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e Date

Variety Outstanding Characteristics Program/Developer Yield 
potenti
al

2023 Key-Wolaita Small dark red; Tolerant to ALS, CBB and BSM Yayis Rezene, SARI 1700-
3100 
kg/ha

2023 Key-Burre Large red mottled; Tolerant to ALS, CBB and BSM Yayis Rezene, SARI 1800-
2400 
kg/ha

Yayis Rezene 

Southern Agricultural 

Research Institute (SARI), 

Hawassa, Ethiopia



Releas
e Date

Variety Outstanding Characteristics Program/Developer Yield potential

2024 NABE 12CR Large cream with purple speckles; Resistant to 
root rot; Tolerant to ALS, CBB and ANTH, 
Susceptible to BSM and Rust.

Stanley Nkalubo and 
Annet Namayanja

2200-3800 kg/ha

2024 NABE 14R Medium red; Resistant to ANTH; Tolerant to ALS, 
CBB and Root rot, Susceptible to BSM and Rust.

Stanley Nkalubo and 
Annet Namayanja

1500-2700 kg/ha

Stanley Nkalubo

National Crops 
Resources Research 
Institute (NaCRRI), 
Kampala, Uganda
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The genetic architecture of pod 
and seed traits in common bean

Travis Parker 
17/06/2024

Arusha, Tanzania



“Two smaller experiments with Phaseolus 
species have been completed and may be 
mentioned here…

The green color of the pod, the curved 
shape of the pod and the high axis were, 
as with Pisum, dominant features…”

-Gregor Mendel, Versuche über Pflanzen-Hybriden, 1865

Dry bean
Flat, fibrous

Snap bean
Round, fiberless

Pod traits



Pod shape+fiber 

spontaneously and 

heritably reverts!

Dry bean
Flat, fibrous

Snap bean
Round, fiberless



Serah Njau                     Travis Parker                    Jorge Duitama                        Paul Gepts                          Esther Arunga

Pod shape



Flat, fibrous pod
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-Only one gene in 
duplicated region

-Most significant SNP was 
inside the gene model 



Bar locus in Drosophila

Explanation for reversion!





Epilogue... Second independent in mutation in the same gene

Duplication + partial deletion

Resistant to reversion?



Postdoctoral scholar
Dr. Burcu Celebioglu

Dry bean
Flat, fibrous

Snap bean
Round, fiberless



6 bp deletion + SNP, perfectly 
corresponds with pod color

40x higher expression in green 
maturing pods

(most significant difference of 
all genes in the QTL)

Yellow pod (Y)



Closest Arabidopsis homolog

Figure and caption from Wang et al. 2020



Pod summary:

I. Pod shape/wall fiber variation appear to be caused 
by multiple reversible duplications

II. Yellow pods may be due to “failed brakes” on 
chlorophyll degradation



Seed color



“We need varieties with 

high culinary quality and 

that visually stand out in 

the market”

Breeding lines planted May 2024



Black Nightfall                       Orca



Which 
genes?



Phbw affects seed color

Phbw ; Bassett 1996, 2003 Black Nightfall



Anasazi: t bipana

Anasazi

A-55
Orca

(Bassett 2000)

Orca seed pattern
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Red line=95th percentile 
of 1000 permutations

QTL mapping of seed color

Phbw         T       Bip

PvTTG1 PvMYC1PvTT8



MYB

bHLH

TT8, 
MYC1

WD40

TTG1

BAN, TT8, etc.

phbw

t
Expression of seed 

coat phenolics

Self-reinforcing 

TT8  expression

C, J 

bip

Mutations?



WGS
12x, 150 bp 
paired-end
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39 bp 
deletion 
in Orca

Gene transcript shown in blue 
(deletion of amino acids 9-21, part of a WD 40 repeat domain)



Snowcap: non-synonymous 730G>A (D244N)

All 100 most similar NCBI reference proteins 
have D (across 21 families)



Rockwell, Davis, Improved Kidney Wax, 
and Burpee’s Kidney Wax share the 

same 1 bp deletion 



Vermont Appaloosa has a 1 bp deletion



Hidatsa Shield, Steuben Yellow Eye, 
and Red Calypso have a 5 bp deletion



In Tcf, there is a 22 Mb inversion 
in the 3’ UTR

WT

T^cf



Entire T gene deleted 
in Dapple Grey!



Seven independent loss of function alleles 

in T among 22 with partly-colored seeds!



PvTTG1 (tRockwell)

del749

PvTTG1 (tSnowcap)

730G>A

PvTTG1 (tVA)

del131

PvTTG1 (tSYE)

del422_426

PvTTG1 (TBlack Nightfall)

WT

PvTTG1 (tOrca)

del23_61
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One non-synonymous SNP 
between wild type vs. mutants.

Highly conserved residue: 98/100 of the most 
similar proteins in the NCBI reference 

database have a C (two exceptions: probable 
bioinformatic error in one gene model)
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614 bp deletion in BN, 
starting 18bp into intron



P. vulgaris (G19833)

P. vulgaris (Black Nightfall)

G. max (Wm82)a

V. unguiculata (UCR779)

P. lunatus (UC Haskell)

V. unguiculata (Sanzi)

V. unguiculata (Suvita-2)

V. unguiculata (CB-5)

G. max (Wm82)b

L. japonicus

L. albus

T. pratense

M. truncatula

L. culinaris

Alignment of P. vulgaris Phvul.007G171333.1 transcript with other legumes

Site of 612 bp deletion in partial-LOF line Black Nightfall

Exons and UTRs (G19833)





19.5-fold reduction 

in P expression!!

RT-qPCR



MYB

bHLH

WD40

Z?

Sel?



Co-dominant tests developed 

for all three genes

Tests co-developed and run by Mwiinga 

Mulube and Celestina Jochua, UC Davis 2023



Part II.

Environmental effects



1

2

3

4





OriginalColored areaSeed area



*** *** *** *** *** *** ***





*** *** ***

Sources of stability?



Summary

• Color pattern genes encode proteins that combine as 
regulatory complexes. 

• Mutations were identified in each gene, sometimes 
strongly parallel. 

• Seed color signal propagation is unstable and 
temperature-dependent.

• Mechanism?





UC Davis

Burcu Celebioglu

Tayah Bolt

Troy Williams

R. Varma Penmetsa

Antonia Palkovic

Maria del Mar Rubio Wilhelmi

Sassoum Lo

Gail Bornhorst

Li Tian

Christine Diepenbrock

Paul Gepts

University of Zambia

Mwiinga Mulube

Kelvin Kamfwa

National Center for 

Genome Resources

Andrew Farmer

Instituto de Investigação Agrária, Mozambique

Celestina Nhagupana Jochua

Thanks!
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