


CHAPTER IV
ORIGIN AND MAINTENANCE OF DIFFERENTIATION

Despite the absence of an obvious interpretation of the geographic
distribution of these two genetically distinct groups, the most par-
simonious explanation may be derived from the glacial history of the
area and the patterns of recolonization.

The earliest fossils assigned to the genus Peromyscus were found

in Early Pliocene deposits in the western u.s. (Hibbard, 1968). In
general, the fossil record is poorly known, apparently due to the small
size of the animal and its probable scarcity until the Pliocene or

early Pleistocene. Even S0, there is a paucity of Peromyscus fossils

from several of the glacial and interglacial deposits of the Pleistocene.
The fossil record is quite depauperate until the I1linoian and Sangamon,
at which time examination of finds demonstrated increased differentiation
and complexity of form. Fossils from the Wisconsin deposits (formed
during the Tast glacial event) are referable to living species. This
indicates the recent origin (approximately 10,000 B.P.) of such groups

as P. maniculatus and P. leucopus; which are considered products of

late Pleistocene adaptive radiation (Hibbard, 1968). This recent origin
may explain the high genetic similarity values found between and within

many Peromyscus species.

Most of the knowledge of the extent and effect of glaciation comes
from the Wisconsin, since this is the most recent. Undoubtedly, the

zoogeography of the region was profoundly affected by all the glacia-
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tions, however, their effects can only be conjectured. During the
Wisconsin, a period lasting approximately 60,000 years, the study area
was situated primarily within the vicinity affected by the Cordilleran
glacial complex (Alt, personal communication; Flint, 1971). In general,
this complex was characterized by local origins of ice. Most of this.
glacial ice remained associated with mountains and valleys, but some
flowed downward forming piedmont glaciers, and eventually an extensive
ice sheet. This cordilleran ice sheet centered in British Columbia and
extended southward between. the coast ranges and the Rocky Mountains
(Flint, 1971; Richmond et al., 1965). Thus, the area of Glacier National
Park was predominated by local mountain glaciers (Alden, 1953). This
local nature of glacial ice particularly in the east stems partly from
the effect of a strong rain shadow produced by the Rockies (Flint, 1971).
The occurrence of refugia within and around glaciated areas has
been postulated by other workers (Kilpatrick and Zimmerman, 1976 for

Peromyscus; Uzzell, 1964 for Ambystoma). The existence of a large

refuge in central Alaska is well documented and smaller refuges further
south are postulated. Evidence for nonglaciated areas in the vicinity
of Glacier National Park is given by Alden (1932, p. 116). For example,
the Kennedy Ridge area north of St. Mary Lake apparently remained
unglaciated, surrounded by the St. Mary Glacier on the south and east,
Belly Glacier on the west and the Laurentide ice sheet on the north
(Fig. 10). There is evidence for survival of various taxa in high
altitudes through the glacial ages by "overwintering" in refuges not

covered by ice (Flint, 1971). For example, pollen from certain species
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Fig. 10. -- Distribution of the glacial ice in northwestern
Montana during the maximum extent of the Wisconsin
glaciation (modified from Alden, 1932 and 1953;

Alt, personal communication).
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of plant which today occupy nunataks in Greenland, has been found in the
nonglaciated areas on the coast of Alaska and British Columbia (Heusser,
1955). These hardy plants are believed to have survived the last glacia-
tion on isolated ice-free areas. The survival capacity of such "hardy"

organisms as P. maniculatus can be inferred from present distributions

which include both arctic and alpine habitats (Baker, 1968, p. 112).

During the Wisconsin, the two western sites, 9 and 10, were covered
with one of the largest of the Pleistocene glaciers found within the
Timits of Glacier National Park (Alden, 1953). The origin and path of
the McDonald Creek Glacier can be identified today by the topography
of the McDonald Valley which it carved. Lake McDonald now occupies
part of this é]acia] trough. The southern extent is more difficult
to delineate but appears to be just north of Coram, Montana (Alden,
1953). Habitation of this area during most of the Wisconsin was
consequently impossible.

The eastern edge of Glacier National Park and the Blackfeet Indian
Reservationwere influenced primarily by the piedmont glaciers which
spread from the eastern edge of the Rocky Mountains (Fig. 10). One of
these, the St. Mary Glacier, 36 or more miles in length, occupied the
St. Mary Valley during the Wisconsin (Alden, 1932, p. 116). Consequent-
1y, much of this area at the eastern base of the mountains was also
uninhabitable (including sites 4, 5, and 6). To the east of these
piedmont glaciers (in particular, south of 49° Tatitude) was unglaciated
terrain. This ice-free area was bordered on the east and north by the
eastern continental (Laurentide) ice sheet. An unglaciated corridor led
southward where it eventually merged with the area south of the glacial

border (Fig. 10).
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Overall reconstruction of the glacial history of this area suggests
the existence of remnant populations in the unglaciated sections of the
mountains in and around Glacier National Park. These relic populations
from a once widespread species may have existed through all of the
glaciations or perhaps only the Wisconsin, following invasion during
the Sangamon interglacial. With a gradual thinning of the ice sheet,
the ridges were exposed (Richmond et al., 1965), creating potential
mountain routes for recolonization from these isolated refugia. Both
the eastern and western edges of Glacier National Park were uninhabitable
during this time; the previous populations moved south before the
advancing ice, establishing the geographic isolation of the mountain
and southern bbpu]ations.

The genetic evidence suggests that, after the glaciers receded,
the eastern and western regions of Glacier National Park were re-
colonized from a genetically homogeneous source, probably the southern
population(s). This is entirely possible, since reconstruction of the
biogeography of this region following glacial retreat suggests that the
entire area was predominantly lodgepole pine forest (Flint, 1971;
Hansen, 1948).

The relevance of this historical construct to the genetic relation-
ships among the populations sampled is readily apparent. In this model,
the central group (sites 6, 7, and 8) represent animals whose ancestors
resided in mountain refugia during the glaciation, whereas the eastern
and western groups are descendants of more recent colonists from

populations to the south. The average heterozygosity values for the
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Populations from sites 6, 7, and 8 are generally lower than those from
the other populations. Lower heterozygosity, produced by genetic drift,
would be predicted in these presumably small, isolated refugia popula-
tions (Kilpatrick and Zimmerman, 1976).

Although the sampling in this study was done in a rather limited
geographic area, the situation of other post-glacial populations should be
similar enough to allow certain generalizations and predictions. Other

species, in particular, other populations of P. maniculatus found in the

area covered or affected by glaciers probably demonstrate similar patterns.
The influence of glaciers may extend south of the actual borders due
to habitat alterations from the climate change associated with periods
of glaciation (B]air, 1965). Lowland areas would support large continuous
populations during glaciation and would maintain high genetic similarities.
Whereas high altitude refugia or isolated ice-free areas within the
glaciated region would produce populations which are differentiated
from the Towland populations and possibly from each other.

This model predicts that areas which were isolated during glaciation

e.g., mountainous areas, are essentially "terrestrial islands," supporting
populations which are genetically dissimilar to surrounding populations.
Many lowland sites which were inhabited by or recolonized from a large
continuous population, possess high genetic similarity over large distances.
For example, it seems reasonable that deer mouse populations in the Rocky
Mountains and in the ranges to the west, would show a pattern similar to

that observed here; high similarity between lowland populations and low

similarity between highland and lowland populations. This prediction
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of the genetic similarity based on the probable origin of the peopulations,
could be tested by sampling in other areas.

The relationship of the pattern of morphological change to that of
genetic change is potentially useful in detecting areas of population
differentiation since many zones of morphological change have been
documented. During glacial events, isolated populations in different
habitats very probably are placed under differential selection regimes
and change accordingly, perhaps morphologically. Simultaneously, neutral
allelic frequency variation in these populations undergo drift. After
the glaciers retreat, contact may be resumed. During subsequent years,
these previously isolated populations may remain differentiated morpho-
lTogically and ff examined genetically, may demonstrate corresponding
genetic differences.

The probable origin of the differentiation observed has been
discussed in terms of the glacial history of the area. Isolation during
the time of glaciation allowed differentiation of the populations in-
habiting the two areas. The resulting differences under these circum-
stances could be the result of either stochastic processes or natural
selection. The observation of any differences today represent pro-
ducts of the action of these two factors, in both the past and present.

Location in different habitats should result in differences in
those populations due to differential selection regimes. This argument
appears to be true for certain morphological characteristics in deer
mice. There is a general trend noted over the entire United States

for long-tailed, dark forms to be associated with forested areas and
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short-tailed, light-colored forms with grassland (Blair, 1950; Hooper,
1968). However, this does not appear to be true for the biochemical
Toci studied. Avise, et al. (in preparation) found no consistent allelic
frequencies associated with the two morphological types. These re-
searchers identified morphological types according to subspecies, which
potentially is a problem as noted in this study. Even so, there does
not appear to be a relationship between habitat and morphology with
biochemical loci commonly studied. Within this present study, neighbor-
-ing collection sites located in different habitats show few or no
significant changes in gene frequency. Certain of the eastern-most
sites are located on the prairie and yet are similar biochemically

to the most weﬁtern forested sites, 9 and 10.

If certain of the genes that control morphology are under selection,
then the selection intensity must be known in order to evaluate the re-
lative contributions of gene flow and selection to the similarity
between two populations for these particular morphological traits. The
earlier work on deer mice postulated knowledge about gene flow from the
pattern of change of morphological characters. This was done in spite
of the studies on such characters as pelage color (Baker, 1968; Blair,
1947 ; and Kaufman, 1974), demonstrating the importance of selection
in maintaining regional differentiation even with gene flow between
regions. Recently, there has been a re-emphasis on the importance of
selection maintaining similarities or resulting in differences and
de-emphasizing the role of gene flow as a predominant evolutionary

phenomenon (Ehrlich and Raven, 1969).
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The same reasoning applies to the patterns of allelic frequencies;
unless the variants of the enzymes sampled are neutral, no insight can
be gained into the patterns of gene flow. Assumption of the selective
neutrality of the biochemical alleles is in accord with the available
evidence and allows postulations about the current pattern of gene flow.

The genetic similarities between the eastern and western groups,
presumably established by common origin, have remained through the
intervening 10,000 years, in spite of the differences in habitat today.
The relatively recent separation alone may explain the degree of similarity.
However, it is feasible that its maintenance may be assisted by current,
even if intermittent, gene exchange.

The discontinuities at the points of contact between the mountain
group and the eastern and western populations, established presumably
during the period of isolation during glaciation, have also been main-
tained. This observation suggests very limited gene exchange at both
contact points.

The differences between the two groups may have persisted through
time due to random processes without regard to the selective value
of any individual traits in different areas. The amount of migration
perhaps is not sufficient to obliterate the differences which existed.
This lack of migration may be due to the local nature and generally

limited dispersal range of P. maniculatus (Howard, 1949). In addition,

jndividual mice may remain within a particular habitat. Wecker's (1963)
study indicates the important role of early experience on habitat

preferences. Wecker (1963) and Harris (1952) give evidence for a
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genetic component in habitat selection in studies of subspecies of P.

maniculatus in Michigan. 1In a situation with limited dispersal tend-

encies and/or habitat preferences, contact between groups in different
habitats is minimal and no or very limited gene exchange occurs. Con-
sequently, those differences established during allopatry persist.

Individuals of the two major forms possibly do make contact but do
not interbreed. This, according to the earlier investigators (Murie,
1933; Glazier, 1971), is the case between P. m. osgoodi and P. m.

artemisiae, which are not entirely restricted to one habitat especially

in disturbed areas. This contact with no gene flow suggests the
existence of selection against such an exchange.

If selecfion is occurring, it may do so on several different levels.
The selection, presumably occurring at loci other than those sampled
electrophoretically, may be against alleles at particular loci or
against hybrids. Selection against hybrids may represent selection
against mixing two coadapted genomes (Mayr, 1970; Avise et al., in prep-
aration). Hunt and Selander (1973) studying Mus, concluded that "the internal
genetic environment plays an important role in determining the selective
values of alleles... since the degree of ...introgression is not equal
over all loci."

If selection is sufficiently intense, development of isolating
mechanisms may take place, further contributing to the maintenance of
genetic differences. Types of isolating mechanisms found in natural
populations are well-known (Mayr, 1963), but it is difficult to determine

which of these are operative in the Peromyscus populations. The
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evidence currently available suggests that both habitat isolation
(Wecker, 1963) and ethological isolation, in particular mate selec-

tion (Harris, 1954; Moore, 1965; Smith, 1965), are likely mechanisms.
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CHAPTER V
SUMMARY

The genetic relationshps among populations of two subspecies of

the deer mouse, Peromyscus maniculatus artemisiae, a long-tailed form,

and P. m. 0sgoodi, a short-tailed form, were investigated. Most of the
previous taxonomic work on these mice has been based on morphology.
This previous work concluded no, or limited, interbreeding between
adjacent populations at the subspecific contact zone which occurs on
the east side of the Rocky Mountains in northwestern Montana.

In order to investigate this systematic relationship genetically,
starch gel e]ecfrophoresis was performed on 300 mice, which were live-
trapped at each of ten sites along a transect located primarily in
Glacier National Park. Examination of 18 biochemical loci revealed high
levels of protein variability (average heterozygosity equal to 11.6 per
cent).

Genetic similarity values were calculated in pair-wise comparisons
of all the sample populations and were found to be within a range common
for conspecifics. Rogers' genetic similarity values for the populations
are greater than .90, a value comparable in magnitude to the average
similarity value for the entire species. Investigation of the micro-
geographic variation revealed significant differences between populations
at nine different loci.

Analysis of the pattern of genetic variation revealed two groups,
a central one which differed from the rest. This analysis reveals as

much population differentiation within a subspecies, P. m. artemisiae,
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as between.the two designated ones. The genetic pattern, however, is
similar to the pattern of change in tail length.

The origin of the pattern of differentiation among the populations
is presumed to be glacial isolation. Populations with highest genetic
similarity probably share a common origin during glacial times. These
Populations have remained similar in the intervening years and presumably
continue to exchange genes. Those populations observed which are
different, apparently differentiated during the time of isolation. These
genetic differences persist today because of no or very Timited gene
flow between the populations.

The genetic pattern for this species is an overall high degree of
similarity yet fhere are indications of local heterogeneity. Analysis
of the patterns of this local genetic heterogeneity allows interpretation
of the current patterns of gene flow. In addition, predictions of similar
patterns of gene exchange for other areas have been generated. Contact

areas of the long- and short-tailed forms. of P. maniculatus may show

similar oversimplified taxonomy.

There may be consistent patterns of gene flow throughout the entire
species. By investigation of other contact areas of the two morphological
types this consistency could be determined. Insight into the validity of
the assumption of the neutral nature of the protein variants would also

be gained. Additional data on the deer mouse, P. maniculatus, have the

potential to reveal the nature of evolutionary change in this species.
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Appendix I.- Collection data for each site 1 through 10.

Collection # Trap # Mice % Trap
Site Dates Nights Captured Success
1 3 June 200 - 31 17
2 5 June 200 41 20.5
3 28 July, 4-5 Aug. 290 42 14.5
4 9-10 June, 4-9 July 810 34 4.5
5 28-31 July 84 20 23:8
6 8-10 June 200 32 16
7 10-31 July 360 41 11.4
8 15-27 July, 5 Aug. 262 50 19
9 20-27 Aug., 3 Sept. 535 36 6.7
10 15-27 Aug. 418 45 10.8
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Appendix II. - Description of the buffer systems used.

I Lithium hydroxide LIOH

Gel: 1:9 mixture of 0.03 M lithium hydroxide - 0.19 M boric acid, pH 8.1
0.05 M tris - 0.008 M citric acid, pH 8.4

Electrode: 0.03 M 1ithium hydroxide - 0.19 M boric acid, pH 8.1
350 volts for 5 hours

I1 Potassium Phosphate PGI

Gel: 1:9 dilution of electrode buffer

Electrode: 0.138 M potassium phosphate - 0.062 M sodium
hydroxide, pH 6.7

130 volts for 9 hours

IIT Discontinuous tris-citrate (Poulik)  P+/B+*

Gel: 0.076 M tris - 0.005 M citric acid, pH 8.7
Electrode: 0.30 M borate, pH 8.2
250 volts for 3.5 hours

IV Continuous tris citrate I TC 6.7

Gel: 0.008 M tris - 0.003 M citric acid, pH 6.7
Electrode: 0.223 M tris - 0.086 M citric acid, pH 6.3
150 volts for 3 hours

V Continuous tris citrate II TC 8.0

Gel: 22.89 mM tris - 5.22 mM citric acid, pH 8.0
Electrode: 0.687 M tris - 0.157 M citric acid, pH 8.0
130 volts for 4 hours

VI Tris-maleate TM+

Gel: 1:9 dilution of electrode buffer
Flectrode: 0.10 M tris - 0.10 M maleic acid -

0.01 M EDTA - 0.01 M magnesium chloride, pH 7.4
100 volts for 5 to 7 hours

*(+) indicates NADP (nicotine adenine dinucleotide phosphate)
was added to buffer solution
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Appendix III.- Frequencies of alleles and chi-square values, X

from goodness-of-fit tests to Hardy-Weinberg
proportions for populations from sites 1 through 10.

2

3

ADA
Site N 100 120 x2 d.f.
1 25 .900 .100 .309 1
2 29 .690 .310 3.666 1
3 26 .750 .250 .154 1
4 22 .478 .523 2.954 1
5 9 .500 .500 111 1
6 19 .684 .315 .903 1
7 26 .789 .212 1.872 1
8 28 .750 .250 571 1
9 27 .852 .148 4.606*% 1
10 26 .654 .346 2.667 1
AGPD
Site N 53 100 127 X2 d.f.
1 31 1.000
2 31 .032 .952 .016 1.286 3
3 29 1.000
4 30 1.000
5 15 1.000
6 26 1.000
7 34 1.000
8 36 1.000
9 33 .970 .030 .032 1
10 34 .956 .044 .072 1
GOT-1*
Site N 72 100 136 b x2 d.f.
1 31 .532 .307 .161 4.967 3
2 31 .710 .290 .285 1
3 29  .500 .500 .310 1
4 30 .450 .550 .466 1
5 15 .600 .400 185 1
6 26  .212 .789 4.660% 1
6" 26  .169 .654 177 1.167 1
7 38 .074 .927 4.220% 1
7 34 .062 .827 111 3.096 1
8 36  .069 .931 4.540% ]
8" 36  .057 .827 .116  2.887 1
9 33 .652 .349 .000 1
10 34  .559 .441 3.316 1

sites for which null allele frequencies were

dicated with a (').
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Appendix III. - Continued.

66

GOT-2
Site N ~100 -78 x& d.f
| 31 1.000
2 31 1.000
3 29 1.000
4 30 1.000
5 15 1.000
6 26 1.000
7 34 1.000
8 36 .917 .083 2.678 1
9 33 1.000
10 34 1.000
IDH-1
Site N 83 100 15 G d.f.
1 31 .984 .016 .008 1
2 31 .000
3 29  .017 .983 .009 1
4 30 .000
5 15 .000
6 26 .000
7 34 .985 .015 .008 1
8 36 .000
9 33 .000
10 34 .000
IDH-2
Site N 100 217 X2 d.f
1 31 .984 .016 .008 1
2 32 .828 172 1.716 1
3 29 .845 .155 3.400 1
4 30 .750 .250 .015 1
5 15 .667 .333 .600 1
6 26 .962 .039 .042 1
7 34 .000
8 36 .000
9 33 .758 .242 .793 1
10 34 .735 .265 1.484 1
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Appendix III.- Frequencies of alleles and chi-square values, x2,

from goodness-of-fit tests to Hardy-Weinberg
proportions for populations from sites 1 through 10.

ADA
Site N 100 120 x2 d.f.
1 25 .900 .100 .309 1
2 29 .690 .310 3.666 1
3 26 .750 .250 .154 1
4 22 .478 .523 2.954 1
5 9 .500 .500 11 1
6 19 .684 .315 .903 1
7 26 .789 .212 1.872 1
8 28 .750 .250 571 1
9 27 .852 .148 4.606% 1
10 26 .654 .346 2.667 1
AGPD
Site N 53 100 127 x2 d.f.
1 31 1.000
2 31 .032 .952 .016 1.286 3
3 29 1.000
4 30 1.000
5 15 1.000
6 26 1.000
7 34 1.000
8 36 1.000
9 33 .970 .030 .032 1
10 34 .956 .044 .072 1
GOT-1*
Site N 72 100 136 b x2 d.f
1 31 .532 .307 .161 4.967 3
2 3 .710 .290 .285 1
3 29 .500 .500 .310 1
4 30 .450 .550 .466 1
5 15  .600 .400 .185 1
6 26  .212 .789 4.660% 1
6' 26 .169 .654 177 1.167 1
7 38 .074 .927 4.220% 1
7 38 .062 .827 111 3.096 1
8 36  .069 .931 4.540% 1
8" 36  .057 .827 116 2.887 1
9 33 .652 .349 .000 1
10 34 .559 .447 3.316 1

sites for which null allele frequencies were
dicated with a (').
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Appendix III. - Continued. .

66

GOT-2
Site N -100 -78 x d.f.
1 31 1.000
2 31 1.000
3 29 1.000
4 30 1.000
5 15 1.000
6 26 1.000
7 34 1.000
8 36 .917 .083 2.678 1
9 33 1.000
10 34 1.000
IDH-1
Site N 83 100 115 x2 d.f
1 31 .984 .016 .008 1
2 31 1.000
3 29  .017 .983 .009 1
4 30 1.000
5 15 1.000
6 26 1.000
7 34 .985 .015 .008 1
8 36 1.000
9 33 1.000
10 34 1.000
IDH-2
Site N 100 217 x2 d.f.
1 31 .984 .016 .008 1
2 32 .828 172 1.716 1
3 29 .845 .155 3.400 1
4 30 .750 .250 .015 1
5 15 .667 .333 .600 1
6 26 .962 .039 .042 1
7 34  1.000
8 36  1.000
9 33 .758 .242 .793 1
10 34 .735 .265 1.484 1
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Appendix III. - Continued

67

LDH-2
Site N 100 245 X2 d.f.
1 31 1.000
2 32 1.000
3 29 1.000
4 30 .967 .033 .036 1
5 15 .967 .033 .018 1
6 26 .904 .096 .294 1
7 34 1.000
8 36  1.000
9 33 1.000
10 34 1.000
MDH-2
Site N 80 100 120 x2 d.f
1 31 1.000
2 32 1.000
3 29 1.000
4 30 1.000
5 15 1.000
6 26 .981 .019 .010 1
7 34 .927 .074 .214 1
8 36 .972 .028 .029 1
9 33 .015  .985 .008 1
10 34 1.000
ME
Site N 75 100 113 125 x2 d.f.
1 31 1.000
2 32 1.000
3 29 .983 .017 .009 1
4 30 .017 .983 .009 1
5 15 1.000
6 26 1.000
7 34 1.000
8 36 1.000
9 33 .985 .015 .008 1
10 34 1.000
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Appendix III. - Continued

PGT
Site N -150 -100 80 x2 d.f.
1 31 .000
2 32 .969.  .031 .033 1
3 29 .035 .948 .017 .086 3
4 30 .000
5 15 .000
6 26 .981 .019 .010 1
7 34 .029 .971 .031 1
8 36 .000
9 33 .985 .015 .008 1
10 34 .000
PGM-2
Site N 71 83 88 100 120 x d.f.
1 3] .952 .048 .080 1
2 32 1.000
3 29 1.000
4 30 1.000
5 15 1.000
6 26  .019 .981 .010 1
7 34 .015 .044 .941 .133 3
8 36 .028 .028 .944 .125 3
9 33 .015 .970 .015 .032 3
10 34 .029 .956 .015 .072 3
6PGD
Site N 75 88 100 119 138 %2 d.f.
1 31  .016 .242 .629 .097 .016  11.332 10
2 32 .047  .344 .281 .297 .031 5.822 10
3 29 .414 .362 .190 .035  2.494 6
4 30 .250 .267 .250 .233 4.120 6
5 15 .100 .500 .100 .300 10.333 6
6 26 .077 .385 . 365 .173 6.339 6
7 34 .559 .338 .103 2.466 3
8 36 .014 .486 .389 BER 4.719 6
9 32 .281 .281 .266 .156 .016  10.472 10
10 34 .074 .397 .471 .059 3.974 6
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Appendix III. - Continued

IRF
Site N 91 100 106 X2 d.f.
1 31 .113 .855 .032 .397 3
2 32 .250 -750 -889 1
3 29 .172 .776 .052 647 3
4 30 .017 .983 - 009 ]
5 15 .200 -800 417 1
6 26 .019 -981 010 1
7 34 -985 .015 - 008 1
8 36 .014 -986 -007 1
9 33 .333 667 -091 1
10 34 471 .529 105 1
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Appendix IV. - Names of loci and the chi-square values which demonstrate
a significant difference in pairwise comparisons between
the populations at each site. Specific allele is indicated
in parentheses.

Site:Site Allele Chi-square
1:2 IDH-2 (100) 8.872%%
GOT-1 (136) 10.878%***
TRF (91) - 3.967*
6PGD (100) 15.368%**
ADA (100) 7.086**
1 :3 IDH-2 (100) 7.591%**
GOT-1 (136) 10.206**
6PGD (100) 8.539*%*
ADA (100) 3.946%*
1:4 IDH-2 (100) 14.64] ***
GOT-1 (136) 10.542%*
6PGD (100) 17 .753%**
TRF (100) 6.688**
ADA (100) 22.021 %*%
1:5 IDH-2 (100) 19.328***
GOT-1 (136) 5.429*
6PGD (100) | 22.803%**
ADA (100) 16.000***
1:6 GOT-1 (100) 26.354%%*
TRF (100) 5.610*
LDH-2 (245) 6.238%*
6PGD (100) 7.863**
ADA (100) 6.451*
T :7 GOT-1 (100) 53.529%**
TRF (100) 7.777%*
MDH~-2 (100) 4.739*
6PGD (100) 10.993*%*
1:8 GOT-1 (100) 56.445%%*
GOT-2 €100) 5.407*
TRF (100) 8.314**
6PGD (100) 7.682%*
ADA (100) 4.040%*
1:9 IDH-2 (100) 14.217*%**
GOT-1 (136) 11.548%**
TRF (100) 6.163*
6PGD (100) 16.843%%*
1 : 10 IDH-2 (100) 16.062%**
GOT-1 (136) 11.882%**
TRF (100) 15.903%**
ADA (100) 8.846%*
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Appendix IV. -~ Continued.

Site:Site
2 :3
2 : 4
2 :5
2 : 6
2 7
2 : 8
2 : 9
2 : 10

Allele
GOT-1 (100)

GOT-1 (100)
TRF (100)
6PGD (75)
ADA (100)

6PGD (100)

IDH-2 (100)
GOT-1 (100)
TRF (100)

LDH-2 (100)

IDH-2 (100)
GOT-1 (100)
TRF (100)

MDH-2 (100)
PGM-2 (100)
6PGD (119)

IDH-2 (100)
GOT-1 (100)
GOT-2 (100)
TRF (100)

6PGD (119)

6PGD (75)
ADA (100)

TRF (100)
6PGD (119)

Chi-square

5.531*

8.453**
14.246%**
10.293**

5.468*

3.869*

5.129*
28.7112%**
12.220%**
1 6.434*

12.752%**

55.892%**

16.269***
4.889*
3.881*
7.845%*

13.466%**

58.883***
5.407*

17.268%**
7.351**

12.817***
4.128%*

6.933**
12.991*+*
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Appendix IV. - Continued.

Site:Site Allele Chi-square
3:4 TRF (100) 12.132%%*
6PGD (75) 16.612%**
ADA (100) 8.660%*
3:5 6PGD (100) 6.848**
ADA (100) 5.288*
3:6 IDH-2 (100) 4.148*
GOT-1 (100) 9.862*%*
TRF (100) 10.366%*
LDH-2 (100) 5.845%
6PGD (75) 4.628*
3:7 IDH-2 (100) 11.366***
GOT-1 (100) 28.900***
TRF (100) 13.900%**
MDH-2 (120) 4.440%
3:8 IDH-2 (100) 12.006%**
GOT-1 (100) 30.841%%**
GOT-2 (100) 5.065*
TRF (100) 14,771 %%*
PGI (100) 3.810%
3:9 TRF (91) 4.174*
6PGD (75) 19.140%**
3:10 TRF (91) 12.525%**
6PGD (119) 5.114%
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Appendix IV. - Continued.

Site:Site
4 : 5
4 : 6
4 : 7
4 : 8
4 : 9
4 : 10

Allele

TRF (100)
6PGD (88)

IDH-2 (100)
GOT-1 {100)
6PGD (75)
ADA (100)

IDH-2 (100)
GOT-1 (100)
6PGD (119)
MDH-2 (100)
ADA (100)

IDH-2 (100)
GOT-1 (100)
GOT-2 (@00)
6PGD (75)
ADA (100)

GOT-1 (100)
TRF (100)

- ADA (100)

TRF (100)
6PGD (75)

Chi-square

9.366%*
4.821*

9.678**
7.069%*
5.926%
4.037*

19.257***

24.099%**
3.593*
4.589*

11.472%**

20.308***

25.815%**
5.236*

17.126%**
9.046**

5.168*
21.112%**
17.643%**

34.319%%*
7.533%%*
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Appendix IV. - Continued.

Site:Site
5:6
5 :7
5:8
5:9
5:10
6 : 7
6 : 8
6 : 9
6 : 10

Allele

IDH-2 (100)
GOT-1 (100)
TRF (100)

6PGD (100)

IDH-2 (100)
GOT-1 (100)
TRF (100)
6PGD (75)
ADA (100)

IDH-2 (100)
GOT-1 (100)
TRF (100)
6PGD (100)
ADA (100)

6PGD (83)
ADA (100)

TRF (100)
6PGD (100)

GOT-1 (100)
6PGD (75)
LDH-2 (100)

GOT-1 (100)
GOT-2 (100)
LDH-2 (100)

IDH-2 (100)
GOT-1 (100)
TRF (100)
6PGD (75)
LDH-2 (100)

IDH-2 (100)
GOT-1 (100)
TRF (100)
6PGD (119)
LDH-2 (100)

74

Chi-square

13.234%**
12.562%**
7.966**

6.826** .

25.240%***

32.128%**

10.777%*
7.015%*
7.313%*

26.606%**

34.1471**%*

11.473%**
8.355%**
5.463*

4.288%*
12.012%**

6.421*
12.452*%*

.857%*
.410*
.826**

.427*
.5562%*
.218%*

.354**
.686%**
.288%***
.799%*
.630*

— PO
ONONY NBOY O0S

10:855%**

14.712%**

30.1715**=*
3.985*
6.826%**
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Appendix 1V. - Continued.

Site:Site Allele Chi-square
7 : 8 GOT-2 (100) 5.918*
7 :9 IDH-2 (100) 18.718***
GOT-1 (100) 48 .673%**
TRF (100) 23.9713%**
6PGD (88) 10.304**
MDH-2 (120) 5.039*
7 : 10 IDH-2 (100) 20.745%*%*
GOT-1 (100) 37.038%%*
TRF (100) 37.038***
6PGD (75) 5.189*
MDH-2 (100) - 5.189*
8 : 9 IDH-2 (100) 19.74]%**
GOT-1 (100) 51.438%***
GOT-2 (100) 5.748*
TRF (100) 25.294%**%*
6PGD (88) 5.975%
8 : 10 I1DK-2 (100) 21.870%**
GOT-1 (100) 39.363***
GOT-2 £100) 5.918*
TRF (100) 40.487*%**
9 : 10 6PGD (75) g.984**
ADA (100) 5.616*

75

* Significance at .05 level.
** Significance at .01 level.
**% Significance at .001 level.
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