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ORIGIN

Historians agree on the new world origin of Capsicum. Dried pods recovered
from burial tombs in Peru are believed to be more than 2,000 years old (Safford
1926). DeCandolle (1886) concluded from lack of reference to this genus in
ancient languages that “'no capsicum is indigenous to the old world.”

The center of diversity of the common cultivated pepper, Capsicum annuum,
is Mexico, with a secondary center in Guatemala. C. frutescens is widely dis-
tributed throughout the tropical and subtropical Americas, both in wild and
cultivated forms, and was domesticated in Central America. The other cultivated
and wild species also have their origins in Central and South America and the
genus quite clearly is South American in origin (Bukasov 1930, Smith and
Heiser 1957).

Capsicum was carried to the old world by the early explorers, being intro-
duced into Spain by Columbus on his return trip in 1493 (Boswell 1949). Culti-
vation spread from the Mediterranean area to England by 1548 and to Central
Europe by the close of the 16th century (Boswell 1949). The Portuguese
brought Capsicum to India from Brazil prior to 1585, and cultivation was re-
ported in China during the late 1700’s (Sturtevant 1885).

TAXONOMY

The genus Capsicum is a member of the Solanaceae or Nightshade family.
Early taxonomic treatment of the genus resulted in descriptions of nearly 100
supposedly good species and botanical varieties (Fingerhuth 1832, Irish 1898).
Modern taxonomists, recognizing the extent of genetic variability, have con-
solidated the cultivated Capsicum’s into five species: C. annuum L., C. frutescens
L., C. pendulum Willd., C. pubescens R. & P., and C. chinense Jacq. (Heiser
and Smith 1948, Erwin 1949, Rick 1950, Smith and Heiser 1951, Smith, Rick,
and Heiser 1951, Hunziker 1961b, Eshbaugh 1964). Wild forms of all except
C. pubescens are known (Hunziker 1961a, Eshbaugh 1964; Smith, unpublished).
Eshbaugh (1964), in the most recent examination of the genus, proposes C.
pendulum and the closely related wild species C. microcarpum Cav. to be botan-
ical varieties of C. baccatum L.

Some 10 purely wild species are also recognized: C. cardenasii Heiser &
Smith, C. chacoense Hunz., C. cornutum (Hiern.) Hunz., C. eximium Hunz.,
C. galapogense Heiser & Smith, C. geminifolium (Dammer) Hunz., C. minuti-
florum (Rushby) Hunz., C. praetermissum Heiser & Smith, C. schottianum
Sendt., and C. scolnikianum Hunz. (Hunziker 1950, 1954, 1961a; Heiser and
Smith 1958). At least seven additional wild South American specimens, each
deserving species rank, are now under culture and examination (Eshbaugh 1964;
Smith, unpublished), and it seems reasonable to expect that more will be found.
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As has been proposed (Morton, in Standley 1938, Heiser and Smith 1958)
a number of species classed as Capsicum but possessing soft, pulp-filled, non-
pungent berries have been excluded from this list.

Principal morphological features characterizing the cultivated and wild spe-
cies are presented in Table I, with compatibility reactions of those species
diagrammatically summarized in Figure 1.

chinense microcarpum

Q_ . O pendulum

% eximium
9

c/facoense j# :z«“‘" / cardenasii

schottianum pubescens

galapogense

HIGHLY FERTILE F; = HIGHLY STERILEF, ————
PARTIALLY FERTILE | == = = = NO VIABLE F, SEED

Figure 1. Cross compatibility of cultivated and some wild species of Capsicum.

Choice of the species nomenclature, whether C. annnum ot C. frutescens, for
the cultivated types in North America and Europe has stimulated considerable
controversy. Around the turn of the 20th century, Kuntze (1891) proposed C.
annuum with five botanical varieties whereas Bailey (1923) later proposed the
same five varieties under C. fratescens. Irish (1898) listed the cultivated vari-
eties under both species without clearly separating them. C. amnuum and C.
frutescens were differentiated more clearly by Smith and Heiser (1951) with
the common cultivated pepper being placed under C. annuum without varietal
subdivisions. By current rules of botanical nomenclature the terminology C.
annuum L. is correct (Shinners 1956).



28 THE BOTANICAL REVIEW

The two wild species, C. eximium and C. cardenasii, as well as at least five
of the yet unnamed species, are self-incompatible (Heiser and Smith 1958,
Eshbaugh 1964). Curiously, the self-incompatible species are centered in Bolivia
and immediately adjoining areas.

CHROMOSOMES
NUMBER AND MORPHOLOGY

The chromosome number has been reported as =12 for each of the species
so far studied by either somatic or meiotic chromosome counts (Huskins and La-
Cour 1930, Dixit 1931, Yamamoto and Sakai 1932, Tokunaga 1934, Raghavan
and Venkatasubban 1940, Pal, Ramanujam, and Joshi 1941, Chennaveeraiah
1947, Schnack and Covas 1947, Sinha 1950, Vazart 1950b, 1951, Ohta 1962a,
¢, Eshbaugh 1964). A single discrepancy was reported as z—=6 (Kostoff 1926)
but was later explained as a misinterpretation of number and separation of
bivalents (Huskins and La-Cour 1930, Dixit 1931).

Chromosome size has been referred to as both small (Christensen and Bam-
ford 1943, Marks 1952) and large (Sinha 1950). In actual size, the various
chromosomes at mitotic metaphase average 4.1 . long by 0.5 p diameter with a
chromatic volume of 18 p3 (Vazart 1950b). By the end of prophase the chro-
mosomes have the shape of rods, or resemble the letters “U,” “V,” or “J,”
with primary constrictions very evident (Sinha 1950, Vazart 1950b).

Certain somatic chromosomes can be distinguished by unequal length of
segments, secondary constrictions, or satellites (Dixit 1931, Sinha 1950, Vazart
1950b, Ohta 1962a, ¢). The number of chromosomes with satellites in C.
annuum, however, has been reported as both one (Sinha 1950, Ohta 1962a, c)
and two (Dixit 1931, Vazart 1950b). Karyotypes have been presented for C.
annuum (Vazart 1950b, Ohta 1962a, ¢) and for some other species (Chenna-
veeraiah 1947, Sinha 1950, Ohta 1962a, ¢). Ohta (1962a) divided six species
into four karyotypic groups based on number of satellites and presence or absence
of chromosomes with prominent secondary constrictions. Species grouping by
karyotype corresponds closely to cross-compatibility reactions as determined by
interspecific crosses (Smith and Heiser 1957, Hirose, Nishi, and Takashima
1960).

ME1o0s1s

Chromosome behavior during meiosis in C. annuum appeared to be regular
with the normal 12 bivalents observed (Huskins and La-Cour 1930, Dixit 1931,
Pal, Ramanujam, and Joshi 1941, Vazart 1951). Vazart (1950a, 1951) presents
a particularly detailed account of the phenomenon in this species. At the onset
of meiosis in pollen mother cells, the nuclei have a diameter of 10 y and a vol-
ume of 580 u3, slightly larger than meristematic nuclei which average 9 p in
diameter and 380 3 in volume. The nuclei are characterized by a domed net-
work of chromatic material and are referred to as skull-cap nuclei. Numerous
diploid and triploid pollen grains were formed due to incomplete partitioning of
tetrads during meiosis.

An inversion, resulting in bridges in 4 per cent of first meiotic divisions, was
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reported in ‘Cayenne’ (C. annuum), but was not evident in ‘Chili Piquin’ (C.
annuum) or in ‘Tabasco’ (C. fratescens) (Abd-el-Maksoud Mohamed 1953).
Chiasmata development appeared limited to achromatic regions of the chromo-
somes with a maximum of three chiasma per bivalent (Abd-el-Maksoud Mo-
hamed 1953). Swaminathan, Ninan, and Magoon (1959) observed nearly all
bivalents in C. annuum to be of the ring type with chiasmata in both arms.

Asynapsis or non-pairing of chromosomes in meiosis was observed in a single
plant of C. annuum, with unequal and irregular distribution of univalents at
anaphase. Of the 10 plants grown from the few seed set on the plant by open
pollination, two were triploid, two trisomic, and the remainder diploid (Pal and
Ramanujam 1940). Irregularities during microsporogenesis have been described
in virus infected plants (Swaminathan, Ninan, and Magoon 1959).

Meiosis in pollen mother cells in C. frutescens is normal (Abd-el-Maksoud
Mohamed 1953, Ohta 1961a) although Sinha (1950) observed disorganized
reduction-division with resultant sterility in his two-plant study of this species.

PoLypLOIDY

Haploids and Polyembryony

In C. annunm haploids occur frequently as members of twin and triplet seed-
lings arising from polyembryonic seeds (Christensen and Bamford 1943, Mor-
gan and Rappleye 1950). Three triplet and 291 twin seedlings were obtained
from 78,005 germinated seeds (Christensen and Bamford 1943) and a later
combined count indicated 1,619 multiple seedlings from among 300,683 ger-
minated seeds (Morgan and Rappleye 1954). Various combinations of chromo-
some numbers occurred among multiple seedlings with twin seedlings observed
in the following ascending order of frequency: unattached 2#-4n, unattached
n-n, conjoined or partially attached 2#-2#, unattached #-27, and unattached 2#-
2n. Two sets of 2#-2n-2n triplets each with two members conjoined and one
unattached and single 27-27-2# and #-n-2n triplets with unattached members
were also observed. A single quadruplet seedling with unattached members
(ploidy levels not indicated) was reported (Morgan and Rappleye 1950, 1954).

Frequencies of twin seedlings among Capsicum cultivars varied from 0.06 to
0.65 per cent, with differences statistically significant. Homozygous lines having
high, intermediate, and low frequencies of polyembryony were isolated by
colchicine treatment of haploid sporophytes. The high line produced 2.85 per
cent multiple seedlings in comparison with 0.65 per cent for the parental culti-
var, ‘Goliath’. Eighty-five per cent of all twin seedlings produced by the derived
line were of the unattached #-27z type compared with 34 per cent of this type
for the parental line (Morgan and Rappleye 1954). Characteristic and distinc-
tive frequencies of the individual lines demonstrated a definite effect of female
genotype on polyembryony (Morgan and Rappleye 1954, Campos and Morgan
1960).

Experimental evidence obtained from genetic studies to determine the origin
of multiple seedlings in Capsicum indicates that the major portion of unattached
2n twin seedlings arose from a single embryo sac. However, two embryo sacs
can function in the development of 27-27 twin seedlings. All diploid members
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of the multiple seedlings were sexual in origin. The haploid members arose from
reduced cells of the female gametophyte, presumably the synergids, and were
therefore maternal in origin. The formation of a viable sexual embryo is not
essential to the development of the haploid. Stimulation of the synergids fol-
lowed by disintegration of the sexual embryo was proposed to account for the
occurrence of maternal »-» twin seedlings (Morgan and Rappleye 1954).

A single haploid plant from a monoembryonic seed produced fruit and
foliage characters of the male patent only, indicating it to be an androgenetic
haploid deriving its inheritance entirely from a sperm cell (Campos and Mor-
gan 1958).

Haploid seedlings are generally weak and require special handling for sur-
vival. Resulting plants are difficult to distinguish from diploids by their size,
flowers, or leaves, except by critical observation. Haploids may be characterized
readily, however, by smaller stomata, very poor pollen, smaller fruit, and rare
seed (Christensen and Bamford 1943).

Meiosis in haploids is very erratic, with production of multinucleate pollen
mother cells and high proportions of shrunken and variously sized pollen grains.
The condition of the pollen indicates that these plants are nearly self-sterile and
fruit set probably occurs by open pollination with diploids (Christensen and
Bamford 1943).

Methods are reported for maintenance of haploids by cuttings and grafting
and for chromosome doubling by colchicine to produce homozygous diploids
(Toole and Bamford 1945). The value of these homozygous diploids in genetic
studies and breeding programs has been discussed (Christensen and Bamford
1943, Motgan and Rappleye 1950, 1954).

Triploids

Information on triploids in Capsicum annuum is not extensive. A single
instance of a naturally occurring triploid is reported (New Delhi 1942), al-
though a triploid from a colchicine-treated seed lot may have arisen spontane-
ously (Pal and Ramanujam 1939). Attempts to produce triploids in 27 X 4»
and reciprocal crosses produced a high proportion of aborted seeds. Triploid and
hypotriploid (37—1) plants were obtained with metaphase configurations in
triploids varying from 12y; + 12;to 125y (Nishiyama and Karasawa 1954) and
a modal value of 951 + 31 + 31 (Ohta 1962b). Triploids were practically
sterile due to chromosome elimination at metaphase II (Nishiyama and Kara-
sawa 1954).

Tetraploids

Spontaneous tetraploids (Greenleaf 1947) or colchicine-induced ones (Gy-
orffy 1939, Pal and Ramanujam 1939, Nishiyama 1939, 1940, Pal, Ramanujam,
and Joshi 1941, Aleksic 1960, Palfi, Visnyovsky, and Tranger 1961, Siskovic
1962) show characteristically increased size of cells, leaves, stomata, flowers,
and seed as compared with diploid plants. Fruit set and maturity are generally
delayed and fruit are smaller, with thick flesh and few seeds (Greenleaf 1947,
Geogieva 1959, Aleksic 1960), although tetraploids with maturity as early as
diploids and with 50 per cent increased yields have been reported (Siskovic
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1962). Seed germination is poor but has been improved by selection (Siskovic
1962). The 27 pollen grains are approximately double the size of haploid pollen
(Pal and Ramanujam 1939). Multivalents in meiosis are rare, with the majority
of cells producing 24 bivalents (Nishiyama 1939, 1940, Pal, Ramanujam, and
Joshi 1941, Aleksic 1960).

Trisomics

The single report on trisomics (22 + 1) in Capsicum (Pal and Ramanu-
jam 1940) involved two plants with 60-70 per cent fertile pollen and a good
set of fruit with seed. At division I, the extra chromosome was found to be
either outside the metaphase plate as a univalent or paired with its homologs
forming a trivalent. The two trisomic plants differed in plant habit: one had
thick foliage, clustered flowers and fruits; the other was dwatfed, with spreading
branches and flowers borne singly. These two plants were believed to represent
different primary trisomics, but the extra chromosome of each was not identified.

INFLORESCENCE
FLower CoLoRr

The usual or “normal” condition in C. annuum (Lippert, Bergh, and Smith
1965) is white petals, purple or blue anthers and nodes, and colotless filaments
and styles. Such phenotypic expression is controlled by the gene 4/*, whereas
recessive 4/ (originally s) prevents purple anthocyanin in any portion of the
plant. An incompletely dominant gene A produces purple color in foliage,
petals, filaments, and styles in the 4/* genotype (Deshpande 19392, Odland
1960). As* (originally W) is reported to produce purple filaments and styles
in al* types in the absence of A, but does not intensify the purple color of A
(Odland 1960). Mo, (originally B) intensified purple colorations of AA types,
this gene being ineffective alone (Deshpande 1939a).

The segregation for flower color was 3 purple to 1 white in some crosses
(Ikeno 1913, Hagiwara and Oomura 1947), and 15 purple to 1 white in an-
other cross (Hagiwara and Oomura 1947). Genetic control of flower color was
postulated as due to three factors, C, R;, and R,, with C and R genes comple-
mentary, and the R genes equally effective or polymeric in the presence of C.
Purple style As (originally P) was independently inherited as dominant to white,
As™, but purple styles were produced in the CRy or CR, genotypes irrespective
of As or As* (Hagiwara and Oomura 1947).

In another study of flower color (Kahn and Munir 1954) the F, ratio of
9 pink (purple?) to 7 white blossoms was observed, indicating action of two
complementary genes which apparently also control filament and style color.
A trigenic Fy ratio of 57 pink (purple?) to 7 white was obtained for filament
and style color, suggesting interaction of the two complementary genes with a
third apparently independent and completely dominant gene for filament and
style color.

Yellow anther color is controlled by the anthocyanin-less gene, 4/, but a
brown anther color, with single gene inheritance recessive to blue, was also
described (Murthy and Murthy 19622). No crosses were reported between
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yellow and brown anther mutants to determine if these were controlled by sep-
arate genes, or were modified phenotypic expressions of the same mutant in
different genetic backgrounds. Khan and Munir (1954) indicated genetic dis-
tinction between purple and blue anthers and postulated the following ideo-
graphic genotypes for anther color: AABB or AAbb = purple, 2aBB = blue,
and aabb = yellow.

Yellow petal spot, Yy, a taxonomic character of C. pendulum, is inherited
as a simple dominant in interspecific crosses with C. annaum, C. chacoense, C.
chinense, and C. frutescens (Bergh, Lippert, and Smith, in press).

PETAL LENGTH

Petal length was inherited as a quantitative character in a cross of two Indian
chili varieties. Mean length in both F; and F, was nearly intermediate between
the parents. Petal lengths equivalent to the longest and shortest parent were
recovered in the Fy, suggesting that the parents did not differ by many factors
for this character. Short petal length was associated with purple plant color
(Deshpande 1933).

STERILITY

The gene ms causes genetic male sterility when homozygous in combination
with sterile cytoplasm, § (Peterson 1958). Normal male fertility occurs in the
presence of either fertile cytoplasm, N, or the restorer allele, ms*. The ms*
allele has been present in approximately half of the C. annuum types tested,
and is considered a primitive condition. Pollen fertility may occur in plants with
S msms genotypes under conditions of cool temperature, suggesting a genotype-
environment interaction (Peterson 1958). The use of cytoplasmic-genetic male
sterility in Capsicum breeding has been reviewed (Duvick 1959, Ohta 1961c).

Evidence of male sterility under field conditions was observed in ‘Cayenne
69a’, whereas greenhouse plants had normal fertility. ‘Cayenne 4558’ reversed
this pattern, being male sterile in the greenhouse, but fertile in the field. In a
third Cayenne type, complete sterility was found to be inhetited as a single
recessive (Martin and Crawford 1951).

Non-flowering individuals with three types of aberrant vegetative growth
designated “‘normal,” “rosette-like,” and “‘elongated internodes” have been
observed in Hungary. Each is monofactorily inherited and is independent of
environment (Kormos and Kormos 1956¢).

Kormos (1954a2) observed a single recessive gene female sterile in which
pollen was normal, but atropous ovules lacked an integument and failed to
undergo meiosis or to form embryo sacs. A similarly inherited female sterile
developed fruits with elongated, threadlike, non-functional ovules (Curtis and
Scarchuk 1948).

Six recessive genes that result in partial to complete female sterility and
various kinds of vegetative abnormalities have been described (Bergh and Lip-
pert 1964) in C. annuum as spinach sp, branchless &/, glossy diminutive gd,
scabrous diminutive sd, female sterile fs, and willow leaf wl. A similarly in-
herited gene termed styleless, s/, conditioning a high degree of female sterility
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due to abnormal gynoecium development, may be an atavism (Bergh and Lip-
pert 1965).

FRUIT CHARACTERS
ORIENTATION

The gene #p (originally designated independently as # and p) for upright
or erect pedicel is recessive to its allele #p* for pendent or drooping pedicel
(Shaw and Khan 1928, Deshpande 1933, Miller and Fineman 1937, Singh and
Roy 1945, Hagiwara and Oomura 1947). Earlier reports on this character in-
dicated the heterozygotes to be intermediate, i.e., more or less horizontal in fruit
orientation (Halsted 1909, Webber 1911, Ikeno 1913). Classification of seg-
regants is complicated in many crosses by intra-plant variability and by apparent
changes in dominance with pod maturity or with season (Ikeno 1928, Desh-
pande 1933). Heterozygous plants may exhibit pods in different stages of
maturity with upright, intermediate, or pendent fruits. Classification of plants
for these phenotypes is best accomplished by readings throughout the fruiting
period (Ikeno 1928).

Kaiser (1935a) presented evidence that the single gene inheritance of fruit
orientation operated through the genctic determination of a specific geotropic
growth response.

SHAPE

Crosses of oblate by elongate fruit shapes gave a trimodal F, distribution as
measured by length/width shape indexes, indicating the segregation of a major
gene (Kaiser 1935b, Khambanonda 1948, 1950, Peterson 1959, Dempsey
1960). The gene O for oblate fruit shape was inherited as completely dominant
in crosses with elongate fruit having a shape index of approximately 2.0 (Peter-
son 1959); however, where elongate types in the crosses approached a shape
index of 4.0, segregation was less distinct (Khambanonda 1950). Intermediate
classes in later progenies suggest either an incomplete dominance for the oblate
gene (Khambanonda 1950) or the influence of additional genes operating in
control of fruit length (Peterson 1959). Miyazawa (1953) estimated the num-
ber of genes controlling fruit length to be 0.79 in a cross of two cultivars of C.
annunum.

Dale (1928) concluded from crosses involving parents with mean fruit
length of 23 and 157 cm. that fruit length inheritance is based on multiple
genes with proportionate rather than additive effects.

WIDTH

Fruit width in a cross of "wide” (1.60 cm.) by “narrow” (1.22 cm.) pro-
duced a heterotic F; (1.77 cm.) and the extremes of width in the F, exceeded
the parental values. The number of controlling factors was not determined but
was considered to be a low number (Deshpande 1933). Miyazawa (1953) cal-
culated 9.52 genes controlling fruit width.

Khambanonda (1948, 1950) concluded that length and width of fruit were
largely expressions of shape and weight factors, and it was unlikely that genes
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control length and width of fruit per se. Even if length and width genes wete
present, they would cause only minor deviations after shape manifestations were
accounted for.

S1zE AND WEIGHT

Fruit size and weight appear to be quantitatively inherited, with number of
genes listed as 20-33 (Khambanonda 1948) and 52.24 (Miyazawa 1953).
Action of weight genes was theorized to be multiplicative and preponderantly
dominant or epistatic for large fruit size (Khambanonda 1948, 1950). How-
ever, in a different study small fruit size has been reported partially dominant
over large fruit size (Sakai 1952).

Carlsson (1962) estimated fruit size (volume or weight) in the F, fairly

accurately from the formula F; = +/P; X P,. Fruit size was positively corre-
lated with leaf size, and large-fruited types could be selected from leaf readings
of young seedlings. The correlation between the length/width ratio of fruit and
that of the leaf was low, r = 0.20 (Hiyazawa 1953).

APEX

The gene Pt (originally D) for pointed fruit is incompletely dominant to
its allele for blunt fruit apex (Deshpande 1933, Schmidt 1935). Difhculty of
classification, reversal of dominance in crosses, and poor fit to expected ratios
have been reported (Webber 1911, Miller and Fineman 1937).

BAse AND CALYX CONDITION

The fruit base may be either bulging or non-bulging, with the gene f&
(originally f) designating the non-bulging character (Deshpande 1933, Miller
and Fineman 1937, Odland 1948). The gene c¢ (originally ¢) conditions a
non-enclosing calyx as opposed to the enclosing type (Deshpande 1933). Link-
age has been reported between the two genes, fb and re, with crossovers vari-
ously determined at 3 per cent (Deshpande 1933), 4.7 per cent (Miller and
Fineman 1937), and 18 per cent (Kahn and Munir 1954). However, it has been
suggested that perhaps these two characters are morphologically interdependent
upon one another rather than the genes being linked (Peterson 1959).

PEDICEL LENGTH

Short pedicel appeared to be dominant over long pedicel as a quantitative
character. Mean pedicel lengths of F, and F, progenies were close to that for
the short pedicel-type parent. Some Fj lines for short pedicel bred true the
following generation, whereas long pedicel types gave lower mean values. Short
pedicel was associated with purple color in the plant, with the recombination
value calculated as 33 per cent from F, data (Deshpande 1933).

SofFT FLESH

§ results in soft flesh in the mature pepper pod permitting easy separation
of pod and calyx. The character was initially termed deciduous but was later
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redesignated soft flesh (Smith 1951a, b, Greenleaf 1952, Kormos and Kormos
1957). This condition is normal for the wild forms of the cultivated species as
well as for nearly all purely wild species (Smith unpublished data, 1964).

WALL THICKNESS

Fruit wall thickness is reported to be controlled by eight pairs of genes with
multiplicative, accumulative effects (Dempsey 1960).

LocUuLE NUMBER

Multilobed (locule) fruits were obtained in F, plants from the cross of
multilobed ‘McMinnis’ variety by bilobed ‘Carolina No. 7' (South Carolina
1942). However, locule number may be variable in fruits from the same plant
(Deshpande 1933).

IMMATURE COLOR

Color of unripe fruits varies from dark purple or nearly black through
shades of green and yellow to ivory or sulfury white. Gene A controls purple
fruit color as dominant to green (A*). Various shades of purple are evident
(Deshpande 1933), but the distinction between putple and non-purple is clear
and non-integrating (Peterson 1959). Crosses of purple X ivory indicated two
incompletely dominant genes, 4 } A* separating purple and green and G
G* distinguishing green and ivory. Nine phenotypic classes were reported in
the F, population with varying shades from purple through green to ivory
(Murthy and Murthy 1962a). The gene for purple immature fruit color, desig-
nated by symbol F (Hagiwara and Oomura 1947, Hagiwara, Hanagata, and
Takano 1959), functions generally the same as A except expression is appar-
ently possible only in combination with R, or Ry genes for purple flower colot.
The gene im (originally /) has been proposed for an intermediate maturity color
of purple in originally non-purple unripe fruit as found in the Japanese variety
‘Goshiki’ (Hagiwara et al., 1959).

Green and yellow immature fruit colors were reported to segregate into 3:1
F, ratios (Webber 1911, Schmidt 1935). Within the green types, however, a
series of dominant factors appear to be responsible for chlorophyll intensity in
unripe fruit, with both cumulative and duplicative mechanisms of gene action
proposed. Under the suggested cumulative mechanism, the presence of any one
factor pair, designated sw*,, sw*,, sw*y, sw*, . .. sw*, (originally Gy, Gy,
etc.), produces lettuce green or yellowish-green pod color, two factor pairs
produce cedar green, and the very dark green color appears due to four pairs.
Ivory or sulfury white pods result from the absence of all such chlorophyll fac-
tors (Odland and Porter 1938, Odland 1948, Peterson 1959). The symbols
W W 5 have also been proposed for this color inheritance (Hagiwara, Hanagata,
and Takano 1959).

The duplicate gene system was proposed (Jeswani, Deshpande, and Joshi
1956) to account for 15:1 F, ratios from the cross cedar green X lettuce green.
Four pairs of duplicate genes would produce cedar green color, two pairs the
lettuce green color, whereas the absence of all dominant pairs would result in
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sulfury white. The many true breeding lines of varying shades of unripe fruit
colors available in Capsicum may be explained by either type of genetic mech-
anism (cumulative or duplicate), although further clarification is necessary.

Endo (1953) concluded from a cross of two cultivars of C. annuum
('Goshiki’ and ‘Takanotsume’) that chlorophyll was controlled by one or two
partially dominant genes (1.39 genes calculated) and anthocyanin by one gene
of the same type (1.18 genes calculated). The anthocyanin of pepper was found
to be the glycoside of delphinidin (Endo 1953).

MAaTURE COLOR

Of the many ripe color available in Capsicum fruits, yellow, y (originally r),
was early reported as recessive to red, y* (Webber 1911, Atkins and Sherrard
1915, Shaw and Khan 1928), and was substantiated by later investigations
(Smith 1950, Khan and Munir 1954, Kormos 1954b).

Kormos (1954b) determined by chromatographic analysis that levels of
eight pigments in the red-fruited F, progeny of a cross of red X yellow types
exactly matched the pigment content of the red-fruited parent. Similarly, pig-
ments in the red and yellow F, segregants matched the respective parental types,
suggesting total pigments to be controlled by the same factor. More extensive
studies with various color shades from red to ivory indicated the action of three
gene pairs, y and y*, ¢; and ;" (originally ¢ and ¢*), and ¢, and ¢,* (orig-
inally ¢; and ¢;+) (Kormos and Kormos 1960, Kormos 1962). The factors ¢,
and ¢, reduced colors of y* and y by inhibition of the Beta carotene system, with
¢1 causing approximately 1/10 reduction in red pigments. With ¢, present, red
pigments occurred only in traces. Color development under this three gene-pair
system was postulated as follows:

¥t red

yher salmon red
ytes pink

yei™ orange

ya lemon yellow
¥ ca ivory or white

Brauer (1962) analyzed Beta carotene in mature fruit and proposed the ac-
tion of two genes, B and ¢, for high Beta carotene content. Both B and 1" were
incompletely dominant, with BB# producing high Beta carotene (188 mg./100
gm. dry powder), BB t*t* intermediate levels (90-101 mg.), and B*B*+"+*
low levels (37-46 mg.). The heterozygotic condition #* was stated to be com-
pletely epistatic to B* B but not to BB.

Brown and green mature fruit colots are controlled by the recessive chloro-
phyll retainer gene, ¢/, in combination with y* and y. With ¢/ present, chloro-
phyll remains as the fruit matures. When ¢/ combines with y* (red), a brown
mature fruit color results, whereas with y (yellow), a yellowish- or olive-green
color is produced (Smith 1948, 1950, Kormos and Kormos 1956b). The gene
designation g (Brauer 1962) is undoubtedly synonymous with ¢/. With the an-
thocyanin gene A present in an AABBclcltt genotype, mature pods, particularly
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when dried, would appear nearly black, as exemplified by Mexican chili varieties
‘Pasilla’ and 'Mulato’ (Brauer 1962). This could account for the dominance of
black fruit color noted by Halsted, Owen, and Shore (1908).

AscorBic AciD CONTENT

Inheritance for ascorbic acid content appeared to be multigenic with the F;
mean value from crosses of low and high value parents corresponding closely to
the geometric parental mean. Values in the F, were distributed between limits
of parent lines (Gy6rfty 1949).

PuNGENCY

The spicy flavor or pungency so characteristic of the Capsicum’s is due to
the alkaloid capsaicin (Thresh 1876, Nelson 1910). Some early inheritance
studies were hampered by lack of information on the site of capsaicin produc-
tion (Erwin 1932, Miller and Fineman 1937), now recognized as being in
secretory cells located along the placenta (Ohta 1962d). Soil conditions and
climate, particularly temperature, have been considered responsible for variable
levels of pungency in peppers from different localities (Erwin 1932, Miller and
Fineman 1937). Ohta (1962d) considered high night temperature particularly
favorable for high capsaicin content.

Plants from the same genotype may also be variable in capsaicin content
(Brauer 1962). When classification is based on pungent or non-pungent criteria
only, disregarding degrees of pungency, segregations indicate pungency or cap-
saicin to result from the presence of a single dominant gene C (Webber 1911,
Deshpande 1935, Ramiah and Pillai 1935, Odland 1948, Greenleaf 1952).
Brauer (1962) attempted to relate degrees of pungency to a three member allelic
series, but exceptions to theoretical results were evident.

INTERNAL FRUIT PROLIFERATION

A rather frequent abnormality in Capsicum has been termed internal fruit
or internal proliferation (Harris 1906, Bausor 1935). The fruitlike structures
which are borne within the primary fruit assume no definite form, but vary
from an irregular contorted body through an almost perfectly formed sterile
fruit to linear bodies a few millimeters in length (Halsted 1891, Harris 1906,
Cochran 1934, Murthy and Murthy 1962b). Some contain styles while others
do not (Cochran 1935). The histological structure of the abnormality is carpel-
like and resembles the ovary walls of the primary fruit, except for the absence
of a several-cell layer constituting the epicarp (Cochran 1934). Cochran (1934)
discusses ontogeny and Harris (1906) presents possible origins for the internal
fruits. Both authors summarize and discuss earlier references to this phenomenon.

Mottareale (in Harris 1906 and Cochran 1934) attributed the abnormalities
to short periods of cold weather during plant growth, but was not able to pro-
duce similar results under repeat conditions. Neither temperature nor nutrient
level during growth of the plant appeared to be determining factors (Cochran
1934). The condition was evident among a wide selection of varietal types,
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being most common, however, in the large-fruited bell types (Harris 1906,
Cochran 1934). Percentages of internal fruits in samples of various pepper types
ranged from 0 to 22, with 2 mean value of 9 per cent in the total fruit examined
(Harris 1906).

Cochran (1935) indicated that the abnormal fruit condition was generally
associated with parthenocarpy and embryo abortion, which are heritable in some
species, and that the same factor or interrelation of factors may be responsible
for both the seedless condition and intetnal fruit abnormalities, A single instance
is reported in which the internal fruit contained seed (Sturtevant 1890). No
studies on heritability of this feature in Capsicum were encountered in the
literature.

PLANT CHARACTERS
HEIGHT AND HABIT

A compact or bunchy mutant plant type, characterized by shortened inter-
nodes, reduced lateral and terminal branching, and production of 4-8 flowers
and fruits in clusters, was described in chili varieties ‘I. P. 46A’ and ‘Huntaka’
from India and Japan (Anonymous 1940, Desphande 1944, Murthy and Murthy
1959, 1962b). This character had been determined earlier by Tkeno (1913) in
C. fasciculatum (=C. annuum) as controlled by 2 single recessive gene, now
designated fa for fasciculate (Lippert, Bergh, and Smith 1965). Variations of
this dwarfed fasciculate habit, referred to as determinate, are reported in Hun-
gary with main and axillary branches terminating in clustered inflorescences,
and with some plants completely void of lateral shoots. Inheritance was not
determined (Kormos and Kormos 1956a).

Webber (1911) crossed two medium-sized varieties, ‘Golden Dawn’ which
had few, coarse, horizontal branches, and ‘Red Chili’ having many, fine, erect
branches; he obtained F, segregants both giant and dwarf in comparison to the
parents. The progeny distributed nearly equally between the two parental types
within each of the three branch conditions. Analyses from the F, generation of
the cross ‘Santanka’ X ‘Truhart Perfection’ pimiento indicated three pairs of
polymeric genes involved in plant height (Dempsey 1960). Dale (1930a)
reported a single recessive gene dwarf mutant in variety ‘Coral Gem’, with
mutant types about six inches in height at maturity compared to the 12-inch
height of normal types.

MATURITY

Limited information is available on inheritance of relative maturity. Odland
(1948) recorded earliness in appearance of first bloom and first ripe fruit per
plant. In crosses of an early variety (‘Harris Early Giant’) with medium-early
(‘Sunnybrook’) and late (‘Ornamental’) varieties, earliness appeared due to
several dominant or partially dominant factors. True breeding early lines were
readily recovered in the F3. A separate report recorded earliness in the F; from
a cross of early 'Carolina #7 with a later variety (South Carolina 1942).
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PUBESCENCE

The pubescent or hairy condition of stems, petioles, and leaves appeared as
a 15:1 F, segregation with individuals in the dominant hairy class exhibiting
different degrees of pubescence (Ikeno 1916). A conflicting note on this char-
acter refers to smooth stem as the dominant condition (Holmes 1934).

LEAF MUTANTS

Two mutant types with similar though not identical leaf-shape manifesta-
tions have been described. One, originally named “mutant-1” (Cook 1961b)
but redesignated filiform, fi (Lippert, Bergh, and Smith 1965), had very elon-
gated, narrow leaves, with petioles measuring approximately one-half the length
of the leaf lamina. These plants were female sterile due to abnormal character-
istics of the gynoecium, but were pollen fertile, permitting determination of
single recessive gene inheritance. The second mutant (Joshi 1962) had narrow,
lanceolate leaves which appeared sessile due to extension of the leaf lamina to
the stem, thus resulting in absence of a well-defined petiole. Floral structure
was normal except for shorter styles and filaments; however, flowers were both
pollen and ovule sterile. Observation of 30 lanceolate-leaf types in a population
of 180 plants suggested simple monogenic or digenic control.

PLANT COLOR AND VARIEGATION

Purple leaves and stems as well as other plant parts ate due to incompletely
dominant gene A (Deshpande 1939a, Odland 1960), with Mo, intensifying
purple color in AA genotypes (Deshpande 1939a). Purple node of the normal
plant type is conditioned by 4/*, whereas 4/ (anthocyanin-less) prevents purple
coloration in any portion of the plant (Deshpande 1939a, Odland 1960; see
also under Inflorescence, Flower Color).

Several types of chlorophyll deficiencies or variegations have been observed.
The gene vg™ (variegated mottled) produces a uniform yellow to light green
mottle on foliage. The locus contains two additional alleles: the dominant vg*
for normal green foliage and a recessive dwarfed type vg? termed variegated
virescent in which cotyledons and first true leaves, as well as all subsequent new
growth, are initially yellow, becoming nearly normal green with maturity (Lip-
pert, Bergh, and Cook 1964). Recessive bv (bushy variegated, originally Cook’s
“mutant-2") produces small, excessively branched plants with creamy-white and
green mottled leaves (Cook 1962, Lippert ez al. 1964). Marbled, m, has distinct
zones of white, light green, and normal green on true leaves and immature
fruits (Lippert ef al. 1964). Imai (1938) illustrates a recessive variegation sim-
ilar to the marbled phenotype, but identification of Imai's mutant was possible
only after approximately 15 cm. of growth whereas marbled is easily identified
in the first true leaves.

Kormos and Kormos (1955a) reported four chlorophyll deficiencies, two of
which are xantha types with seedlings completely devoid of chlorophyll.
Xantha,, xa;, is monofactorial and xantha, refers to a phenotype apparently
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under bifactorial control of complementary genes, xdo, and xag,. Viridis, vir,
has normal green cotyledons with true leaf blades turning yellowish-green. The
homozygous recessive condition is lethal for these three mutants. The fourth
recessive mutant is a chlorina type designated chl, with greenish-yellow foliage
coloration.

Plastid instability, pi (originally »), was considered to be 2 Mendelian re-
cessive with green and white variegation attributed to genetic “exo-mutation”
of some green plastids into white (Hagiwara and Oomura 1939, 1947). Change
of white plastids into green in a second series of crosses was considered caused
by “auto-mutation” within the cytoplasm, independent of gene action (Hagi-
wara and Oomura 1939). Additional references to apparent maternal inheri-
tance of variegation (Ikeno 1916, Dale 1930b, Kormos and Kormos 1955a)
reported only variegated progeny resulting from crosses of variegated female
X green male parents.

Two sectorial chimeras have been illustrated, in which approximately one-
half of the plant showed chlorophyll deficiency of variable degrees, but no in-
heritance data were developed (Cochran 1939, Deshpande 1939b).

RESISTANCE TO DISEASE
BAcTERIAL SPOT

Many varieties or accessions of pepper have been reported resistant to Xan-
thomonas vesicatoria (Doidge) Dows (Horsfall and McDonnell 1940, Martin
1948, Dempsey 1960, Greenleaf 1960, Sowell 1960, Cook and Stall 1963).
Resistance in ‘Plant Introduction (P.I.) 163192’ (Cook and Stall 1963) and
in a number of commercial varieties (Horsfall and McDonnell 1940) was pre-
sumed due to a single dominant gene, whereas resistance in ‘Santanka’ was con-
trolled by a monogenic recessive (Dempsey 1960).

CERCOSPORA

Field resistance to Cercospora leaf spot (C. capsici Heald and Wolf) was
high in four small-fruited strains of pepper. Genic analysis of segregating pop-
ulations from a cross of Capsicum annaum accession 46101 from Brazil with
“Truhart’ pimiento suggested that three or more genes were involved in inheri-
tance of resistance (Hare 1957a, Mississippi 1957).

PHYTOPHTHORA

Five P.I. selections of C. annuum, 123469, 187331, 188476, 201232, and
210234, had relatively high resistance to Phytophthora capsici Leonian, the cause
of root rot in the United States (Kimble and Grogan 1960). Two of these same
selections, 201232 and 201234, and ‘631A Marinalco’ from Mexico, as well as
‘Rocoto’ (C. pubescens) and "Mishme Super Yellow' (C. pendulum) from Peru
were resistant to the root rot organism P. citrophthora (R. E. & E. H. Smith)
Leonian in Peru (Bazan de Segura 1962). 'California Wonder’ and 'Oakview
Wonder' have been noted as field resistant to P. capsici in California (Smith
and Minges 1951).
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VIRUSES
Potato Y

Two cultivars of C. annunm, ‘P11 and 'S.C. 46252’, are resistant to potato
Y, tobacco mosaic, and tobacco etch viruses. Resistance to the N and C strains
of PVY is conferred by the single recessive gene, y* (Cook and Anderson 1959,
1960). Two distinct disease syndromes, severe and mild, in ‘Large Bell Hot’
corresponded to expected frequency of a dominant allele in the homozygous and
heterozygous condition respectively, suggesting y2* to be incompletely dominant
for susceptibility (Cook 1960a). Resistance to PVY-N and TEV-E in ‘P11” was
originally postulated as a pleiotropic action of a single gene, ey* (Cook 1960b),
but later occurrence of susceptibility to PVY-N and resistance to TEV-E in
breeding line YRP10 caused the gene ey to be withdrawn as invalid (Cook
1961a). Evidence suggests close linkage for the y* and 2 loci (Cook 1961a).

“Single factor genetic” resistance available in ‘Puerto Rico Wonder' to
Puerto Rico pepper mosaic, later identified serologically as a strain of PVY, was
derived initially from cultivar ‘Cuaresmeno’ (Riollano, Adsuar, and Rodriquez
1948, Perez and Adsuar 1955). The Puerto Rican vitus strain, designated PVY-
PR, infects peppers resistant to other PVY strains (Cook 1963a). Cook (1963a)
has concluded from crossing studies with five resistant and susceptible cultivars
of C. annuum inoculated with three strains of PVY (-N, -PR, and -NY®) that
three loci are associated with virus response. In addition to gene y* for resistance
to PVY-N, a second recessive gene controls resistance to PVY-NYR in ‘P.L
264281" and 'S.C. 46252, whereas these cultivars are susceptible to PVY-PR.

Tobacco Etch

Monofactorially inherited resistance to this virus was found in both C.
annunm ('S.C. 46252") and C. fratescens ('P. 1. 152225") (Greenleaf 1956,
McKinney 1952). The genes es2 and eff (superscripts designating species ori-
gin) were postulated to determine a slow rate of multiplication of virus and
masking of symptoms. Separation of susceptible and resistant genotypes was
sharp; however, variable levels of resistance to near immunity in C. annanm
were believed due to one or more modifying genes (Greenleaf 1956).

Tobacco Mosaic

Holmes (1934) described a dominant gene L for localization of necrosis of
TMV in Capsicum. Subsequent investigation (Holmes 1937, Lutes 1954) re-
vealed three alleles controlling four TMV symptoms. The alleles, designated
L > Lt (originally *) 3} L+ (originally /), acted as follows:

LL, LL%, or LL* localized necrosis

LiLt delayed necrosis with leaf abscission; recovery in many plants
L systemic necrosis
L*L* systemic chlorosis

Similar localization reactions (L gene type) occur in C. annuam, C. frates-
cens, C. pendulum, and C. microcarpum but relationship of genes among species
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has not been established. Lt has been reported only from C. annuum (Holmes
1934, 1937, Greenleaf 1953).

Resistance in ‘P.1. 183441" (C. annuum), chatacterized by non-abscission of
leaves, was ascribed to a dominant allele at the L locus, comparable but not
identical to the L allele (Cook 1963b).

Vein-banding

Two loci, v, and v,, with no evidence of linkage, control reaction to vein-
banding virus in C. annuum. Genotypes in relation to seedling reactions were:

vt -vet  easily infected, vein necrosis, leaf abscission, and death

vyt-vav,  resist infection but with vein-necrosis, mosaic, partial abscission,
stunting

vvyvs*  easily infected, severe mosaic, poor growth

viv1v5v5  resist infection, with mild mosaic, good growth

Dominance of »;* is incomplete, and this, together with resistance to infection
conferred by v,v,, causes some difficulty in classification. Eight accessions repre-
senting four additional cultivated species, C. pendulum, C. chinense, C. fru-
tescens, and C. pubescens, exhibited resistance typical of the 121250, type (Sim-
monds and Harrison 1959).

RESISTANCE TO NEMATODES

Resistance to the root-knot nematodes Meloidogyne incognita (Kofoid &
White) Chitwood and M. incognita var. acrita Chitwood in C. annuum ('San-
tanka xS’ and '405B Mexico’) is controlled by the gene N. The same gene pos-
sibly regulates resistance to M. javanica (Treub.) Chitwood and M. arenaria
(Neal) Chitwood, but not to M. hapla Chitwood (Hare 1956a,b, 1957b).

GENES LISTED ALPHABETICALLY

The nomenclature system for Capsicum was proposed by Lippert, Bergh, and
Smith (1965). Names and symbols were applied to the mutant genes, with
dominant mutants designated by the first letter of the symbol capitalized and
recessive mutants by lower case letters. The corresponding allele in the standard
type in this system is designated by the mutant symbol superscribed with a plus
(+). For example, the “normal” allele for mutant A, anthocyanin, is AT and
the “normal” allele for 4/, anthocyanin-less, is 4/*. Dominant or recessive gene
action of the mutant is related to the standard type, established as C. annuum
cultivar ‘California Wonder'. The inclusion of the reference by Lippert, Bergh,
and Smith (1965) in the following list of mutants indicates that the mutant has
been named symbolized, ot in some manner redesignated.

A basic gene for anthocyanin color in plant, flower, and immature fruit.
Incompletely dominant (Deshpande 1933, Peterson 1959, Odland 1960).
F also used for the same character (Hagiwara, Hanagata, and Takano
1959).

al anthocvanin-less, prevents any purple color in plant (Deshpande 1939a,
Odland 1960). Redesignation of s (Lippert, Bergh, and Smith 1965).
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style anthocyanin, purple in absence of 4 or 4sf (Hagiwara and Oo-
mura 1947). Redesignation of P (Lippert, Bergh, and Smith 1965).
style and filament anthocyanin, purple in absence of 4 (Odland 1960).
Redesignation of }# (Lippert, Bergh, and Smith 1965).

used by Cook (1961b) to symbolize yellow anther color; see al.

high Beta-carotene content, interacts with ¢ for range of levels in ma-
ture fruit (Brauer 1962).

Modifier of 4 (Deshpande 1939a). See Moa.

branchless (Bergh and Lippert 1964).

bacterial spot (Xanthomonas wesicatoria) resistance (Cook and Stall
1963, Lippert, Bergh, and Smith 1965).

bush variegated, originally mutant-2 (Cook 1962, Lippert, Bergh, and
Cook 1964). :
carotene pigment inhibitor, redesignated ¢1 (Kormos and Kormos 1960,
Kormos 1962, Lippert, Bergh, and Smith 1965).

carotene pigment inhibitor, reduces red color of y* by approximately
1/10 (Kormos and Kormos 1960, Kormos 1962). Previously ¢ (Lippert,
Bergh, and Smith 1965).

carotene pigment inhibitor, permits only traces of red color to develop
(Kormos 1962). Originally ¢1 (Lippert, Bergh, and Smith 1965).
capsaicin or pungent fruit (Deshpande 1935).

designated by Hagiwara and Oomura (1947) as complementary of
R:R: for purple flower color.

calyx enclosed around the fruit base, originally ¢ (Deshpande 1933,
Lippert, Bergh, and Smith 1965).

chlorina variegation (Kormos and Kormos 1955a, Lippert, Bergh, and
Smith 1965).

chlorophyll retainer in mature fruit. Combines with y* (red) or y
(yellow) to produce brown and olive green mature fruit color, respec-
tively (Smith 1948, 1950). Synonymous with g (Brauer 1962).

pointed fruit apex, redesignated Pt (Deshpande 1933, Lippert, Bergh,
and Smith 1965).

calyx enclosed (Deshpande 1933). (See ce.)

tobacco etch virus resistance in C, annuum and C. frutescens, respec-
tively (Greenleaf 1956).

originally proposed for pleiotropic gene action for resistance to tobacco
etch and potate Y viruses (Cook and Anderson 1960). Now invalid
(Cook 1961a).

non-bulging fruit base (Deshpande 1933). (See fb.)

used for purple immature fruit color (Hagiwara and QOocmura 1947,
Hagiwara, Hanagata, and Takano 1959). (See 4.)

fasciculate, shortened internodes, compact, bushy plant, and flowers and
fruit borne in clusters (Deshpande 1944, Murthy and Murthy 1962b,
Lippert, Bergh, and Smith 1965).

fruit base non-bulging, originally f (Deshpande 1933, Lippert, Bergh,
and Smith 1965).

filiform, formerly “mutant-1" (Cook 1961b, Lippert, Bergh, and Smith
1965).

female sterile (Bergh and Lippert 1964),

chlorophyll retainer (Brauer 1962), identical to ¢/

suggested for green immature fruit with G* being ivory white (Mur-
thy and Murthy 1962a).

originally referred to green immature fruit color (Odland and Porter
1938, Odland 1948, Jeswani, Deshpande, and Joshi 1956). Changed to
sw1, Sws, etc., for sulfury white (Lippert, Bergh, and Smith 1965).
glossy diminutive, also female sterile (Bergh and Lippert 1964).
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graft incompatible with Capsicum and other Solanaceae (Kormos and
Kormos 1955b, Lippert, Bergh, and Smith 1965).

symbol used by Holmes (1934) to designate non-pubescent or hairless
stem. (See Pubescence under Plant Characters.)

intermediate maturity of purple in originally non-purple unripe fruit,
mature fruit red (Hagiwara, Hanagata, and Takano 1959, Lippert,
Bergh, and Smith 1965).

localization of tobacco-mosaic virus (Holmes 1934, 1937, Lutes 1954).
imperfect localization of tobacco-mosaic virus. A three gene allelic
series with L > L' 3 L* for four virus expressions (Holmes 1937,
Lutes 1954). L* denotes a change of symbol from original I* (Lippert,
Bergh, and Smith 1965).

See L*

marbled, distinct green and white zonation on foliage and immature
fruit (Lippert, Bergh, and Cook 1964),

used to denote mutant-1 (Cook 1961b). (See fi.)

used by Holmes (1934) for pungent. (See C.)

modifier of 4, intensifies purple color with A, originally B (Deshpande
1939a; Lippert, Bergh, and Smith 1965).

male sterile with sterile cytoplasm (S) in genotype S msms (Peterson
1958).

redesignated fi and bv respectively (Cook 1961b, 1962, Lippert, Bergh,
and Cook 1964).

nematode resistance (Hare 1957b).

oblate fruit shape (Khambanonda 1950, Peterson 1959).

upright or erect pedicels (Deshpande 1933). (See up.)

style anthocyanin (Hagiwara and Qomura 1947). Redesignated As
(Lippert, Bergh, and Smith 1965).

plastid instability, green and white variegation (Hagiwara and Oo-
mura 1947, Lippert, Bergh, and Smith 1965).

pointed fruit apex, not fully dominant to blunt (Deshpande 1933).
Redesignation for D (Lippert, Bergh, and Smith, 1965).

yellow mature fruit color (Deshpande 1933). See y (Lippert, Bergh,
and Smith 1965).

polymeric genes for purple flower color. Considered complementary
with C for purple flower color and with F for purple immature fruit
color (Hagiwara and Oomura 1947).

redesignated anthocyanin-less, al (Deshpande 1939, Odland 1960, Lip-
pert, Bergh, and Smith, 1965).

soft flesh, fruit deciduous (Smith 1951b, Jeswani, Deshpande, and
Joshi 1956, Kormos and Kormos 1957).

styleless, incomplete female sterile (Bergh and Lippert 1965).

scabrous diminutive, foliage surface rough as compared to glossy sur-
face of gd (Bergh and Lippert 1964).

spinach, ground level whorl of odd, limp leaves; flower buds com-
pletely lacking (Bergh and Lippert 1964).

sulfury white immature fruit color. Dominant alleles control various
green shades. Number of genes and whether cumulative or duplicate in
action not clearly established (Odland and Porter 1938, Odland 1948,
Jeswani, Deshpande, and Joshi 1956). Originally G, G, etc. (Lippert,
Bergh, and Smith 1965).

high Beta-carotene content, complementary with B (Brauer 1962).
upright or erect pedicel (Hagiwara and Oomura 1947). See up (Lip-
pert, Bergh, and Smith 1965).

upright or erect pedicel. Redesignation of p and » (Lippert, Bergh, and
Smith 1965).
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v See pi.

1, V2 vein-banding virus resistance, combine to provide four virus expres-
sions (Simmonds and Harrison 1959).

og™ variegated mottled, dominant allele to wg® (Lippert, Bergh, and Cook
1964).

vg® variegated virescent, allelic to 2g™ (Lippert et al. 1964).

wir variegation of viridis type, homozygous lethal (Kormos and Kormos
1955a, Lippert, Bergh, and Smith 1965).

/4 purple style and filament color in absence of 4 (Odland 1960). Re-
designated Asf (Lippert, Bergh, and Smith 1965).

Wi, W, synonymous with swi, sw. as used by Hagiwara, Hanagata, and Ta-
kano (1959).

awl willow leaf, leaves narrow but wider than fi, practically female sterile
(Bergh and Lippert 1964).

xa: xanthai, completely void of chlorophyll, homozygous lethal (Kormos
and Kormos 1955a, Lippert, Bergh, and Smith 1965).

XQza, XA2b xantha., as xantha;, but controlled by two complementary genes (Kor-
mos and Kormos 1955a, Lippert, Bergh, and Smith 1965).

y yellow mature fruit color, combinations of ¢, ¢z, ¢/, y, and their alleles

provide range of mature colors (Deshpande 1933, Smith 1948, 1950,

Kormos and Kormos 1960, Kormos 1962). Replaces r as proper mutant

symbol (Lippert, Bergh, and Smith 1965).

resistance to C and N strains of potato virus Y in C. annuum (Cook

and Anderson 1960).

Ys yellow corolla spot of C. pendulum acts as dominant in crosses with
other species (Bergh, Lippert, and Smith in press).

LINKAGE RELATIONSHIPS

Comprehensive studies of linkage relationships between available characters
in Capsicum have not been undertaken. Linkage of A, O, and sw, (Peterson
1959) represents the only definite association of three genes on a single chromo-
some. From combined intormation on linkage it can be assumed tentatively that
C, pi, up, and short fruit length may represent a linkage series. Carrying the as-
sumption further, if one of the factors (three factors calculated) for fruit length
by Deshpande (1933) is comparable to the O gene, it is possible that these six
genes are located on the same chromosome. Available data on linkage are sum-
marized in Table II. Independent assortment or non-linkage has been determined
for the gene combinations listed in Table III.

VEGETATIVE GRAFTS AND GRAFT HYBRIDS

Capsicum species have been successfully grafted with Capsicum (Kormos
and Kormos 1955b, Yagishita 1961a, b, Ohta 1961b, 1962a, Pirovano 1962,
Sagajdak 1963, Topornina 1963) and several other genera of the Solanaceae
including Datura (Isbell 1944, Kormos and Kormos 1955b, Pichenot 1960),
Lycium (Limberk 1951), Lycopersicon (Bailey 1890, Kuzdowicz 1954, Kormos
and Kormos 1955b, Samuel 1960), Nicotiana (Kostoff 1929), Physalis (Bailey
1890), and Solanum (S. capsicastrum Link ex Schau., latifolium Poir., melon-
gena L., and sisymbrifolium Lam.) (Bailey 1890, Dort 1947, Bonifacio 1951,
Kormos and Kormos 1955b). Variable results have been obtained by reciprocal
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TABLE 11
Summary of linkage relationships among Capsicum genes.
Crossover
Gcnes ‘ % References
4 Sw 20.6 Peterson 1959
40 6.5 Peterson 1959
0 s 17.2 Peterson 1959
A y* 44.0 Deshpande 1933
A short pedicel 33.0 Deshpande 1933
A short petal no data Deshpande 1933
A short fruit no data Deshpande 1933
As Ry, R. 20-24 Hagiwara and Oomura 1947
c up 34.34 + 3.87 Dempsey 1960
ce fb 3;4.7; 18 Deshpande 1933,
Miller and Fineman 1938,
Khan and Munir 1954,
respectively
et" ¥ no data Cook 1961a
pi up approx. 1§ Hagiwara and Oomura 1947
up short fruit no data Deshpande 1933

grafts, and with intergeneric grafts fruit and seed set wete generally low. Vege-
tative growth of the cion, however, may be vigorous.

Reactions of genetically pure paprika varieties when grafted onto other pap-
rikas, or to tomato, Datura metel L., ot Solanum sisymbrifolinm, indicated graft
incompatibility to be inherited as a single dominant gene, G/ (Kormos and
Kormos 1955b; name and symbol designation by Lippert, Bergh, and Smith
1965). A Hungarian tomato-shaped paprika was determined to possess the
dominant allele whereas the recessive allele was present in “ceriforme 1” and
“longum nigrum luteum.” Graft incompatibility appears to be governed by bio-
chemical differences at the graft contact sutfaces (Kormos and Kormos 1955b).

Vegetative or graft hybrids between Capsicum’s have been reported with fruit
modifications evident on the grafted cion or appearing later in selfed progenies
after two or three generations of grafting. These modifications persisted in the
selfed progeny of modified fruits. The higher frequency of transformed fruits,
evident as a groove in the fruit base and characteristic of the rootstock parent,
following two or three generations of grafting suggested the multiple grafting
had a cumulative genetic effect (Yagishita 1961a, b).

Sagajdak (1963) reported that vegetative hybrids between two sweet pepper
varieties produced heterotic seed with G, plants taller, leafier, and earlier in
development. In the G,, segregations also occurred for locule number, flavor,
and orientation of the fruit. Topornina (1963) also observed G; and G, varia-
tions from parental forms in shape, size, orientation, and alkaloid content of
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TABLE III

Independent assortment or non-linkage among Capsicum genes.

Genes
A L
A sl
al fi
by vg", vg®
c ce
c ol
c fb
c L
¢ Pt
c y
ce Pt
ce up
ce ¥y
o up
o y
fb Pt
fb up
L Pt
L upt
L y*
m g™, vg®
Pt up
sl y*
SW1, SWy up
up ¥y
n Vs

References

Holmes 1934

Bergh and Lippert 1965

Cook 1961b

Lippert, Bergh, and Cook 1964

Deshpande 1935,
Khan and Munir 1954,
Miller and Fineman 1938

Smith 1950

Miller and Fineman 1938
Holmes 1934

Miller and Fineman 1938
Smith 1950

Miller and Fineman 1938

Khan and Munir 1954,
Miller and Fineman 1938

Khan and Munir 1954
Smith 1950

Smith 1950

Miller and Fineman 1938
Miller and Fineman 1938
Holmes 1934

Holmes 1934

Holmes 1934

Lippert, Bergh, and Cook 1964
Miller and Fineman 1938
Bergh and Lippert 1965
Odland 1948

Smith 1950

Simmonds and Harrison 1959

the fruit. Variations were greater in graft generations than in filial generations

from sexual crosses of the same varieties.

Eight of 19 vegetative grafts of C. annuum cultivar ‘Cayennense’ onto Datura
stramoninm L. produced extra large fruit with a greater number of seed, of
which 30 per cent were malformed and inviable. Seedlings obtained from the
abnormal fruit compared to those from non-grafted plants were more vigorous
with darker green foliage, flowered later, and bore larger fruit with more seed,
all of which were viable. The modifications were inherited through six genera-
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tions, with evidence for maternal cytoplasmic inheritance obtained by grafts of
normal to abnormal and the reciprocals (Pichenot 1960).

Khazina (1949, 1956, 1961) .described several varieties developed from
supposedly vegetative hybrids between different Capsicum cultivars, with claims
of higher yields and higher dry matter, sugar, and vitamin C content in the
fruit as compared with standard varieties.

Ohta (1961b, 1962a) failed to modify either non-pungent or male fertile
characteristics of the cion by grafts to pungent or male sterile stocks.

The reader is referred to the excellent discussion by Rick and Butler (1956)
for evaluation of heritable changes claimed for vegetative grafts.

HETEROSIS

Heterosis, as measured by F, values exceeding the mean value of the superior
parent, has been reported for such features as vigor, maturity, height of plant,
productivity, both as fruit number and total fruit weight, and fruit thickness
(Deshpande 1933, Pal 1945, Martin 1949, Fujii, Masabayashi, and Kuwahara
1959). Comparisons of varieties and their F; and F, hybrids indicate that F,
progenies, though inferior to F, in yield, were superior to parental yields (Mar-
tin 1949, Fujii et al. 1959).

Hybrids and parents did not differ in photosynthetic, respiratory, transpira-
tory, or enzymatic (peroxidase and catalase) activity, ruling out these physiolog-
ical processes as the cause of heterosis (Khristov and Genchev 1961).
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