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Abstract

The research was conducted to study genetic linkage in 45 F»> cowpea mapping
populations derived from a cross between two inbred lines Golinga (cultivated variety) and a
Wild relative. The data used for the study were based on 13 polymorphic SNPs markers, 47
morphological and 23 phytochemical traits (18 amino acids and 5 polyphenols). The
morphological variables involved 17 qualitative and 30 quantitative variables of cowpea
vegetative and yield and yield-related traits whereas the phytochemical traits involved. Genetic
linkage mapping and QTL mapping were performed by using the software QTLiCIMapping
version 4.2. All the 17 qualitative markers were polymorphic. Eleven linkage groups were
detected at a LOD score of 4. Fourteen markers were distributed on chromosome 1. A total of
79 QTLs were identified which were distributed over four linkage groups. Contributions of the
QTLs to percentage phenotypic variation ranged from 0.00% to 27.62% (quercetin). Multiple
QTLs located at the same location were identified on chromosomes 1 and 4 indicating potential
pleiotropy. QTLs identified for seed related traits were mapped to the same region on
chromosome 4. QTLs for the vegetative traits namely, number of branches, number of leaves
and branch length were mapped on the same region on chromosome 4. The identification of
moderate- to large-effect QTLs on chromosome 4, especially gSDWG4.1, offers promising
targets for seed weight improvement in cowpea. A total of 42 QTLs were detected for amino
acids, most of which were located on chromosome 1, with additional loci on chromosomes 4,
7, and 9. Nine QTLs were identified for phenolic acids. Two QTLs for the flavonoids rutin and
quercetin were mapped to a shared region on chromosome 4. This study provided an integrated
QTL framework for morphological, reproductive, amino acid, and phenolic traits in cowpea,
revealing major genomic regions on chromosomes 1 and 4 that controlled both domesticated-

related and nutritional traits. The results offer foundational genomic resources for future fine
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mapping, candidate gene discovery, and nutritional improvement in cowpea breeding

programs.

Author Summary

Cowpea is an important food and nutritional security crop, yet many traits that influence
its yield, seed quality, and nutrient composition remain poorly understood. In this study, we
examined an F2 population produced by crossing a cultivated cowpea variety (‘Golinga’) with
a wild relative to explore genetic factors that control key agronomic and nutritional traits. We
measured vegetative, phenological and yield and yield-related traits, 18 amino acids, and five
phenolic compounds, and used morphological and SNP markers to identify genomic regions

associated with their variation.

We detected 79 QTLs across four chromosomes. Many important seed and reproductive
traits were controlled by QTLs on chromosome 4, while chromosome 1 carried major clusters
of QTLs for amino acids and phenolic acids. These results reveal genomic “hotspots™ that

influence both domestication-related traits and nutritional quality.

By identifying the genetic regions associated with these traits, our work provides
valuable tools for breeding programs aimed at improving cowpea productivity and enhancing
seed nutritional composition. The findings also contribute to a deeper understanding of how

wild relatives can introduce beneficial variation into cultivated cowpea.

Introduction
Genetic-map construction is a critically important tool for further genomic studies, as

well as for genetic breeding of economically important species such as cowpea [1]. Cowpea
(Vigna unguiculata L. Walp) is one of the most ancient crops known to man. Cowpea is also a

widely grown legume in tropical and subtropical Africa where it is mostly cultivated by small-
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scale farmers, usually intercropped with maize or sorghum. The seeds are an excellent source
of carbohydrate (50-60%) and an important source of protein (18-35%) [2]. They also contain
an appreciable quantity of micronutrients such as vitamin A, iron and calcium [3]. It contains
significant amounts of polyphenolic compounds that are beneficial to human and animal health
including phenols, flavonoids and tannins [4,5]. Cowpeas contain bioactive antioxidants such

as vitamin C, carotenoids and phenolic compounds [4].

Molecular markers are the basis for high-resolution genetic linkage map construction
and QTL fine-mapping, which provide powerful tools for genetic analyses of important
economic traits such as disease resistance, yield and yield-related traits in cowpea [6]. Linkage
maps are estimates of the distance between two genetic loci, based on the frequency of
recombination. Highly saturated genetic linkage maps are extremely helpful to breeders and
are an essential prerequisite for many biological applications such as the identification of
marker-trait associations, mapping QTL, candidate gene identification, development of

molecular markers for Marker-Assisted Selection (MAS) and comparative genetic studies [1].

QTL mapping has been reported in most crop plants for diverse traits including yield,
seed quality, disease and insect resistance, abiotic stresses like drought and other environmental
constraints [7]. Previous studies of grain-related traits in several crops have revealed loci
controlling more than one related trait. In Lentil, for example, a flowering time locus was
shown to be linked with the grain coat pattern locus [8]. Flowering times influence grain size
in different crops [9] Similarly, pre-anthesis changes in vegetative organs can affect the amount
of assimilates that are partitioned to the grain during development [7]. Also, post-anthesis
processes can affect the time for maturation or grain filling, which could change the grain size
[10]. Loci controlling flowering times or other flower morphology traits have also been

associated with grain weight or grain size loci in model legume crops [11,12].
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95 The success of QTL mapping depends on the availability and density of the marker

96  maps for the organisms involved [7]. In recent years, comprehensive DNA marker maps have

97  been developed for many crops [13,14]. This facilitates the identification of QTL in crop plants,

98 using an appropriate mapping population. Such populations mostly involve bi-parental

99  progenies such as backcrosses (BC), double haploid lines (DH), F», or recombinant inbred lines
100 (RILs) [15,16]. However, [17] suggested the use of progenies from several parents, to achieve
101  a high probability of obtaining more than one allele at a putative QTL and also to have a more
102  representative estimate of the variance accounted by a QTL. Qualitative characters are common
103  features of natural variation in populations of all eukaryotes, including crop plants. These traits
104  provide a conceptual base for partitioning the total phenotypic variance in terms of additive,
105 dominance and epistatic effects [7]. The basic principle determining whether a QTL is linked
106  to a marker is to partition the mapping population into different genotypic classes based on the
107  genotypes at marker locus and apply relevant statistics to determine whether individuals of one
108  genotype differ significantly from individuals of another genotype [7]. According to [8], the
109  success in using the information on QTLs to increase genetic gain depends greatly on the use
110  of a suitable method to determine the magnitude of QTL effects across multiple environments
111  and whether QTLs are robust across relevant breeding germplasm. Prediction of QTL positions
112  is enhanced by further fine mapping which facilitates testing QTL effects and breeding values

113  in additional populations.

114 Several types of molecular markers have been developed and advancement in
115 sequencing technologies has geared crop improvement. Genetic mapping uses the Mendelian
116  principles of segregation and recombination to determine the relative proximity of DNA
117  markers along the chromosomes of an organism [1] .The genetic marker is a gene or DNA

118 sequence with a known chromosome location controlling a particular gene or trait. Genetic

Page 5 of 36


https://doi.org/10.64898/2025.12.16.694557
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2025.12.16.694557; this version posted December 18, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under a CC-BY 4.0 International license.

119  markers are closely related to the target gene, and they act as assign or flags. Genetic markers

120  are important developments in crop improvement programs such as cowpea.

121 Thus, this research work aimed at constructing a genetic linkage and QTL maps of
122 cowpea using morphological and SNP in cowpea to identify important yield and phytochemical
123  traits to facilitate the development of improved cowpea varieties to ensure food security and

124 combat malnutrition globally.

125

126 Results and discussion

127 Construction of Linkage Maps and Detection of QTLs

128 The present study identified 79 QTLs in total, 10 QTLs for vegetative traits, 3 QTLs
129  for Phenological, 13 for yield and yield related traits (Table 1) and 53 QTLs for phytochemical
130 traits which involved 18 AAs and 5 polyphenols (Table 2) distributed across 11 linkage groups
131  as shown in Figure 1.Studies such as [19] and [20], [20] similarly mapped their markers to 11
132  LGs, confirming the stable genome architecture across mapping populations. However, despite
133  these structural similarities, the number, genomic distribution, and effect sizes of QTLs

134  identified in our study differ from earlier reports.

135 [19] used a high-resolution dataset of 34,868 SNPs, mapping 17,996 of them across 11
136  LGs and detecting 11 QTLs associated with yield-related traits across seven linkage groups. In
137  contrast, [20] employed 215 recombinant inbred lines (RILs) derived from a cross between a
138  cultivated and a wild cowpea accession and evaluated nine domestication-related traits,

139  identifying 16 QTLs across seven chromosomes.
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Table 1: QTLs identified for vegetative, phenological and yield and yield-related morphological traits.

TN QTLName Ch Pos LM RM LOD Rsq E:,}(/))E Add Dom LCI RCI
Vegetative traits
PDL gPDL7.1 7 1 GH GP 265 0.00 21.10 1.05 -473 0.00 8.50
NN gNN1.1 1 2 PTC 3787_812 6.76 0.00 0.00 -0.07 5.90 0.00 550
gNN1.2 1 23 PTC 3787_812 521 0.00 0.00 -0.16 5381 18.50 23.50
gNN7.1 7 8 GH GP 3.96 0.00 0.00 0.23 5.83 7.50 10.00
NB gNB1.1 1 11 PTC 3787_812 531 0.00 6.79 -1.37 -177 750 1450
gNB1.2 1 49 5074 629 13947 415 593 0.00 6.62 148 -1.43 4550 52.50
gNB4.1 4 6 LC LT 6.16 0.00 6.86 -0.13 3.12 250 10.50
NL gNL4.1 4 20 LC LT 295 0.00 6.75 1.08 26.01 3.50 25.00
BL gBL1.1 1 57 5074 629 13947_415 290 38.06 15.52 0.81 -0.11 49,50 57.00
gBL4.1 4 0 LC LT 521 38.06 27.46 -0.88 2.23 0.00 450
Phenological traits
DTG gDTG1.1 1 16 PTC 3787 812 641 0.00 0.00 3.22 -6452 850 20.50
DFMP  gDFMP1.1 1 16 PTC 3787 812 6.38 0.00 0.00 3.00 -64.38 850 20.50
DFF gDFF1.1 1 16 PTC 3787 812 6.38 0.00 0.00 3.00 -64.38 850 20.50
Yield and yield related traits
SPZ qSPZz1.1 1 22 PTC 3787 812 291 0.00 1349 0.08 -0.29 15.50 26.50
PDWD ¢gPDWD1.1 1 1 PTC 3787 812 298 0.00 11.98 0.02 0.19 0.00 150
NLPP  gNLPP1.1 1 18 PTC 3787 812 2,60 0.00 12.71 0.71 1.67 10.50 26.50
NSAB gNSABl.1 1 3 PTC 3787_812 335 0.00 270 0.02 2.89 0.00 6.50
gNSAB1.2 1 41 5074 629 13947 415 259 0.00 2.58 0.21 2.63 38.50 45.50
gNSAB1.3 1 54 5074 629 13947 415 276 0.00 2.73 -0.23 2.67 49.50 57.00
gNSAB4.1 4 14 LC LT 6.45 0.00 297 -0.26 291 450 20.50
PA gPA4.1 4 14 LC LT 501 0.00 4.98 -2.37 2074 450 21.50
SDLT @gSDLT1.1 1 1 PTC 3787_812 390 0.00 7.64 0.00 0.17 0.00 150
gqSDLT1.2 1 25 PTC 3787_812 4.06 0.00 7.65 0.00 0.16 2250 26.50
gSDLT4.1 4 22 LC LT 479 0.00 7.96 -0.01 0.17 10.50 25.00
SDTH qSDTHA4.1 4 22 LC LT 259 0.00 15.23 -0.01 0.13 13.50 25.00
SDWG qSDWGA4.1 4 18 LC LT 5.04 0.00 25.49 -0.03 0.30 550 23.50

TN= Trait Name, Ch=Chromosome name, Pos=Position, LM=Left Marker, RM=Right Markers, LOD=Log of odds,
PVE(%)=Phenotypic variance, Rsq=R-square, Add=Additive effect, Dom=Dominant effect, LCI= Left Chromosome Interval, RCI=
Right Chromosome Interval, GH=Growth habit, GP=Growth pattern, TT=Twinning tendency, PP=Plant pigment, LSZ=Leaf size,
LSH=Leaf shape, PLH=Plant hairiness, LC=Leaf colour, LT=Leaf texture, LM=Leaf markings, RP=Raceme position, PDAT=Pod
attachment, PDC=Pod curvature, PDTH=Pod thickness, PDCL=Pod colour, PDHN=Pod hairiness, DTG=Mean days to
germination, PDL=Mean peduncle length, DFMP=Mean days to first mature pod, NN=Mean number of nodes, NB=Mean number
of branches, NL=Mean number of leaves, BL=Mean branch length, DFF=Mean days to first flowering, SPZ=Mean standard petal
size, ,PDWD=Average pod width , NLPP=Average number of locules per plant, NSAB=Average number of seed aborted,
PA=Average percentage seed set, SDLT=Average seed length, SDWG=Seed weight. QTL name is designated as follow: “g” to
indicate quantitative trait loci, followed by the trait name, then followed by the chromosome number, then ‘.’ Finally then the count
of traits on a chromosome
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Figure 1: QTLs identified for morphological, amino acids and polyphenols in f, cowpea mapping populations

Key: GH=Growth habit, GP=Growth pattern, TT=Twinning tendency, PP=Plant pigment, LSZ=Leaf size,
LSH=Leaf shape, PLH=Plant hairiness, LC=Leaf colour, LT=Leaf texture, LM=Leaf markings, RP=Raceme
position, PDAT=Pod attachment, PDC=Pod curvature, PDTH=Pod thickness, PDCL=Pod colour, PDHN=Pod
hairiness, DTG=Mean days to germination, PDL=Mean peduncle length, DFMP=Mean days to first mature pod,
NN=Mean number of nodes, NB=Mean number of branches, NL=Mean number of leaves, BL=Mean branch
length, DFF=Mean days to first flowering, SPZ=Mean standard petal size, ,PDWD= Average pod width ,
NLPP=Average number of locules per plant, NSAB=Average number of seed aborted, PA=Average percentage
seed set, SDLT=Average seed length, SDWG=Seed weight, LHIS=L-Histidine, LCYS=L-Cysteine, LSER=L-
Serine, GLU=Glutamine, LLYS= L-Lysine, LASP=L-Asparagine, BTH=B-Threonine, LTH=L-Threonine,
LASPT=L-Aspartic Acid, TPRO=Trans-4-Hydroxy-L-Proline, DPRO=D-Proline, LVA=L-Valine, DALA=DL-
Alpha-Alanine, LMET=L-Methionine, ILEU=Iso-Leucine, DBLA=DL-Beta_phenyl-Alanin, LTRY=L-
Tryptophan, LTYR=L-Tyrosine, VA=Vanillic acid, GA=Gallic acid, PCA=P- coumeric acid, RU=Rutin,
QU=Quercetin. QTL name is designated as follow: “q” to indicate quantitative trait loci, followed by the trait
name, then followed by the chromosome number, then ‘.” Finally then the count of traits on a chromosome
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193 Differences between our results and those reported by [19] and [20] can be attributed
194 to several biological and methodological factors. The population structure is a key determinant:
195  our biparental F2 population captures only the allelic combinations segregating between two
196  parents, whereas the genetically diverse populations used in the other studies contain far greater
197  recombination and allelic richness. This increases the likelihood of detecting both major- and

198  minor-effect QTLs.

199 Additionally, variation in statistical thresholds, mapping algorithms, and LOD score
200  criteria across studies contributes to discrepancies in QTL detection. As demonstrated by [21],
201  different interval mapping frameworks vary significantly in power and resolution, leading to

202  study-specific QTL profiles.

203  Vegetative traits

204 Peduncle length. A single QTL for peduncle length was detected on chromosome 7,
205  located between markers GH and GP (0.00-8.5 cM) and peaking at 1.00 cM with a LOD score
206  of 2.65 and an additive effect of 1.05, explaining 21.09% of the phenotypic variation (Table 1,

207  Figure 1)

208 [20] identified a single QTL CPedI5 for peduncle length on chromosome 5 that
209  accounted for 71.83% of the variation across a 15.37 ¢M region in a cultivated x wild cross
210  [20]. The difference in genomic position and effect size between our findings and earlier studies
211  suggests that the chromosome 7 locus detected here may represent a novel allele or population-
212  specific variant absent in previous mapping populations. Such discrepancies across studies
213  highlight the influence of allelic diversity, genetic background, and recombination density on
214 QTL detection, emphasizing the importance of validating peduncle length loci across multiple

215  germplasms sets and environments [20,22,23].
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216 Number of branches. Three QTLs associated with number of branches were identified.
217  Two loci, gNB1.1 and gNB1.2, mapped to chromosome 1 within the intervals PTC — 3787_812
218 (7.5 14.5 cM) and 5074_629 — 13947 415 (45.5-52.5 cM), peaking at 11.00 cM and 49.00
219  cMwith LOD scores of 5.30 and 5.93, respectively, explaining 6.79% and 6.62% of phenotypic
220  variation. A third locus, gNB4.3, mapped to chromosome 4 within LC — LT (2.5-10.5 cM),
221  peaking at 6.00 cM with a LOD score of 6.15 and explaining 6.86% of the variation (Table 1,
222  Figure 1). These dispersed loci indicate that multiple genomic regions regulate shoot
223  proliferation in cowpea, consistent with branching QTLs identified in previous cowpea and

224 legume studies [24,25].

225 Number of leaves. One QTL gNL4.1 for number of leaves was detected on chromosome
226 4, located between LC and LT (3.5-25.0 cM) and peaking at 20.00 cM with a LOD score of
227  2.94 and explaining 6.75% of phenotypic variation (Table 1, Figure 1). Although modest in
228  effect, this locus aligns with earlier findings showing that vegetative growth traits tend to be

229  influenced by several small-effect loci dispersed across linkage groups [23,26].

230 Branch length. Two QTLs for branch length were detected on chromosomes 1 and 4.
231  The QTL gBL1.1 was found on chromosome 1 and mapped to 5074_629 — 13947_415 (49.5—
232  57.0 cM), peaking at 57.00 cM with a LOD score of 2.90 and explaining 15.52% of phenotypic
233  variation. The chromosome 4 locus gBL4.1, mapped between LC and LT (0.00-4.5 cM),
234  peaked at 0.00 cM with a LOD score of 5.21 and explaining 27.45% of the variation (Table 1,
235  Figure 1). This major-effect region on chromosome 4 aligns with genomic intervals previously
236  associated with shoot elongation and domestication traits in cowpea and related legumes

237 [20,27,28]

238 Together, these vegetative QTLs spanning peduncle length, leaf production, and branch

239  length reflect both major and minor loci distributed across chromosomes 1, 4, and 7. Their
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240 combined effects reinforce the polygenic nature of vegetative architecture in cowpea and
241  highlight genomic regions of interest for marker-assisted breeding aimed at optimizing ease of

242  harvest, canopy structure, plant vigor, and stand establishment.

243 Phenological traits (Days to 50% germination, Days to 50% flowering,
244  Days from 50% flowering to mature pods)

245 A QTL associated with days to 50% germination, gDTG1.1 was identified on
246  chromosome 1, peaking at 16.00 cM between markers PTC and 3787_812 (8.5-20.5 cM). This
247  locus had a LOD score of 6.41 but explained 0% of the phenotypic variation. A similar pattern
248  was observed for days to 50% flowering, for which a single QTL, gDFF1.1 was mapped to the
249  same interval on chromosome 1 with a peak at 16.00 cM, a LOD score of 6.38, and an additive
250 effect of 3.00, though again accounting for 0% of the observed variation. A related QTL
251  associated with days from 50% flowering to mature pods, gDFMP1.1 was also mapped to this
252  identical region, with a peak at 16.00 cM, a LOD score of 6.38, and 0% variance explained

253  (Table 1, Figure 1)

254 The co-localization of qDTG1.1, gDFF1.1, and gDFMP1.1 suggests the presence of a
255  shared regulatory region influencing early developmental and reproductive timing. However,
256  the negligible phenotypic variance explained by all three loci indicates very weak segregation
257  for these traits in the biparental F» population used. This aligns with earlier observations that
258  phenology in cowpea is highly polygenic, governed largely by numerous small-effect loci that
259  are difficult to resolve in low-recombination populations [29].These findings contrast sharply
260  with previous QTL studies employing recombinant inbred lines (RILs), MAGIC populations,
261 and GWAS panels, which revealed multiple flowering-time loci across several chromosomes
262  due to higher allelic richness and more extensive recombination [30,31]. For example, [30],
263  [26] identified flowering-time QTLs on multiple chromosomes, reflecting broader genetic

264  divergence and increased mapping resolution [30]. [20] similarly detected major flowering-
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265 and pod-set QTLs on chromosomes 5, 8, and 9 in a cultivated x wild cross characterized by
266  strong allelic contrast [20]. GWAS studies have further shown that flowering time is controlled
267 by numerous small-effect loci dispersed across the genome, many of which escape detection

268 in biparental designs [31].

269 A direct comparison can be made with the work of [32], who identified eight flowering-
270  time (FT) QTLs ina TV x IT population, including stable multi-environment QTLs on Vu01
271  and Vu08 explaining up to 27.3% of the phenotypic variance [32]. In a separate YA x 58
272  population, two additional FT QTLs were detected, with multi-environment QTLs on Vu07
273 and Vu09 explaining 13.7-18.4% of trait variation [32]. Similarly, days-to-maturity QTLs
274  (DTM) were identified on Vu01, Vu02, Vu03, Vu06, Vu08, and Vu09. Compared with these
275  findings, the single weak QTL interval detected in the present study demonstrates that our F»
276  population provided limited recombination and insufficient allelic diversity to resolve major

277  phenology loci.

278 Despite the small effects detected, the consistent alignment of gDTG1.1, gDFF1.1, and
279 gDFMP1.1 suggests that this chromosomal region may harbor conserved regulatory genes

280 involved in early development and reproductive transition.

281 In legumes, flowering transition is regulated through photoperiodic and circadian
282  pathways involving CONSTANS-like (COL) genes, ELF-like transcriptional regulators, and
283  floral integrators such as FT and FLC, many of which map to syntenic or adjacent genomic

284  regions in cowpea and soybean [33-36]

285 Flowering time is a key adaptive trait influencing drought escape, maturity grouping,
286  and yield stability in cowpea [37,38]. Even small-effect loci such as gDFF1.1 may hold

287  breeding value when validated in RILs, MAGIC populations, or multi-environment GWAS
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288  panels. Future work incorporating these higher-resolution designs will clarify whether this
289  genomic interval contributes environment-specific or epistatic effects affecting early

290  developmental timing.

291  Yield and yield-related traits
292 Pod width and Locule Number. One QTL for pod width, gPDWD1.1 was detected on

293  chromosome 1 between PTC and 3787 812 (0.0-1.5 cM), peaking at 1.00 cM with a LOD of
294  2.97 and explaining 11.98% of the phenotypic variation. Similarly, a QTL for number of locules
295  per pod gNLPPI.1 mapped to chromosome 1 within the PTC-3787 812 interval, peaking at
296  18.00 cM at an of LOD 2.60 and explaining 12.71% of the variation (Table 1, Figure 1). These
297  moderate-effect loci align with findings of [20], who reported pod length and pod structure
298  QTLs distributed across multiple chromosomes, typically explaining 10-25% of trait variance

299  in cultivated x wild RILs [20].

300 Number of seeds aborted per pod and Percentage seed set. Four QTLs influenced
301  number of seeds aborted per pod (NSAB): gNSAB1.1, qNSAB1.2, gNSAB1.3 on chromosome
302 1, and qNSAB4.4 on chromosome 4. These loci had LOD scores between 2.59 and 6.45 but
303  small individual effects (2.58-2.97%) (Table 1, Figure 1). The presence of several low-effect
304 loci suggests strong environmental and polygenic influences on ovule fertility and pod filling.
305  Similar dispersion of small-effect QTLs regulating seed set has been reported in recent multi-
306  environment cowpea mapping studies [32], supporting a model in which reproductive

307 efficiency is controlled by numerous interacting loci rather than a few large-effect genes.

308 The QTL for percentage seed set, qPA4.1 also mapped to chromosome 4 flanked on
309 LC-LT (4.5-21.5cM), peaking at 14.00 cM of LOD 5.01 with a PVE of 4.97% (Table 1, Figure

310 1). Genes affecting embryo viability, pollen—pistil compatibility, or pod wall strength may
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311  contribute to variation in seed-set success, as shown in comparable QTL studies involving

312  stress-responsive reproductive traits [39,40].

313 Seed length, thickness and weight. In this study, Seed morphological traits were
314  controlled by several QTLs located on chromosomes 1 and 4. For seed length, three QTLs were
315  detected: qSDLT1.1 at an LOD of 3.90 with PVE of 7.64% and qSDLT1.2 at an LOD of 4.06
316  with PVE of 7.64% on chromosome 1, and gSDLT4.1 with an LOD 4.79 and explained 7.95%
317  of on chromosome 4, indicating polygenic inheritance with small effect sizes. Seed thickness
318  was influenced by a single QTL, gSDTH4.1 (LOD 2.58; PVE 15.22%) located on chromosome
319 4. A major QTL for seed weight, gSDWG4.1 (LOD 5.03; PVE 25.49%), was also found on
320 chromosome 4, accounting for a highest portion of phenotypic variation in yield and yield

321  related traits (Table 1, Figure 1).

322 The major seed-weight QTL identified in this study, gSDWG4.1 on chromosome 4,
323  differed from those reported in earlier cowpea studies. [20] detected three high-effect seed-
324 weight QTLs CSwl, CSw6, and CSw8 and none of their loci mapped to chromosome 4 [20]. In
325  contrast, qSDWG4.1 did not overlap with any QTL reported in earlier studies, suggesting that
326  the chromosome 4 region detected here may be unique to the wild x cultivated cross used.
327  Other wild x cultivated QTL studies identified seed-weight loci on different genomic regions,
328  with no overlap with [20] or with the QTLs detected in this study [26,41]. These contrasts
329 indicate that seed weight in cowpea is influenced by different sets of loci depending on the
330  genetic background, and that wild germplasm may contribute novel alleles do not present in
331  cultivated varieties.

332
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333 Amino Acid (AA) and Polyphenolic Composition
334 Amino Acids. QTL analysis revealed a complex and highly polygenic architecture

335 underlying amino acid (AA) accumulation in the population, with a strong clustering of loci on
336  chromosome 1 and additional contributions from chromosomes 4 and 7, and isolated signals
337  on chromosomes 9. Across all AAs evaluated, a total of forty-two (42) QTLs were detected
338  (Table 2, Figure 1), representing both minor- and moderate-effect loci that collectively shape

339  AA variability.

340 A prominent pattern was the repeated identification of QTLs on chromosome 1, which
341  contributed to variation in nearly all AAs examined, including L-histidine, L-cysteine, L-
342  serine, glutamine, L-lysine, L-asparagine, B-threonine, L-threonine, L-aspartic acid, D-proline,
343  L-valine, DL-a-alanine, L-methionine, L-tryptophan, and L-tyrosine. Many of these QTLs
344  were localized to overlapping regions flanked by markers PTC—-3787 812 and 5074 _629—
345 13947 415, indicating the presence of key genomic intervals with pleiotropic or tightly linked
346  genes involved in AA biosynthesis, transport, or metabolism. Notably, several AAs exhibited
347  multiple QTLs within these regions, suggesting either clusters of biosynthetic genes or shared

348  metabolic regulators.

349 Among the amino-acid traits, L-histidine displayed five QTLs across chromosomes 1,
350 4, and 7, each explaining approximately 3-4% of the phenotypic variance, indicating a classic
351  minor-effect polygenic pattern. Similarly, glutamine, lysine, and trans-4-hydroxy-L-proline
352  exhibited QTLs with low PVE (< 4.00%), reinforcing the quantitative nature of these
353  metabolites. In contrast, several AAs were influenced by moderate-effect QTLs. L-cysteine
354  QTLs on chromosomes 1, 4, and 7 each accounted for ~13% PVE, marking them as
355  biologically significant loci that may control rate-limiting steps in sulfur-containing AA
356  metabolism. L-asparagine and L-tyrosine also exhibited notable single-QTL effects, with PVE
357  values of 10.7% and 17.0%, respectively.
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Table 2: QTLs identified for amino acids and polyphenolic traits.

TN QTLName Ch Pos LM RM LOD Rsq PVE(%) Add Dom LClI RCI
Amino acids
LHIS qLHIS1.1 1 2 PTC 3787 812 5.67 0.00 394 -001 137 000 550
qLHIS1.2 1 23 PTC 3787 812 427  0.00 417 004 110 1850 25.50
qLHIS1.3 1 52 5074 629 13947 415 297  0.00 440 -009 122 4750 5250
qLHIS4.1 4 5 LC LT 420 0.00 400 003 134 150 1150
qLHIS7.1 7 5 GH GP 467 0.00 409 005 130 250 5.50
LCYS (qLCYS1.1 1 4 PTC 3787 812 8.34  0.00 13.02 0.00 003 150 14.50
qLCYS4.1 4 5 LC LT 570  0.00 13.01 0.00 003 150 7.50
qLCYS7.1 7 7 GH GP 576  0.00 13.08 0.00 0.03 3.50 10.00
LSER  gSER1.1 1 4 PTC 3787 812 6.04 0.00 0.00 001 032 000 16.50
GLU qGLU1.1 1 26 PTC 3787 812 3.83 60.51 0.00 0.01 -0.36 2450 26.50
qGLU1.2 1 30 4980 497 5149 220 9.62 60.51 0.00 001 060 2950 31.50
qGLU1.3 1 52 5074 629 13947 415  3.66 60.51 0.00 -001 021 4650 55.50
GLU qGLU4.1 4 22 LC LT 2.65 60.51 0.00 -0.02 025 2150 23.50
LLYS  qLLYS1.1 1 26 PTC 3787 _812 433 66.16 0.00 0.01 -0.36 2450 26.50
qLLYS1.2 1 30 4980 497 5149 220  10.78 66.16 0.00 001 062 2950 31.50
qLLYS1.3 1 54 5074 629 13947 415  3.07 66.16 0.00 -0.02 021 4650 55.50
qLLYS4.1 4 19 LC LT 419 66.16 0.00 -0.01 0.24 1850 23.50
LASP  gLASP1.1 1 40 5074 629 13947 415  3.19  0.00 10.71 0.45 12.06 38.50 41.50
BTH qBTH1.1 1 30 4980 497 5149 220 2.78 3851 570 0.01 013 2950 31.50
qBTH1.2 1 57 5074 629 13947 415  3.39 3851 6.01 -0.03 -0.04 5250 57.00
LTH qLTH1.1 1 49 5074 629 13947 415 410 0.00 14.92 -0.01 013 4150 54.50
LASPT qgLASPT1.1 1 11 PTC 3787_812 297  0.00 517 -140 -1.75 850 12.50
qLASPT1.2 1 20 PTC 3787 _812 6.17  0.00 552 0.08 3.00 1650 23.50
qLASPT1.3 1 44 5074 629 13947 415 540 0.00 560 -0.01 294 4050 47.50
TPRO  (TPRO1.1 1 1 PTC 3787_812 5.67 0.00 0.00 003 349 000 250
qTPRO1.7 7 9 GH GP 473  0.00 0.00 0.00 349 750 10.00
DPRO gDPRO1.1 1 42 5074 629 13947 415 3.03 0.00 2089 0.06 052 39.50 47.50
LVA gLVAl.1 1 2 PTC 3787_812 3.84 0.00 210 -0.02 097 0.00 450
qLVA1.2 1 25 PTC 3787 _812 398 0.00 211 004 0.84 2150 2650
qLVA1.3 1 39 5074 629 13947 415  3.23  0.00 211 006 0.79 3750 4150
qLVAL1.4 1 55 5074 629 13947 415 331  0.00 235 -0.12 0.83 5250 57.00
qLVA4.1 4 6 LC LT 254  0.00 2.15 -0.06 1 150 7.50
DALA (gDALAl1.1 1 4 PTC 3787_812 7.65 0.00 315 -001 342 150 9.50
qDALAL.2 1 25 PTC 3787_812 455  0.00 315 0.06 342 2450 2550
qDALAL.3 1 51 5074 629 13947 415 6.92  0.00 3.13 -0.04 339 4850 55.50
LMET gLMET1.1 1 41 5074 629 13947 415 3.74  0.00 322 002 030 3850 4550
qLMET1.2 1 55 5074 629 13947 415 447  0.00 342 -003 0.35 5050 57.00
qLMET4.1 4 17 LC LT 537 0.00 326 -0.03 036 1250 18.50
DBLA gDBLA7.1 7 9 GH GP 15.74  0.00 0.00 0.16 491 550 10.00

TN= Trait Name, Ch=Chromosome name, Pos=Position, LM=Left Marker, RM=Right Markers, LOD=Log of odds,
PVE(%)=Phenotypic variance, Rsq=R-square, Add=Additive effect, Dom=Dominant effect, LCI= Left Chromosome Interval, RCI=
Right Chromosome Interval, GH=Growth habit, GP=Growth pattern, TT=Twinning tendency, PP=Plant pigment, LSZ=Leaf size,
LSH=Leaf shape, PLH=Plant hairiness, LC=Leaf colour, LT=Leaf texture, LM=Leaf markings, RP=Raceme position, PDAT=Pod
attachment, PDC=Pod curvature, PDTH=Pod thickness, PDCL=Pod colour, PDHN=Pod hairiness, LHIS=L-Histidine, LCYS=L-
Cysteine, LSER=L-Serine, GLU=Glutamine, LLYS= L-Lysine, LASP=L-Asparagine, BTH=B-Threonine, LTH=L-Threonine,
LASPT=L-Aspartic Acid, TPRO=Trans-4-Hydroxy-L-Proline, DPRO=D-Proline, LVA=L-Valine, DALA=DL-Alpha-Alanine,
LMET=L-Methionine, ILEU=Iso-Leucine, DBLA=DL-Beta phenyl-Alanin, LTRY=L-Tryptophan, LTYR=L-Tyrosine,
VA=Vanillic acid, GA=Gallic acid, PCA=P- coumeric acid, RU=Rutin, QU=Quercetin. QTL name is designated as follow: “g” to
indicate quantitative trait loci, followed by the trait name, then followed by the chromosome number, then ‘.’ Finally then the count
of traits on a chromosome.
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Table 2 : QTLs identified for amino acids and polyphenolic traits

TN QTL Ch Pos LM RM LOD Rsq PVE" Add Dom LCI RCI
Name (%)

Amino acids

LTRY gLTRY1.1 1 43 5074 629 13947 415 392 0.00 26.76 -0.12 16.56 4250 47.50
gLTRY9.1 9 0 TT TT 275 000 817 -363 -258 0.00 0.00
gLTYR1.1 1 9 PTC 3787 812 798 000 17.03 -062 -045 450 1450

Polyphenols

VA qVA1l.1 1 2 PTC 3787 812 481 0.00 348 0.00 0.00 000 250
qVAL1.2 1 41 5074 629 13947 415 308 0.00 324 0.00 0.00 3850 4550
qVAL.3 1 55 5074 629 13947 415 293 000 319 000 0.00 49.50 57.00

GA qGA1.1 1 2 PTC 3787 812 481 000 349 0.00 001 000 250
qGA1.2 1 41 5074 629 13947 415 308 0.00 324 0.00 0.01 3850 4550
qGAL1.3 1 55 5074 629 13947 415 293 000 319 000 001 4950 57.00

PCA gqPCA1.1 1 2 PTC 3787 812 481 0.00 348 0.00 0.00 000 250
gqPCA1.2 1 41 5074 629 13947 415 308 000 325 0.00 0.00 385 4550
gqPCAL1.3 1 55 5074 629 13947 415 293 000 319 000 000 495 57.00

RU gqRU4.1 4 22 LC LT 433 0.00 18.08 0.00 0.02 125 25.00

QU qQU4.1 4 23 LC LT 428 2042 2762 0.00 012 155 25.00

TN= Trait Name, Ch=Chromosome name, Pos=Position, LM=Left Marker, RM=Right Markers, LOD=Log of odds,
PVE(%)=Phenotypic variance, Rsq=R-square, Add=Additive effect, Dom=Dominant effect, LCI= Left Chromosome Interval, RCI=
Right Chromosome Interval, GH=Growth habit, GP=Growth pattern, TT=Twinning tendency, PP=Plant pigment, LSZ=Leaf size,
LSH=Leaf shape, PLH=Plant hairiness, LC=Leaf colour, LT=Leaf texture, LM=Leaf markings, RP=Raceme position, PDAT=Pod
attachment, PDC=Pod curvature, PDTH=Pod thickness, PDCL=Pod colour, PDHN=Pod hairinessLHIS=L-Histidine, LCYS=L-
Cysteine, LSER=L-Serine, GLU=Glutamine, LLYS= L-Lysine, LASP=L-Asparagine, BTH=B-Threonine, LTH=L-Threonine,
LASPT=L-Aspartic Acid, TPRO=Trans-4-Hydroxy-L-Proline, DPRO=D-Proline, LVA=L-Valine, DALA=DL-Alpha-Alanine,
LMET=L-Methionine, ILEU=Iso-Leucine, DBLA=DL-Beta phenyl-Alanin, LTRY=L-Tryptophan, LTYR=L-Tyrosine,
VA=Vanillic acid, GA=Gallic acid, PCA=P- coumeric acid, RU=Rutin, QU=Quercetin. QTL name is designated as follow: “g” to
indicate quantitative trait loci, followed by the trait name, then followed by the chromosome number, then ‘.’ Finally then the count
of traits on a chromosome.
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384 The QTLs for D-proline and L-tryptophan, gDPRO1.1 and gLTRY1.1, respectively,
385 both mapped to chromosome 1 and exhibited strong effects, with gDPRO1.1 explaining
386  20.88% of the phenotypic variance and gLTRY1.1 accounting for 26.76%, the largest effect
387  observed among all AAs. These results suggest the presence of key loci controlling proline and
388 tryptophan biosynthesis. Although chromosome 1 dominated the QTL contributions,
389  chromosomes 4 and 7 also contributed several meaningful QTLs. Chromosome 4 contained
390 QTLs for L-histidine, L-cysteine, glutamine, lysine, valine, and methionine, many with

391  moderate effects, which highlights this chromosome as a secondary hotspot of AA regulation.

392 In the present study, three quantitative trait loci (QTLs) associated with L-methionine
393  content—qgLMETI.1, qLMETI.2, and qLMET4.3 were identified. The first two QTLs,
394  gLMETI.I and gLMETI.2, were mapped on chromosome 1. These loci exhibited LOD scores
395 of 3.73 and 4.47 and accounted for 3.21% and 3.42% of the phenotypic variance. The third
396 QTL, gLMET4.3, was positioned on chromosome 4 between markers LC and L7, peaking at
397  17.0 cM, with a LOD score of 5.37, and explained 3.26% of the phenotypic variance. Notably,

398 no QTLs for isoleucine were detected in this biparental F2 population.

399 These results contrast with those reported by [42], who utilized a MAGIC (Multi-Parent
400 Advanced Generation Inter-Cross) population comprising 235 Fs recombinant inbred lines
401  derived from eight genetically diverse founder parents. Their study identified multiple
402  significant QTLs for isoleucine distributed across chromosomes 1, 2, 3, and 6, each with LOD
403  values > 3, collectively explaining up to 9.04% of phenotypic variation. For leucine, QTLs
404  were detected on chromosomes 2, 4, and 5 (LOD > 3; PV = 3.56%). In addition, they reported
405  methionine-associated QTLs on chromosomes 1, 2, 3, and 5, with phenotypic variance

406  contributions reaching 88.43%.
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407 The divergence between our findings and those of may be attributed to several factors,
408 including population structure, allelic diversity, and genetic background effects. The MAGIC
409 population employed in their study captures substantially greater allelic richness,
410 recombination frequency, and epistatic interactions than the biparental F2 population used here,
411  thereby enabling the detection of a broader range of minor- and major-effect loci. The presence
412  of eight founder parents likely introduced rare alleles and complex gene interactions that are

413  absent in two-parent crosses.

414 Despite identifying fewer QTLs of relatively small effect, the methionine-associated
415  loci detected in our study particularly those on chromosome 1 partially overlap with regions
416  reported by [42]. This suggests the presence of conserved genomic regions influencing amino-
417  acid metabolism in cowpea and highlights the potential value of integrating diverse population

418  types for future fine-mapping and gene discovery.

419 Overall, the distribution of QTLs reveals that AA composition in this population is
420 governed by a network of multiple minor-effect loci and several biologically meaningful
421  moderate-effect regions, with chromosome 1 representing the major regulatory hub. The co-
422  localization of QTLs for multiple AAs suggests shared genetic mechanisms, potentially
423  reflecting coordinated regulation of AA biosynthesis pathways. These findings provide strong
424 candidate genomic regions for downstream marker validation, metabolic pathway analysis, and

425  breeding strategies aimed at improving AA profiles.

426  Polyphenols

427 QTL mapping for phenolic compounds revealed strong evidence of trait clustering on
428  chromosome 1 for simple phenolic acids and a distinct concentration of high-effect QTLs on

429  chromosome 4 for flavonoids. In total, eleven QTLs were detected across four phenolic
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430  metabolites and represented both minor-effect loci associated with phenolic acids and major-

431  effect loci governing flavonoid accumulation (Table 2, Figure 1).

432 Three structurally related phenolic acids exhibited nearly identical QTL patterns as for
433  follows vanillic acid (gVAI.1, qVAl.2, qVAI.3) , gallic acid (9GA1.1,qGAl.2, gGAl.3), and p-
434  coumaric acid (qPCAI1.1, gPCAl.2, gPCA1.3) ). QTLs involved with each compound were all
435 mapped to chromosome 1, and all localized to similar marker intervals. These QTLs
436  consistently occurred within two major genomic regions: a proximal region near P7TC-
437 3787 812 (0-2.5 cM) and two distal regions within 5074 629—13947 415, spanning 38.5—
438  57.0 cM. The repeated detection of QTLs within these intervals suggests the presence of shared
439  regulatory loci or tightly linked genes governing early-pathway phenolic acid biosynthesis.
440  Individual QTL effects were small, explaining 3.19-3.48% of phenotypic variation for each
441  compound, consistent with the minor-effect, quantitative nature of phenolic acid accumulation.
442  The near-identical genomic positions and PVE values across all three acids further indicate
443  coordinated genetic control of these core metabolites.

444 In contrast to the simple phenolic acids, the flavonoids rutin and quercetin displayed a
445  distinctly different genetic architecture. Each trait was governed by a single, moderate-to-major
446  effect QTL, both mapped to chromosome 4 in a shared genomic interval flanked by LC-LT.
447  The QTL for rutin, gRU4 peaked at 22.0 cM and explained 18.08% of phenotypic variation,
448  while the QTL for quercetin, gQU4 peaked at 23.0 cM and accounted for an 27.61% of
449  phenotypic variance. These high-effect QTLs likely represent key regulatory loci associated
450  with branch-point genes in the flavonoid pathway, such as those involved in glycosylation or
451  flavonol conversion. The tight proximity of the rutin and quercetin QTLs strongly suggests
452  either pleiotropy or the presence of linked biosynthetic genes, reflecting the biochemical

453  relationship between the two flavonoids.
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454 Together, these results reveal a strong division in the genetic control of phenolic
455  compounds: chromosome 1 serves as the primary hub for simple phenolic acids, while
456  chromosome 4 contains major regulatory regions for flavonoids. This pattern mirrors known
457  biochemical pathway structure, in which upstream shikimate-derived phenolic precursors are
458  broadly regulated, while downstream flavonoid products are often controlled by specific high-
459  impact loci. The identified QTL regions therefore represent powerful genomic targets for
460 metabolic improvement and for dissecting the regulatory networks that differentiate core

461  phenolic acids from specialized flavonoids.

462 Comparative Interpretation Across Studies and Breeding Implications

463 Chromosome 4 consistently carries large-effect QTLs for seed size and weight,
464  matching domestication-related findings in both RIL and MAGIC populations [20-23]. Effect
465  sizes in this biparental F2» population are moderate, as expected given fewer recombination
466  events compared with RIL/GWAS/MAGIC populations, which typically reveal more QTLs
467  with clearer resolution [23]. Environmental sensitivity influences reproductive traits, such as
468  seed abortion and seed set, which often show low variance explained yet multiple contributing

469 loci [43].

470 The identification of moderate- to large-effect QTLs on chromosome 4, especially
471  gSDWGA4.1, offers promising targets for seed weight improvement in cowpea. Meanwhile, the
472  smaller-effect QTLs on chromosome 1 highlight opportunities for selection aimed at reducing

473  seed abortion and improving reproductive efficiency under stress.

474 The distribution of amino acid QTLs particularly methionine and valine mirrored
475  patterns reported in multi-parent studies. Compared with the broad, high-variance QTL
476  networks detected in the MAGIC population of [42], the present biparental study identified
477  fewer methionine QTLs of moderate effect on chromosomes 1 and 4. However, partial overlap
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478  on chromosome 1 suggests conserved genomic regions influencing amino acid metabolism
479  across population types. Differences in QTL number and effect size reflect contrasting allelic
480  diversity and recombination structure between two-parent F. and eight-parent MAGIC

481  populations.

482 Polyphenolic QTLs showed similar partitioning, with vanillic, gallic, and p-coumaric
483  acids mapping to chromosome 1 and flavonoids such as rutin and quercetin mapping to
484  chromosome 4, reinforcing these chromosomes as key regulatory hubs for both morphological

485  and biochemical traits.

486 The consistent identification of moderate- to large-effect QTLs on chromosome 4
487  particularly gSDWG4.1 for seed weight and qLMET4.3 for methionine provides valuable
488  targets for marker-assisted selection. Chromosome 1, with its dense clusters of reproductive,
489  amino acid, and polyphenolic QTLs, offers additional opportunities for improving seed quality
490  and stress resilience. Multi-environment validation and genomic selection approaches will be
491  essential for capturing the polygenic basis of nutritional traits and ensuring stability across

492  diverse production environments.

493  Materials and Methods
494 Development of mapping population and Phenotyping

495 Forty - five F2 mapping populations (accR1-accR45) of cowpea were developed from a
496  biparental cross between Golinga (accR46) and a Wild relative (accR47). These accessions
497  were obtained from the Genetics Lab in the Department of Plant and Environmental Biology
498 (DPEB). A single row plot design was used. Two seeds from each F2 population and the two
499  parental checks (Golinga and Wild) were planted in a pot. A distance of 1m x 1m was

500 maintained between the pots. The 5-row plots consisted of 10 pots.
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501 Phenotypical data collected were grouped under morphological and phytochemical
502 traits as presented in Table 3 . Morphological characterization was conducted under the two
503  broad areas qualitative and quantitative traits. The standard Descriptor for Cowpea by the
504 International Board for Plant Genetic Resource [44] was used. Eighteen morphological
505  qualitative traits were scored based on 11 vegetative and 7 reproductive traits. Twenty-nine
506  (29) morphological quantitative traits measured were grouped based on 10 vegetative, 3
507  phenological and 16 yield and yield-related (reproductive traits). Twenty-three phytochemical
508 traits were measured, which involved 18 amino acid and 5 polyphenols.

509 Amino Acid (AA) Analysis

510 Sample preparation: Standard solution was prepared by weighing 2.5 mg of the
511  standard compound into 25 ml of ethanol and diluted to a concentration of 100 ppm. A mixed
512  standard solution of 10 ppm was prepared from the stock solution which was diluted to 1ppm
513  as the working solution. A weight of 0.5 g of cowpea flour was extracted in 20 ml of 100 %
514  methanol.

515 Chromatography: Column used was Agilent Poroshell 120 bonus RP 2.7 um, 2.1 x
516 100 mm; flow rate was 0.15 ml/min. Mobile phases were: 100 % water, 0.1 % formic acid (A)
517  and 100 % methanol, 0.1 % formic acid (B). The gradient was 0 to 5 % (B) over 5 minutes and
518  5to 50 % (B) over 15 minutes. The injection volume was 6 pl.

519 Mass spectrometry: MS-Aligent Tripple quadrupole 6420 was used to identify and
520  quantify.

521 Polyphenols

522 Preparation of sodium carbonate concentration. A 50 ml volumetric flask was filled
523  with 20 ml distilled water. A mass of 6.25 g of sodium carbonate was weighed and dissolved

524 in the distilled water. The solution was boiled, allowed to cool and then a few crystals of sodium

525

Page 23 of 36


https://doi.org/10.64898/2025.12.16.694557
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2025.12.16.694557; this version posted December 18, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under a CC-BY 4.0 International license.

526  Table 3: Phenotypic traits evaluated for the construction of linkage maps and detection

527 of QTLs.

Phenotypic .
traits Group Trait Symbol
Morphological Vegetative traits Growth habit GH
qualitative traits/ Growth pattern GP
markers Twinning tendency TT
Plant pigmentation PP
Leaf size LSz
Leaf shape LSH
Plant hairiness PLH
Leaf colour LC
Leaf texture LT
Leaf markings LM
Petiole thickness PTH
Yield and yield-related traits  Raceme position RP
Pod attachment PDAT
Pod curvature PDC
Pod thickness PDTH
Pod colour PDCL
Pod hairiness PDHN
Pod tip colour PTC
Morphological Vegetative traits Plant height PH
quantitative traits Number of nodes NN
Leaf length LL
Leaf width LW
Number of leaves NL
Stipule length STL
Stipule width STW
Peduncle length PDL
Number of branches NB
Petiole length PTL
Phenological traits Days to germination DTG
Days to first flowering DFF
Days to first matured pod DFMP
Yield and yield-related traits ~ Standard petal size SPz
Keel/Lobe length LBL
Number of racemes per plant  NRPP
Number of pods per peduncle NPPPD
Number of pods per plant NPPPL
Pod length PDLN
Pod width PDWD
Number of locules per pod NLPP
Number of seeds per pod NSPP
Number of seeds per plant NSPPL
Number of seed aborted NSAB
Percentage seed set PA
Seed length SDL
Seed width SDWT
Seed thickness SDTH
Seed weight SDWG
528
529
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Table 3: Phenotypic traits evaluated for the construction of linkage maps and detection

of QTLs (cont’d)

Phenotypic .

traits Group Trait Symbol

Phytochemical traits Amino Acid L-Histidine LHIS
L-Lysine LLYS
L-Cysteine LCYS
L-Methionine LMET
L-Aspartic acid LASPT
L-Valine LVA
L-Threonine LTH
L-Serine LSER
L-Tryptophan LTRY
L-Tyrosine LTYR
L-Asparagine LASP
D-Proline DPRO
Glutamine GLU
Isoleucine ILEU
DL-Beta-phenylalanine DBLA
DL-Alpha-alanine DALA
Trans-4-hydroxyl-proline TPRO
B-Threonine BTH

Polyphenols Gallic acid GA

Vanillic acid VA
p-Coumaric acid PCA
Rutin RU
Quercetin QU

carbonate was added. The solution was made to stand for 24 hours and then filtered. Distilled

water was added to reach the 25 ml mark.

Extraction of samples for phytochemical studies. About 20 cowpea seeds from pods
of each of the plants harvested were ground into powder using the mortar and pestle. A mass
between 0.25g and 0.5g of the flour was weighed poured into McCartney bottles. Between
10ml and 20 ml of 100% ethanol was added and shaken. The bottles were covered with
aluminium foil and allowed to stand for 24 hours. After 24 hours, the sample in solution was
filtered and the filtrate was stored in tightly covered McCartney bottles at a temperature of 4°C

in the fridge.

Determination of phenolic acid content. Extract of the cowpea flour for each plant

harvested was analysed for phenolic compounds using the Folin-Ciocalteu method [45].. Two

Page 25 of 36


https://doi.org/10.64898/2025.12.16.694557
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2025.12.16.694557; this version posted December 18, 2025. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under a CC-BY 4.0 International license.

544  (2) millilitres of each extract were measured with a measuring cylinder and then diluted to 20
545  ml with distilled water in test tubes. Twenty microliters (20ul) of diluted samples were pipetted
546  into cuvettes. A volume of 1.58 ml of distilled water and 100 pl Folin-Ciocalteu reagent was
547  measured with a measuring cylinder and a 100 pl micropipette respectively and added to the
548  solution. The solution was shaken to mix. A volume of 300 ul of sodium carbonate was pipetted
549  with a micropipette and added to the solution after about 5 minutes and shaken. The solution
550  was placed in an oven for 30 minutes at a temperature of 40°C. The cuvettes were taken out
551  after 30 minutes and allowed to stand until they cooled. The absorbance at 765 nm was
552  determined against the blank ethanol using the visible spectrophotometer. The concentration

553  for the phenolic compounds was determined from the standard curves of linear equations.

554 Determination of flavonoid content. The modified aluminium chloride calorimetric
555  procedure was used for the determination of flavonoid content in the cowpea samples. A
556  volume of 100 pl of sample extract was pipetted and added to 500 pl of distilled water and 30
557  ul of 5% sodium nitrite in cuvettes. The resulting solution was made to stand for about 5
558  minutes after which 30 pl of 10% aluminium chloride was added. The solution was allowed to
559  stand again for 6 minutes after which 200 pl of 1M sodium hydroxide and 110 pl of distilled
560  water were added and vortexed. Measurement of absorbance of the solution was made at a
561  wavelength of 425nm and 415nm for both rutin and quercetin using the spectrophotometer.
562  The concentration for individual flavonoid compounds was calculated according to their

563  respective standard curves and the results expressed as mg/l of extract.

564 Standard curves. The standard curves generated for the quantification of the
565  polyphenolic compounds demonstrated strong linear relationships between concentration and
566  absorbance (R? > 0.90). The phenolic standards gallic acid, vanillic acid, and p coumaric acid
567  yielded the calibration equations y = 0.2263x + 0.1606, y = 0.1246x + 0.0794, and y = 0.0726x
568  +0.0874, respectively. The flavonoid standards rutin and quercetin produced the equations y =
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569  0.0229x + 0.0250 and y = 0.1548x + 0.0301, respectively. These calibration curves formed the
570  analytical basis for determining the concentrations of the corresponding polyphenolic

571  compounds in the cowpea extracts.

572  Genotyping

573  Genotyping with single nucleotide polymorphism (SNPs) markers
574 Four leaf discs of 6 mm diameter were punched from 15-day old leaves and collected

575  into 96 deep well PCR plates. Before sampling, leaves were dried at 50°C for 2 days to prevent
576  possible mould development during shipment to the outsourced laboratory. DNA extraction
577  and genotyping were done by sequencing in the United Kingdom hosted by the Laboratory of
578  the Government Chemist, LGC. LGC genomics used a unique proprietary in-house technology
579  (oKtopure™ protocol) to extract the total DNA. Isolated DNA was analyzed using UV
580  spectrophotometry to estimate both the quality and quantity of the DNA, while preliminary
581 PCR at a serial dilution was carried out and the results produced were duplicated to identify
582  the best dilution to run the samples. The SNP genotyping was done using KASP genotyping
583  reactions. KASP™ is also proprietary genotyping technology of LGC TM. It consists of three
584  components namely the sample DNA, KASP assay mix and KASP master mix. KASP master
585  mix contains two universal (FRET) fluorescent resonance energy transfer cassettes (FAM and
586 HEX), ROX™ npassive reference dye, Tag polymerase, free nucleotides and MgCI2 in an
587  optimized buffer solution, while the KASP assay mix is specific to the targeted SNP and
588  consists of two competitive, allele-specific forward primers and one common reverse primer.
589  Each forward primer incorporates an additional tail sequence that corresponds to one of two
590 universal FRET cassettes present in the KASP master mix.

501 Construction of Linkage Maps and Detection of QTLs

592 Screening was done to select polymorphic morphological traits and SNPs markers

593  within the mapping populations. Out of 43 SNPs markers that were screened thirteen showed
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polymorphisms (Table 4). Eighteen polymorphic morphological markers were scored (Table

3). The QTL IcMapping software version 4.2 [14] was used for the linkage map construction.

The ‘Group’ command was used to identify linkage grouped and the ‘Order’ command was

used to establish the most likely order within each linkage group. The orders were confirmed

by permuting all adjacent markers by the ‘Ripple’ command. LOD score of 4.0 was used as the

threshold for detection of linkage. The analysis was performed by using the Inclusive

Composite Mapping with additive and dominance ICIM ADD method.

Table 4: SNPs markers used for Linkage map construction

SNP ID SNP Num AlleleY AlleleX Sequence
10269 488 12650013 C A GATTTCTATAGGATT[A/CIGATTGCCGTCCAAT
12526 795 12650165 C T GTTAAGGTTACTATA[T/CIATTGCATGGAGATC
13947 415 12650273 T A CTTGTTACCTGTCAC[A/TIGAGACCTTGTTCTC
1545 161 12650374 C T TGGCAAGTACACCCT[T/C]JGGTTACAAGACCGT
17149 508 12650484 C T GTTAACTGATATACC[T/CICCCTTGTAGACATG
3787 812 12650665 C T TCTTACTCATGTCAT[T/C]JACCAAAGCCATCAC
5074 629 12650788 C T ATAATAAGATGTTTC[T/C]JCATTTTAATGTTCA
5149 220 12650795 G C TCTTCAAGTGGAAGA[C/G]JAAAATCGAATACTA
5553 147 12650834 C T TCTTGTTTGTGACAA[T/CIGGAACAGGAATGGT
571 592 12650847 G A TCAGCAAGCTTGAAA[A/G]IATTGCTCTCTTTTG
6796 936 12650924 C T TGAATTACTTACATG[T/C]JGCTGAGCAGGTTCC
6904 1061 12650932 G C AGACTGTGTTGTATT[C/G]CYTGTTTCATTCGG
8770 1480 12651062 G T AAATAATAGAAGCTT[T/G]JTACAATGTGTCCCA
The QTL IcMapping software version 4.2 [47] was used for the linkage map

construction. The ‘Group’ command was used to identify linkage grouped and the ‘Order’

command was used to establish the most likely order within each linkage group. The orders

were confirmed by permuting all adjacent markers by the ‘Ripple’ command. LOD score of

4.0 was used as the threshold for detection of linkage. The analysis was performed by using

the Inclusive Composite Mapping with additive and dominance ICIM ADD method. A

threshold LOD score of 4.0 used to declare significant QTL.
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611 Quantitative trait loci map construction was performed by using the QTL IcMapping
612  software version 4.2. Quantitative traits were made up of 31 morphological quantitative traits,
613 eighteen amino acid compounds and five polyphenolic compounds (Table 3). QTL map was
614  constructed using the eighteen morphological markers and 13 SNPs markers. The
615 morphological qualitative data and SNP data were used to construct a genetic linkage map for
616  the F> mapping population of cowpea derived from biparental cross Golinga and Wild relatives.
617  Only traits for which the progenies showed significant differences were maintained for QTL
618  analysis. QTL analysis was performed by Composite Interval Mapping, CIM (map function=
619 kosambi, Model= 4.2) with a permutation time of 1000. QTL ICI Mapping was used for the
620  construction of detailed linkage maps showing positions of QTLs. Due to the highly dense
621 linkage maps generated, the construction of maps showing QTL positions focused on markers
622  within QTL regions only. QTLs were named following nomenclature proposed by [48]. QTL
623 names started with a lowercase “g”, which was followed by 2-3 initials of the corresponding
624  measured trait (in upper cases) and then followed by the chromosome number. If there were

({34

625 more than one QTL on any chromosome, a “.” was used to uniquely identify them.

626

627 Conclusion

628  This study revealed substantial genetic variation among forty-five F. cowpea populations
629  derived from a cross between ‘Golinga’ and a wild relative using SNP markers, morphological
630 traits, amino acids, and polyphenols. A total of seventy-nine QTLs were identified across four
631 linkage groups, explaining up to 27.61% of the phenotypic variation. Seed-related QTLsS
632  consistently mapped to chromosome 4, whereas many vegetative, reproductive, and amino acid

633 traits were concentrated on chromosome 1, highlighting these regions as key genomic hotspots.
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634  Forty-two QTLs were associated with amino acids and nine with phenolic acids, demonstrating
635 the polygenic nature of nutritional traits in cowpea. The detection of major QTLs for seed
636  weight, and phytochemical composition provides valuable targets for marker-assisted
637  selection. Overall, the SNP markers and QTLs identified in this study offer important baseline
638 information for accelerating genetic improvement and advancing breeding strategies for

639  cowpea.

640
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