


worldwide and occurs in all the major South African bean producing areas (Fourie
2002). Yield losses have been poorly documented but are reported to vary between
22% and 45% (Wallen & Jackson 1975, Yoshii 1980). infected seed is the primary
inoculum source and planting of pathogen-free seed is an important means of
disease avoidance. Other control measures include preventative spraying with
copper based bactericides, removing, destroying or deep ploughing of debris,
effective weed control, crop rotation and minimized movement of humans and
implements in fields (Allen ef al. 1998, Schwartz & Otto 2000). However, the most
effective and economic CBB control strategy is the use of genetic resistance (Rands
& Brotherton 1925).

CBB resistance breeding has been extensively researched (Beebe & Pastor-
Corrales 1991). Rands & Brotherton (1925) first identified lines with CBB resistance.
Subsequent efforts yielded moderate levels of resistance (Yoshii et al. 1978) with no
immunity in P. vulgaris. Higher levels of resistance were found in scarlet runner bean
(P. coccineus), with highest levels identified in tepary beans (P. acutifolius) (Singh &
Mufioz 1999).

Interspecific crosses between P. vulgaris and P. acutifolius resulted in
development of resistant lines such as GN #1 Nebr. sel. 27, XAN 112, XAN 159,
XAN 160, XAN 161 and OAC 88-1 (Coyne & Schuster 1974a, Schuster & Coyne
1981, Silva ef al. 1989, Beebe & Pastor-Corrales 1991). Resistant varieties were
also developed from interspecific crosses between P. vulgaris and P. coccineus
(Freytag et al. 1982, Park & Dhanvantari 1987, Miklas et al. 1994). Most of these are
considered exotic germplasm and are poorly adapted to local conditions, but are
suitable as donor parents in a breeding programme.

Depending on resistance source used and evaluation methodology, one to six
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with XAN 159 as donor parent, and 8 lines derived from backcrossing with Wilk 2
(BCS5F2), were evaluated for presence of two independent CBB resistant QTL from
XAN 159, using existing SCAR markers SU91 and BC420 (Miklas et al. 2000). Total
genomic DNA was extracted from lyophilised leaf tissue (Graham et al. 1994). SCAR
primers SU91 and BC420 (Table 3) were synthesized by GibcoBRL (Life
Technologies, Glasgow, United Kingdom), based on the primer sequences obtained
from Miklas et al. (2000). Primers were suspended in TE buffer to a concentration of
200 pmol/ul and a work solution of 10 pmol/ul was prepared. SCAR markers, for the
polymerase chain reaction (PCR), were based on the protocol of Williams et al.
(1990) with minor modification. Reactions were performed using a PCR Sprint
Thermal Cycler (Hybaid Limited, UK) programmed for 5 min at 94°C, 30 cycles of 1
min at 94°C, and 1.5 min at 72°C, followed by one cycle of 5 min at 72°C.
Amplification products were analysed by electrophoresis in 1.5% (w/v)
agarose gels (Seakem LE) at 80 V for 2 hr using UNTAN buffer (0,4 M Trisbase, 0,02
M EDTA, pH 7.4) and detected by staining with 1 pg/ml ethidium bromide. Gels were

photographed under UV light with Polaroid 667 film.

Determination of genetic relatedness of near-isogenic Teebus lines

Extracted DNA from Teebus, XAN 159 and two near-isogenic Teebus lines (TCBR1
and TCBR2) were subjected to amplified fragment length polymorphism (AFLP)
analysis to determine genetic distances between these lines. AFLP adapters and
primers (Table 4) were designed based on the methods of Vos et al. (1995). Primers
were synthesised by GibcoBRL (Life Technologies, Glasgow, United Kingdom) and

oligonucleotides used for adapters were PAGE (polyacrylamide gel electrophoresis)
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Isolation of genomic plant DNA

Young leaves from resistant plants and susceptible checks were harvested and
washed with sterile distilled water. Washed leaves were freeze-dried separately for
each plant and kept at -20°C until further use. DNA was isolated from sampled
leaves using a modified version of the method described by Graham et al. (1994).
Freeze-dried leaves were ground to fine powder for DNA extraction and a volume of
750 ut CTAB buffer (100 mM Tris [tris(hydroxymethyl) aminomethane], pH 8.0; 20
mM EDTA (ethylenediaminetetraacetate), pH 8.0; 1.4 mM NaCl; 2% (w/v) CTAB
(hexadecyltrimethylammonium bromide); 0.2% (v/iv} R-mercaptho-ethanol added to
approximately 250 ul of the fine leaf powder in a 1.5 ml microfuge tube. The
suspension was thoroughly mixed and the tube incubated at 65°C for one hour. A
500 ul volume of chloroform: isoamyl alcohol (24:1) was added and the suspension
mixed by gentle inversion. After centrifugation at 14 000 rpm for 3 min, the upper
aqueous layer was transferred to a fresh tube containing 500 ul isopropanol, mixed
by gentle inversion and incubated at room temperature for 20 min. The suspension
was centrifuged at 14 000 rpm for 5 min, 500 ul 70% (v/v) ethanol added and
incubated at room temperature for 20 min. DNA was precipitated at 14 000 rpm for 5
min, the pellet air-dried for 1 hr, and resuspended in TE buffer (10 mM Tris-Cl, pH
8.0; 1 mM EDTA, pH 8.0). Resuspended DNA was extracted with 1/10 volume 7.5 M
ammonium acetate and an equal volume of chloroform: isoamyl alcohol (24:1). The
aqueous layer was transferred to a fresh tube containing two volumes of cold
absolute ethanol. Precipitated DNA was washed three times in cold 70% (v/v)
ethanol, the pellet air-dried, and resuspended in TE buffer. DNA was treated with

RNase for 2 hr at 37°C, after which concentration and purity were estimated by
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genes could contribute to the high levels of resistance present in these lines, as
resistant genes from different sources have been pyramided into these lines (Singh &
Mufioz 1999). Resistance from Vax lines should be used in improving resistance in
large seeded (red speckled sugar) bean varieties. Progenies from first backcrosses
with Kranskop as recurrent parent using Vax 4 exhibited high levels of resistance
when tested in the greenhouse and presence of all markers found in Vax 4 confirms
transfer of resistance.

The locally developed line 48.15, developed through interspecific crosses
between P. wvulgaris and P. acutifolius, was highly resistant when tested in the
greenhouse. PCR studies indicated that resistance was not the same as XAN 159
(markers absent) and attempts should be made to combine this resistance in XAN
159 derived Kranskop lines.

XAN 159 derived CBB resistant Teebus lines have been successfully
combined with rust resistant Teebus lines developed in an independent breeding
programme. Markers are also available to confirm rust resistance (Stavely 2000).
The use of markers is especially advantageous when combining resistance to
different diseases into one cultivar.

Results gained from this study show that marker-assisted selection can
successfully be implemented in breeding for common bacterial blight resistance in
South Africa. The use of molecular markers alone, however, has not resulted in lines
with resistance superior to that of XAN 159 in the USA (R. Riley, Syngenta, USA:
personal communication). This suggesets that some minor genes contributing to
CBB resistance are lost when relying on markers only. The combined use of both
phenotypic screening and molecular markers is, therefore, important in developing

CBB resistant lines.
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INTRODUCTION

Common bacterial blight (CBB), caused by Xanthomonas axonopodis pv. phaseoli
(Xap) (Smith) Vauterin, Hoste, Kosters & Swings and its fuscans variant, X
axonopodis pv. phaseoli var. fuscans (Xapf) is considered one of the most important
bean diseases worldwide (CIAT 1985). This seed-borne disease is widespread and
occurs in temperate, subtropical and tropical regions (Singh 1991). CBB affects
foliage, stems, pods and seeds of beans and causes severe damage under
favourable environmental conditions (Yoshii 1980). An integrated disease
management approach, including cultural practices, copper-based chemical sprays
and resistant varieties, is needed to adequately control CBB (Allen et al. 1998,
Schwartz & Otto 2000).

Although CBB is widely distributed, vyield losses have not been well
documented. In Colombia, estimated vield losses of 22% and 45% have been
documented after natural and artificial infection, respectively (Yoshii 1980).
Estimated losses of up to 38% have been reporied in field trials in Ontario, Canada
by Wallen & Jackson (1975). They indicated that yield loss is primanly due to
defoliation early in the season, as a result of severe leaf infection. In addition to
reduction in number of seeds, CBB also causes reduction in seed size (Wallen &
Jackson 1975). Common blight in Uganda has been associated with vyield
depression in beans and losses varied depending on susceptibility of varieties,
developmental stage of crop at the time of infection, and climatic conditions during

the season (Opio et al. 1992).
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within each sub-plot. Each leaf on six randomly selected plants per sub-plot was
categorized into different classes (0=no symptoms; 1=1-20% of leaf affected; 2=20-
40% of leaf affected; 3=40-60% of leaf affected; 4=60-80% of leaf affected; 5=80-
100% of leaf affected) and percentage infection calculated using the formula [} .n.v /
i.N) x 100] where n=number of leaves per class, v=class value, i=highest class value
and N=total number of leaves (Townsend & Heuberger 1943).

At maturity, the number of pods per sub-plot was calculated, harvested and
yield recorded. Data were analysed using a multi-factorial analysis of variance
(Statgraphics Plus 5.0} with genotype (whole plot) and treatment (sub-plot) as
factors. Coefficients of linear correlations were used to determine the relationships
between variables measured. Relationships between yield loss, disease (%
infection) and percentage leaf area loss were determined using linear regression

analysis.

RESULTS

Genotype by disease reactions at Potchefstroom and Cedara are given in Table 1.
No disease developed at Delmas and this locality was, therefore, not included. Lines
TCBR1 and TCBR2 were resistant at both localities (rating 1.8-2.7) and differed
significantly from Teebus, which was susceptible (rating 6.7-7.8). In general, TCBR1
was the most resistant line and differed significantly from TCBR2, when rated for
CBB resistance. Incidence of CBB was significantly higher in Potchefstroom (78.6%)
than in Cedara (53.4%). Copper sprays were not effective in preventing plants from

becoming infected in un-inoculated sub-plots. Differences in loss of leaf area,
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could have serious financial implications for the producer. The highest vyields
recorded were in Delmas where no disease occurred. Aithough vyields in TCBR2
differed significantly from that of Teebus, yields between the genotypes were not as
profound at Delmas as at the other localities. TCBR2 was the highest yielding line in
Potchefstroom and Delmas and also produced the largest number of pods. This line,
however, was slightly more susceptible than TCBR1.

CBB caused a significant reduction in seed size of genotypes. Seed size of
cv. Teebus harvested at Potchefstroom was significantly reduced (19.0 g.100seed™)
compared normal seed size (24 ¢.100seed”) under conditions of low disease
pressure.  The high percentage leaf area loss (85.0%), which occurred in this
locality, could have contributed to the reduction in seed size recorded at this locality.
Reduction in seed size as a result of CBB has also previously been recorded in field
trials in Canada (Wallen & Jackson 1975).

Positive correlations between different disease parameters suggest that any of
these can be used to quantify disease. Negative correlation between disease
parameters, yield and seed size confirmed the effect of disease on yield and seed
size. Linear regressions indicated a stable relationship between increased infection
of CBB and vyield loss. Yield losses of 43.5% that were observed in diseased plots,
emphasise the economic threat of this disease for commercial dry bean producers.

Although disease-free plots were not achieved in the study, the use of lines
with improved resistance, enabled us to quantify the effect of CBB on vield and seed
size. Low disease incidence and superior yields, obtained from plots with resistant
lines, illustrate the positive contribution that resistant cultivars can have on the South

African dry bean industry.
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Table 1. Disease parameters for common bacterial blight assessment of three
lines at two localities in inoculated common bacterial blight plots
Genotype Rating (1-9 scale) % Infection % Leaf area loss
Potchefstroom  Cedara Potchefstroom  Cedara Potchefstroom  Cedara
Teebus 7.8d 67¢ 786 d 534 ¢ 85.0¢ 379b
TCBR1 14 a 18a 10a 09a 043z 41a
TCBR2 27b 18a 106 b 19a 26a 14 a

Means followed by different letters differ significantly according to LSD (P=0.05)
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Table 2. Percentage leaf area loss of three lines in inoculated vs un-inoculated
copper sprayed plots

Genotype CBB inoculated plots Un-inoculated
copper sprayed plots

Teebus 711¢c 517 Db

TCBR1 1.8 a 2.7 a

TCBR2 22a 1.8 a

Means followed by different letters differ significantly according to LSD (P=0.05)
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Table 3. Total number of pods harvested from Teebus, TCBR1 and TCBR2 at
Potchefstroom and Cedara

Genotype Number of pods
Teebus 1748 a
TCBR1 2553 b
TCBR2 2776 ¢

Means followed by different letters differ significantly according to LSD (P=0.05)
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Table 4. Yield data of Teebus, TCBR1 and TCBR2 recorded at Potchefstroom,

Cedara and Delmas

Genotype Yield kg.ha
Potchefstroom Cedara Delmas
Teebus 1668 a 2165 b 3187 d
TCBR1 2653 ¢ 2609 ¢ 3364 de
TCBR2 2680 ¢ 2511 ¢ 3425 ¢

Means followed by different lelters differ significantly according to LSD (P=0.05)
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made it possible to select the most appropriate isolates to use in a resistance breeding
programme.

Susceptibility of locally grown commercial cultivars to CBB, HB and BBS, were
conducted to direct breeding strategies towards obtaining resistance to the most
important bacterial disease in South Africa. Results indicated significant differences in
susceptibility of South African cultivars to bacterial diseases. All the cultivars were
susceptible to CBB, with Teebus, Cerillos, PAN 146 and PAN 159 being the most
susceptible. Teebus is, currently, the only cultivar approved by the canning industry with
acceptable canning quality. Improvement of resistance of this cultivar is thus important.
Acceptable levels of resistance to HB were identified in commercial cultivars. Large
seeded cultivars were generally more susceptible than small seeded cultivars and
attempts should be made to improve HB resistance in some of these cultivars. Although
cultivars differed significantly in their susceptibility to BBS, the majority of cultivars
exhibited acceptable levels of resistance. Disease ratings and yield were, however,
influenced by prevailing environmental conditions over the two seasons. Screening of
cultivars for BBS resistance should, therefore, be conducted in multi-locational trials
over seasons. Although a number of cultivars exhibited field resistance to HB and BBS,
all cultivars were moderately to highly susceptible to CBB. This disease is, therefore,
considered, the most important bean bacterial disease, in South Africa. Improvement
of CBB resistance in South African cultivars would largely contribute to obtain stable
yields. Improving of CBB resistance in Teebus was considered a priority because of its
high commercial value.

Backcross breeding was used to improve CBB resistance in cv. Teebus, using

resistance in XAN 159 and Wilk 2 sources, respectively. Phenotypic disease reaction
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of advanced lines from this breeding programme indicated that resistance in cv. Teebus
was successfully improved. High genetic relatedness between Teebus and near-
isogenic lines, as shown in AFLP studies, indicated that characteristics of cv. Teebus
has been recovered with the addition of the resistance gene(s) from XAN 158.
Improvement of CBB resistance was thus, successfully accomplished in this study.
Breeding for resistance in canning beans, however, should always progress within the
boundaries set by the industry for canning quality. It is, therefore, important to
maintain, as far as possible, the sought-after quality of the original cultivar. A final
decision on release of advanced material, developed in this breeding programme, is
taken once improved lines fulfill all criteria such as yield, quality, etc.

Sequence characterized amplified region (SCAR) markers linked to four
independent QTL, derived from XAN 158 (SU81 and BC420) and GN #1 Nebr. sel 27
(SAP6 and BC409) (Miklas et al. 2000), were evaluated for possible use for indirect
selection of CBB resistance in the local breeding programme. Presence of all four
markers in improved Teebus lines, developed through backcross breeding with XAN
159, confirmed successful transfer of resistance. Greenhouse resuits indicated that
these lines had higher levels of resistance than XAN 159. This could be attributed to
the combined resistance from GN Nebr. #1 sel. 27 and XAN 159 present in these lines.
XAN 159 derived CBBresistant Teebuslines have been successfully combined with rust
resistant Teebus lines developed in an independent breeding programme. Markers are
also available to confirm rust resistance (Stavely 2000). The use of markers is
especially advantageous when combining resistance to different diseases into one
culitivar.

All markers except for BC420 was present in XAN 159 derived Kranskop-lines
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SUMMARY

Bacterial diseases, commonly associated with dry beans, often cause severe yield and
seed quality loss. Disease surveys, as reported in chapter 2, indicated that common
bacterial blight occurred in 83% and 85% of localities in seed and commercial dry bean
production areas, respectively. Halo blightwas restricted to cooler production areas and
occurred in only 10% of seed production fields and 37% of commercial fields surveyed.
Bacterial brown spot was the most widespread bacterial disease of dry bean, occurring
in 83% of seed production fields and 100% commercial fields. Although incidences of
bacterial diseases were high, severity was generally low. The widespread distribution
of bacterial diseases in both seed and commercial production areas raises concern that

the production of disease-free seed in South Africa might not represent an effective
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