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GYNOGENETIC REPRODUCTION IN HYBRID MOLE SALAMANDERS
(GENUS AMBYSTOMA)
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Department of Ecology, Ethology, and Evolution, University of Illinois,
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Abstract. — Ambystoma platineum, a unisexual clonal triploid taxon of mole salamander, originated
by hybridization between the Mendelian species A. jeffersonianum and A. laterale. Studies of
lampbrush chromosomes indicated that 4. platineum reproduces gynogenetically, that is, sperm
from a sexual host species is required to activate egg development but makes no genetic contribution
to the developing embryo. Nevertheless, electrophoretic diversity in populations of some hybrid
Ambystoma suggested continual in situ recreation of unisexual hybrids and bidirectional gene
exchange between the parental species and the hybrids. 4. platineum usually lives with, and is
sexually dependent on, one of its parental species, A. jeffersonianum. In central Indiana, however,
A. platineum populations have shifted their host dependency to 4. texanum. Such A. texanum-
dependent populations of A. platineum provide an almost ideal system for studying reproductive
mode in A. platineum, because both replacement of a jeffersonianum or laterale genome of A.
platineum by a texanum genome, and movement of genes from A. platineum to the host species,
A. texanum, would be readily detected by electrophoretic markers. OQur samples of A. texanum
provided no evidence for the transfer of jeffersonianum or laterale genes into A. texanum. Similarly,
among 32 A. platineum sampled from six localities in east-central Illinois and central Indiana, we
find no texanum alleles, and thus no evidence for genome replacement. The one diploid hybrid
individual contained only a jeffersonianum and a laterale genome; because of the absence of either
parental species from these populations, this hybrid could only have come from a diploid ovum
produced by A. platineum. Both morphometric and electrophoretic results for the two tetraploid
individuals indicate that they resulted from fertilization of triploid oocytes of A. platineum by
sperm of 4. texanum. Because genome replacement in 4. texanum-dependent populations of 4.
platineum is irreversible, the persistence of A. platineum in A. texanum-dependent populations
demonstrates conclusively that the major mode of reproduction in A. platineum populations is
clonal: A. platineum produces mainly triploid eggs that develop gynogenetically.
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In the past half century, some 50-odd
clonally reproducing taxa of vertebrates have
been described among the fishes, amphib-
ians, and reptiles. Most of them appear to
have arisen as a result of interspecies hy-
bridization. The peculiar interactions of the
disparate genomes in these hybrids modifies
the germ line in a variety of ways that results
in clonal or hemiclonal reproduction. In-
deed, these hybrids probably persist as in-
dependent lineages only because of the spe-
cific germ line modifications produced by
certain combinations of genomes.

The existence of self-reproducing lineages
of almost exclusively female triploid hybrid
salamanders in the Ambystoma jefferso-
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nianum complex is well known (Clanton,
1934; Minton, 1954; Uzzell, 1963, 1964).
Two such unisexual triploid clonal species
(Appendix I) have been described in the A.
.jeffersonianum complex. A. platineum has
two sets of chromosomes from A. jefferso-
nianum and one from A. laterale, whereas
A. tremblayi has two chromosome sets from
A. laterale and one from A. jeffersonianum
(Uzzell and Goldblatt, 1967; Sessions,
1982). Evidence for gynogenetic reproduc-
tion in these salamanders was provided by
Macgregor and Uzzell’s (1964) observation
of 42 bivalents, equivalent to hexaploidy,
in oocytes of one A4. platineum (Sussex Co.,
New Jersey) and five A. tremblayi (Wash-
tenaw Co., Michigan); such hexaploidy in-
dicates the occurrence of a prediplotene, and
presumably premeiotic, endoduplication,
followed by formation of pseudobivalents
(paired sister chromosomes). The 42 pseu-
dobivalents undergo a normal meiosis to
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yield triploid ova with the same chromo-
some complement as in the mother. Sperm
from spermatophores deposited by males of
a diploid sexual species activate the unre-
duced eggs of these females but normally do
not fertilize them.

Although a germ line mechanism that al-
lows the persistence of these triploid uni-
sexual lineages through gynogenesis has been
demonstrated, this mode of reproduction
has been repeatedly questioned (e.g., Bogart
and Licht, 1986; Lowcock et al., 1987; Low-
cock and Bogart, 1989). Nevertheless, the
large differences between mtDNAs of pos-
sible maternal ancestor species and the uni-
sexual species, together with their unifor-
mity (Spolsky et al., 1992), preclude multiple
de novo origins of unisexual lineages and
support a clonal mode of reproduction for
them. One plausible mechanism for gen-
erating electrophoretic diversity while
maintaining mtDNA uniqueness and uni-
formity is genome replacement, in which
one of the two laterale genomes of A. trem-
blayi, or one of the two jeffersonianum ge-
nomes of A. platineum, is lost in the germ
line but replaced in the next generation when
sperm of the sexual host species fertilizes
rather than merely activates a diploid ovum
produced by the triploid hybrid. In in vitro
fertilization experiments (Bogart et al.,
1989), some fraction of triploid progeny of
A. platineum were products of such genome
replacement. Whether genome replacement
occurs in natural populations, however, is
unknown. Because A. tremblayi eggs are
normally activated by sperm of A. laterale
and A. platineum eggs by sperm of A. jef-
fersonianum, such a mechanism would re-
place the lost genome by a genome of the
same species; this replacement would usu-
ally be difficult to detect in natural popu-
lations.

Although most populations of A. plati-
neum are sexually dependent on A. jeffer-
sonianum, some populations are sexual par-
asites on A. texanum rather than on either
of the two parental species (Uzzell and
Goldblatt, 1967; Morris and Brandon, 1984;
Pfingsten and Downs, 1989). Because of the
many fixed genetic differences between A.
texanum and the two ancestral species of A.
platineum, populations of A. platineum that
are sexual parasites on A. texanum make an
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almost ideal system for studying the repro-
ductive mode of A. platineum: incorpora-
tion of texanum genomes would be readily
detected in such populations of 4. plati-
neum, just as would transfer of genomes
from the clonal species to A. texanum.

Our survey of electrophoretic patterns, at
three diagnostic loci, for several 4. texa-
num-dependent populations of A. plati-
neum, provides no evidence for genome re-
placement in this species. For 4. texanum,
a survey of patterns at these three loci plus
a fourth provides no indication of transfer
of laterale or jeffersonianum genes from A.
platineum into the sexual host.

MATERIALS AND METHODS

We collected a total of 60 adult salaman-
ders (32 A. platineum, 1 diploid hybrid, 2
tetraploid hybrids, and 25 A. texanum) dur-
ing the spring breeding seasons of 1989 and
1990 from six localities in eastern Illinois
and central Indiana at which A. platineum
is sexually dependent on A. texanum (Table
1, Fig 1: localities 1-6); during the same
period, we collected 30 additional 4. fex-
anum from seven nearby locations (locali-
ties 7—13) where hybrids are absent. Vouch-
er specimens of all individuals used in this
study were deposited in the Herpetology
Collection of the University of Illinois Mu-
seum of Natural History (Appendix II).

Salamanders were caught at drift fences
during migration to breeding ponds or by
minnow traps after entering the breeding
ponds. At locality 6 (Vermilion Co., Illi-
nois), an endangered population, only one
triploid and one tetraploid, of 93 hybrids
collected, were examined electrophoretical-
ly. Because these two animals do not rep-
resent the ploidy frequencies in the popu-
lation (our unpublished results), these two
individuals were not included in the cal-
culation of replacement rates.

Liver and skeletal muscle samples of the
salamanders were stored in 20-50 ul of 0.1
M EDTA at —80°C until they were homog-
enized in 0.1 M Tris/10 mM DTT, pH 7.2.
Proteins were separated electrophoretically
in horizontal starch gels using a morpholine
citrate buffer system, pH 6.5 (Clayton and
Tretiak, 1972). Using skeletal muscle, we
scored the mobility of proteins encoded by
three loci: aconitate hydratase (AH; EC
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TabLE 1. Sampling localities and genotypes! for A. platineum and A. texanum. Numbers in parentheses indicate
sample size. Locality numbers are as in Figure 1 and Appendix II.

Locality and taxon Ploidy SOD AH CK AAT
. Clay Co., IN
A. texanum (6) 2n 60/60 80/80 84/84 95/95
A. platineum (5) 3n 50/50/100 (4) 100/100/100 100/100/100
50/75/100 (1)
. Clinton Co., IN
A. texanum (10) 2n 60/60 80/80 84/84 95/95
A. platineum (16) 3n 50/50/100 (6) 100/100/100 100/100/100
50/75/100 (10)
Hybrid (1) 4n 50/60/75/100 80/100/100/100 84/100/100/100
. Delaware Co., IN
A. texanum (8) 2n 60/60 80/80 84/84 95/95
A. platineum (4) 3n 50/50/100 100/100/100 100/100/100
Hybrid (1) 2n 50/100 100/100 100/100
. Montgomery Co., IN
A. texanum (1) 2n 60/60 80/80 84/84 95/95
A. platineum (5) 3n 50/75/100 100/100/100 100/100/100
. Tippecanoe Co., IN
A. platineum (1) 3n 50/75/100 100/100/100 100/100/100
. Vermilion Co., IL
A. platineum (1) 3n 50/75/100 100/100/100 100/100/100
Hybrid (1) 4n 50/60/75/100 80/100/100/100 84/100/100/100
7-13. IN and IL
A. texanum (30) 2n 60/60 80/80 84/84 95/95

I The relative mobilities we observed for AH, CK, and AAT correspond to those observed for AH-2, CK, and mAAT, respectively, by Shaffer et
al. (1991), but differ from those reported by Bogart (1989) for Acon-1 and Ck-1. For Aat-1, Bogart (1989) found in 4. texanum an additional allele
of faster mobility (Aat-1]10) than the usual texanum allele (Aat-19,); except for this, we, Bogart (1989), and Shaffer et al. (1991) probably observed
similar patterns. For SOD. we, Shaffer et al. (1991), and Bogart (1989) observed the same pattern, except that we found an additional allele (SOD75)
in A. jeffersonianum of faster mobility than the usual jeffersonianum allele (SODsp).

4.2.1.3), aspartate aminotransferase (AAT;
EC 2.6.1.1) and creatine kinase (CK; EC
2.7.3.2); using liver, we scored superoxide
dismutase mobilities (SOD; EC 1.15.1.1).
The mobilities of the bands were expressed
relative to the mobility of the most common
allelic product of A4. laterale (100), which
was used as a standard on most gels. All
animals were assayed for AH, CK, and SOD;
in addition, all 4. texanum were assayed for
AAT. Genome dosage in 4. platineum was
scored for all individuals by relative band
intensities of SOD products; usually, dosage
was apparent for AH and CK also. Abbre-
viations for loci and translation products
follow Shaklee et al. (1990).

For each salamander, we determined
ploidy using flow cytometric analysis (FCM)
of DNA content of erythrocytes. For some
individuals, erythrocytes used for FCM were
fixed in 70% ethanol, washed twice with
phosphate-buffered saline, treated with RN-

ase and stained with propidium iodide
(Crissman and Steinkamp, 1973). For the
remainder, blood was taken from a cut toe
and stored in a DMSQO-containing freezing
buffer at —80°C until prepared for FCM
(Lowcock et al., 1991).

For each specimen, the snout-vent length
(SVL; to posterior angle of vent) was mea-
sured to the nearest mm; the internarial dis-
tance (IND) was measured with an ocular
micrometer to the nearest 0.1 mm. Species
identification was based on a combination
of ploidy, morphology (SVL and IND), and
SOD phenotype.

Sampling limits were calculated using
Simpson and Roe’s (1939; p. 182) deriva-
tion: the 95% confidence limits are given by
Np *= 2 \/Npq, where N is the sample size,
p is the proportion of triploids containing a
texanum genome, and g is the proportion
of triploids not containing a texanum ge-
nome. The frequency, F, of triploids with a
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FiG. 1. Map of the midwestern U.S. showing Ambystoma localities. Northwestern limits of the continuous
distributions of A. jeffersonianum and A. texanum are indicated. Filled symbols represent localities we sampled;
open symbols indicate localities cited in the literature. The 13 populations of A. platineum and A. texanum
from which we analyzed individuals are numbered; numbers correspond to those in Table 1 and Appendix II.

replacement texanum genome in the ith
generation was estimated by F = ™%, where
r is an estimate of replacement probability
calculated from the joint frequency of dip-
loid ova and fertilization events.

RESULTS

Distribution of texanum-dependent
Populations

Populations of 4. platineum that are sex-
ually dependent on A. texanum are wide-
spread in central Indiana and northwestern
Ohio (Fig. 1; Pfingsten and Downs, 1989;
Uzzell and Goldblatt, 1967; Weaver, 1983);
one such population is also known from

Kickapoo State Park, Vermilion Co., in
northeastern Illinois (Morris and Brandon,
1984). Most of these populations are to the
north and west of the more-or-less contin-
uous range of 4. jeffersonianum, but within
the range of 4. texanum. Within the latter
area, we have found two disjunct and iso-
lated A. jeffersonianum populations, in rel-
ict beech-maple forests. Populations of A.
platineum within this area, nevertheless, are
associated only with 4. fexanum; no A. pla-
tineum has been found associated with the
isolated A. jeffersonianum populations. On
the other hand, in the region south and east
of the area from which we sampled animals,
within the normal range of A. jeffersonia-
num, populations of A. platineum co-occur,






