
 Yarmilla Reinprecht, Desta Frey, Roseleen John, Angela Bouwman, Thomas H. Smith  and K. Peter Pauls 

Towards Association Mapping of Seed  

Phenolics in Common Bean (Phaseolus vulgaris L.) 

2. Phenotyping 
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Differences in gene expression 

 Common beans contain nutraceutical phytochemicals such as lignans, isoflavones and phenolics. These compounds, synthesized by phenylpropanoid pathway, have 

potential to promote human health, and have important functions in the plant to increase disease resistance, determine seed coat colour and enhance nodulation. The 

information about the genes involved in this important pathway is incomplete in bean. In our previous studies, 35 phenylpropanoid pathway genes were identified and 22 

were mapped in the Bat93 x Jalo EEP558 population (a core mapping resource for P.vulgaris).  However, an association between these genes and different seed phenolics 

is not available.  

 The major objective of this study was to map QTL for seed phenolics and agronomic traits in an association mapping population. The aim of this work was also to 

confirm the positions of the phenylpropanoid pathway genes mapped in the core bean population, and to map additional 13 phenylpropanoid pathway genes identified 

previously.  

4. Population structure 

5. Association analysis 

Figure 2. Graphical genotypes for 

individual bean lines for chromosomes 

4, 6, 7 and 8 (GGT2). 

Implications - The identification of key factors in biosynthesis of seed phenolics 

will facilitate rapid introgression of genes coding for proteins directing the synthesis of 

these important secondary metabolites into new dry bean cultivars. 
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A) The beans were analyzed for a variety of seed and agronomic characteristics, including 

the levels of phenylpropanoid pathway compounds in developing seed (Table 2).  

3. Genotyping 
Tamplate (gDNA): 

 

Å White (OAC Rex) 

Å Dark Red Kidney (Montcalm)  

Å Light Red Kidney (AC Litekid) 

Å Cranberry (Cran 74) 

Å Pinto (Othello) 

Å Black (Domino) 

1. Germplasm selection 

B) A bean phenylpropanoid pathway microarray was used to 

test the expression of the phenylpropanoid pathway genes in 

the bean collection. Significant differences were detected 

among bean cultivars from different market classes (Fig. 1). 

These differences in gene expression will be used to map 

expression quantitative trait loci (eQTL). 

 
# 
 

  
Genotype 

 
Gene pool 

 
Origin 

 
Market class 

 
Seed colour 

1  OAC Rex Mesoamerican Canada White White 
2  OAC Thunder Mesoamerican Canada White White 
3  OAC Gryphon Mesoamerican Canada White White 
4  OAC Silvercreek Mesoamerican Canada White White 
5  OAC Speedvale Mesoamerican Canada White White 
6  EMP 419 Mesoamerican Canada White White 
7  Compass Mesoamerican Canada White White 
8  Cornell 2114-12w Mesoamerican USA White White 
9  USWA-70 Andean USA White kidney White 

10  Domino Mesoamerican USA Black Black 
11  Ica Pijao Mesoamerican Colombia - ICA Black Black 
12  ICB-10 Mesoamerican USA Black Black 
13  Cran 74 Andean USA Cranberry Red mottled 
14  SVMTH Andean USA Cranberry Red mottled 
15  8184 Andean USA Cranberry Red mottled 
16  Montecarlo 15059 Andean - Cranberry kidney Red mottled 
17  Montcalm Andean USA Dark red kidney Dark red 
18  OAC 03-D1 Andean Canada Dark red kidney Dark red 
19  AC Calmont Andean Canada Dark red kidney Dark red 
20  PI 598312 (HOK8-1) Andean Japan Kintoki Dark red 
21  AC Litekid Andean Canada Light red kidney Light red 
22  OAC 04-L1 Andean Canada Light red kidney Light red 
23  AC Elk Andean Canada Light red kidney Light red 
24  Aztec Mesoamerican USA Pinto Cream mottled 
25  Othello Mesoamerican USA Pinto Cream mottled 
26  PI 207210 (Idaho Pinto) Mesoamerican CIAT Pinto Cream mottled 
27  9438-140 Mesoamerican - Small red Dark red 
28  Bat 93 Mesoamerican CIAT breeding line - Cream 
29  Jalo EEP558 Andean Brazil landrace Cream kidney Cream 
30  XAN 159 Andean CIAT bredding line - Spotted 
31  Prim Andean UK Yellow Yellow 
32  PI 432687 (Strogele) Andean Netherlands Yellow kidney Yellow 
33  BJ 119 - USA - Spotted cream 
34  BJ 64 - USA - Orange 
35  BJ 63 - USA - Olive 
36  PI 414807 (Lady bean) - Hungary - Spotted 
37  Pompadour 1014 - - - Spotted 
38  Vax 4 Mesoamerican CIAT breeding line - Dark cream 
39  SWX2085 Mesoamerican Canada White White 
40  SCX2098 Mesoamerican Canada Small red Red 
41  LHX3073 Mesoamerican Canada Black Black 
42  LHX3126 Mesoamerican Canada Black Black 

 

Table 1. Common bean germplasm, gene pool group, origin, market class and seed colour. 

A) PCR-based primers: 

Å  SSR (bean, soybean) 

Å  Gene-specific 
īPhenylpropanoid pathway 

īFolate biosynthesis 

īWhole genome 

Bean chromosome 7: 7-894109 Bean SSR: PVBR35 

Primers #  Polym. 

 

Bean SSR 58 36 

Soybean SSR 417 132 

Genome-wide 108 18 

Phenylpropanoid pathway 35 1 

SSRs 

Bean                Soybean 

BM210 Satt290 

Bean phenylproanoid pathway: IOMT 

Table 3. Association analysis results for seed and agronomic traits among the set of 42 

bean genotypes. 

Gene-specific 

Whole genome      Phenylpropanoids 

C4H 6-898271 

B) Fragment analysis will be done using a 3-primer system (Beckman CEQ 8000) 

Polymorphism testing 

Genome-wide 

Candidate polymorphism 

Table 2. Seed 
and agronomic 
traits of 
different bean 
market 
classes. 

Whole panel screen 

Association mapping 

panel is composed of 

42 cultivars/ lines from 

the University of 

Guelph common bean 

breeding program. The 

selected germplasm 

includes different bean 

market classes that  

differ in seed colour, 

size and shape (Table 

1) . 

More detailed follow-up analyses using higher marker densities would be a next step. 

Association between markers and seed phenolics (and other traits) will be tested with 

TASSEL 3.0 software taking into account population structure and relative kinship. 

An initial analysis of the positions of 34 markers was performed with the GGT2 (Graphical 

genotyping) software. The UPGMA clustering analysis divided the genotypes into two 

major branches separating the bean association panel into Mesoamerican (small seeded 

ï white, black, pinto) and Andean (large seeded ï kidney, cranberry) gene pool (Fig. 3).  

For association  analysis with the complete data set, population structure and relative 

kinship will be determined with the Structure 2.3.3 software. 

Figure 3. Dendrogram of common bean 

genotypes based on allele sharing coefficient 

of similarity matrix data using UPGMA. 

Andean 

Mesoamerican 

MT, maturity (days) 

PH, plant height (cm) 

SW, seed weight 

YD, yield (kg ha-1) 

PR, protein 

SH, stachyose 

SC, sucrose 

ST, starch 

RF, raffinose 

FS, free sugar 

TP, Total phenolics (mg 

catechin equivalent g-1) 

TE, Tartaric esters (mg 

caffeic acid equivalent g-1) 

FL, Flavonoids (mg 

quercetin equivalent g-1) 

AN, Anthocyanins (mg 

cyaniding-3-glucoside 

equivalent g-1) 

Although the available marker map does not have the desired density, the results of a first 

genomic scan (GGT2) are of interest. Significant associations of markers (on 

chromosomes 4, 6, 7 and 8) were detected for the most of the traits (Table 3). 

Threshold 0.05 

Figure 1. Differences in gene  

expression in selected bean lines. 


