Theor Appl Genet (1994) 88:324-331

© Springer-Verlag 1994

A. Mejia-Jiménez - C. Muifioz - H. J. Jacobsen
W. M. Roca - S. P. Singh

Interspecific hybridization between common and tepary beans: increased
hybrid embryo growth, fertility, and efficiency of hybridization through

recurrent and congruity backcrossing

Received: 5 July 1993 / Accepted: 14 September 1993

Abstract Cultivated common bean (Phaseolus vulgaris
L) and tepary bean (Phaseolus acutifolius A. Gray)
genotypes possessing desirable agronomic traits were
hybridized. The F, hybrids were backcrossed twice with
the common bean (i.e., recurrent backcrossing). Also,
alternate backcrosses with common and tepary beans
(i.e., congruity backcrossing) were carried out. Embryo
culture was necessary for all initial interspecific crosses,
and its requirement was proportionally lower when the
common bean was used as the recurrent parent and as
the last parent of congruity backcrosses. Modification of
the embryo-culture technique was necessary to produce
congruity hybrids. Effects of both tepary and common
bean genotypes on the success rate of hybridization were
observed. Tepary accession G 40001 and common bean
cultivar ICA Pijao facilitated interspecies hybridization.
Growth of hybrid embryos before rescue, recovery of
mature hybrid plants, and the vigor and fertility of F;
hybrids all increased with increased recurrent and con-
gruity backcrosses and intermatings between male-ster-
ile F, and selected fertile I, plants of the third and fifth
congruity backcrosses. Introgression of tepary genes
was verified by means of seed protein electrophoretic
analysis and morphological markers. The results sug-
gest that congruity backcrossing can help to gradually
reduce or overcome P. vulgaris x P. acutifolius hybridi-
zation barriers such as genotype incompatibility, early
embryo abortion, hybrid sterility, and lower frequencies
of hybridization.
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Introduction

Of five domesticated Phaseolus species, namely, P. vul-
garis L., P. acutifolius A. Gray, P. coccineus L., P.
polyanthus Greenman, and P. lunatus L., the common
bean (P. vulgaris L.) is economically the most important
in the world, being involved in more than 90% of all
Phaseolus bean production (Singh 1992). Certain ag-
ronomic traits, such as high levels of resistance to
drought, heat, low soil fertility, leafhoppers (Empoasca
kraemeri Ross and Moore), common bacterial blight
caused by Xanthomonas campestris pv phaseoli (Smith)
Dye, been golden mosaic virus (BGMYV), and root rots,
have not yet been found in cultivated, wild, and weedy
forms of the common bean, in spite of the large collec-
tions (>25000 accessions) available in gene banks
around the world. However, one or more of these desir-
able traits are adequately expressed in other Phaseolus
species. For example, the tepary bean (P. acutifolius) is
known to possess relatively high levels of resistance to
most of the abiotic and biotic stresses mentioned earlier
(Thomas et al. 1983; Parsons and Howe 1984; Zaiter et
al. 1989). Because of this, repeated efforts have been
made to hybridize the common bean with the tepary
(Honma 1956; Smartt 1970; Mok et al. 1978; Alvarez
et al. 1981; Prendota et al. 1982; Thomas and Waines
1984). But successful gene transfer for most of the desir-
able traits, except for resistance to common bacterial
blight (Coyne 1964; McElroy 1985; Parker and
Michaels 1986), from the tepary to true breeding lines of
the common bean has seldom been realized (Pratt 1983).
The causes for limited success include: (1) the use of
relatively few genotypes from either species for hybridi-
zation, (2) the occurrence of F | hybrid lethality associated



with certain genotypes of either species, (3) the use of few
flower buds for pollination, (4) the occurrence of post-
zygoticembryo abortion, (5) F, hybrid sterility, (6) rapid
reversion of hybrid progenies to parental types, (7) the
limited number of hybrids produced for agronomic
evaluation, and (8) inadequate evaluation of inter-
specific hybrid progenies.

The sterility of interspecies F, hybrids could be
overcome partially by recurrent backcrossing to the
common bean (Thomas and Waines 1984; Pratt et al.
1985; Parker and Michaels 1986; Haghighi and Ascher
1988). But this reduces the possibility of retaining
desirable genes from the tepary (Haghighi and Ascher
1988; Waines etal. 1988). Consequently, Haghighi
and Ascher (1988) proposed using congruity backcros-
sing (i.e., backcrossing alternately with the tepary
and the common bean) to facilitate genetic recombina-
tion between the two species and also increase hybrid
fertility.

Hybridization between common and tepary beans
was initiated at the Centro Internacional de Agricultura
Tropical (CIAT), Cali, Colombia, in 1989. The objective
of this work is to transfer multiple desirable traits from
selected tepary genotypes into elite lines of the common
bean. A modified embryo culture technique was essen-
tial to obtain congruity backcross hybrids. Data on the
relative efficiencies of recurrent and congruity back-
crossing with respect to increased hybrid embryo
growth both in situ and in vitro, as well as on hybrid
fertility and the introgression of tepary seed protein
alleles, are presented.

Materials and methods
Parental genotypes and crossing

The tepary and common bean genotypes used for interspecific hy-
bridization were evaluated and selected for agronomic traits (Table
1). This was essential because striking differences are found among
genotypes of both species and our objective was to combine the best
level of expression of complementary desirable traits from both of
them. All tepary and common bean genotypes used in this study were
cultigens. For the initial crosses and subsequent recurrent and con-
gruity backcrosses, the common bean genotypes and resulting hy-
brids were used as females. In addition, in order to increase the
introgression of tepary traits into the common bean, highly-fertile F 2
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plants from the third (CBC,) and fifth (CBCj) congruity backcrosses
were used as males for intermating with their respective male-sterile
Fs. All crosses were made in the greenhouse by hand emasculation
and pollination (Buishand 1956; Bliss 1980) to prevent selfing or
contamination from foreign pollen.

The following data were obtained from the initial cross and
several of the backcross generations: the number and percentage of
immature embryos rescued for culture; embryo growth in situ defined
as the number of days from pollination to embryo rescue; the number
and percentage of mature hybrid plants obtained; the number of
mature plants transplanted to soil; the percent fertility (defined as the
percentage of F; plants that were able to produce at least one selfed
(F,) seed) and the introgression of tepary seed protein alleles into the
third and fifth congruity backcrosses.

Embryo rescue and in-vitro culture

Young pods resulting from interspecific crosses were harvested
as soon as the first symptoms of embryo abortion were apparent.
Abortion symptoms included loss of turgor in pod tissues and
interruption of embryo development. Harvested pods were steri-
lized by submerging for 1 min in 70% ethanol and then for 6 min
in a 2.5% solution of sodium hypochlorite with one drop of
detergent (Tween 20). This was followed by washing three times
with deionized sterile water. Using aseptic techniques, immature
embryos, including the embryonic axis and cotyledons, were
extracted from pods and testa, using a binocular dissecting scope,
and transferred to the surface of the culture medium. The culture
medium used was modified after the media reported by Honma
(1955), Mok et al. (1978), Prendota et al. (1982), and Pratt et al.
(1985). For initial I, hybrids and the first recurrent backcross
(RBC,) embryos, a single medium, named SE (for small embryos),
was used. The SE medium contained the Murashige and Skoog
(1962) mineral salts modified as follows (MS-M salts): a reduction
of NH,NO; and CaCl,. 2H,O to half of the original concentra-
ion, ie., 825 and 220 mg/l, respectively. The SE medium also
included vitamins as in Gamborg’s B5 medium (Gamborget al. 1968),
6% sucrose, 200 mg/l of glutamine, and 200 mg/l of casein hy-
drolysate. The pH of the medium was adjusted to 5.7 and the medium
was made semi-solid with 0.6% agarose (Sigma medium EEO) before
autoclaving.

Probably because of their very small size and genetic constitution,
it was not possible in a first attempt to obtain mature plants from the
second congruity backcross (CBC,) embryos after a single culture on
SE medium. In view of this, a two-phase embryo culture protocol was
developed. All embryos of this cross and the small hybrid embryos
(< 4mm length, including the cotyledons) of the following congruity
backcrosses were cultured first on SE medium in the dark for 1-3
weeks until the plantlets reached over 2 cm in size. These were then
transferred to a second medium, named LE (for larger embryos), and
cultured in the light (1000 lux and 16:8 h light:dark photoperiod).
The components of the LE medium were the same as in SE, but
sucrose was reduced to 2%, and the concentration of the MS-M salts

Table 1 Common (P. vulgaris)

and tepary (P. acutifolius) bean Identification

Agronomic characteristics®

genotypes used in interspecific

hybridization Phaseolus vulgaris®

ICA Pijao (G 5773), Sacramento (G 17635),
A 429,A 752, A 769,A 775, A 779, A 797,

A 798, A 800, MAM 38, PEF 14, ARA 9,
MAR 1, PVA 1111, CTC 1, IPA 6, Carioca
(G 4017), and San Cristobal 83 (G 17227)

* Moreinformation about speci-
fic parents can be obtained from
the authors

® All P. vulgaris entries are resis-
tant (I gene) to bean common
mosaic virus

P. acutifolius

G 40066, and G 40138

G 40001, G 40020, G 40023, G 440063,

Commercial seed quality, facilitator of
hybridization, erect plant type, high yield,
earliness, and resistance to bean golden mosaic
virus, anthracnose, angular leaf spot, low soil
fertility, and drought

Resistance to common bacterial blight, leafhoppers,
drought, heat, and bruchids
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was reduced to one half. Embryos with well-developed shoot and root
tips were dissected and cultured in vitro. Any embryo larger than 4
mm was cultured directly on LE medium under the light conditions
mentioned earlier. The culture medium was poured into 16 x 125 mm
(SE) and 18 x 150 mm (LE) test tubes with plastic caps. The cultures
were sealed with plastic film and incubated at a temperature of
24-26°C. A week prior to transfer to soil in the greenhouse, the
plastic seal was removed from the test tubes in order to allow loss of
humidity. Once the plantlets reached 6-10 ¢m in size, they were
transferred to pots containing equal amounts of soil, sand, and perlite.
Pots with the plantlets were placed for the first few days under shade
in a fresh and humid area of the greenhouse.

Verification of initial F, hybrids and tepary gene introgression

The hybrid origin of F, plants of the initial cross was verified using
morphological markers, such as growth habit, size and shape of
trifoliolate leaves and flower bracteoles (Thomas and Waines 1984),
level of self-sterility, and with polyacrylamide-gel electrophoresis
(PAGE) of diaphorase isoenzymes in young trifoliolate leaves (Hus-
sain et al. 1986). Furthermore, to assess introgression of tepary alleles,
seed protein of selfed progenies of the CBC, and CBC; hybrids was
used for separation by a modified SDS-PAGE (J. Vargas, personal
communication 1992). Embryo axes were separated from cotyledons
prior to electrophoretic analysis, and transferred to the LE medium
for germination. This nondestructive technique made it possible to
grow plants from the seeds used for electrophoretic analysis.

Vegetative propagation of hybrid plants

Hybrid plants with superior performance were propagated vegeta-
tively by means of stem cuttings in order to carry out more back-
crosses or produce more selfed (F,) seed. Propagation was done by
using a modified rooting solution after Pythoud and Buchala (1989).
Young branches, without flowers and pods, were cut and submerged
in a 10 mg/l solution of indole butyric acid and 10 mg/1 of vitamin D,
(both were dissolved first with dimethyl sulfoxide at a 1000 x concen-
tration) for 2 days. Subsequently, the cuttings were kept in water for 2
weeks; water was oxygenated with an aquarium air pump and
changed every day to avoid stem and root rots.

Results
Embryo culture

All embryos from the initial interspecific cross, the first
recurrent backcross, the second congruity backcross, as
well as most of the embryos from the third, fourth, and
fifth congruity backcrosses, aborted between 8 and 27
days from pollination. Immature embryos had to be
aseptically rescued from ovules and cultured in vitro as
soon as abortion symptoms were detected.
Establishment of initial interspecific F; and first re-
current backcross mature hybrid plants in soil was
carried out following immature embryo culture in SE
medium. But attempts to establish second congruity
backcross (CBC,) plants in soil failed when the embryos
were cultured in SE medium. CBC, embryos were, on
average, the smallest of the entire backcross program;
after culturing in SE medium, they gave rise to weak
plantlets that did not withstand transplanting into soil.
Only after subculturing such embryos in a second me-

Table 2 Effect of embryo culture involving one- and two-phase
protocols on the production of mature hybrid plants in two P.
vulgaris x P. acutifolius second congruity backcrosses (CBC,)

Item Second congruity backcross®

CBC, x G40023 CBC,; x G 40138

One- Two- One- Two-
phase phase phase phase
culture® culture culture culture
No. of embryos cultured 29 202 2 11
Embryo growth in situ® 15 12 16 10
No. of mature plants 0 37 0 4
obtained
% CBC, plants obtained 0 18 0 36

* G 40023 and G 40138 are the P. acutifolius genotypes used in
backcrossing as male parents

® One-phase culture medium used for small embryos (SE) only;
two-phase culture medium used SE first, followed by the medium for
large embryos (LE)

¢ Number of days from pollination to the day embryos were rescued
for culture

dium (LE) with reduced sucrose and reduced mineral
salt concentrations did the resulting plantlets develop
further and survive transplanting into soil. A two-phase
embryo culture protocol was thus adopted for the CBC,
and subsequent backcross generations (Table 2). When
the medium for the smallest embryos contained low
sucrose (i.e., 2%), the embryos cither germinated prema-
turely, giving rise to weak plantlets, or formed only calli
without morphogenesis. Substituting agarose for agar
prevented oxidation and necrosis of small, young em-
bryos possibly caused by impurities in the agar.
Glutamine (Mok et al. 1978) and casein hydrolysate
(Bhojwani and Razdan 1983) were considered highly
beneficial for the in-vitro growth of immature embryos
of the common bean and other species.

Culturing the smallest embryos in the dark prevented
excessive premature growth of foliar tissue at the expense
of the embryo axis and radicle. Embryo germination
occurred after 1-3 weeks of culture under first-phase
conditions. Elongation took place rapidly after transfer
of the germinated embryos to LE medium. Removal of
the plastic seal from test tubes 1 week before transferring
plantlets to soil in the glasshouse allowed a gradual
reduction of humidity surrounding the plantlets. This, in
turn, prevented or diminished the shock due to trans-
planting from in vitro to soil conditions. The two-phase
embryo culture methodology developed in this study
made it possible to recover CBC, plants from embryos
as young as 9 days of growth, with efficiency rates of
18% and 36% (Table 2).

Effect of common and tepary bean genotypes
Throughout the interspecies crossing program, the

genotype of common and tepary parents determined to
a large extent the ability to obtain viable Fs as well as



Table 3 Efficiency of P. vulgaris and P. acutifolius parental genotypes
of the initial interspecific hybridization aided by embryo rescue and
in-vitro culture

Parental genotypes Number of  Number of mature
embryos F, plants
P. vulgaris P. acutifolius  cultured

Total % Of embryos

cultured
ICA Pijao  x G 40001 63 27 43
G 40066 154 35 23
G 40063 19 1 5
Sacramento x G 40001 21 0 0
G 40066 34 0 0
G 40063 14 1 7

the efficiency of using F;s as females in subsequent
backcrossing. For example, using the common bean
cultivar ICA Pijao in the initial cross with the tepary
bean was more successful than using Sacramento light
red kidney (Table 3). No mature hybrids were obtained
from the crosses of the common bean cultivar Sacra-
mento with tepary accessions G 40001 and G 40066.
Furthermore, tepary bean accession G 40001 gave high-
er hybrid plant recovery than G 40066 and G 40063
when crossed to ICA Pijao. Similarly, the efficiency in
obtaining mature hybrids was higher when backcross-
ing P. vulgaris genotypes onto (ICA Pijao x G 40001)
than onto (ICA Pijao x G 40066) F;s (data not shown).
In CBC,, the most efficient tepary genotype in generat-
ing mature hybrid plants was again G 40001.

A high proportion of lethal hybrids was obtained in
CBC, and/or CBC; with crosses involving P. vulgaris
genotypes MAM 38, A 797, and PEF 14, causing a low
efficiency of hybrid plant recovery. Substituting with
ICA Pijao and other common bean genotypes as male
parents enhanced the success of hybridization. ICA
Pijao was not only the best common bean genotype for
generating interspecific hybrids, but hybrids involving
ICA Pijao were the most efficient for continuing the
subsequent congruity backcrossing with P. acutifolius.
Interestingly, however, although G 40001 and ICA
Pijao were the tepary and common bean genotypes,
respectively, with which the highest number of embryos
were rescued from the CBC, and CBC, generations,
other tepary (e.g., G 40020) and common bean (e.g.,
ARA 9) genotypes were more efficient in the production
of mature hybrid plants (data not shown). Mean dif-
ferences between the use of tepary and common bean
genotypes in hybrid production efficiency were not as large
in the fourth and fifth congruity backcrosses as in the first,
second, and third congruity backcrosses (Table 4).

Growth of hybrid embryos in situ and recovery
efficiency of mature plants

All Fys of the initial cross were self-sterile. Rescuable
embryos were made available only after backcrossing

Table 4 Overall results of the P. vulgaris (common) x P. acutifolius (tepary) recurrent and congruity backcross program at CIAT, Cali, Colombia
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the F; with P. vulgaris(RBC,). The RBC, embryos grew
more than the F; embryos, but produced mature hy-
brids with lower efficiency (Table 4). Backcrossing of the
initial F; with tepary did not yield any rescuable em-
bryos (data not shown). In RBC,, embryo growth in-
creased and reached the most advanced developmental
stage in the pods, to the extent that most of the RBC,
produced mature seeds with more than 30 days of
growth in situ (Table 4). By contrast, the second congru-
ity backcross (i.e., RBC; x P. acutifolius) gave rise to
embryos which were the smallest, the most underdevel-
oped, and the most difficult to culture of the entire
backcross program, with a mean of 11.9 days of growth.
Growth of embryos from congruity backcrosses in-
creased or decreased depending upon whether the last
male parent was P. vulgaris or P. acutifolius, respective-
ly. The greater the genetic contribution of P. acutifolius,
with respect to P. vulgaris, the less developed were the
hybrid embryos. However, at the fourth congruity back-
cross (CBC,), it is noteworthy that, although the contri-
bution of tepary increased with regard to the CBC,,
there was an increase in growth achieved by these
embryos in situ before being rescued (Table 4). A similar
tendency occurred for the CBC, embryos with respect
to the CBC; generation. An increase in the average
growth of embryos in situ was accompanied by an
increase in the percentage of seed that formed within'the
pod. Whereas not a single sced was obtained from the
second congruity backcross, 4.6% of the embryos in the
fourth congruity backcross reached the seed stage.
Nonetheless, to increase the probability of germination,
mature seeds, without coats, were cultured on LE me-
dium. Similarly, in CBC, there was a slight increase in
the proportion of ovules that formed seed in situ with
respect to CBC;, and a much higher increase occurred in
CBC; with respect to the first recurrent or congruity
backcross (Table 4).

The rate of mature hybrid plant recovery was
influenced by the embryo culture protocol used
(Table 2), the genotype of the parents involved in
each cross (Table 3), and the type of cross (Table 4).
Plant recovery efficiency through embryo rescue was,
on average, lowest (11%) in the first recurrent back-
cross in spite of the fact that embryo growth in situ
was higher than in the initial cross (Table 4). In
the second recurrent backcross, plant recovery rate
increased dramatically and reached 92%. Thus, most of
the crosses did not require embryo rescue. Although
embryo growth in situ of congruity hybrids involving P.
vulgaris as the last male parent was higher than growth
with hybrids involving P. acutifolius, their mature plant
recovery rate was slightly lower. But the proportion of
mature plants recovered increased with the successive
congruity backcrosses having either the common (ie.,
CBC, > CBC; > CBC,) or tepary bean (i.e, CBC, >
CBC,) as the last parent. From our P.ulgaris x P.
acutifolius hybridization program comprising the initial
interspecific crosses, the first and second recurrent
backcrosses, and the first through fifth congruity back-

crosses, a total of 1652 mature plants have been pro-
duced (Table 4).

Fertility of hybrids

Fertility, measured as the percentage of mature F,
plants that produced at least one fertile or partially-
fertile F, plant, was recovered in RBC, and increased
greatly in RBC,. In congruity backcrossing, fertility was
lost cyclically when P. acutifolius was the last male
parent (i.e., in CBC, and CBC,), and was recovered
partially in CBC; and CBC, when P. vulgaris was the
last male parent (Table 4). But fertility recovery effi-
ciency tended to increase as the congruity backcross
generations advanced (ie., CBC;>CBC, > CBC)).
Likewise, production of selfed-seed on partially-fertile
hybrid plants increased as recurrent and congruity
backcrossing advanced. Thus, a single hybrid plant of
the fifth congruity backcross yielded more than 100 F,
seeds after 5 months in the greenhouse. This is well
above the total seeds obtained from the 11 first fertile
recurrent backcross hybrids after 8 months (data not
shown).

Morphology of interspecific hybrid plants

AllF, plants of the initial cross had the plant height and
growth habit of the tepary parents. These plants also
had a pink flower color and leaf and bracteole size
intermediate between common and tepary beans. Plant
eight and overall morphology varied among the F,
plants within a given parental combination. As ex-
pected, the influence of the tepary bean in the hybrid
phenotype decreased in RBC, and RBC,.

Congruity hybrids that had tepary as the last male
parent displayed more tepary than common bean char-
acteristics, even more than the initial F, hybrids. These
characteristics included overall plant morphology and
growth habit, small bracteoles and small leaves, and
flowers with variable pink and occasionally with a white
color of the standards and wings. Similarly, congruity
backcross hybrids with P. vulgaris as the last male
parent showed more common bean characteristics. In
advanced generations of congruity backcrossing, the
vigor of hybrid plants was higher than in earlier gener-
ations. Thus, hybrid plantlets were readily transplanted
to soil, and mature hybrids showed vigorous vegetative
growth and profuse rooting of cuttings. This made it
possible to maintain most CBC, and CBC, hybrid
plants, for backcrossing or seed production, for ex-
tended periods in the greenhouse.

Hybrids that included tepary accession G 40001 as
the male parent generally displayed growth habit
1V — high branching and more vigorous and faster veg-
etative propagation than the hybrids generated with
accessions G 40023, G 40138, and G 40066. The latter
displayed a determinate growth habit. Traits not seen in
the parental genotypes were expressed in some hybrid



Fig.1 Seed protein

nd - - -
electrophoresis showing el uz |.|.: o ~x el
evidence for introgression of 9 9 R G E AR 7 oo o
tepary alleles. From left to right: R TR TR ) L o T 2 %
(P.v.) P. vulgaris parent (ICA '-": ‘? R B ] Qe . 7O g e
Pijao); (P.a.) P. acutifolius (G O ~0 3 S NE N : zﬁ g" z-

40001); all other lanes (K9, K16,
K20, K27, K35) are CBC,-
derived F, and F, progenies.
Arrows show tepary alleles
whose introgression is
monitored in the congruity
hybrids. Note that the phaseolin
pattern of CBC; shown in the
first lane is different from the
typical ICA Pijao pattern

progenies. These included inflorescences bearing multiple
pods, a trait mostly of common beans of Middle Ameri-
can origin (Singh et al. 1991), also observed by Haghighi
and Ascher (1988), light brown seed like that of some
wild common bean genotypes, new seed phaseolin elec-
trophoretic patterns (Fig. 1), and leathery leaves.

Verification of initial hybrids and monitoring of
gene introgression from the tepary bean in
subsequent generations

The presence of a low-molecular-weight band of
isozyme diaphorase from the male parent P. acutifolius,
in addition to morphological features and complete
self-sterility, confirmed the hybrid origin of F, plants of
the initial cross. Because the RBC,, CBC,, and CBC,
hybrids were generated from backcrosses involving self-
sterile F;, CBC,, and CBC, plants, respectively, their
hybrid nature could be inferred with certainty. The small
size of the bracteoles in CBC, and CBC, hybrids served
as a dominant marker of backcrosses with P. acutifolius.
In these hybrids, bracteoles were similar in size to those
of the male parent P. acutifolius, and smaller than in the
female parents, the respective RBC; and CBC; hybrids.
These observations were correlated with other changes
such as decrease in leaf area and loss of fertility (Table 4).
Also, monitoring of introgression of genes into progeni-
es of the CBC; and CBC; hybrids was carried out by
analysis of the seed protein electrophoretic bands of the
tepary bean in the lectin region; these bands are not
present in the common bean (Fig. 1).

Hybrid progeny generated for agronomic evaluation

F, seeds were produced from the RBC,, RBC,, CBC;,
and CBC; hybrids. Intercrossing between the partially

fertile F, (as males) and self-sterile F ;s of CBC; and CBC;
(as females) also produced large amounts of mature seed
without embryo culture (Table 4). Progenies of RBC,,
RBC,, CBC,, and CBC,, and those obtained from inter-
mating within CBC; and CBC4, are being advanced for
the development of inbred lines and to provide seed
increase for an evaluation for agronomic traits.

Discussion

Asin previous hybridizations between P. vulgaris and P.
acutifolius (Mok et al. 1978; Thomas and Waines 1984;
Parker and Michaels 1986) our interspecific crossing
would not have succeeded without in-vitro embryo
culture. Small germinated embryos of CBC, failed to
reach sufficient development on a high osmolarity me-
dium to survive transplanting to soil. Successful trans-
planting of rescued embryo-derived plantlets to soil was
possible after subculturing of small germinated embryos
in a second medium (LE), under decreased sucrose and
salt concentration, especially to allow more vigorous
growth of the root system.

Haghighi and Ascher (1988) reported congruity
backcrossing without the aid of embryo rescue. Other
differences include our severe difficulties in backcrossing
the initial interspecific F, hybrids with tepary genotypes
and the recurrence of sterility of congruity hybrids when
tepary was used as the last male parent. The actual
causes for these differences are not known. But the
above authors used wild as well as cultivated tepary
genotypes and intraspecies hybrids of common bean,
whereas we used only cultivated tepary and common
bean. A wild genotype of common bean has been re-
ported to allow interspecific hybridization with less
difficulty (Stockinger et al. 1986).

As previously reported for recurrent backcrossing
(Thomas and Waines 1984; Pratt et al. 1985; Parker and
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Michaels 1986; Scott and Michaels 1990), striking effects
on the success of recurrent and congruent hybridization
were found in this study due to the genotype of both the
tepary and the common bean. The use of common bean
cultivar ICA Pijao in the initial cross greatly facilitated
the production of vigorous F s, which could be back-
crossed efficiently with other common bean cultivars to
yield a partially fertile RBC,. Parker and Michaels
(1986) identified ICA Pijao as a noncarrier of an incom-
patibility allele that interacts with a factor in the P.
acutifolius genome causing lethal F, hybrids, and pro-
posed the use of ICA Pijao as a bridging-parent in
interspecific crosses with P. acutifolius. When difficulties
in congruity backcrossing with other common bean
genotypes were encountered in our work, the use of ICA
Pijao helped to overcome such difficulties. Thus, ICA
Pijao not only facilitated the initial cross but also the
later congruity backcrosses. ICA Pijao, a common bean
of Middle American genepools, was previously identi-
fied as a noncarrier of the complementary dominant
dosage-dependent lethal (DI and DI2) genes, and thus
served as a bridging-parent between Andean and
‘Middle American incompatible intraspecific crosses
(Singh and Gutiérrez 1984).

The tepary bean genotype was also critical for the
success of recurrent and congruity backcrosses. G 40001
was the most efficient tepary genotype for the initial
cross with ICA Pijao (Table 3) and for the CBC,. It was
also the only tepary giving rise to hybrids that could be
effectively used in subsequent congruity backcrossing.
But why it could not be successfully hybridized with
common bean cultivar Sacramento is not understood.
Other initially less efficient tepary genotypes gave rise to
partially-fertile progenies when used as parents of ad-
vanced congruity backcrosses, apparently after geno-
types such as ICA Pijao had helped to overcome or
reduce the interspecific incompatibility barrier. Hybrids
generally inherited an indeterminate climbing growth
habit I'V from tepary bean G 40001, which conferred the
capacity to elongate in vitro and after transplanting to
soil. Hybrids with growth habit IV were also easier to
propagate vegetatively and to re-sprout after pruning,
allowing protracted greenhouse maintenance of plants.

All common bean genotypes used in the fifth congru-
ity backcross gave rise to some mature, partially-fertile
hybrids. Because some common and/or tepary bean
genotypes are likely to be carriers of interspecific incom-
patibility genes (Parker and Michaels 1986; Scott and
Michaels 1990), it is probable that the common (e.g.,
Sacramento) and tepary (e.g., G 40001 and G 40066)
bean genotypes that could not be hybridized together
successfully in the beginning were carriers of such genes.
The generation of viable hybrids using these incompat-
ible genotypes in later backcross generations was pos-
sible due to the segregation of viable (from compatible
parents, e.g., ICA Pijao) and lethal alleles (Parker and
Michaels 1986). Analysis of electrophoretic patterns of
seed proteins in segregating advanced congruity back-
cross populations (CBC; and CBC;) has allowed us to

provide evidence of high introgression frequencies of P.
acutifolius alleles in the lectin region. The increased
introgression probably results from the accumulation of
favorable gene recombinations between the two species
with successive congruity backcrossing.

Growth of hybrid embryos in situ, recovery efficiency
of mature plants, and fertility of hybrids, varied cycli-
cally throughout the backcrossing program, depending
upon the last male parent. As Haghighi and Ascher
(1988) reported, we have also observed a gradual in-
crease in fertility as congruity backcrossing increased.
But, in addition to fertility, our data show increased
hybrid embryo growth in situ, increased vigor, and the
production of mature hybrid plants. For example, the
requirement of embryo rescue diminished as congruity
backcrosses advanced (Table 4). These effects could be
attributed to different causes: (1) an increase in structural
congruity of the homologous chromosome segments of
the two species, resulting from frequent exchange as
backcrossing advances; and (2) an accumulation of com-
plementary favorable gene combinations of the two
species, which confer higher fertility and vigor to the
hybrids. Moreover, a high proportion of genetic combi-
nations that give rise to lethal, weak, sterile, and low-
fertility plants is selected against and automatically
eliminated in successive backcross generations. Gene
combinations present in fertile and vigorous plants are
then transferred to congruity hybrids in the subsequent
backcross.

Intercrossing among congruity hybrids, using the
highly-fertile F, plants as males and self-sterile F, as
females, has allowed us to obtain a large amount of seed
(Table 4). This intermating between hybrid genotypes
was proposed by Waines et al. (1988) as a mechanism
to combine different donor alleles, and, as a result,
achieve higher genetic recombination. Several cycles of
congruity backcrossing could then overcome P. vul-
garis X P. acutifolius hybridization barriers such as
genotype incompatibility, early embryo abortion, hy-
brid sterility, and lower frequencies of hybridization.
Therefore, hybrid progenies of advanced cycles of con-
gruity backcrossing can serve as a bridge for the transfer
of genes between incompatible tepary and common
beans. Thus, the use of congruity backcrossing proposed
by Haghighi and Ascher (1988) deserves more attention
in the future.

In this work, we have generated the largest number (1
652 plants)of P. vulgaris x P. acutifolius hybrid plants so
far obtained. We have also demonstrated high frequen-
cies of tepary gene introgression. Knowledge about
facilitator genotypes such as ICA Pijao (Parker and
Michaels 1986) and G 40001 (this study), the adoption of
the congruity backcross strategy (Haghighi and Ascher
1988), and modification of the embryo culture technique
to allow adult hybrid plant recovery from small congru-
ity backcross embryos (this study), have been major
factors contributing to the success of this work. We have
also developed a pool of congruity hybrids that can be
used as a bridge to introgress germplasm from other



incompatible tepary to common bean genotypes and
vice versa.

Currently, advanced generation lines from the first
and second recurrent backcrosses and from the first
phase of congruity backcrosses are being selfed to pro-
duce inbred lines. This will be followed by seed multipli-
cation and evaluation to identify lines with desirable
traits from both species. As shown in this study, fertility,
embryo growth in situ, and the recovery efficiency of
mature plants from congruity hybrids have apparently
not yet reached the desired level. Because of this, our
congruity backcrossing program will continue.
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