Genetic Diversity in Canadian Common Bean Varieties Since 1930

Alireza Navabi', K. Peter Pauls?, and Parthiba Balasubramanian?
" Agriculture and Agri-Food Canada, Dept. Plant Agriculture, University of Guelph, Guelph, ON, N1G 2W1, Canada,
2Dept. Plant Agriculture, University of Guelph, Guelph, ON, Canada, 3 Lethbridge Research Centre, Agriculture and Agri-Food Canada, Lethbridge, AB, Canada

‘
,
] u ot

Introduction Ancestry of Navy Bean Varieties Registered in Canada Since 1930 Table 1. Average coefficient of parentage for inter-market class pair-wise
o | | combinations, representing the frequency of inter-market class introgressions
Genetic Improvement of common bean (Phaseolus vulgaris L.) in P since 1930 in Canadian beans.
Canada has a history of more than 120 years. ety
N I > - Mesoamerican gene pool Andean gene pool
Early breeding efforts, which started soon after the establishment of the 39_3:_1“?< B s 2 L e
Central Experimental Farm in Ottawa in 1886, included testing of dry y ) sl e aei2 Mes(lia:;ﬁca Derclf . Nuc ;‘aGiZna i
. . 3 Monroe . Fleetwood Seafarer ~ Rocket u uev
and garden bean introductions. o T o e— e N Market Class i
Long-term dry bean production data (Stats Canada, 2008) suggests that _ W >\ X T Navy Black Pinto GN  Pink SR LRK DRK CRN
average dry bean yield in Canada has increased by 63% from 1.1 t ha’
. o e Navy 2.0 1.3 2.1 0.9 0.8 0.1 0.1 0.0
during 1910s and 1920s (20 year average) to 1.8 t ha’ in 1990s and C
2000s (18 year average). " g onoe >> . - Black 02 45 0.1 0.0 0.2 0.0 0.0
Over the years, the genetic diversity in the natural gene pools of P. | et " | Pinto 12 14 41 01 01 00
vulgaris, mtroductlc_)n from qther na_ltlonal and mterna.ltl_onall bean breeding o b Great Northern 0.3 0.2 13 0.0 0.0
programs, along with variation derived through hybridization and
recombination, as well as occasional inter-specific hybridizations have Pink 5.1 0.0 0.1 0.0
been the main sources of genetic variation employed by the Canadian " Small Red 00 01 00
bean breeders.
Domine Light Red Kidney 7.3 0.0
The coefficient of parentage, also referred to as coefficient of co- ,
: o T : | 58 Dark Red Kidney 0.0
ancestry or kinship, is one of the tools used to study genetic diversity oo .
among genOtypeS. Sac[aFlanento AC Hensall
First used by Malecot (1948), the coefficient of parentage (f;) is Key: s Summary of results
computed based on the pedigree data and estimates the probability that, Numbers followed by a letter in parentheses represent the e
at a single locus, a random allele from the it individual and a random year when varieties were released and the releasing institution Narrow genetic diversity of Canadian bean varieties of Andean-origin (dark
'th, C e ) . (A: Agriculture and Agri-Food Canada, G: University of OAC Gryphon N d liah d kid K | : |
a”ele frOm the_/ IndIVIduaI are Identlcal by descent (BernardO 2002) Gue|ph, M: M|Ch|gan State University, U: USDA, and P: Narda (2001%) an Ig t re I ney and Cranberry mar et C aSSGS) IS nOtab e.
Private companies). Intersecting diagonal lines represent R 13621 _ _ _ o o . o
Obiecti crossing,tvtvhhile nurtT)lber? :‘)ollokwed byxonddi?g?f?al Iin_est The genetic diversity within bean varieties of race mesoamerica origin (navy
jeclives ina) 2t the fin of the diagonal e, Y or e N\ and black market classes) can be divided into two major genetic diversity
To develon a database of Canadian common bean pediaree __ groups identified by the navy varieties Ex Rico 23 and Seafarer. These two
informatiorl? ~ontaining the available lineaae of the £ana%ian hean - diversity groups can further be divided into 4 sub-groups, identified by OAC
" ) HNing J Rico, AC Compass, OAC Seaforth and Fleetwood.
varieties, and their ancestors.
To assess the genetic diversity amond common bean varieties oo SR (C1ane, Two major diversity groups were identified in Canadian beans of race
released in Car?a 4a since 193% J e 1 ol — Resotute' 20 e | Durango, identified by varieties Agrinto and Ul111, while varieties of Nueva
: . o fibi o AT ]y B e i 1555150 granada-origin were divided into two groups identified by varieties Montcalm
. | @11 88 R2hnbng 1955 (28] and OAC Lyrick.
Materials and methods 075 . B,
T | | vival L2sg v The highest levels of inter-market class introgressions were observed within
. . . . . Seafarer 1969 (NVY) Seafarer AC Burrito 1998 (PNT AAFC . . ' . .
A pedigree database of the dry bean varieties of different Canadian 3 e e ofe” 130e 1) L bean varieties of race durango, while occasional inter-market class
. . o~ Morden003 2003 (NVY) GD2 ! Pecos 2005 (PNT) M . . . . . . . o
market classes (navy, black, great northern, pinto, pink, small red, z L5 SR - | b o introgressions existed for varieties of other evolutionary race origins.
: : - - S oA spriat et i SRD T e
dark red kidney, light red kidney, and cranberry) released in Canada §0.50 - - GD 1.2 { SRinee 1953 (o) :_*—% | 0AC Tomshank 1953 ) e Th di d RAPD-based dend h imil
from 1931 to 2008 were developed. £ o | " pverage Disncs Between Clusers. € pedigree- an -based aendrograms were somewnhnat similar
N | | o § b | | o suggesting that pedigree information will continue to be useful to
The coefficient of parentage was estimated for all possible pairwise Harokent 1522 ) Figure 3. Dendrogram resulting from cluster analyss of varieties of race iInexpensively identify diverse parents in the bean breeding programs.
, , . 0.25 Kentwood Tone Ny durango origin (great northern, pinto, small red and pink market classes, GN,
combinations of varieties, arental and (or) ancestral genotypes b o e 1053 ey 3 PNT, SRD, PNK, respectively). Varieties on the branches of the dendrogram are
- s y T AC Craiser 2001 (nv¥) o the representative varieties with the highest value of average coefficient of
using the software 'KIN (kaer and Mather 1993) gCZEtd; iggéggﬁ I ] Compass parentage. GD1 to GD2 represent 2 genetic diversity groups. References
@21 (G T -
Cluster analysis (PROC CLUSTER in SAS) was employed to study ) Ao oG o) | o o
the genetic diversity of Contemporary common bean varieties " - }%nﬁgi:u %ggggi i - 2ER§arkid izizzig _ Bernardo, R. 2002. Breedlng for quantitative traits in Plants. S.temma Press,
released in Canada. Dendrograms were generated separately for Race Race Race crerticty - Go1 {usgesty 2005 (05 orcan Woodbury, MN. Malecote G. 1948. Masson et Cie., Paris. Tinker NA and
VarletleS Of Mesoamerlcan, Durango and Nueva Granada races Durango Mesoamerica NM@VCZ gmnada GD22 @?%i:ggh éggggggi ﬁ* ’_»} Py Red Hawk 1997(DRK) — DE Mather 1 993 The Journal Of Heredlty 84238
— — — ~ -~ S, 2990 () UofG \OAC Redstar 2008 (DRK)
OhG Thander 1998 (NVY) CDRK 1990 (DRK) OAC Lyrik
A RAPD fingerprinting dataset (S Mack, T Michaels, and KP Pauls; Mesoameri?an Andeanl | oz {C Litekid 1993 (1K) UotG Acknowledgment
. . . . ene poo ene poo
unpublished) including a sub-set of 28 bean genotypes with 150 o o B T e o i Assistance of T. H Smith, University of Guelph and T. Rupert, AAFC-Harrow, in
RAPD fragments (400-3000 bp) were used to compare the results lect di e nform . dyth " P! | - mupert, ded to th !
Of pedigree_ and RAPD'baSGd diversit anal ses Figure 1. Frequency distribution of dissimilarity index values between pair-wise Figure 2. Dendrogram resulting from cluster analysis of varieties of race Figure 4. Dendrogram resulting from cluster analysis of varieties of race Nueva COllEeC Ing_pe Igree Information an € .InanCIa Support prOVI € .J[O the
y y ) combinations of varieties of different evolutionary race- and gene pool-origins. Boxes Mesoamerica origin (Navy and black market classes; NVY and BLK, granada origin (dark and light red kidney market classes, DRK and LRK, AAFC/ UnlverSIty Of Gue|ph Bean Breedlng Program by the Ontarlo Bean
represent the inter-quartile range. The whiskers represent the range. The solid line across respectively). Varieties on the branches of the dendrogram are the respectively). Varieties on the branches of the dendrogram are the : : P,
the box indicates the median, while + indicates the average. representative varieties with the highest value of average coefficient of representative varieties with the highest value of average coefficient of Prqducgrs Marketmg Board, the.Ontarlo Colored Bean GFOWGFS Assoma’uon, the
parentage. GD1.1 to GD2.2 represent 4 genetic diversity groups. parentage. GD1 to GD2 represent 2 genetic diversity groups. UnlverS|ty of Guelph and AAFC is acknowledged.

hd

Canada



