria

13 Orelo HTA Nigeria

14 TVU 9671 ITA Nigeria

15 Mutonono Buhera Zimbabwe
16 UAM-14-143-4-1 ITA Nigeria

17 98K-503-1 IITA Nigeria

18 RV 503 ARC-GC South Africa
19 86 D 1010 IITA Nigeria

20 TVU 9620 ITA Nigeria

21 RV 202 ARC-GC South Africa
22 RV 351 ARC-GC South Africa
23 Encore ARC-GC South Africa
24 TVU 14190 ITA Nigeria

25 IT 89KD-288 ITA Nigeria

26 RV 551 ARC-GC South Africa
27 IT 82E-18 IITA Nigeria

28 Barapara purple Buhera Zimbabwe
29 Kangorongondo Buhera Zimbabwe
30 835-911 IITA Nigeria

31 ITOOK 76 IITA Nigeria

32 98K-476-8 ITA Nigeria

33 Ziso dema Buhera Zimbabwe
34 Chibundi mavara Buhera Zimbabwe
35 90K-284-2 HTA Nigeria

36 RV 221 ARC-GC South Africa
37 RV 343 ARC-GC South Africa
38 IT 98K-506-1 IITA Nigeria

39 Oleyin ITA Nigeria

40 IT 07-292-10 IITA Nigeria

41 IT 08K-150-27 IITA Nigeria

42 RV500 ARC-GC South Africa
43 IT 90K-277-2 IITA Nigeria

44 98D-1399 IITA Nigeria

45 ITOOK 1263 IITA Nigeria

46 RV 563 ARC-GC South Africa
47 IT 18 Buhera Zimbabwe
48 RV 194 ARC-GC South Africa
49 335-95 IITA Nigeria

50 TVU 12746 IITA Nigeria

51 IT 07-274-2-9 IITA Nigeria

52 97K-499-35 HTA Nigeria

53 IT 07-318-33 HTA Nigeria

54 1T89-KD-288 ITA Nigeria

55 RV558 ARC-GC South Africa
56 IT 99K-573-2-1 ITA Nigeria

57 Mupengo dema Buhera Zimbabwe
58 CH47 ARC-GC South Africa
59 TVU 13004 HTA Nigeria

60 IT 90K-59 IITA Nigeria

IITA-International Institute of Tropical Agriculture; ARC GC-Agriculture Research Council Grain
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DNA extraction, sequencing, and SNP calling

DNA extractions and sequencing were performed using the DArTseq protocol (Diversity
Arrays Technology Pty Ltd., Canberra, Australia). About 1 g of young leaf tissue from each
accession was used for genomic DNA extraction. Genomic DNA was isolated from the frozen
leaves using a modified cetyltrimethyl ammonium bromide (CTAB)/chloroform/ isoamyl
alcohol method (13). The frozen leaf tissue was ground and mixed with 2% pre-warmed
(60 °C) CTAB isolation buffer of 1.4 M NaCl, 100 mM Tris (pH 8.0), and 20 mM EDTA
(Sigma, Saint Louis, USA). The mixture was then transferred to a 2 ml microcentrifuge tube
and incubated at 60 °C for 1 h. DNA was extracted once with chloroform-—isoamy! alcohol
(Chl/IAA; 24:1) (Sigma, Saint Louis, USA) and precipitated with two volumes of isopropanol.
The obtained pellet was washed with 70% EtOH, dried, and dissolved in 100 pl of TE buffer
with 50 pg/ml RNase A (Sigma, Saint Louis, USA). The extracted DNA was quantified by
0.8% agarose gel electrophoresis, and was adjusted to 50 ng/ul for DArT and SNP genotyping.
GBS was done using Illlumina HiSEq2000 at the Biosciences eastern and central Africa
(BecA)-ILRI, Kenya. SNP calling were performed for all tags from all libraries enclosed within
the DArTsoft14 analysis clustered using DArT PL’s C*™* algorithm program at a brink distance
of three. Parsing of the clusters into separate SNP loci was performed using a technique called
balance of read counts for the allelic pairs. Additional choice criteria were further added to the
algorithm program supported by an analysis of roughly 1,000 controlled cross populations.
Testing for deviations from the Hardy—Weinberg equilibrium of alleles in these populations
was conducted to facilitate the selection of technical parameters to effectively discriminate true
allelic variants from paralogous sequences. In addition, multiple samples were processed from
DNA to allelic calls as technical replicates, and scoring consistency was used as the main

selection criteria for high-quality/low-error rate markers. Calling quality was assured by a high
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average browse depth per locus (average across all markers was over 30 reads/locus). DNA

was diluted to 50 ng/ul for GBS analysis.

Data Analysis

Population structure analysis

The population structure of the cowpea accessions evaluated for growth traits was inferred
using STRUCTURE 2.3.4 (14). Population structure (K) was analysed with an admixture
model with a correlated allele frequency model, which was independent for each run. The
identification of the delta K values and optimal K, based on the formula devised by (15). The
formula allowed a reliable screening of appropriate K values using Structure Harvester
(http://taylor0.biology.ucla.edu/structureHarvester/; 16). A Q-matrix and K vectors were
established shortly after the optimal K was computed. The Q-matrix was used for association

analysis studies in TASSEL (Trait Analysis by Association Evolution and Linkage) (17).

Association analysis

SNP genotype data generated by genotype by sequencing (GBS) was first filtered to remove
the monomorphic SNP sites. Report_ DCpel8-2608 SNP_singlerow_2.csv was converted to
vcf format using matk. The vcf file was filtered using vcf tools. The vcf format was then
converted to plink files using vcf tools. Marker—trait association analysis was evaluated using
using plink. Analysis in R software was done using the following packages; vcfR, poppr, ape

and qgman. Significantly associated SNP markers with traits were identified at p<0.001 (17).

Results
The population of the cowpea accessions were analysed using STRUCTURE 2.3.4 and the

peak of delta K in the greenhouse (A) was K = 7, highlighting seven population types, whereas
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in the glasshouse (B), the peak of delta K was K= 6, indicating the presence of six population
types (Figure 1).
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Figurel: Classification of 60 cowpea accessions into seven populations in greenhouse (A)
and six populations in glasshouse (B) using STRUCTURE Version 2.3.4
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Association Analysis

SNP markers were identified for number of pods, recovery rate, pod weight, average seeds
per pod, pod length and pod width. Two SNP markers, 14083649|F|0-9 and 100100635|F|0-
53 were associated with number of pods (NP) with a p value <0.001 (Table 2). The
significant markers occurred on chromosome 10. SNP marker 100100635|F|0-53 contributed
43% of the phenotypic variation.SNP marker 100084158|F|0-6 was associated with recovery

rate (RR) at p <0.001 and was positioned at chromosome 10 while R?> was at 10%. (Table 2).

Fifty SNP markers were associated with pod weight (PWT) at p <0.001 (Table 2). Out of these,
10 SNPs were on chromosome one, one SNP on chromosome two, six SNPs on chromosome
three, four SNPs chromosome five, five SNPs on chromosome six, nine SNPs on chromosome
seven, seven SNPs on chromosome eight, two SNPs on chromosome nine, six SNPs on
chromosome 10 and four SNPs on chromosome 11. SNP marker 100051258|F|0-670n
chromosome nine contributed 53% of variation followed by chromosomes seven and nine
which accounted for 52 % of the variation. SNPs on chromosome one accounted for 35% of

phenotypic variation at PWT.

Four SNP markers, 14074781|F|0-16, 100047392|F|0-36, 14083801|F|0-28 and
100051488|F|0-49 were associated with average seeds per pod (AVSPD) at p <0.001. All these
SNPs were positioned at chromosome 3 (Table 2). SNP marker 14083801|F|0-28 had the
highest R? at 35%. SNP markers, 14074781|F|0-16, 14083801|F|0-28 and 100051488|F|0-49
were associated with pod length (PL) at p <0.001. These SNPs were all positioned on
chromosome 3 while SNP marker 14083801|F|0-28 explained 34 % of phenotypic variation for
PL. Four SNP markers, 100047392|F|0-36, 14083801|F|0-28, 100072738|F|0-34 and

14076881|F|0-49 were associated with pod width (PWDTH) at p <0.001. These were all on
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chromosome 3 while marker 14083801|F|0-28 accounted for 32 % of phenotypic variation for
PWDTH. Most of these markers were distributed on chromosomes 3 (17markers),

chromosome 1(10 markers) and chromosome 7(9 makers).
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Table 2 List of markers associated with NP, RR, PWT, AVSPD, PL and PWDTH

Trait CHR SNP BP SE R? P
PWT 1 100053502|F|0-62 1251569 12.4 0.3596 2.628e-06
PWT 1 14078204|F|0-43 1292063 11.75 0.3556 6.238e-07
PWT 1 100044718|F|0-57 1432640 12.36 0.3552 2.501e-06
PWT 1 100046227|F|0-46 1557122 11.75 0.3556 6.238e-07
PWT 1 100063465|F|0-35 1557915 11.85 0.3554 7.901e-07
PWT 1 100072600|F|0-25 1564066 11.75 0.3556 6.238e-07
PWT 1 100071153|F|0-66 1564132 12.16 0.3557 1.545e-06
PWT 1 100048141|F|0-63 1694886 11.75 0.3556 6.238e-07
PWT 1 100044957|F|0-63 3528678 12.06 0.3553 1.253e-06
PWT 1 100063872|F|0-10 28798986 11.75 0.3556 6.238e-07
PWT 2 100096611|F|0-40 15499573 11.75 0.3556 6.238e-07
PWT 3 100054066|F|0-68 14331695 12.38 0.3561 2.41e-06
PWT 3 100051321|F|0-47 53345546 7.327 0.2522 5.913e-05
PWT 5 100053097|F|0-7 16393146 12.04 0.3553 1.253e-06
PWT 5 100075598|F|0-66 16791034 9.149 0.2048 0.0003197
PWT 5 14058797|F|0-67 25444199 2.974 0.3953 1.63e-07
RR 5 100084158|F|0-6 4031158 5.219 0.2196 0.0004587
PWT 6 100070503|F|0-16 13371481 12.86 0.3553 6.216e-06
PWT 6 100045443|F|0-35 18431456 9.476 0.1759 0.0009464
PWT 6 100050903|F|0-29 18751348 11.75 0.3556 6.238e-07
PWT 6 100049686|F|0-66 18764966 11.97 0.3693 1.096e-06
PWT 6 100087696|F|0-41 26017102 9.135 0.2341 0.0001035
PWT 7 100047575|F|0-22 823054 10.04 0.5293 6.718e-11
PWT 7 100071982|F|0-68 3037310 10.3 0.5293 2.13e-10
PWT 7 14079990|F|0-24 31169450 5.395 0.2547 4.587e-05
PWT 7 100083914|F|0-58 32980963 10.04 0.5293 6.718e-11
PWT 7 100076974|F|0-16 32991155 10.46 0.5301 4.413e-10
PWT 7 100052969|F|0-35 33021922 10.27 0.5299 2.056e-10
PWT 7 14084025|F|0-9 33082576 6.857 0.1979 0.0009514
PWT 7 100084809|F|0-62 38432224 11.84 0.3556 7.851e-07
PWT 7 100073645|F|0-45 38481917 11.75 0.3556 6.238e-07
PWT 8 100052927|F|0-48 752816 10.19 0.5297 1.416e-10
PWT 8 100073137|F|0-62 29029951 9.106 0.3003 2.613e-05
PWT 8 14087242|F|0-6 34660664 5.361 0.3628 1.146e-06
PWT 8 14084814|F|0-10 34681513 2.758 0.3511 9.587e-07
PWT 8 100073582|F|0-29 35713044 10.44 0.5304 4.336e-10
PWT 8 100044312|F|0-24 35970502 10.19 0.5297 1.416e-10
PWT 8 100072423|F|0-62 36066768 10.04 0.5293 6.718e-11
PWT 9 100051258|F|0-67 7118132 10.35 0.5322 2.657e-10
PWT 9 100044652|F|0-17 12400903 4.727 0.1955 0.0008148
PWT 10 100045290|F|0-13 5588111 7.555 0.2036 0.0003779
PWT 10 100097542|F|0-53 15068089 10.21 0.5295 1.436e-10
PWT 10 100047842|F|0-31 34051300 7.633 0.1744 0.0009977
PWT 10 100049329|F|0-68 39976951 9.453 0.206 0.0005005
NP 10 100100635|F|0-53 27320523 2.221 0.4324 2.127e-07
NP 10 14083649|F|0-9 33863660 0.3972 0.1804 0.0008001
PWT 11 100087702|F|0-13 1176941 6.47 0.2047 0.0003207
PWT 11 100051586|F|0-57 1200317 8.605 0.2965 8.249e-06
PWT 11 100081173|F|0-34 40185748 9.476 0.1759 0.0009464
PWT 11 100049496|F|0-26 40225628 9.476 0.1759 0.0009464
AVPSD 3 14074781|F|0-16 56268741 0.7032 0.1906 0.0006128
AVPSD 3 100047392|F|0-36 59016170 0.6695 0.1902 0.0009797
AVPSD 3 14083801|F|0-28 59879328 0.5533 0.3582 5.547e-07
AVPSD 3 100051488|F|0-49 63223396 1.078 0.2163 0.0006666
PL 3 14074781|F|0-16 56268741 0.9575 0.2103 0.0002943
PL 3 14083801|F|0-28 59879328 0.7713 0.3438 1.061e-06
PL 3 100051488|F|0-49 63223396 1.438 0.2356 0.0003527
PWDTH 3 100047392|F|0-36 59016170 0.07287 0.2176 0.0003776
PWDTH 3 14083801|F|0-28 59879328 0.06198 0.3203 2.995e-06
PWDTH 3 100072738|F|0-34 60195503 0.07753 0.1939 0.0008615
PWDTH 3 14076881|F|0-49 60200022 0.07288 0.2043 0.0003264
PWT 3 100050332|F|0-42 6019724 4.405 0.1964 0.0004401
PWT 3 100071756|F|0-66 53358047 4.53 0.1974 0.0006774
PWT 3 14083801|F|0-28 59879328 0.9134 0.3088 4.899¢-06
PWT 3 100047389|F|0-39 60895529 1.006 0.2022 0.0003529
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Association mapping was performed using rrBLUP to identify loci linked to the evaluated
traits. Significant SNPs were compared to those that passed a significance threshold of
logio (p)>5] in TASSEL 5.0 analysis. Figure 2 highlights the association in glasshouse
experiment on the number of pods (NP), recovery rate (RR), and pod weight (PWT).

The average seeds per pod (AVSPD), pod length (PL), pod width (PWDTH) and pod weight

(PWT) had were significantly associated in the greenhouse experiment (Figure 3).
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Figure 2: Association mapping results for wilting and yield related traits in 60 cowpea
accession in glasshouse. Manhattan plots from association mapping using mixed linear model.
X-axis shows the SNPs along the 11 chromosomes of cowpea accessions and Y -axis shows —
logio (p) value of association for each SNP. The solid horizontal blue line indicates the

calculated threshold value for declaring a significant association. The red line indicates the
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significance threshold (FDR<0.005). a. NP, number of pods; b. RR, recovery rate; c. PWT, pod
weight
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Figure 3: Association mapping results for wilting and yield related traits in 60 cowpea
accession in greenhouse. Manhattan plots from association mapping using mixed linear
model. X-axis shows the SNPs along the 11 chromosomes of cowpea accessions and Y-axis
shows —logzo (p) value of association for each SNP. The solid horizontal blue line indicates

the calculated threshold value for declaring a significant association.

a. Average seeds per pod, AVSPD; b. pod length, PL; c. pod width, PWDTH; d. pod weight,
PWT
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Population-trait associations
The quantile—quantile (QQ) plots in Figures 3 and 4 show the level of association mapping in

both the glasshouse and greenhouse experiments, respectively.
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Figure 3: Q-Q plots showing the results of cowpea association mapping in glasshouse. The
straight line in the Q-Q plot indicates the distribution of SNPs. a-AVSPD- average seeds per
pod, b-DTE-days to emergence, c-NP-number of pods, d-number of seeds, e-PL-pod length,
f-PWDTH-pod width, g-PWT-pod weight, h-RR-recovery rate, i-SC-survival count, j-
SWDT-seed weight, k-SGWK 3-stem greenness at 3 weeks after drought imposition, |-
WWK2-wilting at 2 weeks after drought imposition, m- WWK3-wilting at 3 weeks after

drought imposition
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Figure 4: Q-Q plots showing the results of cowpea association mapping in greenhouse. The
straight line in the Q-Q plot indicates the distribution of SNPs. a-AVSPD- average seeds per
pod, b-NP-number of pods, c-NSDS-number of seeds, d-PL-pod length, e-PWDTH-pod
width, f-PWT-pod weight, g-RR-recovery rate, h-SC-survival count, i-SWDT-seed weight, j-
WWK2-wilting at 2 weeks after drought imposition, k- WWK3-wilting at 3 weeks after

drought imposition

Discussion

The association mapping study provided an insight on the importance of traits that were useful
in screening cowpea accessions at seedling level in a controlled environment. In both
greenhouse and glasshouse experiments, variations were observed with regards to traits that
were important in screening cowpea accessions at seedling stage. All the two experiments,
however, pointed out that yield related traits are of utmost importance when selecting cowpea

accession to drought tolerance at seedling stage.
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Population structure analysis revealed that 60 cowpea accessions can be divided into seven
subpopulations, that is, population 1, population 2, population 3, population 4, population 5,
population 6 and population 7, from both screen houses. The population analysis showed that
each subgroup is diverse from others. Populations 1 and 3 under greenhouse experiment and
populations 2 and 5 in glasshouse experiment. These results would facilitate choices of parental

lines in cowpea-breeding programs.

From the study chromosomes 1, 2, 3, 5, 6, 7, 8, 9, 10 and 11 have the most important genetic
information and traits with regards to drought tolerance at seedling stage in the screen houses.
Important traits such as NP, RR, AVSPD, PL, PWDTH and PWT were associated with
different chromosomes with regards to drought tolerance. From this research PWT was the
most important trait represented by 50 SNPs on nine different chromosome positions. Most of
these positions were based in the glasshouse experiment. (18), observed that some marker
performance indicators such as seed weight and seed number differ by environment. Pod
formation and number of grains per pod depend on environmental factors before anthesis, while
grain weight depend on environmental factors after anthesis (19). Thus the PWT trait was more
pronounced in the glasshouse with more chromosomes exhibiting the trait than in the
greenhouse. The study pointed out that these yield related traits are some of the important
parameters to be used when selecting cowpea accessions for drought tolerance at seedling stage
in screen houses. However, (20) observed that stem greenness, survival and recovery dry
weights in greenhouse were the useful traits to screen cowpea genotypes for their ability to

withstand drought stress at the seedling stage.

Under this study it was also observed that there was a strong co-location of SNP markers

especially on chromosomes 1, 3, 5, 6, 7, 8,9, 10 and 11. SNP markers 100051488|F|0-49 and

d0i:10.20944/preprints202010.0001.v1
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14083801|F|0-28 on chromosome 3 were associated with both AVSPD and PL. SNP marker
14083801|F|0-28 was also associated with PWDTH on chromosome 3. This suggests that
drought tolerance traits are complex and these determines accurate measurements. (21),
investigated candidate genes for seedling drought stress-induced premature senescence and
observed seven markers co-located with peaks of previously identified QTL using restriction
site polymorphisms. The co-location of these markers suggested that these markers were
derived from genes which were involved in cowpea response to drought stress-induced
premature senescence. (22), observed that when there is a smaller p value, then that SNP marker

is very ideal and should be validated for marker assisted selection (MAS).

Most of the trait-associated markers were different under the two screen houses, indicating the
environmental effects in these associations (23). These results showed that different genes
might contribute to the same trait in several environments (24) or there could be a change
within the expression level of the same gene between two environments (25). Associated
markers repeatedly detected in two or more different environments are considered more
reliable than those present in just one environment (26). In this study, 2 markers showed stable
association with different traits under both screen house conditions, notably markers
100051488|F|0-49 and 14083801|F|0-28. The detection of genomic regions associated with
multiple traits across variable environments is essential in breeding crops for wide adaptation

and yield stability (27).

Previous research has shown that plants with good drought tolerance at early vegetative growth
were also able to withstand drought stress at a later stage of plant development (28). Drought
tolerance is a complex phenomenon as it is controlled by many genes thus the use of more

efficient tools like genomic selection (GS) for accelerated trait improvement is ideal (29). This

d0i:10.20944/preprints202010.0001.v1
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is because during QTL analysis, (21), observed that the tolerant genotypes also contributed
alleles that negatively influenced drought tolerance, and that the susceptible parent contributed
alleles that enhanced drought tolerance. The use of SNP markers at seedling stage for drought
tolerance can be a fast and cheaper way than the use of conventional breeding methods in a

field environment.

Conclusion

The screening of cowpea accessions in a controlled environment is a fast way of evaluation,
especially where temperature regulation is needed. Some variability in drought tolerance-
related traits among cowpea genotypes was observed in this study in both greenhouse and
glasshouse experiments. The population structure analysis revealed that under that two screen
houses there were seven subgroups although this was more pronounced in the greenhouse
experiment. Drought tolerance in cowpea is controlled by multiple traits in cowpeas as was
observed with SNPs100051488|F|0-49 and14083801|F|0-28. It is thus necessary to have
accurate measurements of intended traits. In terms of drought tolerance at the seedling stage,
various temperature regimes can be controlled; this can give desired results much quicker than
field selection. The 65 SNP markers identified may be used in cowpea molecular breeding to

select for AVSPD, NP, PL, PWDTH, PWT, and RR through MAS.
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