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ABSTRACT

Three classes of hybrids involving Vitis riparia Michx. were evaluated for evidence
of incongruity, a phenomenon reflecting passive evolutionary divergence between the
genomes of the mating partners. Each class consisted of families derived from four
maternal clones of V. riparia. The R x V class (Vitis riparia x V. vinifera L.) was the
most divergent, and the least divergent was the intraspecific R x R class (V. riparia
x V. riparia). The R x FH class (V. riparia x French Hybrid) was derived from
multiple species and was highly intercrossed. Reproductive dysfunction was detected
in the F1 generation. The R x R class displayed the highest percent berry set and the
largest mean number of seeds per berry, while the R x V class manifested reduced
berry set and reduced mean number of seeds per berry. The intercrossed R x FH
class exhibited intermediate berry set and numbers of seeds per berry. Differences
in percent berry set were found to be related to percent aborted flowers, but not to
percent shot (aborted) berries. Germination was similar among the classes.
Reproductive efficiency was calculated by multiplying mean number of seeds per
berry by percent berry set, and differences among classes were maintained. The F2
generation was evaluated in the seedling stage for morphological aberrations.
Abnormalities observed included dwarfing, achlorophyllic variegation, deformed

leaves, yellow leaf mottling, sparse roots, and enation. Pooled results indicated



incongruity was present at the greatest levels in the most divergent, R x V class, in
the lowest levels in the R x R class, and at intermediate levels in the R X FH class.
When incongruity was studied as a syndrome of multiple abnormalities expressed per
individpal, differences between classes were heightened. A congruity index, the
product of reproductive efficiency times the frequency of F2 plants with 0-1
abnormalities, was calculated for several crosses, and proposed as a tool to compare

breeding potential for specific mating partners.
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GENERAL INTRODUCTION

GENE EXCHANGE IN CROP IMPROVEMENT: INTROGRESSION AND
INTERSPECIFIC HYBRIDIZATION

Successful gene exchange in crop improvement depends on recombination of
traits expressed in the parental individuals. Commonly used methods of plant
breeding rely on successful transfer of donor genes into progeny (Allard 1960, Fehr
1987). The transfer of genes from one entity to another is referred to as introgression
(Anderson 1949). In intraspecific crosses, within adapted germplasm, it is often
possible to recover an economically useful type in the progeny after recombining
genes. The primary barrier to introgression in such crosses 1s linkage, and genetic
gain is usually possible within a limited number of generations.

Interspecific hybridization has been used in many crops in an attempt to
introgress genes from one species, sometimes a wild relative, into the background of
another species, usually cultivated or more desirable. Problems involved in
interspecific hybridization have limited its use in many crops, but in ornamental crops
such as Lilium, interspecific hybridization has been useful in producing novel types
(van Tuyl, et al. 1986). In some genera of fruit crops, such as Rubus and Vaccinium,
interspecific hybridization has been used extensively, while in others, such as Malus
and Pyrus, it has only recently become a prominent method for crop improvement

(Scorza 1986).



CONCEPT OF SPECIES AND MODES OF REPRODUCTIVE ISOLATION
The concept of species in plants is not rigid. Entities classified as species may
be in various stages of evolutionary divergence from other species in the genus or
from subspecies or from other genera. Entities that have been classified as species
may be reclassified as subspecies and vice versa; species may be reclassified as
genera, or genera merged. In general, a species is composed of a population of freely
interbreeding individuals, sharing similar morphological, physiological, ecological,
cytogenetic, and genetic characteristics. Species are often reproductively isolated
from one another, reinforcing species identity. Revised taxonomic classifications are
based on increased knowledge about the phylogenetic and evolutionary relationships
between the biological entities in question. Thus, a discussion of interspecific
hybridization must concede that any two species to be hybridized may be at one of a
number of stages of differentiation. Such differentiation determines reproductive or
genetic isolation by several mechanisms (Clausen 1951): 1. Ecological barriers-
physiological differentiation adapted to ecological habitat. 2. Morphological or
physical barriers- may be due to adaptation to pollinator species. Genetic barriers do
not exist, but entities maintained by constant selection via pollinator preference.
Selection prevents hybrid swarms from migrating out of areas of overlapping
pollinators. 3. Cytogenetic barriers- differentiation in chromosome number or
repatterning, resulting in impaired products of meiosis. 4. Genetic barriers-
morphological and cytological similarity, and adaptability to similar habitats, but with

genetic barriers preventing hybridization or survival of hybrid entities. Most



commonly, sets of related entities develop gradual genetic and morphological
differentiation, with small steps of genetic, chromosomal, and morphological changes

(Clausen 1951).

REPRODUCTIVE BARRIERS AND THEIR IMPLICATIONS FOR GENE
EXCHANGE

Reproductive barriers, or isolating mechanisms, that limit the use of
interspecific hybridization have been classified as premating and postmating (Levin
1971). Premating mechanisms include habitat differences, differences in time of
flowering, and mechanical barriers such as structural differences in floral morphology
that preclude cross pollination by specialized pollinators. Postmating isolating
mechanisms are further divided into prezygotic and postzygotic barriers (Levin 1971).
Prezygotic barriers, such as autogamy and pollen-pistil incompatibility, prevent
interspecific fertilization and zygote formation. When prezygotic barriers do not limit
the cross, postzygotic barriers may restrict successful gene exchange. The zygotes
from crosses with postzygotic barriers may be manifested as inviable seed. Viable
seed may give rise to weak F1 individuals or develop into vigorous F1 individuals.
The F1 hybrids that survive to sexual maturity may display varying degrees of
sterility. Postzygotic phenomena can extend into subsequent generations, where it is
often referred to as hybrid breakdown (Levin 1971, Stebbins 1971). Hybrid

breakdown in advanced generations is manifested as weak, abnormal, or sterile

progeny.



Many terms have been used in describing phenomena that result from both
prezygotic and postzygotic barriers. Genic disharmony (Stebbins 1971), interspecific
sterility (Clausen 1951), interspecific cross incompatibility (Hadley & Openshaw
1980), hybrid inviability and weakness (Stebbins 1958 1971), hybrid breakdown
(Stebbins 1958 1971, Levin 1971, Hadley & Openshaw 1980), and cryptic structural
hybridity (Stebbins 1950) are some of the many terms that have been used to describe
phenomena at various stages of dysfunction in a wide hybrid. Causes invoked for
these phenomena include lack of chromosome homology (Zohary 1973), interaction
between nucleus and cytoplasm, structural cytogenetic differences between parents,
cryptic meiotic abnormalities, and incompatibility between embryo and endosperm

(Stebbins 1950, 1958).

INCONGRUITY

Reproductive isolation between taxa, whether in sympatric species or in
allopatric species can lead to divergence in the genomes (Clausen 1951, Stebbins
1971) which can result in incongruity (Hogenboom 1973, 1984). Incongruity is a term
that was used initially by Hogenboom (1973) to describe pollen-pistil dysfunction
sometimes observed in wide crosses. Later, the definition was extended to include
intracellular as well as intercellular interactions (Hogenboom 1984).  Genetic
incongruity is a passive phenomenon which is displayed when sufficient evolutionary
divergence has occurred between two taxa such that, when brought together as parents

in a wide hybrid, some of the genes mismatch, and are unable to function efficiently,



if at all. Selection does not operate to maintain incongruity, but it does operate to
favor the less affected individuals that may be more vigorous and fertile. The stage
of development at which dysfunction occurs may vary according to which genes have
been affected during evolutionary divergence. Dysfunction may occur prezygotically,
preventing fertilization, as in some species of Papaver (McNaughton & Harper 1960,
Ojala & Rousi 1986, Ojala, et al 1990), Carica (Manshardt & Wenslaff 1989a 1989b),
and Pennisetum (Mohindra & Minocha 1991). Dysfunction may also occur
postzygotically, affecting the F1 hybrid generation, as in species of Datura (Satina,
et al 1950), Gossypium (Phillips & Merritt 1972, Phillips & Reid 1975, Phillips
1976), Cucurbita (Whitaker & Bemis 1964), and Amaranthus (Pal & Khoshoo 1972)
or influencing advanced generations, as in species of Bromus (Nielsen, et al 1962),
Lycopersicon (Martin 1966), Amaranthus (Pal & Khoshoo 1972), and Triticum
(Hermsen 1963, Zeven 1970).

Prezygotic dysfunctions may be expressed as cross sterility, or reduced
fertility, while postzygotic dysfunctions may be expressed as embryo death,
endosperm dysfunction or seed failure of unknown causes, slow seedling growth or
seedling mortality, unusual susceptibility to disease, abnormal organ development,
chlorophyll abnormalities, tumors (cellular proliferations), lack of flowering, sterility
without apparent cause, or other dysfunctions or abnormal developmental patterns.
(Stebbins 1958, Hogenboom 1984).

Thus, the term incongruity encompasses many of the reproductive isolating

mechanisms and barrers, unifying a body of literature with often-confusing
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terminology.

AMELIORATING INCONGRUITY

Several researchers have described methods of overcoming interspecific
barriers. Viehmeyer (1958) reported the creation of a panmictic multispecies gene
pool in Penstemon. Reproductive isolation was effectively reversed by repeated
intercrossing among interspecific hybrids. Rhodes (1959) combined five species of
Cucurbira germplasm into one common gene pool by backcrossing, intercrossing and
outcrossing. This gene pool became a bridging population for interspecific gene
transfer. Haghighi and Ascher (1988) demonstrated a return to fertility after repeated
backcrossing to alternating parents (congruity backcrossing) for eight generations,
using Phaseolus vulgaris and P. acutifolius. In these instances, amelioration of
incongruity was achieved by complex interspecific hybridization procedures that

brought genomes of several species together or brought them together repeatedly.

INTRODUCTION TO GRAPES

The domesticated grape, Vitis vinifera L., is perhaps the most economically
important fruit crop in the world (Einset & Pratt 1975). The fruit is consumed fresh,
as well as processed in the form of raisins, juice, jelly and wine. Many of the wine-
grape cultivars grown today are thought to be ancient, while the majority of table
grape cultivars were developed in the 20th century (Einset & Pratt 1975). Wild

members of the genus Viris are found in most parts of the world, varying in their



allotment of economic traits. Many show disease resistance, insect resistance, cold
hardiness, or other traits which are lacking or limited in the domesticated Viris
vinifera. Rarely do the wild Vitis species show the desirable fruit characteristics that
are found in Viris vinifera.  Cultivars with a combination of quality fruit
characteristics, disease and insect resistance, and cold hardiness would enable the
industry to expand into currently marginal growing regions.

Many vineyards consist of vines grafted onto resistant rootstocks to avoid
damage by the insect pest, phylloxera (Dakrulosphaira vitifoliae Fitch), and the use
of resistant cultivars would eliminate the labor intensive grafting step. Virtually all
commercial vineyards use fungicide sprays to reduce the effects of powdery mildew
(Uncinula necator (Schw.) Burr), downy mildew (Plasmopara viticola (Berk. & Curt.)
Berl. & de Toni) and botrytis (Botrytis cinerea Pers.). Incorporation of resistance to
some or all of these diseases would reduce the number and frequency of fungicide-
spray events, affecting not only labor and materials costs, but ecological and possible
health costs as well. However, the incorporation of resistance and hardiness traits into
breeding lines while maintaining quality fruit characteristics has met with variable

SUCCess.

TAXONOMY, CYTOGENETICS, AND PLOIDY LEVEL
Grapes are placed in the family Vitaceae, the genus Vitis L.  Vitis is further
subdivided into subgenera: Vitis Moore (Euvitis Planch). and Muscadinia Planch.

Vitis is characterized by a haploid chromosome number of 19, while the haploid
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number for Muscadinia is 20 (Einset & Pratt 1975, Olmo 1976). Itis thought that the
genus is an ancient allopolyploid (Olmo, 1976). Meiotic studies in the F1 hybrid
resulting from a cross between subgenus Viris and Muscadinia indicate that 13
homeologous pairs are formed. The remaining chromosomes, 6 from Viris and 7 from
Muscadinia, are unable to pair (Patel & Olmo 1955). Thus, the ancient haploid
numbers that comprise Muscadinia are (6+7)+7=20, while those that comprise Viris
are (6+7)+6=19. Diploidization has occurred in both subgenera, however, resulting
in regular bivalent pairing (Olmo, 1976). Viris vinifera and the other species of Vitis
dealt with in this study belong to the subgenus Viris (Euvitis). Vitis vinifera is a
member of the series Viniferae Munson, while the American species used in this study
are members of the series Aestivales Planch., Cinerescentes Planch., Labruscae
Planch., and Ripariae Munson. Vitis aesrivalis Michx. and its botanical variety V.
aestivalis var. lincecumii (V. lincecumii Buckl.) are included in series Aestivales.
Series Cinerescentes contains V. cinerea Engelm. and V. berlandieri Planch. Series
Labruscae consists of V. labrusca L., while V. riparia Michx. and V. rupestris

Scheele. are members of series Ripariae (Munson 1909, Moore 1991).

REPRODUCTIVE BIOLOGY: FLORAL AND SEED CHARACTERISTICS
Grape flowers are borne in clusters of compound panicles (Morley 1969). In

the wild, Vitis species are dioecious, bearing male and female flowers on separate

plants, with extremely rare hermaphroditic mutations (Munson 1909). The flowers

are 5-merous, and the fruit is a berry (Morley 1969, Einset & Pratt 1975, Galet
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1979). The ovary is composed of two fused carpels, forming two locules, each
containing two ovules (Morley 1969, Einset & Pratt 1975). One to four seeds per

fruit are common (Morley 1969).

CENTER OF ORIGIN AND EVOLUTIONARY HISTORY

The center of origin for grapes is thought to be in the Trans-Caucasian
mountain region in central Eurasia, close to the centers of origin for many of our crop
plants (Einset & Pratt 1975, Olmo 1976). The earliest fossil remains are of the fossil
species, Vitis sezannensis, from the Lower Eocene Epoch, an era when large
mammals were emerging as the dominant animal type (Hyams 1965). As the
Northern Hemisphere became warmer, the vines retreated to the far north, and when
the land masses moved apart, Viris was split into two races: the American race and
the Eurasian race. The races responded to local environmental pressures, and
differentiation between the races developed (Hyams 1965). A series of changes
evolved, some of which are documented in fossil remains, and by the end of the
Pliocene Epoch, when man was known as Homo pekinensis, Vitis vinifera, the

cultivated grape, emerged more or less as we know it (Hyams 1965).

HISTORY OF GRAPES AS A CROP
Grapes have had an association with mankind since the beginnings of oral and
written history. In the Bible (Genesis 9:20-21) we are told that Noah planted

grapevines as one of his first actions once the flood was over, and subsequently got



drunk on the wine. Grapes were an integral part of Greek mythology: the goddess
Hera wore a crown made of grapevines, and Dionysus, known to the Romans as
Bacchus, was the god of wine. Wine became an integral part of ritual for many of
the major religions of the world (Hyams 1965). Culture, mystique, as well as
industry developed around this ancient fruit. The origins of many of the cultivars we
still grow today were never recorded, and can be guessed to be hundreds of years old,
or even older (Hyams 1965, Einset & Pratt 1975).

Most cultivars, since the beginning of recorded history, have been
hermaphroditic. It is likely that early viticulturists recognized and selected
hermaphroditic mutations for their production value, as vineyard space need not be
allotted for a pollenizer to effect berry set on the fruiting vines (Hyams 1965, Olmo
1976). Quality fruit traits such as large berries, large, compact clusters, delicate
flavors, and high sugar content were also selected by early viticulturists. Desirable
genotypes were multiplied and maintained asexually, by cuttings (Hyams 1965, Olmo

1976).

ECONOMICALLY IMPORTANT SPECIES OF VITIS AND THEIR
CHARACTERISTICS

Until the seventeenth century, Viris vinifera was the only species of economic
consequence in the world, and it remained the only species of any major significance
until the nineteenth century. Thereafter, several American species assumed

importance, as sources of disease and insect resistance in breeding and as rootstocks:

10



Vitis rupestris, V. aestivalis, V. berlandieri, V. labrusca, and V. riparia. (Barrett
1958a 1958b, Einset & Pratt 1975, Galet 1979). American species of grapes evolved
in isolation from the European species. Subjected to pests, diseases, soil conditions
and climatic conditions that Viris vinifera never encountered, the American species
developed resistances to downy mildew and powdery mildew, to the insect phylloxera,
and in some species, to high lime soils or to extreme cold. The fruit quality also
evolved differently from V. vinifera. Most of the American species retained small,
loose clusters, with small, usually black, berries and vanable, often unpleasant,

flavors (Barrett 1958a 1958b, Hyams 1965, Galet 1979).

NATURAL HYBRIDS

Species of Viris, subgenus Vitis have been thought to be completely interfertile
(Einset & Pratt 1975). Natural hybridization among wild species with overlapping
ranges has been thought to occur frequently (Munson 1909, Einset & Pratt 1975).
However, a recent study by Comeaux, et al (1987) found very few natural hybrids
among Viris species in North Carolina. Vast variation within species was clinal
(Comeaux, et al 1987). The early American cultivars such as ‘Catawba’ and
‘Isabella’ are thought to be natural interspecific hybrids between cultivated Viris
vinifera and wild V. labrusca (Munson 1909, Barrett 1958a 1958b, Einset & Pratt

1975, Galet 1979).

11



EARLY HYBRIDS IN AMERICA

The first deliberate attempts at hybridization of V. vinifera with American
species were carried out on the American continent (Hyams 1965, Galet 1979).
European grapes in America were attacked by phylloxera as well as by powdery and
downy mildew (Barrett 1958a 1958b, Hyams 1965, Galet 1979). The American
species did not suffer destruction from these pests as V. vinifera did, and efforts were
made to hybridize the species in hopes of developing high quality, pest resistant
progeny (Barrett 1958a 1958b, Hyams 1965, Galet 1979). Some early hybrids with
V. labrusca, such as ‘Catawba’, ‘Delaware’, and ‘Isabella’, were grown widely in the

United States for their dessert and winemaking qualities (Galet 1979).

FRENCH HYBRIDS

When the mildew diseases and phylloxera were inadvertently carried back to
Europe, they attacked the susceptible European vineyards, threatening destruction of
the grape and wine industry. Private European growers began active interspecific
breeding programs using primarily Vitis rupestris, V. aestivalis, V. berlandieri, V.
labrusca, and V. riparia for sources of resistance. The hybrids that resulted from
their breeding efforts are referred to as Direct Producers or French Hybrids (Barrett

1958a 1958b, Einset & Pratt 1975, Galet 1979).

EVIDENCE OF INCONGRUITY IN INTERSPECIFIC HYBRIDS OF GRAPES

Documentation concerning the fertility of the initial interspecific crosses is
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rare, but there is evidence that aberrant or off-type seedlings appeared in some of the
F1 hybrid progenies and their offspring (Barrett 1958a 1958b). The aberrant seedlings
were culled in favor of individuals with more normal appearance. Through
subsequent crosses and complex intercrosses, breeding sometimes to a V. vinifera
parent, sometimes to an American species, and sometimes among the interspecific
hybrids, the number of aberrant seedlings declined and some relatively successful

cultivars emerged (Barrett 1958a 1958b).

ATTRIBUTES OF VITIS RIPARIA, A SOURCE OF COLD HARDY
GERMPLASM

Vitis riparia, or Riverbank Grape, is the major grape native to Minnesota, its
natural range extending through much of the Midwest and eastern United States
(Pierquet & Stushnoff 1978, Swenson 1985). It is extremely cold hardy, surviving
the severe winters of the Upper Midwest, and portions of Canada (Munson 1909,
Einset & Pratt 1975, Pierquet & Stushnoff 1978, Galet 1979). Plants are dioecious,
female clusters bearing reflexed stamens with functionally sterile or no pollen. Male
flowers have vestigial or absent pistils (Munson 1909, Morley 1969, Remaily 1987).
Berry color is blue-black with uncommon white mutation (Munson 1909, Swenson
1965). The desirable traits that V. riparia carries are cold hardiness, resistance to the
root form of phylloxera, ease of growth (rooting) from cuttings, ease of grafting, and
powdery and downy mildew resistance in some clones (Munson 1909, Pierquet &

Stushnoff 1978, Galet 1979). Bloom is earlier than other species in overlapping
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ranges, similar to V. rupestris (Munson 1909), presenting a temporal barrier to
hybridization with later-blooming species.

Its negative characteristics include small berry size and cluster size. Berries
are highly acid and variable in levels of soluble solids and anthocyanin pigments.

(Munson 1909, Pierquet & Stushnoff 1978, Moore 1986, Remaily 1987).

BREEDING HISTORY USING VITIS RIPARIA:

In the nineteenth century, two breeders, Charles Arnold of Canada and Louis
Suelter of Minnesota independently demonstrated the value of using V. riparia when
breeding for cold hardiness (Moore 1986). Suelter developed the cultivar, ‘Beta’,
which was one of four named cultivars from a cross of a white-berried mutant V.
riparia with ‘Concord’ (Munson 1909, Swenson 1985, Moore 1986), a V. labrusca
seedling (Munson, 1909). ‘Beta’ and its offspring have been used extensively in
subsequent breeding programs (Swenson 1985, Moore 1986). In the twentieth
century, Elmer Swenson, a Wisconsin grape breeder, began working with Crosses
using Vitis riparia and the V. riparia-based clones derived from ‘Beta’ as a source of
cold hardiness (Swenson 1985). Swenson’s successful varieties have resulted from
unrelated intercrosses of interspecific hybrids with V. riparia ancestry (Swenson
1985). Problems in breeding included reduced berry (and therefore seed) set, and
aberrant seedlings (Swenson 1985, personal communication). Similar problems had
been reported before in the production of French Hybrids (Barrett 1958a 1958b). As

in the development of the French Hybrids, the types of crosses where abnormalities
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were seen and the frequencies of aberrant seedlings were not documented.

OBJECTIVE AND RATIONALE

The millenia of isolation of Vitis vinifera from the American species of Vitis
may have led to the evolution of passive crossing barriers manifested as incongruity
in the interspecific crosses. As a result of this incongruity, progeny sizes would be
reduced, restricting opportunities for selection. Although useful progeny sizes can be
generated by increasing the number of pollinations, progenies may display undesirable
characteristics. Incongruity may interfere with recombination of traits, or prevent
expression of desired traits. Further studies of these phenomena would be useful as
interspecific hybridization is used so widely in Viris improvement.

The purpose of this project was to investigate the apparent barriers to
interspecific hybridization encountered in hybrids of Vitis riparia crossed to clones
with varying degrees of phylogenetic similarity. Passive crossing barriers would be
expected to be greater when V. riparia is crossed to V. vinifera than when crossed to
V. riparia itself. The greater the number of intercrosses in a hybrid parent involving
V. vinifera, previous to the use of V. riparia as a direct parent, the greater is the
opportunity for recombining the incongruent portions of the genome. French Hybrids
often have a large number of intercrosses in their pedigrees, and therefore would be
expected to show amelioration of symptoms.

The use of multiple intercrosses between interspecific derivatives, as well as

backcrosses to both original species parents, may reduce the incongruity effect.
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Mitigation of incongruity should offer the opportunity to expand the gene pool
available to grape breeders. The expanded germplasm base may provide a means for
introducing the cold hardiness of V. riparia into cultivars with economic fruit
characteristics. This work could be relevant to breeders of other crops whose use of
exotic germplasm in breeding has proved disappointing due to loss of desired

characters or addition of undesired characters.
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