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EXECUTIVE SUMMARY

In spring of 1991, genetic studies of the Arctic cisco (Coregonus
autumnalis) were ]omtly-funded by the U. S. Department of Interior (Minerals
Management Service and U. S. Fish and Wildlife Service, Reglon 8) and BP
Exploration (Alaska) Inc. The overall goals of these 1nvest1gat10ns were to 1)
determihe whether the Arctic dsco in Alaska wérg ref.)resentatives of a source
population associated with a spécific drainage, such as tile Peel River, or a
random composite of several or all of the spawning populations of this species
represen:teci m the Mackenzie River and 2) detérmihé if molecular genFetic data
could be used to estimate the proportion of the source population(s) of Canadian
Arctic cisco that used Alaska' for reariné. Additional questions to be addressed
were the distinctiveness of Bering cisco (Coregonus laurettae) as compared to
Arctic cisco, and whether Bering cisco in the Alaskan fishery‘ were being

confused with Arctic cisco. -

i: *
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The proposed sfudy focused on restriction-eruzyme assays of six regions of
the mitochondrial DNA (mtDNA) molecule as the primary means to meet study
ob}ectzves, and also included a small-scale pxlot investigation to expenmentally
determine the ut_111ty of using nuclear DNA to better define the genetic diversity
of the tﬁrgét ;pecies. Subsequent to receipt of the Contract, DNA sequencing
capabilities added to oﬁr laboratory were used to conduct a mtDNA séquence
_ ‘ranalysm of key samples in the control region of the molecule The ﬁndmgs of this
mvestlgatxon were used to evaluate the results )nelded by the restnchon-enzymé
assay approach.

The results of the study have been prepared in manuscript format and will
be or have been submitted to scientific journals for possible publication. "This -




report submitted simultaneously to each of the program sponsor ,is comprised
of the subject manuscnpts with each presented in the style required by the target
journal, and a data appendix.

The f:irst mahﬁScript, "Biogeogr’aphy, Phylogeny, and Relative Rates of
Evolution lof Mitochondrial DNA in Arctic and Bering Ciscoes from the
Western Arctxc of North America", has been subnutted for publication in the

journai Evolunon This manuscript descnbes an extenswe study of variation of

nutochondnal DNA from these two species usmg restriction-enzyme assays

performed on PCR amplified DNA. - The major contributions of this manuscript

include 1) cla.nﬁcatlon of the systematic status and relanonsm of these two

closely related species; 2) documentation of the remarkably dxfferent amounts of
variation expressed by these two species; 3) documentation that different regions
of the nutorlhondnal DNA molecule evolve at different rates in closely related
species; 4);a method for the 1dent1fxcat10n of these two species using
nu'tochondrlal DNA; and 5) a map of the‘dlstnbutmn of mitochondrial DNA
haplotypes ?long the Beaufort Sea coast aqd throughout the Mackenzie River

drainage.

~ The second man;.xscﬁpt, “Identificatio-n of Arctic and Bering Ciscoes in

| the Colville: tRivel; Fish'ery" has be'en submitted for publication inithe American
Fisheries Socxety Symposmm on Arcnc Fish Biology. This pape describes an
expenment to test the ability of the fishery blologxsts who are conductmg studxes
on Arctic cisco population dynamics at the Colville River, Lo accurately
differentiate -'EArctic from Bering ciscoes in the field. This is important because the
fang;es of the two species overlap in this locality and, in some years, the numbers

of Bering ciscoes could be great enough to cause misinterpretation of the

population data if many Bering ciscoes were misidentified as Arctic ciscoes. The




results showed that the field giologi;ts accurately identified all but two of the fish
(N = 69) in the study. However, it was condﬁded that two possibly misidentified
spemmens were, in fact, of hybnd ancest.ry Thus, this study confirms the
accuracy of the field biologists and documents the mtrogressmn of mitochondrial
DNA from the Bering cisco into the Arctic cisco.

The third manuscript, "Genetic Stock Assessment of Arctic Cisco
(Cn‘mgnnuganmmnans) from the Béau.fo_rt Sea ﬁsing Nucleotide Sequences'of
the Mitochondrial Control Region", is being prepared for.submission to the
journal Science and focuses on the usefulness of mitochondrial DNA sequence
data for genetic stock identification of Arctic ciscoes. This manuscript has not yet
been submitted for publication, but will be in Augus;. or September of 1992. This
study reports nucleotide sequence data for 326 fish from four coastal sites and
fou; Mackenzie River spawning sites. These fish were also studied for
restriction-site variation and reported in the first manuscript of this repoft. 'We
did not report all of the sequence data available in this paper because some
localities (Point Barrow and Kaktdvik) had sample sizes that were too small to be

of value. We also did not use the Liard River spawning sample because previous

: genpmésize studies showed conclusively that the majority of the animals from

this stock stayed in the Mackenzie Bay. The results of this study showed: 1)
multiple stocks occur in the Mackenzie River population of Arctic cisco; 2) the
stocks only weakly differentiated genetically; and 3) the Peel River stock, and to a
lesser extent the Arctic Red River stock, predominates in Alaskan waters. Thus,
it is the ,Peel River stock that should be most closely monitored for potennal

effects of causeways on fish survival and migration.

~ One objecﬁve of the study that is not directly addressed in any of the three

manuséripts is the determination of whether or not significant year-to-year




variation occurs in the samples from coastal sites and spawning sites. We _

analyzed samples from the Sagavanirktok River, Peel River, and Arctic Red River
collected in 1985 and 1988, then compared their hapiotype frequencies using the

Chi-square exact test.‘ The probabilities of identity for each comparison (1985 x
198!8 for each locality) were P = 0.423, 0.817, and‘O:'.III, respectively.‘ It is
apparent from this analysis Fhat, although considerable variation in haplotype
frequency occurs among years (especially in the two spamg sites), none of the’
comparisons were significant at either o = 0.05 or 0.10. Therefore, the samples

from different years were combined in the stock assessment manuscript.

The final part of this report consists of the appendices. "Ihe first nine of
these present the mtDNA data on which the three papers included in this report
were based, Thus, restriction haplotypes (and their identifications) are presented
~ for all local_ities_ as are the nucleotide sequences. The mtDNA appendices oniy

include data from the 1991-1992 study and not the re'si;:riction-sité data from the

1990-1991 study.. The appendices are particularly important|as supportive

‘material for the third manuscript. They also afford reviewers sufficient
informatioh,to evaiuate the conclusions of all the repbrt in a way not pdssible
from the summary dafa in the manuscripts becaus.le the manuscripts were
designed to be published in peer-reviewed journals. The jlast appendix

summarizes the results of our pilot studies of nuclear DNA

To what extent were the overall goals of the project achieved? Arctic cisco
. from Canada using Alaska appear to be predominantly of Peel River origin, not a
random mixture_ of spawning populations. Molecular genetics data do not
provide a basis for determining the proportions of the stock(s) involved, but have

provided a basis for detérmining where to look — tributaries of the lower




i

Mackenzie River Basin. Thg source population(s) there would need to be

examined for an Alaskan mark, which would not be genetic in nature (e.g.,

-

isotope ratios, parasites).
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THE WESTERN ARCTIC OF.NORTH AMERICA

John W. Bickham,1,2 John C. I’attoh,l Bénny J. Gallaway,!

- ' . and Juan Carlos Morales2

| 1LGL Ecological Genetics, 1410 Cavitt St., Bryan, Texas 77801
ZDepa‘rtmen; of Wildlife and Fisheries Sciences- Texas A&M University
- College Station, Texas 77843

i

. Abstract.—Restriction-endonuclease ar;alyses of mi_to.chondrial DNA
(mtDNA) was used to investigate evélutionary and biogeographic _
relationships of ciscoes from the western Arctic of Canada and Alaska. A total
of 488 fish was ex_émined from spawning runs of Arct'ic'cis::oes (Coregonus
autumnalis) in five tributaries of the Mackenzie River, one spaw{\ing run of
Bering. ciscoes (C. laurettae) from the Yukon River, and seven coastal sites
from the Beaufort Sea which represent nﬁxed popula'tions. Our ;nethodology :
em'ployed the ainplification of approximately 2-kb sized regions of the

mtDNA molecule using the Polymerase Chain Reaction (PCR). Six regions

were investigated as to their usefulness in differentiating haplotypes in a

su__bset of samples. The most useful regions (ORF1, ORF2, ORF5-6) were used
for all fish. Each region was analyzed using 20 restriction enzymes with four
to six-basé recognition sequences for the majority of s‘ammes. Haplotypes
were deterrhined by a new procedure called the shared-fragment pattern
method. Extensive nucleotide divergence was noted between haplotypes

characteristic of Arctic and Bering ciscoes which is consistent with the latter




having descended from a population inhabiting the Beringian Refugilm and

the former from a populatibn iphabiting the Mississippian Refugium or

Siberia during the Pleistocene. Samples taken from coastal sites in the

Beaufort Sea represent a mixture of Arctic and Bering cisco haplotypes with

the frequency of the latter being highest at Point Barrow and decreasing
toward the east. The presence of fish with Bering cisco haplotypes in the

spawning runs of '‘Arctic cisco is evidence of genetic introgression and is

consistent with reported patterns of allozyme variation. Nucleon diversity is

much greater in Bering ciscoes than in Arctic ciscoes presumably as a fesult of

the Yukon River being unglaciated whereas the Mackenzie River was |

covered with ice during the Wisconsin glaciation. Both cluster analyses of

the proportions of shared fragment patterns and nucleon divérsity ind

(estimated separately for three different regions of the mitochondrial DNA

1Ces

L4

molecule) show evidence of an increased evolutionary rate in Arctic cscoes

relative to Bering ciscoes for the ORF5-6 region. This study illustrates the

advantages of using a PCR based restriction-enzyme analysis for invest

gating

genetic variation in natural populations. Data from large sample sizes can be

generated quickly, relatively cﬂeaply, with excellent resolution, and the

investigation can fcr>cus on the most appropriate regions of the molecule to

answer the question at hand."

Key words.~-Salmonidae, Coregoru’nae, mitochondrial DNA, glacial reft
haplotype diversity, polymerase chain reaction. '
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The Arctic cisco is an anadromous coregomne fish that is limited in -

: dlstnbutxon in North America to the Mackenzie River system for spawmng

habitat and to the Beaufort Sea coast from Point Barrow in Alaska to Victoria
Island in the Canadian Northwest Territories for feeding and overwintering.
habitat (Craig, 1989). The closely related Bering cisco spawns primarily in the
Yukon River system and its coastal distribution reportedly overlaps that of
the Arctic cisco from Point Barrow eastward to the Colville River in Alaska

(Craig, 1989; Edge, 1991). The systematic status of these taxa is uncertain.

~ Presently they are considered distinct species that can be differentiated by giil-

raker counts, although these overlap (Dymond, 1943; McPhail, 1966; Dillinger,
1989). However, no fixed differences in allozymes were found between them
although there were strong frequency differences at two loci (Bickham et al.,’
1989; Morales et al., in press). Thusl, it is poséible that thése taxa are

conspecific or, as presently viewed, sibling species.

It is likely that Pleistocene glacial events piayec}\a key role in the
differentiation and présent distributions of Arctic and Bering ciscoes. Much
of this region, including nearly all of the Mackenzie River system, was

glaciated. Thus, the Arctic cisco population of the Mackenzie River probably

" originated as a founder event less than 10,000 years ago (McPhéil and Lindsey,

1970; Lindsey and McPhail, 1986). On the other hand, the'Yukon River

sys-tem was not glaciated and thus the population of Bering ciscoes that

spawns in that river is likely much older than the population of Arctic ciscoes

of the Mackenzie River. The origin of the Mackenzie River population is
ﬁnk_nown. Bickham et al. (1989) hypothesized that the Mackenzie was
colonized by a few founders from the Yukon River, based on the fact that

allozyme alleles were shared between Arctic and Bering ciscoes and that an

10




absence of restriction-site variation in mitochondrial DNA was observed in a
éample of Arctic ciscoes, indicative of a severe population bottleneck. On the
other hand, Bernatchez and Dodson (1991) demonstrated|that the Mackenzie

River population of lake whitefish (Coregonus ‘clupeaformis) was derived

fromia Mississippian, rather than a Beringian Refugium, which casts some

doubt on the hypothesis of a Yukon origin for Arctic ciscoes.

. | The use of restriction endonucleases to analyze variation in

mitochondrial DNA is a particularly valuable technique for the

determination of evolutionary relationships and geographic variation within
speciés' and among closely related species (Avise et al., 1979, 1987, 1988; Avise,
1986; Brown, 1983; Carr et al., 1986; Honeycutt and Wheelef, 1990; Lamb et al.,
1989; Moritz et al.},' 1987; Riddle and Honeycutt, 1990). 'I'th resﬁlts from the
molecule being maternally inherited with .a presumed lack of selection.
Thus, lineage survival tends to be stochastic and the rgpici! evolutionary rate
that characterizes the molecule produces monophyletic lineages that, in the
absence of gene flow, are gedgraphically sequesfered. Patterns of
mitochondriai DNA Variation?offer-\ are useful to identify |vicariant events
that have inhibited gene ﬂoﬁv in the past (Riddle and Honeycutt, 1990).
Moreover, the molecule is a sensitive indicator of p0pul.;-1h on bottlenecks

(Wilson et al., 1985).

This study inﬁestigates patterns of mitochondrial DNA variation

- within‘ and among spawning-site populations of ciscoes fram five tributaries
of the Mackenzie River system, 6ne spawning run from the Yukon River,
~and ostensibly mixed-population aggregations from seven sites along the
Beaufort Sea coast of Alaska and Canada (Fig. 1). We attempt to determine

the taxonomic and evolutionary relationéhips of these taxa |as reflected in the -

11
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phylogeny of maternal lineéges, the possible ofigin of the Mackenzie River
population, the taxonomic makeup of coaﬁtal aggregafioné, and the relative
nucleotide diversities and rates of evioution in particular regions of the
mitochondrial DNA of the two species. In alldditior.l,.we preéent a PCR-based
épproacft to doing restriction-enzyme analyses that holds great promise in

evolutiohary and population genetic studies.

12




- MATERIALS AND METHQDS
Sample Collection

A total of 488 ciscoes was collected from 13 sample

1988, and 1991 (Fxg 1, Table 1). Specimens collected from!

Beaufort Sea were mostly adults or subadults. Speamen.a

localities in 1985,
coastal sites in the

collected from

spawning runs in the Mackenzie and Yukon River systems were adults.

Some specimens were frozen whole and shippéd on dry ice to our

laboratories at Texas A&M University and LGL Ecological

Genetics. Others

specimens were biopsied in the field with tissues being frozen in liquid

nitrogen. Various tissues were used in this study including heart, skeletal

muscle, liver, kidney, and spleen. Voucher specimens are

deposited in the

Texas Cooperative Wildlife Collection, Texas A&M University.

propidium iodide gradient centrifugation (Carr and Griffi

from !most samples total genomic DNA was isolated. Soli

-was placed in a 1.5 ml microcentrifuge tube and ground w
was digested with proteinase K (50 pL), 50 pL of 20% SDS,
one hour at 55°t. The tissue was then treated with N aCl
solution) and shaken vigorouslf. Methylene chloride (25-

addeci, the tube shaken again, and then set in an ice bath fi

DNA Isolati | Amplification

Mitochondrial DNA was purified from some samples using CsCl-
th, 1987). However,
d tissue (20-40 mg)

ith a pestle. Tissue
and 450 pL STE for
(150 uL of SM
50 uL) was then

or one hour. After

centrifugation the pellet was removed and 500 uL methyléne chloride was

added and the tube shaken. The solution was centrifuged

again and the pellet

“discarded. DNA was precipitated by adding 0.5 x voluine isopropyl alcohol.

' The alcohol was then removed and 500 pL 70% 'ethano_l ‘was added and then

" 13




removed to rinse the button of DNA. The DNA lastly was resuspended in
200 pL of TE bufer. |

Amplification of. specific regions of the mitochondrial DNA was

| accomﬁlish’éd with the Polymerase Chain Reaction (PCR) ﬁsing Taq DNA

polymerase and an automated thermal cycler (Perkin-Elmer Cetus). Double-

stranded amplifications were performed in 25-pL (0.1 M Tris pH 8.5, 10 mM 2-

" mercaptoethanol, 0.025 M MgCly, 0.5 M KCl, 1 mg/ml bovine serum albumin,

2mM dTTP, dATP, dCTP, and dGTP, 1 unit Amplitaq polymerase [Perkin-
Elmer Cetus], and 5 pL of a 10 pM solution of each prirm.er). The
amplification cycle was 95°C for 45 s, 50°C for 30 s, and 709C for 150 s.

Amplifications were run for a total of 32 cycles.

Six primer sets (LGL Ecological Genetics, Inc.) were used in this study

and their positions on the mitochondrial DNA molecule are illustrated in

Fig. 2. The first primer set (ORF'I) amplifies a region of approximately 2 kb of

the 16S ribosomal gene and the Open Reading Frame 1 gene. The second
primer set (ORF2) amplifies a region approximately 2.2 kb in the Open
Readiﬁg Frame 2 and Cytochrome Oxydase I genes. The third primer set
(ORF3-4) ‘amI.)lifies a region approximately 2.3 kb of Open Reading Frames 3,
4L, and 4. The fourth primer set (ORF5-6) amplifies a region approximately 2.4
kb of Open Rea_dihg Frﬁmeé 5and 6. The fifth primer set (CytB) amplifies a
region app;'éx_imately 1.4 kb of the Cytochrome B gene. The sixth primer set
(125-165) amplifies a'r‘e'gion approximately 1.7 kb of the 125 and 16 ribosomal

genes.

14




A total of twenty restriction en:?.yrr\es were used to ¢ut each of the six
amplified regions. About 25 restriction enzymes were tested for each region

to select the 20 that were most useful. Because some enzymes did not cut

within a particular region, the same 20 enzymes were not used for each

region (Table 2).

‘Fragmentrs of digested DNA were separated by electrophoresis using 2%

agarose gels, stained with ethidium bromide, and photographed with

polaroid film on a UV light box (Fig. 3). Lambda phage DNA digested with

HindIIT was used as a size standard-in each gel. Fragment patterns were

identified by examination of the gels and photograpﬁs; The common pattern

observed in Arctic ciscoes was designated A for all enzymes from al regions.

The common pattern for Bering ciscoes, if different from that of the Arctic
ciscoes, was designated B. Haplotypes were identified as the composite

. fragment patterns for all enzymes from all six regions (Table 2).

iIn this study, restriction sites were not maéped rior were the number of
, shared fragments detemuned for paxrs of haplotypes Rather, the different
fragment patterns for each restrlctmn enzyme were identified for each region
" of the mitochondrial DNA and analyses were performed under the
assuml[atlon that any two patterns produced by a partrcular enzyme‘differed by

a minimum.of one mutation. This is clearly an underestimate of divergence

in man,} cases but the fact that so many fragment patterns were produced (20
: enzymctes for each of three regions) resuited in a sampling of the genetic |
diversity adequate for the purposes of this study. Altho_ug}l increased

- resolution could be obtained by a site-map or shared-f'ragm nt analysis, -

15




considerably more effort and expense would be incurred. Therefore, this
study presents a new method for analyzing data produced by restriction
enzymes—the shared-fragment pattern method. We recommend this method
be used in population studies where the use of large numbers of restriction

enzymes and multiple regions of DNA amplified by PCR are combined.

Phenetic Relationshi { Nucleon Diversitv Esti

To obtain a measure of the relationships among all haplotypes
identified in the ORFI, ORF2, and ORF5-6 regions (analyzed both separately
and simultaneously), a simple matching coefficient was utilized (Rohlf, 1988).
For each pair-wise comparison the coefficient was obtained by dividing the |
number of matches, that is, the same fragment pattern per restriction enzyme,
by the total number of characters (in this case 20 for single regions or 60 for all
three regions). This results in an estimate of the proportion of the shared
haplotypes, and ranges from one when all the haplotypes for all enzymes are
the same for two individuals to zero where two individuals differ for each
enzyme. A symmetric similarity matrix was constructed, and the phenetic
relationships among all the haplotypes was depicted in a dendrogram
produced by the unweighted pair-group method using arithmetic means

(UPGMA; Rohlf, 1988). This procedure was done using the 264 individuals

_ for which a complete data set was obtained from 20 enzymes for each of three

fra%ments (ORF1, ORF2, ORF5-6). It was first done combining the three
regions surveyed into a single matrix, and then for each gene region

separately.

Genotypic diversity was quantified using the nucleon diversity index

(h) using equation 7 of Nei and Tajima (1981). Total nucleon diversity was

16




estimated for each of the major haplotype lineages (Arctic and Bering ciscoes)

using the 264 individuals from which a complete data set|was obtained.
Nucleon diversities were estimated for all Beaufort Sea and Mackenzie River
dramage samples using all 488 individuals analyzed and based upon the

grouped haplotypes (Table 1).

17
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RESULTS

No variation was observed in an initial survey of 10 Arctic and 2
Bering ciscoes cut with.20 enzymes for the 12-165 region. Therefore, this

region was not utilized for the remainder of the fish. The ORF1, ORF2, and

- ORF5-6 regions each were cut with 20 enzymes for 264 ciscoes representing all

sample localities. There were two major haplotype lineages 1dent1f1ed one
was charactenstxc of Arctic ciscoes and the other characteristic of Bermg
ascc_)es (F1g. 4). A total of 35 distinct haplotypes comprised the Arctic cisco
lineage, represented by 234 individuals, and a total of 27 distinct haploty;?e's
comprised the'Bering cisco lineage represehted by 30 individuals (Table 2, lFig.
4). Only two haplotypes in the Bering cisco lineage were found in more than
one individual. The Arctic cisco lineage was dominated by a common (AC-
01) hapiotype found in 164; individuals. Only three othef haplotypes were

found in more than two individuals.

An analysis of 32 Arctic and one Bering ciscoes was performed for the

ORF3-4 and CytB gene regions (Table 3) The single Bering cisco was well

. differentiated in both of these regions. For the CytB region, 30 Arctic ciscoes

-had the common haplotype and 2 individuals had unique haplotypes. In the

ORF3-4 region, 24 Arctic ciscoes had the common haplotype, 3 individuals
had unique haplotypes and 5 individuals had a Iow-frequency haplotype.
When the data from the two regions were combined, there were 8 haplotypes

1denuf1ed among all these individuals (’I‘able 3). However, because these

regions provided llttle added resolution they were not used in the population

and phenetic analyses.

18




| Cluster analysis was used to estimate genetic relationships among the

35 Arctic cisco and 27 Bering cisco haplotypes _identifie_d in the analysis of the
ORF1, ORF2, and ORF5-6 regions. Within the Arctic ciscos, three major
lineages (A-C) are apparent (Fig. 4). The most divergent is the C lineage
whic1[1 includes haplotypes 33-35. For pﬁrposes of estimating the divergence
of pdpulations these three are combined into a S_ingle érou ped haplotype CI.‘
The A lineage includes haplotypes 1-20 which were combined into three
grouped haplotypes: A1 consists of haplotypes 1-8 and 11-16, A2 consists of
haplo@% 9-10, and A3 consists of haplotypes 17-20. The|B lineagé
(hapldtypes 21-32) comprises four grouped haplbtypes: B1 [consists of

* haplotypes 21722, B2 consists of haplot.ypes 23-24, B3 consists of haplotypes 25-
28, B4 consists of haplotypes 29-32. The Bering cisco haplotypes were all
included in a single grouped haplotype because nearly-every haplotype

consists of only a’ sihgle individual. Grouped haplotypes were identified in
order [to allow larger population sample; sizes to be assayed with fewer

restriction analyses.

The ORF1 fragment from an additional 224 ciscoes Was examined using

three enzymes (Ddel, Haelll, and Hinfl). These enzyines v\‘rere found in the

- previous data set to be sufficient to identify all fish as to belonging to Benng
or Arcitxc cisco hneages and, among fish of the Arctic cisco hneage as-

: belongmg to the A; B or C lineages. Thirty-four of these saime fish were
further examined with five to seven restriction enzymes applied to the ORF5-
6 region (Ddel, Sau96, Dral, Sspl, Taql, Bsp1286I) which allowed each fish to be’

categoriied according to the grouped haplbtypes' deﬁned above.

The number of nucleotides sampled was estimated chr each of the six

régions of the mitochondrial DNA examined in this study.| For each
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restriction enzyme, Nei's (1987) \—ralue of r, which is the numbe} of

nucleotides in the recognition sequence (Nei, 1987, Table 5.7), was determinéd
as was the minimum number of sites (g) présent in all individuals. Thus, the
number of nucleotides sampléd wasrxs for each enzyme. These values were

summed for all enzymes for each fragment. The estimated number of

- nucloetides sampled for each fragment was: ORFl n= 289) ORF2 (n = 243)

ORF3-4 (n = 170), ORF5-6 (n = 314), CytB (n (_ = 108), 125-165 (n = 172). The
percentége of the total number of nucleotides sampled in each fragment was:

ORF1 (14.5%), ORF2 (11%), ORF3-4 (7.4%), ORF5-6 (13%), CytB (7.7%), 125-165

~ (10%). The maximum number of nucleotides sampled in the study

| (fncluding all six regions) was 1,296 which represents 10.8% of the 12 kb

amphfled by the six primer sets and 8.1% of the entire mltochondnal DNA
genome (estimated to be 16.5 kb). However, most of the analyses in this study
are based upon the ORF1, ORF2, and ORF5- 6 gene regions for which 846
nucleotides were sampled per individual. This represents 12.8% of the 6.6 kb
contained in these three regions or 5.1% of the entire mitochondrial DNA

genome.
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DISCUSSION

leevious studiés of genetic variation of Arctic and Bering ciscoes
showed an absence of variation in mitpchondrjal DNA from a small sample
of Arctic ciscoes and normal levels of nuclear gene variability in both species
- as measured by protein electrophoresis (Bickham et al., 1989; Morales et ai., in

press). Bickham et al, (1989) hypothesized that the absence of restriction-site |

' variation in Arctic ciscoes was an indication of a previous
bottleneck. This bottleneck was a result of the Mackenzie
population having been initiated by a small number of fot

receeding of glacial ice that covered most of the Mackenzi

+

population
River cisco
anders after the

o system until the

end of the Wisconsin (approximately 10,000 years ago). Further, Bickham et

_ al. (1989) hypothesized that these founders were derived f1{

population of the Yukon River system because the absence

om the Bering cisco

of fixed allelic

differénces between these populations in allozyme loci was indicative of a

close 1'.elationsi1ip, ‘and because the Yukon River populatio

the closest source of anadromous ciscoes of this group. Im

n is geographically

plicit in this .

hypothesis is the assumption that Arctic and Bering ciscoes do not represent

distinct species. Finally, they predicted that variation in mitochondrial DNA

of the [Yukon River population of Bering ciscoes should be

greater than that

found in Arctic ciscoes. This is because the Yukon system was unglaciated,

" and thus the Be‘rixig cisco population is potentially much oider than the

~ Arctic cisco population.

The patterns of variation of mitochondrial DNA revealed in this study

confirms the prediction of Bickham et al. (1989) that Bering| ciscoes have

higher levels of variability than Arctic ciscoes. Qverall nucleon diversity

indices| (Nei and Tajima, 1981) were h = 0.9908 for Bering ciscoes and h =

] ' | 21
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0.5046 for Arctic ciscoes. This is reflected in-the ratio of haplotypes per
number of individuals sampled: 27 Bering cisco hapléty’pes found in 30
individﬁals and 35 Arctic cisco haplotypes found in 234 individuals. It thus
appears that the Yukon s}'stem has allowed for the preservation of a high
level of genetic Qariability in anadromous fishes.” If this is found to be the
case in other species that spawn in the Yukon system such as broad whitefish
(Coregonus nasus), least cisco (C. sardinella), arlld several species of salmon,
this could be an:important' consideration’in the conservation and
management of Alaskan and Canadian fisheries stocks. For example, Brown
et al. (1992) found that the level of variation in mitochondrial DNA in
anadromous white sturgeon (Accipenser transmontanus) surprisingly was
lower in the Columbia River population than in the Fraser River population
even t.hbugh the former river was unglaciated and the latter covered by ice
during the Wisconsin. Brown et al. -(1992)7attributed this result to a severe
populaﬁon bottleneck caused by human intervenfion including overfishing
and habitat destruction. The conservation and mana{gement of anadromous
fish stocks inhabiting galcial refugia such as the Yukon and Columbia Rivers

should receive high priority.

The hypothesis that the Arctic cisco pbpulation of the Mackenzie River
5ystem wés derived from the Bering dsco population of the Yukon River
system (Bickham et al., 1989) is not supported by the results of this study. The
mitochondrial DN As that characterize these taxa are dist'inctly different (Fig.
4) which is consistent with the present classification of these forms as distinct -
species (Craig, 1989; McPhail, 1*966). Although it is‘possible that an unknown
population of Bering ciscoes in the Yukon River system has mitochondrial

DNA like that of t_hé Arctic cisco, it seems more likely that the Mackenzie




River population was colonized by fish from the Mississippian refugium to

the sauth as suggested by Dillinger (1989) or from Asia. The closest-

population of Arctic ciscoes outside of the Mackenzie. Rive

r system is found

in western Siberia. Dispersal from that population, or fram a population that

might have existed in the presently submerged Beringian {land bridge, is a

possibility. The fact that the mitochondrial DNA haplotyp

e that is

characteristic of Arctic ciscoes is distinctly different from h&w haplotype

characteristic of what is probably the most closely related lpecies (Bering

ciscoes) means that this molecule should be potentially useful in elucidating

the systematic relationships and origin of the North American populations of

these species.

Any study that addresses the systematic status of Arctic and Bering

ciscoes must consider the possibility of hybridization betwgen these taxa. In

this study animals from the coastal sites were identified as

ciscoes based only on their mitochondrial DNA. Thus, no

Arctic or Bering

direct test was

done regarding the identification of potential hybrids because nuclear genes

‘were not examined. However, the fact that four specimens with Bering cisco

mitochondrial DNA were taken in spawning runs of Arcti¢ ciscoes (Table 1

" indicate hybridization likely occurs (or has occurred) between these taxa.

Moreover, an absence of fixed allelic differences Betwee‘n the two species

(Bickham et al., 1989; Morales et al., in press) is consistent

hybridization hypothesis.

The distribution of mitochondrial DNA haplotypes

with the

¥+

along the Beaufort

Sea coast of Alaska and Canada indicates that coastal aggre

gations include

both Arctic and Bering ciscoes. The relative frequencies-of l!he two species

changes dramatically between the Colville and Sagavax_ﬁrk

t
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FIG. 1. Sample localities of Arctic and Bering ciscoes used in this study.

Locality names are given in Table 1. Localities 1-6 represent coastal

' | aggregations, 7-11 are Arctic cisco spawning streams, and 12 represents a

. Spawning run of Bering ciscoes.

FIG. 2. Diagrammatic representation of the generalized vertebrate
mitochondrial DNA molecule. The cross hatched and stippled areas
represent the six régions that were amplified and amplified cut with

restriction enzymes in this study.

FIG. 3. Photograph of a gel illustraﬁng restriction-site variation in four
individuals of Arctic cisco. DNA in lanes 1-4 are cut with Rsal which
produces a four-fragment (three-cut) phenotype shared by all four
individuals. DNA in lanes 5-8 are cut with Hhal which typically (haplotype
A) produces a five-fragmer;t phenotype (lanes 6-8). The individual in lane 5
has a D haplotype with four fragments resulting from the presumed loss of -
the restriction site that produces the two largest fragments in hapiotype A.
Lane 9 contains a size stan_dard (Lambda DNA cut with Hind III). DNA in
lanes 10-13 were cut with Bsp1286 I which typically produces an eight-
fragment phenotype (haplotype A: lanes 11-13). Lane 10 contains a C
haplotype in which the fourth largest fragment of haplotype A is cut. Only
one of the resulting fragrments (the fifth largest in hép_lotype C) is visible on
this gel. DNA in lanes 14-17 are cut with Ddel which typically produces a
seven-fragment phenotype (haplotype A: lane 17). Lanes 14 and 16 illustrate

" the B haplotype and lane 15 is the C haplotype.
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FIG. 4. - Cluster analysis (UPGMA) of 264 individuals of Arctic and

Bering ciscoes. This analysis combined the data from the ORF1, ORF2, and

ORF5-6 regions which produced 62 haplotypes. Nucleon|diversity estimates

(h) are given for both Arctic and Bering cisco maternal liieages. Also denoted

are the three major lineages of Arctic cisco (A-C), the grouped haplotypes (Al-

A3, B1-B4, C1) listed in Table 1, and sampie sizes (N) for each of the 62

haplotypes.

FIG. 5. Cluster analyses and nucleon diversity estitnates (h) for 264

Arctic (A. C.) and Bering (B. C.) ciscos. Different levels of relative diversity

are revealed in the three regions.

37

]

4
hl
) '
I'l




bz ,0¢1 -9t 2Zb1 . 8bt

Adol1HU3IL

NOJNA

I

SAlUoLIdYIL . . UdsHlY 99

3

, /AM“HH”M::Z

\!v _
{
N _ 1% n@

¥3is 140inv3ia

-1

(4

&

IN, 22

i -

r————— - -

——— — — — |



e

39

D=1o0p

Te

cam




A Bspl2861 Ddel

Hhal

BRsal -

1234567890ULBMISIEDY




0.70

0.90 1.00

ARCTIC
CISCO

(N)

=AC-01 (184)
~RC-0Z (1)
f——AC-03 (1)
——AC-04 (1) ﬂ '
e AC 05 (1)

il C ~E1 0 {1}

L ac-do7 (1)

hc-}en ")

= 0.5046

BERING
CisSco

f—ac-86 (1)
™ —— -7 (1)

84
-—{:Z:E-f::?:

fh = 0.9908

BC-27 (1)

¢




1113 IO |

"3 "8

cicze =N

‘3 'Y

94S 140

eRAERTLE SR

ssasrmé-=0n

A i o e
uuuuuuuuuuuu-uui e

i

-
-
-
L

=MRTASEEM
-,‘-t.---
' LA

P W

ezea = X

'3 '8

"we




TABLE 1. Sample sizes, mitochondrial DNA haplotypes, and nucleon diversity estimates (h)
are presented for each population (populations numbered as in Fig. 1). Data are presented
as grouped haplotypes as discussed in text and presented in Fig. 4. Fish were identifiec
as Arctic or Bering cisco according to mitochondrial DNA haplotype (Fig. 4). For purposes
of estimating nucleon diversity, Bering cisco haplotypes were all considered to be a

single—grouped-haplotype—and—for—this reason nucleon diversity was not éstimatéd for
population 12. This table includes ‘data from all fish examined including the 264 fish for
which a full data set was obtained as well as 224 fish which were scored only for enzymes
that defined the grouped haplotypes. All data are from the ORFl, ORF2, and ORF5-6

regions.
A;ctic B?ring
cisco . cisco
Localities N Al Az A3 Bl B2 B3 B4 1 | "h
1. Point Barrow 26 7 - - . = - .- - - 19 0.409
2. colville River 87 48 - 8 3 - 3 - 1 24 " 0.616
& 3. Sagavanirktok 128 86 2 11 9 2 10 2 2 4 o 0.533
4. Kaktovik 9 7 - - - - - - - 2 0.389
5. Stokes Point 25 17 1 2 - 1 2 1 - .1 0.540
6. At’ki’néon Point 24 14 - 3 2 - - 3 - 2 . 0.385
7. Peel River 45 35 1 1 1 - 3 2 1 1 - 0.395
8. Arctic Red R. 63 50 - 7 3 - 3 o 1 - ' 0.363
9, Mountain River éo 13 - 1 4‘ - - 1 - 1 _ 0.558
10. Carcajou River 21 15 - 2 . 1 1‘ 1l - - 1 0.495
11. Liard River 30 24 - 1 1 1 1 1 - 1 0;365
12. Yukon River 10 - - - - - - - - 10
Total 488 316 4 36 24 5 22 10 5 66

'\



TABLE 2. Haplotypes identified for Arctlc (Ac01-Ac35) and Bering (BCOl=- BC27)
ciscoes. Each of three regions was amplified and then cut with 20 raestriction
enzymes. The common fragment pattern cbserved in Arctic cisco for each enzyme

was designated A and the common pattern observed in Bering cisco, if different’
from A, was designated B. Less frequently observed patterns for both species

were lettered consecutively as they were identified. Thus; each letter in each

column refers to a specific fragment pattern produced by a particular

restriction enzyme for the corresponding region of mitochondrial DNA. Phenetic
relationships of the 62 haplotypes in this table are shown in Fig. 4.
ORF1' — ORF2} ORF5=6"

_ACO1, AARAAAAAAAAAAMAAAAAA AAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA
ACO2, AAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA AAAAAAACAAAAAAAAAAAA
ACO3, ' AAAAAAAAAAAAAMAAAAAA AAAAAAAAAAAAAAAAAAAA AAAACAAAAAAAAAAAAAAA
Aco4, -AAAAAAAAAAAAAAAAAAAA-aAAAAAAAAAAAAAAAAAAA AEAAAAAAAAAAAAAAAAAA
ACOS, AAAAAAAAAAAAAAAARAAA. AAAAAAAAAAAARAAAAAEA AAARARAAAAAAAAAAAAAA
ACOS6, AAAAAAAAAAAAAAAAAAAA AAAAARAAAAAAAAAAABAR  AAAAAAAAAAAAAAAAAAAA
ACO7, AAAAAAAAAAAAAAMAAAAAA AAAARAAAAAAAAAAADAAA AAAAAAAAAAAAAAAAAAAA
AcCos, AAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAACAAAAAA AAAAAAAAAAAAAAAAAAAA
ACO9, AMAAAAAAAAAAAAAAAAAA AAAAAAAAAACAAAAAAAAA AAAAARAAAAAAAAARAAAA
AC10, AAAAAAAAAAAAMAAAAAAA AAAAAAAAAADAAAAAAAAA AAAAAAAAAAAAAAAAAAAA
AC11, . AAAAAAAAAAAAAAAAAAAA AAAACAAAAAAAAAAAAAAA AAAAARAAAAAAAAARAAAA
Ac12, AAAAAAAAAAAAAAAAAAAA AABAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA
AC13, ARAAAAAARAARAAAAAAAA BAAAAAAAAAAAAAA;AAAA AAAAAAAAAAAAAAAAAAAA
AC14, AAAAAAAAAAACAAAAAAAA AAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA
AcCis, AAAAAAACAAAAAAAAAAAA AAAAAAARANAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA
ACl6, AAAAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAAAA ADAAAAAAADAAAAAAAAAA



Table
AC17,
ACis,
AC19,
AC20,
AC21,
#czz,
AC23,

AC24,

AC25, .

aczs,
AC27,
Ac28,
ac29,
AC30,
AC31,
AC32,
AC33,
AC34,
Ac3s,
BCO1,
BCO2,

BCO3,

BCO4,-

BCOS,
BCOG,

BCO7,

continued.

AAAAAAAAAAAAAAAAAABA

ACAAAAAAMAAAAAAAAABA

ACAAAAAAAMAAAAARAARA

ACAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAA
ABAAAAAAAAAAAAAAAAAA
ABAAAAAAAAAAAAAAAAAA

ABAAAAAAAAAAAAAAAAAR

. ABAAAAAARAARAAAAAAAA

~ ABAAAAAAAAAAAAAAAMAA

ABAAAAAAAAAAAAAAAAAA
ABAAAAAAAAAAAAAAAAAA
ABABAAAAAAAABABAAAAA
ABABABAAABAABABAAAAA
ABBBABAAABAABABAAAAA
ABBBBBAAABAABABAAAAA
ABBBABAAABAABABAAAAA
ABBBABAAABAABABAAAAA

ABBBABAAABAABABAAAMA

AARAAAAAAAAAAAARAAAA
AMAAAAAAAAAAAAAAAAAA
AAAAAAAARACAAAAAAAAA
AAAAAAAAAAAADAABAAAA
AAAAAAAAAACAAAAAARAA
ARAAAAARAACAAAAAAAAA
AMMAAAMAAAAAAAAAAAAA

AAAADDAAAAAAAARRAAARD .

AAAAAAAAAACAAAAAARAA
AAAAAAAAAACAAAAAAAAA
AAAAAAAAAACAAAAAAAAA
AAAAAAAABRACAAAAAAAEA
AAAAAAAAAARAAAAAAAAA
AAAAAAAAAACAAAAAAAAA
AAAAAAAAAACAAAAAAAAA
AAAAAARARACAAAAABAAA
AAAAAAAAAAAAAAAAAAAA
AAAAAAAAAACAAAAAAAAA
AAAAAARAAACAARAAAAAA
BABAAABABAAAAAAAABAB
BABAABBABAAAAAAAABAB
BABAABBABAAAAAAAABAB
BABAABBABAAAAAAAABAB
BABAABBABAAAAAAAABAB
BABAABBABAAAAAAAABAB

BABAABBAHAAAAAAAABAB

45

AAAAAAAAAAAAAAAAANAA
AAMMAARARAAAAAAARAARD
ACAACAACAAAAAMAANAAL

CAACAACAAAAAAAAAAAA
AAANCAACAAAAAAARARAA
ACAACAACAAAAAAAAAAAA
C N
LAAACAACAAAAAAAAAAAA
CAACAAAABAARAAAK
CAACAAAAAAAAAAAA

I

A

l

AAAAAAAAAAAAAAAAAAAN

AAACDAAAAAAAAMADCAAA

AAACDAAAAAAAAAADCAAA
AAACCAAAAARAAAADCARA

BAABBBAAABBAABA
AAAAABAABBBAAABBAABA
AAAAAéAABBBAAABBAABA

AAAAABAABBBAAABBAABA

AAAAABAABBBAAACBAABA

AAAAABAACBBAAABBAABA

AAAAABAABBBAAABBAABA




Table 2, continued.

BABAABBABAAAAAAAABAB

AABDABACBAABAAAAABAB

' BCOS, ABBBABAAABBABABAAAAA AAAAABAABBBAAABBAABA
BCO9, - ABBBABAAABBACABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABBAABA
“BC10, ABBBABBAABAADABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABBAABA
. BC11, ABBBABAAABAABABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABCAAEA -
BC12, ABBBABAAABAABABBAAAA BABAABBABAAAAAAAABAC. AAAAABAABBBAAABBAABA
BC13, ABBBABAAAAAABABAAAAA BABAAFBABAAAAARAABAB AAAAABAABEBAAABBAABA
BC14, ABBBABAAABADBABAAAAA BABAAABABAAAAAAAAEAB AAAAABAABBBAAABBAABA
' BC1s, ABBBABAABBAABABAAAAA BABAABBAAAAAAAAAABAB AAAAABAABBBAAABBAACA
BC16, ABBBABAABBBABABAAAAA BABAABBABAAAAAAAABAA AAAAABAABBBAAABBAABA
I BC17, ABBBABAABBBABABAAAAA BABAABBATAAAAARRABAB ARAAABAABBBAAABBAABA
; © BC18, ABBBABAAABAACABAAAAA BACAABBABAAAAACACBAB AAAAABAABBBAAABEAABA
E . BC19, ABBBABAAABBABABAAAAA BABDABBAIAABAAAAABDB AAAAABAABBEAAABBAABA
 Be20,. ABBBABAABBAABABAAAAA BBBAABBABAAAAAAAABCE AAABABAABBBAAACEAABA
BC21, ABABACABABAABABAAAAA AABAAEBABAAAAAAAABAB AAANABAABBBABABBAADA
BC22, ABBBACAAABAABABAAAAA AABAABBABAAAAAAAABAB AAAAABAABCBAAABBAADA
BC23,  ABBBABAAAAAABABBAAAA BABAABCABAAACAAAABCB AAAAABAABBBAAABEAADA
BC24, ABBBABAAABAABABAAAAA AABAABCABAAACAAAABCB AAAAABAABEBBAAABBAABA
BC25, ABBBBBAABAAABABAAAAA BABAABCADABACAAAABCE AAAAABAABBBAAABBAADA -
BC26, ABBBABAABBAABABAAAAA DADAABCAAAAACAAAABAB AAARABAABBBAAABBAABA
BC27, ABBBADAABBAABABAAAAA AAAAABAABBBAAABBAADA

'Restriction enzymes used (in order): Rsal, pdel, Asel, TagI, SspI, HinfI, NeiI,

BstUI, BstNI, BsaJI, Hphl, Hhal, MspI, Avall, SaudAI, Hpal, Bspl286I, HincII,
HaeIII, Alul.
‘Restriction enzymes used (in ofder): Rsal, Ddef, Asel, Tagl, Dral, HinfI, NeciI,

BstUI, BstNI, BsaJI, HphI, AccI, Mspl, Hhal, Sau3AI,” Sau96I, Bspl286I, HincII,




Table 2 cqntinued.

HaeIII, [Alul. ) ‘ . . .
‘Restriction enzymes used (in order): Rsal, DdeI, AseI; Tagl, DraI, HinfI, ucj'
SspI, BstNI, BsaJI, HphI, AccI, MspI, HhaI, Sau

HaeIII, (BsxI.

3AI, Sau96I, Bspl286I, HinelI,
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" TABLE 3. Haplotypes identified for Arctic and Bering ciscoes for the CytB and ORF3-4 gene

' regions. The number of fragment patterns (phenotypes) ranged from 1-4 (A-D} for each of the i

18-19 enzymes that cut these two regions. Only one haplotype, other than the common Arctic

cisco haplotype, was found in more than a single individual (haplotype 5).

cyts' ' ‘ , ORF 3-4°

- Haplotype N : i
Arctic ciscoes , -
1 22‘ AAAAAAAAAAA A AAAAARA | AAAARAAAAAAAAARARNR h AAAA
2 "1 A}}AAAAAAAAAAAA}\ABA AAAAAAAAAAAAAAAAAAA
3 1 AAAAAMAAAAACAABAAAA "A AAAA A-A A.A AAAAAAARARANA
4 1 | AAAAAA A-A AAAAAAAAAA AAAAAAAAACAAAAAAMAARAR
5 5 AAAAAAAAAARAAAAAARAAARL BAAAAAAA A A A_A AAAABAA

. 6 1 AAAAAAABAAAAAAAARAAARANA DAAAAAAAADAAARAAAMAAAAR
7 1 AAMAAAAAARAA AAAAAAARAR ‘ AAAAAAAAAAARA AABAARB
Bering cisco

. 8 1 ABBABBBBAABAAA.BABA ABBBBBBAAAAAI\AAAAAAA

T Enzymes used were (in order): HaelllI, HinelI, NciI,HphI,DdeI, MspI, Rsal, Bspl286I, Hhal,

Sad96, HinfI, BslI, SspI, DpnII, BsaJ, TaqI, Msel, BstN. Five enzymes (not included) did not

cut this region: AseI, DraIl, BeclI, BstU, BsrlI.

? Enzymes used were (in order}: HhaI, NciI, HincII, HphI, DdeI, Sau9é, Rsal, DpnII, HaeIll,

HinfI,BstU, BstN, MspI, Bspl286I, BsaJ, BstI, TaqI, Msel, BslI. Three enzymes (not shown)

did not cut this region: AseI, Dral, Sspl.
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IDENTIFICATION OF ARCTIC AND BERING CISCOES IN
THE COLVILLE RIVER FISHERY .

. JOHN W. BICKHAM: 2, JOHN C. PATTON1, SHAMONE
MINZENMAYERZ, ;
L. L. MOULTON3, AND Benny J. GALLAWAY! .

1LGL ECOLOGICAL GENETICS, INC., 1410 CAVITT ST, BRYAN, TX
. . | 77901 |
" 2DEPARTMENT OF WILDLIFE AND FISHERIES SCIENCES, TEXAS
~ A&M UNIVERSITY, COLLEGE STATION, TX 77843
3MJM RESEARCH,; 5460 NE TOLO RD., BAINBRIDGE ISLAND, WA 98110

Abstract.—-Arctic and Bering ciscoes were obtained from the Colville
' _River Delta during the Fall fishery in 1990. Specimens initially were
identified to species based on exomorphblogical features. Gill raker counts
o _ were distinctly bimodal with Bering ciscoes having 21-24 and Arctic cscoes
having 23-30 gill rakers. Mitochondrial DNA haplotypes were different
between the two speciés, and all animals identified as Bering ciscoes had
haplotypes cha.ra":teristic_ of that species. All of the animals identified as
Arctic ciscoes had Arctic cisco haplotypes except two that had Bering cisco

haplotypes. Those two individuals had gill raker counts of 26 and 28
I_ which a;'e characteristic of Al'Cth ciscoes. These same fish were assayed
electrophoretically for the Gpd-1 locus. Four alleles were identified of '
which two (B and C) showed strong frequency differences between the two

-

| species. One of the two fish with Arctic cisco morphology and gill raker

S0




countsjand Bering ci_scol nﬁtochondrial DNA haplétypes had
genotyi}e common to Arctic ciscoes and the other had a geng
low fre'quency in both species. It is concluded that Arctic an
ciscoes| possess diagnostic morphological characters that allo
accurate separation in the fishery. Mofedver, only a low lev

introngession- of mitochondrial DNA, from Bering cisco into

a Gpd-1

otype found at
d Bering

w for their

e] of apparent .

Arctic cisco,

was detected. We therefore conclude that these taxa represent distinct

speciesias currently recognized.

The Arctic cisco (Coregonus autumnalis) is an anadromous
salmonid fish that Spawns in the tributaries-of the Mackenzie River in
\ North America'(Gallawiay et al.', 1983). Coastal habitat includes the

‘nearshore, low-saline, neritic waters of the Beaufort Sea from Victoria

- Island (Canadian Northwest Territories) to Point Barrow (Al
“two most important coastal feeding and overwintering areas

of the Colville River in Alaska and the M_ackenzie Rive; in

aska). Thé
are the deltas
the Northwest

Territories. This species and the broad whitefish (Coregonus nasus) are

_ the two most economically important fish along the Alaskan North Slope.

Native subsistence fishing and commercial fishing for Arctic
place in the Colville River delta (Gallaway et al., 1983).

ciscoes take

The most closely related taxon to the Arctic cisco os'tensibly is the
"Bering ¢ cxsco @ggm laurettae) wluch spawns prunanly m the Yukon
River system and whose coastal dxstnbunon overlaps that of the Arctic

“cisco frc_;m Point Barrow to the Colville River (Craig, 1989). 1

ese taxa are

superﬁ%ially very similar and their specific status has been questioned

(Dillinger, 1989). Interpretations of the population trends in
_ciscb fishery at the Colville River is complicated by the prese

|
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ciscoes. Because the mechanisms of transport of Arctic and Bering discoes
from their spawniﬁg areas' to.. the Colville River delta is distinctly different,
with Arctic ciscoes being transported from the Mackenzie as young of the
year by ﬁassivehansport (Gallaway et al., 1983; Fechhelm and Fissel, 1988)
and Bering ciscoes travelling .from.the Yukon to the Colville as juveniles
or adults by active transport, the correct interpretation of the causes of
populaﬁon fluctuations in the ﬁshery requires the ability to accurately
distinguish these forms. The purpose of this study is to test the ability of
the fishery biologists to distinguish Arctic and Bering ciscoes using
morphc;logical, biochemical, and molecular characters taken from field-
identified specimens, and to assess the level of genetic introgression and

the taxonomic status of these 'épédes.
METHODS

Specimens were collected in the field using gill nets during the Fall
fishery ;)f 1990. Individuals were idenﬁ'fied as Bering ciscoes (N = 20) or
Arctic ciscoes (N = 49) based upon the presencé of small black dots with
faint whife halos on the body and (or) white spots on the fins that are .
visible in live Bering ciscoes and absent in Arctic ciscoes. Fish were frozen
whole and shipped to the laboratory where they were dissected to remove
tissues (heart, liver, muscle) for.allozy.zme and DNA analyses. The first gill
arch was removed from each fish and the gill rakers counted as described
by Dillingq (1989). A small piece of the liver of each fish was

‘homogenized for protein electrophoresis. The enzyme glycerol-3-

phosphate dehydrogenase (Gpd-1; Enzyme Commission number 1.1.1.8)
was analyzed (for all fish except three Arctic ciscoes) as described by

Bickham et al. (1989) and Morales et al. (in press). None of the speciniens
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reported in this study were reported in the previous studies
Mitochondrial DNA was examined for all specimens using the
polyme rase chain reaction 'restriction-_enzyme-assay of the ORF1 gene

region as described in Bickham et al. (submitted). The specimens reported
in this study also were included in the mitochondrial IjNA study of

‘Bickham et al. (submitted). | | |
| | RESULTS

Gill-raker counts ranged frorh 23-30 (X = 27) for Arctic ciscoes and
21-24 (X = 21.8) for Bering ciscoes (Fig. 1). There were three Bering and two
Arctic ciscoes with gill-raker counts within the range of overlap of the two

. species|(23-24).

Mitochondrial DNA haplotypes were distinctly different for Arctic
and Bering ciscoes. Two restriction enzymes (Ddel and Hinfl) give

diagnostic: fragment patterns for the ORFI gene region. Three patterns (A-
C) were observed when Arctic cisco DNA was cut with Ddel but only the B
pattern/ was observed in Bering cisco. Two patterns were observed with
Hinfl (A and B) in Arctic cisco but only the B pattern was observed in
Berix;g cisco. Thus, all Bering cisco had BB haplotfypes .for ese two
enzymes which is consistent with the observation of Bickham et al.

| ~ (submitted) that this is the predominant haplotyf}e in Bering ciscoes taken
from s;iaawning runs in the Yukon River. Arctic d;coes had haplotypes
AA (N|= 35), BA (N = 6), CA (N = 6), arid BB (N =2). The A, BA, and CA
haplotypes were observed by Bickham et al. (submitted) to be the
predo_minar;t haplotypes in Arctic ciscoes taken from spawning runs in

the Mackenzie River system.
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Genotypic and allelic frequencies were computed for Arcticand |
Bering ciscoes for the GPD-1 locus and analyzed uéing BIOSYS-1. Allele

frequencies for Arctic and Bering ciscoes respectively were: A = .272,2.75; B

= 511, .225; C = .054, 400 and D =163, .100. Mean heterozygosity (H) was
0.636 for Arctic ciscoes and 0.704 for Bering ciscoes. Chi square tests for
Hardy-Weinberg equilibrium (using Levene correction for small sample

sizes) was P < .001 for Arctic ciscoes and P = .257 for Bering ciscoes.
DISCUSSION

The difference in gill-raker counts observed in our samples is

consistent with previous workers who have observed lower, but

~ overlapping, counts for Bering ciscoes compared to Arctic ciscoes

(Dymond, 1943; McPhail, 1966; Dillinger, 1989). This, combined with the
subtle, but consistent, difference in color pattern between the two indicate
these two taxa are m'orphologicall)'r distinct, at least in their geographic

area of overlap.

Previous genetib studies have shown these taxa to be distinct as
well. - Bickham et al. (1989) and Morales et al. (in press) found no fixed

differences in allele frequencies between these taxa, but they noted strong

frequency differences at two loci (Mpi and Gpd-1). Our samples showed

allele frequencies for Gpd-1 similar to those found in the previous studies
which is another indication that fish were generally assigned correctly to
their respective taxa. Lockwood and 'Bi‘ckham (1992) examined genome

_ size variation in Arctic ciscoes taken from Beaufort Sea coastal

aggregéﬁons and concluded that the pattern of variation observed (lower

average genome sizes in the West and higher genome sizes in the East)
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- was due to the inclusion of higher numbers of Bering ciscoes in the

western samples. Thus, Bering discoes were thought to have a lower

genome size than Arctic ciscoes. Mitochondrial DNA has been shown to

be gllistinctly different between Arctic-and Bering ciscoes:(Bigkham et al.,

submitted). In our samples, all fish identified as Bering ciscpés had

mitochondrial DNA haplotypes (BB) characteriSt_iE of that taxon. All fish

- identified as Arctic ciscoes had mitochondrial DNA haplc’;\l s {AA,BA,

~ CA) characteristic of that taxon except for two spécimens_ t had BB. |
Thus, these two spedﬁ\ens are potentially animals of hybricL origin or
were misidentified.

The two fish that were identified as Arctic ciscoes but had Bering

cisco mitochondrial DNA were otherwise typical Arctic ciscoes. Gill-raker

counts

- Arctic

for these fish were 26 and 27, which is well within the range of

ciscoes and outside the range of Bering ciscoes. Additionally, these

“fish ha

d Gpd-1 genotypes of BB and AB. The frequenc:ies ofl BB in Arctic

~ and Bering ciscoes was .4 and 0, respectively. The frequencies of AB

genotypes was .045 and .1 respectively. Thus, one of the two fish of

questiclnable identity had an Arctic cisco Gpd-1 genotype and the other had

a geno

type found in low fréquency in both species.

We thus conclude that these fish were not Bering ciscoes

_ nﬁsidelntified as Arctic ciscoes. Rather, these fish likely were of hybrid

origin

in possessing a Bering cisco female ancestor. These female

_ancestors probably were not the.mothe_x"s of eithef of these fish; it is likely

they were more distant ancestors. Mitochondrial DNA is a particularly

. sensiti

is maternally inherited and clonal (Brown, 1983; Avise, 198

ve genetic marker for revealing past hybridization e'.Jents because it
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1985). After a few generations of backcrossing to one of the parental
species the nuclear genotypeg of the descendants of a hybrid cross quickly

come to resemble one of the parental species. However, when

mitochondrial DNA is introduced by hybridization it is retained in any

unbroken female lineage. Because of these features, mitochondrial DNA

has been used successfully to track introgressive hybridization in a

‘number of vertebrate species including mule deer and white-tailed deer

(Carr et al., 1986; Cronin et al., 1988, 1991; Ballinger et al., 1992; Carr and

Hughes, in press).

The frequency of fish with hybrid ancestry is apparently low in -
Arctic ciscoes. In our sample, only two of 49 Arctic ciscoes had Bering cisco
haplotypes, or 4%. Bickham et al. (submitted) found 5.6% of fish from all
coastal sites east of the Colville River to have Bering cisco haplotypes and
2% 6f all fish taken from spawning runs in the Mackenzie River drainage
to have Bering cisco haplotypes. Our data from the Colville River fishery

is consistent with that of Bickham et al. {submitted) in shdwing a low

. frequency of Bering cisco haplotypes within samples ostensibly of Arctic

ciscoes. Moreover, the absence of fixed differences in allozymes (Bickham
et al., 1989; Morales et al,, in press) could be duetoa past hxstory of low-
level hybndlzauon '

We therefore conclude that hybridizatidn 1s rare Bet;v;reen Arctic and
Bering ciscoes and that these taxa are best considered to be different species
as presénﬂy recognized. Furthermore, it is concluded that consistent
morphological differences between these two species-are present and that
the fisheries _bioiogists at the Colville River can identify these species with
virMaliy 100% accuracy.
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Exploration (Alaska) Inc., the Minerals Management Service, and the U.S.
| Fish and Wildlife Service, Region 8.

57




LITERATURE CITED

Avise, ]. C. 1986. Mitochondrial DNA and the evolutionary genetics of
higher animals. Phil. Trans. R. Soc. Lpng:loq, Ser. B 312:325-342.

Ballinger, S. W., L. H. Blankenship, J. W. Bickham, and S. M. Carr. 1992.
Allozyme and mitochondrial DNA analysis off a hybrid zone
between white-tailed and mule deer (Qdocoileus) in West Texas.
Biochem. Genet. 30:1-11. “

Blckham J. W., 5. M. Carr, B G. Hanks, D. W Burton, and B.]. Gallaway

1989. Genetic analy51s of population variation in the Arctic Cisco
using electrophoretic, flow cytometric, and mitochondrial DNA

rgstrictidn analyses. Biol. Pap. Univ.-Alaska 24:112-122.

Bickham, J. W., J. C. Patton, B. J. Gallaway, and J. C. Morales. Biogeography,
phylogeny, and relative rates of evolution of mitochondrial DNA in

Arctic and Bering ciscoes from the western Arctic of North America.

Submitted.

Brown, W. M. 1983. Evolution of ahimal mitochondrial DNA, pp. 62-88.
In M. Nei-and R. K. Koehn (eds.), Evolution of Genes and Proteins.

Sinauer Associates, Sunderland, MA.

' Carr, 5. M,, S. W. Ballinger, J. N. Derr, L. H. Blankenship, and J. W.

Bickham. 1986. Mitochondrial DNA analysis of hybridization
between sympatric white-tailed and mule deer in west Texas. Proc.
Natl. Acad. Sd. U.S.A. 83: 9576-9580.

58



-

Carr, 5. M., and G. A. Hughes. In Press. The direction of hybridization

Craig, P. C. 1989. An introduction to anadromous fishes in
Arctic. Biol. Pap. Univ. Alaska 24:27-54.

between species of North American deer (Odgceileug) as inferred

from mitochondrial cytochrome B sequences. J. Mammal.

the Alaskan

Cronin, M. A., M. E. Nelson, and D. F. Pac. 1991. Spatial heterogeneity of

Llitochondri”al DNA and allozymes among populatio
tailed deer and mule deer. J. Hered. 82:118-127.

Cronm M. ALE R Vyse, and D. G. Cameron. 1988 Geneti
between mule deer and wh1te-ta11ed deer in Montana.

Manage. 52:320-328.

'Dillinger, R. E. 1989. An analysis of the taxonomic.status of

ns of white-

¢ relationships

J. wildl.

the Coregonus

autumnaljs species complex in North America, and an investigation

of the life histories of whitefishes and ciscoes (Pisces;

Newfoundland St. John's.

Coregoninae)

in North Amenca and Eurasia. Ph. D sts Memorial U. of

Dymond, J. R. 1943. The coregonine fishes of northwestern ¢anada. Trans.

Roy Canad. Inst. 24:171-232.

Fechhelm, R. G., and D. B. Fissel. 1988. Wind-aided recruitinent of

59

(_Zanadjan Arctic cisco (Coregonus autumnalis) into Alaskan waters.
Canadian Journal of Fisheries and Aquatic Sciences 45:906-910.




Gallaway, B. ., W. B. Griffiths, P.C. Craig, W. ]. Gazey, and J. W.
Helmericks. 1983. An .assgssment of the Colville River delta stock
Arctic cisco—migrants from Canada? Biological Papers of the
University of Alaska 21:4-23. o

L3

Lockwood, S. F., and |. W. Bickham. 1992. Geographic trends in DNA
content in Beaufort Sea coastal populations of Arctic disco
(Coregonus autumnalis) iden_tified by flow cytometry. Transactions
of the American Fisheries Society 121:13-20.

MCcPHAIL, J. D. 1966. The Coregonus autumnalis complex in Alaska and .
northwestern Canada. J. Fish. Res. Board Can. 23:141-148. |

Morales, J. C., J. W. Bickham, J. N. Derr, and B. J. Gallaway. In Press.
Genetic analysis of population structure in Arctic cisco (Coregonus
autumnalis) from the Beaufort Sea. Copeia.

Wilson, A. C., ET AL. 1985. Mitochondrial DNA and two perspecitives on
evolutionary genetics. Biol. . Linnean Soc. 26:385-400.

60



FIGURE LEGENDS

for 69 fish taken from the Colville River fishery. Individuals were

identified in the field as Arctic (top panel) or Bering (bottom panel) ciscoes
based jupon the présénce of dark spots with blue halos in Bering ciscoes

~ that were absent Jfrom Arctic ciscoes. Animals identified as Bering ciscoes
had lower gill raker counts than most of the fish identified]as Arctic
ciscoes. Mitochondrial DNA haplotypes previously_ide‘nﬁf]ed as being

~ characteristic of Bering ciscoes were found 1n all fish identified as Bering
ciscoés. Mitochondrial DNA haplot;ypes pr-eviou'sly idehtfﬁed as being

- characteristic of Arctic ciscoes were found in all but two Arctic ciscoes.

Those two individuals are potentially hybrids or misidentified specimens.
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FIGURE 1.~Gill-raker counts and mitochondrial DNA haplotypes
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Genetic Stock Assessment of Arctic cisco (Coregonus autumnalis) from the .
Beaufort Sea Using Nucleotide Sequences of the Mitochondrial Control Region

_ JOHN W. BICKHAM, JOHN C. PATTON, AND BENNY J. GALLAWAY
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ABSTRACT.~-The Arctic cisco represents one of the most economically
important fish species on the Beaufort Sea coast of Alaska. 'I‘hls population is.
at risk due to the potential effects of oil-related actlvxues at Prudhoe Bay. For
example, the presence of gravel-filled causeways could cause a serious
impediment to the passive migration of young of the year Arctic cisco from
the Mackenzie River system to the primary Alaskan overwintering habitat in
the delta of the Colville River. Mitochondrial DNA haplotypes were
identified by nucleotide sequence of the control region and prev10usly
published restriction site analysis. MtDNA ‘haplotype frequencies indicate a
generally lIow level of population genetic divergence. There is one haplotype
which predommates (46-69%) in all spawning and overwmtermg sites.

Lower levels of spawning-site fidelity (i.e., gene flow) compared to other
anadromous fish such as salmon, and the recent (post-Pleistocene) origin of

- the populations from common ancestral popula‘tions are probably responsible
for the low level of differentiation. Despite the overall low level of
differentiation, Staﬁstical analysis of haplotype distributions suggests that
stocks in the downstream region, especially the Peel River, contribute more
fish to the Alaskan overwintering populé'tion than the upstreém stocks. Our

sampling was limited, and additional analyses are needed for better

resolution of the structure of the Mackenzie River stocks and the composition

of the wintering populations.



The Arctic cisco (C’ore'gonus autumnalis) is the focus of an exhaustive

research and monitoring program desighed to evaluate the effects of oil
.productionrand related activities on fisheries resources along|the Alaékan
North ‘Slopre. In North America, this species spawns in tributaries of the

+ Mackenzie River system (Fig. 1). Its' coastal distribution is from Victoria

Island in the Northwest Territories to Point Barrow in Alaska. Coastal habitat

includes the nearshore, low-saline, waters for feeding and deep pools in the

deltas iof major rivers for overwintering. The primary overwintering habitats
are the deltas of the Mackenzie River in the Northwest Territories and the
Colville River in Alaska. The Alaskan populations are of special concern
because the unique life history of the species makes them particularly
vulnerable to impediments (such as the causeways that bis‘ecJ the nearshore,

low-saline waters near Prudhoe Bay) on their migratory route.

Arctic cisco ﬁnde_rgo a passive migration, as young of the year, from
the Mackenzie River delta into Alaskan waters (Gallaway et al., 1983, 1989).
This migration is wind-aided, and it is knoivn to occurr primarily in years that
have strong, northeasterly winds (Fechhelm and Eiésel, 1988).| Population
studies at both the Colville River and Sagavanirktok River deltas show the

year-to-year recgu.itmenf of young of the year Arctic cisco to be highly

| variablle and to be correlated w1th the strength and timing of r!ort_heasterly
winds (Fechhelm and Griffiths, 1990). Because the primary overwintering

-habitattfor Arctic cisco in Alaska is the delta of tﬁe Colville Rivef, itis thought

that thé survival of the Alaskan population is possibly dependant upon the

ability of young of the year fish to Eomplete the migration from the

- Mackenzie to the Colville River without obstruction. Morgove:, this species is

important in both a commercial fishery and an Inupiat subsistance fishery in
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the Colville River delta (Cr{fé, 1989; Gallaway et al., 1983). All of these

 reasons, combined with the fact that the species undérgoes a transboundary R

migration, make it the center of a politically, and environmentally, sensitive
issue—the effects of gravel filled causeways and oil production on North

Slope fish stocks.

Previous studies of genetic.vafiability in Arctic cisco showed this
species to have a moderate level of variation m allozyme ldci (Bickham et al.,
1989; Morales et al., in press), a high lev;rel of va;riaﬁon in genome sizé
Lockwood and Bickham (1991, 1992), and a rather low level of variation in
mitochéndrial DNA (Bickhax_n et al., 1989, submitted a). Genetic assays
proved-td be ﬁseful in distinguishjng Arctic ciscoes from the closely related
Bering cisco (Coregonus laurettae) and ostensible hybrids (Bickham et al.,
submitted a, b). Animals with Bering cisco mitochondrial DNA haplotypes

were rare in the spawning streams of the Mackenzie River system (2%) and in

the coastal sites east of the Colville River (5%; Bickham et al., submitted a).

- This study was designed to determine whether or not multiple'-stoéks
of Arctic cisco exist within the Mackenzie River system and, if so, which stock

or ‘stocks-priman'ly contribute to the makeup of the coastal aggregations of

the Colville and Sagavanirktok River deltas in Alaska. An understanding of

the stock composition of the Alaskan populations would identify what stock
or stocks might be at risk should anjf environmental mishap occur.

Additionally, this knowledge would contribute to a better understanding of

fish movements and population structure of Arctic anadromouss fishes.
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MATERIALS AND METHODS

In this study we investigate genetic stock cémposi tion

of Arctic cisco

populations from four coastal sites from the Beaufort Sea and five sp;wning-

site populations from Mackenzie River tributaries ﬁsing nucleotide sequence

of a 300 bp segment of the control region of the mitochondri

DNA.

~ Oligonucleotide primers were developed to amplify the entire control region;

These, primers, placed in the tRNAGU and tRNAThr genes,
product. A portion of this product near the tRNAGIU primer

plify a=~1-kb

and inside the

control region was sequenced using automated DN A sequence analysis

employing dye labelled terminators (Ferl et al., 1991). Nuclegtide sequences |

* were obtained from 326 fish which also were examined in an
restriction site analysis by Bickham et al. (submitted a). Gené
differentiation of 71;opulations and stock definition was ac;orr
of a Chi-square exact test (contingency chi-square analysis us

_ testing based upon an algorithm given by Roff and Bentien, ]

extensive

tic |
plished by use
ing perinutation

Viol. Biol. Evol.

y
Vol 6: 539-545, 1989 as interpreted by Alan Templeton 15 May 1990 in Basic

and converted to ¢ by John G. Cole) which generates a probability of identity

for paired comparisons. We used a = 0.1 to indicate statistically significant |

 differences (P <0.1) or identities (P 2 0.9) among the paired comparisons.

Values of 0.9 <P> 0.1 were used only to indicate trends.

RESULTS AND DISCUSSION

éequence analysis of the control region was consistent

with the

observation of Bickham et al. (submitted a) that Aréﬁc cisco populations are

composed primarily of a single, common haplotypé (haplotype C, Table 1)

and numerous rare or low-frequency haplotypes. Thirteen haplotypes were’
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" stock (P = 0.913). From these data we conclude that multiple stocks exist

identified by restriction andlyses (Appendix I). Sequence analysis of the

‘control region identified two nucleotides (positions 47 and 109) both of which

were present as either A or T. In addition, a sequence repeat was scored as
either present or absent. By combining the restriction-site data with the
sequence data, 20 haplotypes were identified (Table 1, Appendices VII and
VII). The distribution of low-frequency haplpt}pes show evidence of
subdivision among the spawning-site popul:;ﬁoné.' A Chi Square Exact Test

~ was conducted which showed the four spawning-site populations to be

composed gf at least three significantly different populations. The upstream
tributaries (Mountain and Carcajou Rivers) were shown té) have véry high
values for probability of identity (P = 0.9) and thus these populations were
combined for further analyses. The downstream tributaries (Peel and Arctic
Red Rivers) were not significantly identical with each other (P = 0.148) but

were significantly different from the combined upstream population (P =

5

-0.065; Table 2).

Chi square analysis showed the probability of identity of the Colville
(the western-most coastal site) with other coastal sites to be progressively

lower with increased geographic distance (Table 2). The Alaskan coastal

. samples (Colville and Sagavanirktok) both were significantly different from

the upstream st'oék (P =0.025 and 0.065; Table 1). Both Alaskan cdastal
sainpleé' were most similar to the the Peel River stock (Table 2). In particular,

our sample from the Sagavanirktok River was very similar to the Peel River
. o i

among Arctic cisco populations that spawn within the Mackenzie River
system, although the stocks are only weakly ciifferentiated, and that it is

primarily the two downstream stocks that contribute to the Alaskan coastal
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aggregaﬁohs. The Peel River appears to be the predominant|stock |
repregented in Alaska, although it is likely that other stocks dre present as

well.

Of the Canadian coastal sites, Stokes Point, which 1s ta the west of the

Mackenzie River, is most similar to the Peel River stock. Thig is consistent

with the above observation that Peel River fish predominate in Alaska
because they would have to pass Stokes Point on their westward rhigration.

Atkinson Point, whmh is to the east of the Mackenzie Rlver is the only coastal

site that is most similar to the upstream stock (Table 2) Moreover, itis

significantly dlfferent from both downstream stocks. It is likely that the
population at Atkmson Point also is composed to a hlgh degree of fish from
the Liard River, based upon overlap in genome size estimates of these two

populations by Lockwood and Bickham (1991, 1992).

The data presented in this study are consistent witﬁ previous studies
showing the Arctic cisco populations in the Mackenzie River to be weakly
diffefenl;iated (Bickham et al., 1989). It should be erhphasi_zed that weak
* genetic differentiation does not necessafily mean the sto&s are unimportant

from a management perspective. In the case of the Arctic cisco, lack of strong

genetic differences among populations is more likely the result of historical

factors tthan of populatioh biclogy. The Mackenzie ijer éyst m was mostly
glaciate;d during the Wisconsin Period and thus the.populatioé\s under study
are no c[?lder than the end of the Pleistocene. Itis likely that most of the
observed variation in mitochondrial DNA among Archc cisco populations is
the result of different frequencies of haplotypes bemg present Lmong the
founders of the various stocks. The populations are simply not old enough to

expect the establishment of many new variants to have taken place. This

'
t
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study used the relative progérﬁons of low-frequency haplotypes to |
discriminate siocks. Such lé»ir-frequeﬁcy haplotypes are especially sensitive
to stochastic processes such as genetic drift and should show population
differentiation more quickly than changes in the proportions of high-
frequency haplotypes. ) ) A

In addition to recency of origin, another factor that might account for
low levels of genetic differentiation in the anadromous Arctic disco is hlgher
than expected levels of gene flow among spawnmg tributaries. The degree to .
which such straying occurs in Arctic cisco is unknown. Nevertheless,
coregonines are. not thought to have the high- degree of natal-site fidelity
usually attributed to salmon. |

The low level of variation in mitochondrial DNA of Arctic ciscoes
contrasts markedly with the situation in Bering ciscoes. Bickham et al.
(submitted a} showed the latter species to have one of the highest nucleon

diversity estimates jret measured for a fish. Those authors at&ibuted this to
| ‘the fact that the Bering cisco sp.iwns in the Yukon River system which was a
glacial refugium. The difference is probably not due to any inherent

difference in population biclogy because the two species are so similar in

their natural history.

The conclusion that the downstream stocks, especially the Peel River
stock, comprise the méjority of the fish that move into Alaskan waters is
supported by tag return data and is consistent with the known mechanism of
dispersal of young of the year.Arctic cisco. Tag returns from ciscoes tagged at
the Sagavanirktok River delta show that adults undergo an eastward |
.migration to the Mackenzig River delta (Fechhelm et al., 1989; Gallaway et al.,
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1983; :Mouiton,_1989). More recent tag returns obtained at spawning
tributaries include four from the Peel River and one from the Hare Indian

River, The Hare Indian River is near the Carcajou and Mouritain Rivers and

thus could be expected to be part of the upstream stock. ' No|spawning run of
Arctic cisco was detected from this river during the field expedition that
-obtained most of the samples used in this study. Thus, the majority of tag

returns are from the Peel River which is consistent with our ¢onclusions.

" However, it should be caunoned that the tag returns are hot the result of an
extensive effort_ to obtam flsh from all tnbutanee and could simply reflect

" sampling bias in favor of the Peel River. | |

In order for young of the year Arctic cisco to be transported to Alaskan

» waters, it is necessary for them to be positioned in the freéhWater plume of

the Mackenzie in such a way as to be captured by the west-moving, long-

- shore current (Moulton 1989). ‘Because the main channel of the Peel River

. empties into the westem end of Macken21e Bay, as young of the year ﬁsh are,
flushed out of the tributary by. spnng floods, they would be in the most
favorable position to be entrained. In aeidition, the fish from the northem
(downstream) tnbutanes would most likely arrive in the bay parlier than fish
from the upstream tnbutanes thus making it more hkely for them to be
transported westward and more likely for them to reach the Qolville River
delta and suecessfully overwinter. It thus apoears that the sirhilarity between -

coastal sites to the west of the Mackenzie River and downstream stocks, and

- between Atkinson Point (east of the Mackenzie River) and the upstream stock

is likely due to the timing as to when the young of the year fish reach the
' Mackelllme River delta -




Concern exists régarding the identity of the stock or stocks of Arctic

‘cisco 1l:lhat could be impacte& By the potential impédiment to migration
resulting from the pres:ence of gravel-filled causeways and other effects (such
as-5pills) of the petroleum industry in the Prudhoé Bay region of Alaska. Asa
result of the pesent study, attventipq shoul'dlfocﬁs on the Peel River stock.
Howev;er, there is presently no estimate of the proportion of the Peel River:
stock that is transpoi'ted to Alaska, nor is there s;gniﬁcant evidence that the
existing cauéeways or bil—rele&ted activities seric;usly impair the passive
migration of young of the year Arctic cisco. Nonetheless, the .dynamics of the
Alaskan populations of Arctic cisco clearly are indicative of a fragile and
dynamic system. Future studies should focus on increasing our ability to

- differentiate the stocks of Arctic cisco and to assess in a similar way the stock
composition of other Arctic anadromous fishes. Our conclusion that the Peel
River stock predominates in Alaskan coastal sites should be considered asa
hypothesis to be tested in future investigations. We cannot rule out the
presence of other stocks in the Alaskan coastal sites, nor do we yet fully
‘understand the importance of the Alaskan Beaufort Sea coast to the survival

of any of these stocks.
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9.

Localities . Halotvpes

Table 1. —-- Numbers of indiviéﬁals per halotype listed by locality and sample sizes per

locality (N) for Arctic cisco (Coregonus autumnalis). Sample localities are presented in
Fig. 1 Haplotypes (A-T) are identified by nucleotide sequence or restriction sites as
described in the appendix. * ) : :

L]

A B ¢ D E F 66 H I J K L M N O P O R S T N

Coastal Sites

Colville R. 3 37 2 6 | 2 2 2 54
‘Sagavanirktok R. | 3 48 10 7 1 5 1 2 1 1 1 80
Stokes Pt. 1 16 1 . 2 1 3 24
Atkinson Pt. _ 2 12 1 3 1 1 2 22
Spawﬁing Sites _ |
Peel R. 11 27 7 1 1 1 2 1 1 1 44 .
Arctic Red R. a0 9 6 | 11 3 1 61
'Upstream Stock 2 19 6 1 3 1 1 2 5 1 41

Sum ’ _ : . : ] 326




Table 2. -- Results of Chi-square-

cisco. Number reported are the

| exact test for all g
coastal—site]populati@ns (1-4) and three spawning-si

exact prohabilities ¢

airwise comparison of f
te stocks (5~7) of arc
f identity.

I
i
I

Col

Peel

__ARR

l. Colville R. (Col) | | -
2. Sagavanirktok R. (Sag)

3. Stokes Pt.| (Sto)

4. Atkinson Pt. (Atk)

5. Peel R. (Peel)

6. Arctic Red |[R. (ARR)

7. Upstream Stock (Ups)

1 0.743  0.532 0.2

0.197
0.913
0.636

0.060

0.057

0.380
0.018
0.010

0.148

Upsil

0.025
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APPENDIX I

Table of Restriction Site Analysis
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APPENDIX |. Table of Restriction Site Hapflotypes. '

Alternate ORF 1 | ORF 5/6 .
Designation® _ Haplotype Dde! Hae Il Hinf | 5 Ddel Taql Dral Sspl Sau96 | Bsp 1286 BsaJ | Msp |
A : Bering B A B LA B A A B A - A A -
-~ : : B-E - A A A A A A A A A A A A
G C c B A A A A A A A A A
H-J OA B A A A A A A A A A A
' B A A A CA A A C A A A A
K . 1A B .A A A A cC . A. A A A A
L 1B B A A A A A C A A A A
M-N 2A B A A A A C c A A A A
o) 2C B A A A- A C c ‘A A A B
3 F 2D A A A A A D A - A A D A
P-Q 3A B A A C A C C A A A, A
- R 4A B A A A o] C A . D c A A
S-T 4B B A A A o] D A D C A A

* Designations used in Chapter 3, Bickham et al.




APPENDIXII

Table|for 1992 Restriction Site Analyses for Colville, Sagavanirktok,
Peel, Artic Red Rivers and Prudhoe Bay Samples
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Restriction Sile Analysis for Colville River.

Sample | Helmrick | Gill

‘ ORF | ORF 5/6
No. Designatiort Raker :: Dde | Hae Il Hinf Dde | Sau 96 Dra | Ssp !l Tagq | Bsp 128

GN 12 ARCS ' A A A : ‘

GRN 14 ARCS B A A A c C A. A
GN 15 ARCS ~ c "B A " S
GN 19 - ARCS B A A A c o] A A
GN 20 |* ARCS A A A '

GN 22 ARCS A. A A

GN 23 ARCS A A
BN 25 ARCS A

GN 26 ARCS - A A A

GN 27 ARCS c B A

BN 31 ARCS A A A

. GN 32 ARCS A A A
b GN 33 ARCS A A A

GEN 34 ARCS A A A

GN 35 ARCS A A A :

GN 36 | ARCS B A A A C A c C
GEN- 38 ARCS A A A

GN 39 ARCS A A A

GEN 40 | ARCS A A A

GN 41 ARCS - A A A

GN 43 ARCS A A A

GN 44 ARCS A A A

GN 45 ARCS . A A A

BN 47 ARCS A A A -

GN 48 ARCS’ A A

GN 49 ARCS A A A

GN 50 | ARCS c B A

GEN 51 '§ ARCS C B A

GR-  ARCS, BRCS




Sample | Helmrick - ORFI ORF 5/6
No. Designation Dde | Hae Ul Hinf i Dde | Sau 96 Dra il Ssp |
GN 52 ARCS A A A
GEN___60__| ARCS_ - B A A c c
GN 63 ARCS A A A ,
GN 64 ARCS B A A cC C
CBN 65 ARCS A A A
GN 67 ARCS - C B A
GN 69 ARCS B A B
GN 70 | ARCS A A A
GN 72 ARCS A A A
GN 73 | ARCS A A A
GN 74 ARCS A A A
GN 76 ARCS A A A
GeN 78 ARCS c B A
GEN 79 ARCS A A
& GN 80 ARCS A A
GN 81 | ARCS A A A
GIN 85 ARCS B A B
GN 86 ARCS - B A A
GEN 87 | ARCS . A A A
GN . 88 ARCS A A A
GN 89 ARCS A A
GEN 116" BRCS B A B
GRN___117 BRCS B A 8
GN 118 BRCS B A B.
GEN 119 BRCS B A B
GN 120 BRCS B B
GRN 121 BRCS B A B
GAN 122 BRCS B A B
GN 123 BRCS B A B
GEN 124 BACS B A B

GR.- ARCS, BRCS -
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Sample | Melmrick { Gill ~ ORFI ORF 5/6
No. Designatior] Raker i Dde | Hae INl Hint 1. Dde | Sau 96 Dra | Ssp | Taq | Bsp 1286
GN 125 BRCS B - E B '
GEN 126 BRCS B A B
GEN 127 | "BRCS B A B
GN 129 _BRCS B A B
GN 131 BRCS B A B
GBN .132 | . BRCS B A B
GEN 133 BRCS B A B
GN 134 BRCS B A B
GBN 135 | BRCS B A B
GN 136 ‘BRCS B A B
"GN 137 BRCS 21 . B A B .
G.R-  ARCS, BRCS
F 3




Sample

Resiriction Site Analyses for Sagavanirktok River.

ORF |

Dde_1_Hae_NI_Hint_1

; ORF 5/6 :
_Dde-)_Sau-96_Dra_|_Ssp_1_Taq_1_Bsp_1286_Bst_-N_.. _Group

. AK

AK

AK

AK

AK

AK

AK

AK

AK

AK

AK

AK

& AK
: AK
AK

. AK

- AK

AK

AK

AK

A

11700

“11761

Ialh]

AK
AK
AK
AK
AK
AK
AK

AK

11775
11777

>.mm>>>>m0m>>>>o>mo>>>om>>>>m>

P> PPEOPDP>D>ODI>POI>IOPPPDI>D>D>

PP PPPIPPDPDIPIIIIPIEPIIIPIIEDIDIPID>DOP




ORF | ORF 5/6

Dde | Hae Il Hinf |

Dde ) Sau 96 Dral Ssp| Taq | Bsp 1286 Bst N

A A C c A A *

s

>>>PO0DTPPSO>BBB>PPP 0>
> PP IPEIPPETPIPEIIISDDD> DD
PPO>PPPPIPBPIEPBI>DDPI>PRD




Restriction Site Analysis for Pee! and Arctic Red Rivers, NWT.,

: Sample ORF I , ORF 5/6
Location No. Dde 1 Hae IN Hinf l_)_d_e__l_Sau_Q._G_D_r_a_l'_S_sp_l__Iaq_l__'Bsp_1.286
M 1 B A A A A Cc C A A
M 2 A A A :
MS 3 A A A
M 4 A A A
M5 6 B A A C A c C A . A
Peel River, MS 7 A A A
NWT MS 8 C. B A
MS 9 A A A
MS 10 B A A A A o] o] A A
MS 11 A A A
MS. 12 A A A
00 ‘M 13 A A A
N MS 14 A A A
M5 156 A A A
M5 16 A A A
SR 232 B A A C A C C A A
SR 233 A A A
SR 234 A A A
SR 235 A A A
. Arctic Red SR 236 A A A
River, NWT SR__237 A A A
' SR 238 A A A
SR 239 A A A
SR 240 A A A
K24 A A A
SR 242 A A A
SR 243 A A A
SR 244 A A A
R A A A

245




Locaﬁdn

Sample

-

Arctic Red
River, NWT

$BBY8IYBIYBIBBEBSSEY

246
247
248

249

250
- 251
253
256
257
258
259
260
262
264
267
268
269
271
275

PP2PDPP2PPO0PPO0P>POF>

PP 22> EP>P>>>PD>

PP >>>>>rPrPr>PP>P>PrrP>>>




- Restriction Site Analysis for Prudhoe Bay.

ORF 5/6

-Dde-1-Sau-96-Dra-1—Ssp-I—Taq-|—Bsp~1286

C

68




ORF 5/6
Dde | Sau 96 Dra | Ssp | Taq | Bsp 128

A A c C A A

X

1_Hae I Hinf |

> > > >

> > >>> > D>

06




APPENDIX III*

Chromatograms of Different Sequence Haplbtypes
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e b o i — o . e e T i = R T T TINER 22 T
T e S g

. . HAPLOTYPE A (Standard) . . ° ' ‘ .
::Amied ARCS 799224 Points 888 to 5546 Base 1: 888 Thu, Jul 91992 10:20PM ‘Page1oft. *

Tt

" Blosysterns _ DyeTarrnmator[Myanerl - 330 MATRIX FILE X:0105364 Y: 0101200 y
Mode!l 373A . Lane 24 AK 11781-M13R .
Version 1.0.2 Signal: G:268 A:121 T98 C:30 P-19 (48X) - = ‘
NAGATCCAGGTTTANT_‘NT ANCGACGCNCT.FCGCC?GAGTT TCAGGTAATCAGGG GTGG&:CCTCTATGATAGGGTTGTA}'GTGCCA ARGTTTGTTAAGT ATAACA AAAAGTTCACTAATGTA"!"ACTTTAAT
1 i

L

TAAAGGATGGTTTN ]

u. MA“.,;.,;AA‘AX 1 M&J& “ ) AM*M‘IM‘ ML‘M “ &.utolu‘ ‘As‘ A M})

N ] A
A G CGCTAATCCNAGN’CTT CCCCGG TTCNCGGGGGT NTGGAC AAGNAGNTAL CAMAAGGAT CCCONC AAC CGTAGGN




HAPLOTYPE A

ﬁw S 31192 Arcs 22.Res ' Points 576 to 5536 Base 1: 576 Wed, Mar 11, 1992 9:32 PM  Page 1 of 2
: Blosystems DyeTerminatorjAnyPrimer} 330 MATRIX FILE X:0to0 6597 Y:0to 1200

Madel 373A Lane 22 . AK 12472-279S

“Version 1.0.2 Signal: G:415 A:231 T:272 C:38 P-19

CCCCCONCCCXCCOCTCC CCGOT TGCFTTﬂGTTAA(ITA%(ICAMGTATGTTTTAATCAGGGGTG(ICCT TﬁﬂTGATAGGGTTGT&TGTGCCAAAGTTTGT TAAGTATAACAAAAAGTTCACTAATGT

WJ, ALAUAL \ f\J

. ATACT TTAAT TAA&GGATGGTT TTGATAATAGGATTGTCGGTGCCAAAGTTTTAAGTATAAT AAAGTTTATTAATGTATANT TAAAAGTTT TAATGTATACT TTANT TAAAGGGTGGCT TTGATA A

W f RO W mﬁ\&

TAGGATTGTCGGTGCCAAAGTNTAT TAAT GTATAT TTTNNT TANGGG GTG GCTTTG ATAATAG GATTGCCAGTNCCANAGTTNG TTANGTA TGATAAAAAGTCT ATTAATGNACGGNTT GATG G

€6

PO N [ Y Y L P

i\ N
..‘_.;‘. DA i) \‘Jh ‘t A .é“'h&x W, ﬂ\gt “ “LA .Jr. 0\ .u,.‘ .-;;.L‘.\‘l L‘:A‘ 'LQH SA L. an.w,u“

GTAATAGCGCTATCNAGACTTCLCCGGTT TCGGGGTTTGGCA GAAG TAACAA NGAT C(IZTCAG:G CAGGGGGGGTAGGGGGG TTTA GECCCC CAGAAGCCCCCGAGGATCTTAGNTATC TAT

AY i WWAVANY ¥ ! ‘ , \ A/




Eim T BT WL e Ty ma syt e
[ e I EE TS SR e T TS RETAIT v TR T RE S Pl puiuitics Ctaha =T mo o s o e

HAPLOTYPE A |

wﬁw T " 31192 Arcs 22.Res . Poinis 576105536 Bise i: 576 " Wed, Mar 11,1992 9:32PM  Page 2 of 2
: Blogystarns . DyeTerminator{AnyPrimer} 330 MATRIX FILE .  X: 0106597 Y: 0o 1200

Model 373A Lane 22 _ AK 12472-2795

Version 1.0.2 . Signak: G:415 A:231 T:272 C:38 P-19

NAA GGAAAGMALC TGACCNNT CACCGGATTTAAGC C NGC ANNCNT

RS ) . ' A 4 . .~ .

3

¥6
A



HAPLOTYPE A-III
Apphed

_ . 31292 Arcs 20. Points 632 to 5376 Base 1:632 Wed, Mar 25, 1992 3:33 PM  Page 1 of 1
Sosystarns DyeTerminator|AnyPrimer) 330 MATRIX FILE . X:0105620 Y:0to 1200

Model 373A | Lane 20 . AK124142798 '-

Version 1.0.2 " Signal G:380 A:231 T:266 C:49 P-19 -

CCCCCCCCCCCCCCCTTCCCNCGANCTGCTTTAGTTﬁAﬁTTACGCC?GCGTATGTTTTAATCAGGGGTGGCCCTTATGATAGGGTTGTATGTGCCAAﬁGTTTGTTA&GTATAACAAAAAGTTCACTAATGTF

e
oo

UL i

FATTTTAATTAAAGGATGGTTTTFATAATAGGATTGT?GGTGC

ﬁAAAGTTTTAAGTATAATAAAGTTTATTAATGTAT

HAATTAAAAGTTTTAATGTATAC‘TTTAATTAAAGGGTGGCTTTGATJ

D
()]
An : A
ATAGG&TTGTCGGTGCCAAAGTTTTAAGTATAATAAAGTTTATTAATGTATAATTAAAAGTCA(mCTGTATACTNTAATNAAAGGGTGGCTTTGRTAATAGGATTGTCGN:GCCA
Wi nnﬂ A

] . AA n .. -n n A A
I A S \

E—]

2 olAn J-li.:-‘:‘;.y h_‘. S &.i‘l
AAGTT TANTAAAT GTAT ATTCTTAANT AO:NGGGTGGGC TTT GGATA ATA G GA TTGGTCAA.AM; CCANAGCCCTGG T AACG NANTHNA

My

| . i ﬂl

. i)
v Cy e o
A‘y_\l_:ﬁ.'._lhl._‘ JI‘A} J\,‘\_l - . ‘1“ IR T LI

i

ARUEEY f\f




s e T ST, e T N B T T M T T o W EE TN b E

e e oo e e T TR, e I e __'n—_—.—__"':"'—--—"" S gy B, -—-_-""'_h— .—:—T___—.."—'.;-_ =a o E
- .. . HAPLOTYPE .C . - - — ‘ .
6% ST T 31292 Ares 09 T Points 65810 5376 Base 17658 < © Wed, Mar 25, 1932 3:33PM ~ Paga 10f1
: Blogystamns DyeTerminator{AnyPrimer} 330 MATRIX FILE X: 010 5567 Y: Oto 1200
Model 373A Lane 9 AK 12404-279S -
Version 1.0.2 © Signal: G:337 A:216 T:236 C:55 P-19

NOCACOCCONTNTT |MCINGIL'I’AGTTAAGKHBCCAGCGTATGTTTTAATCAGGGGTGCNCCTTATGATAGGGTTGTATGTGCCAAAG&\TTGTTA GGTATAACAAAAAGTTCACT NANGTATACTTTAN

’. | El A P.F N 1) ‘m ﬂ i 1 T -
it ” | | ﬂAA' M ﬂ” WM i Y
bﬂw 1{ L_....JJ;- .

|

|

'h pii Mk J \J | W I

“Ij I/ 4 AW AL S 4N A - |
ATAAAGGATGGTTTG(T;ATAGTAGGATTGTCGGTGCCAANNATNTAAGTATAATAAAGTTTATTAAT GTATANTTAAAAGTTTTAATGTATACTTTAATTA NNGGGTGGCT TT%ATA NTAGGANT| |
|

. |

|

y | -

L
r———
—

96

;——-

Nt ‘U'“MJMM‘M‘M.J\‘,‘A M\ Jl um MJN&M‘N\

GTCGGTGC(IEAANC ATNG AAGTATAATAAAGNT TATTAATGTNTAGT TAAAAGGLCTTAACGTATNC CCA ANNCNAAGGGTNGCTATG AT AATAGGANTGTCGNTGNCAANNCCCTATT

W\ A‘ AN’U‘\U\‘-L ’)M LV 1‘\ ;\‘L -u 5&&1‘3\“)&"‘35-}“5

NATG TAT AT THNNNAA NTMNNGGGGCCGZZ NCT GGATMA'I'CAGGBGGTTGHI AAAGCOCARAAL CATGGG TOCOL COOCNCHNNTCAC AGEN




HAPLOTYPE OA

@?w 4/26/92 ARCS 13 Points 713105536 Base 1: 713 Sun, Apr 26, 1992 2:47PM  Page 1 of 1
= Blosystams DyeTerminator {AnyPrimer} . 330 MATRIX FILE X:0t05193 Y: 010 1200
Model 373A Lane 13 AK12197-M13R | -
Version 1.0.2 Signal: G:470 A:384 T:312 C:45 P-19
INCN:CNCATTNGCBATNT CAAO!\(IZTT[QIAGTGTTATNCTNTCGTHNNCTACGCCAG

f' CGTATGT TTTAATFFGGG%TG&CCT TATGACA?GG TT%TATGT GCCAAAGTTTGTTAAGTATAACAAAAAGTT(

B ,

r.Y

M R

ACTAATGTAEACT TTAATCA AAGGATGGT TTTG ATAATAGGATTG TCGGTGCCA AAGTTTTAAGTATAATAAAGTTTATTAATGTAT

Fa¥
AATTAAAAGTTITTAATGTATACTTTAATTAACH

. ‘ ‘ | .
\J / i A A ! A ‘.tl l‘ ‘..- A‘..!!&‘\‘A‘" W LL‘L‘“‘ |
GGTGGCTITG

ATAATAGGATTGTCGGMGCCAAAGT. NTATTA ATGTATATTTTAATTAAGGGGTGGCTNT GNATN ATAG GAT TGTCANNCGCCACMNGTTTGGTITAAGT AT

n e W)l '/\ ' /\

L6

. - .




T s T e e D e me

e T e e R e BT T T e T L e T
=
- - - - ;n e - - - - - -

- - - - - - -
. .. . _ HAPLOTYPE OA e L 2L o oL
ﬁmd © 7 42802 ARCS02 T 7 7 Points 66810 5536 Base 1:668 Tue, Apr 28,1992 7:55PM  Page 1of 1’
= Blosystems DyeTerminator{AnyPrimer} - 330 MATRIX FILE _ . X:01t05086 Y:010 1200 :
Model 373A Lane 2 - AK 12253-M13R
Version 1.0.2 . Signal: G:295 A:199 T:156 C:37 P-19 '
CCCCOIOINOCC TTCNC T TGC CCNGC TA C AGNT TCAGGGT TANA ATAK:(EACGCTCTACGCCAGAGTAHGTTTTAATCAGGGGTGGCCCTCTATGACAGC{;T TGTATGTGCCAAAGTTTGTTAAGTATAA

LR

o \ b\a {\El
AMAAGTTCACTA ATGTATACT TTAAT TAAAGGATGGTT%TGAT AATAGGATTGTCGGNGCCA AAGTTTTANGTATAATAAAGTTTATTAATGTATAATTAAAAGTTTTAATNTNTACT

2

=

8 ﬂ . , |
b | , ] " | | M\\QM M&a@m .
TTAAT TAAAGGGTGGCT TT(F ATAAT AGGATTGTCECNGCCAA NGNCCCATNAANGNATAT TTTAAT CAAGGGGTGGCT TCGGAT AAT AGGATNG TCACNGCCAAAGTTT]

LLL.“.M zk... gy “ ‘A'M‘

|

ol L g
;‘.&'.‘;i A X M-.; Mo Vil M A
GGNNA CGTAT GANAACCNNTCY ATCAACGNNCGGENNGC

; _[\\ N M\ .
j el




HAPLOTYPE 1A

Thu, Apr 30,1992 9:21 PM

43092 Arcs 06.Res Points 65410 5536 Base 1: 654 Page 1 of 1
Blosystems DyeTerminator{AnyPrimer} 330 MATRIX FILE X: 010 5517 Y:0to 1200
'Model 373A . Lane 6 ‘ _AK12278-M13R- ‘ -
Version 1.0.2 Signal: G:442 A-390 T:294 C:255 P-19

CNNC CNNCNTTNNCTCT TCNNAGNNT NTTACTA T TCAGT GIC NNCCTATAGTTANGL TACGCCAGCGTATGTTTTAACC NGGGGTGGCCCT TATGACAGGGTTGTNTGTGCCAAAGTTTGT TAAG TA TAACAAAA
| [

1y |

\ N{M{‘ LAWY g MJ"&

RGTTCACTAATGTATACT TTANTCAAAGGATGGTTTTGAT AAfAGGAT TGTCGGNGC

1 |

66

N

Pa 23

CAAAGTTTTAAGTATAAT AAAGTTTATTAATGTATAAT TAANAGTTTTAATNTATACTTTAC TTAA

, Il

-\ ln_.

AGGGTGGCTTTGATAATAGGATTGTCGGNGCCAAAGTTTATTA ATHTAT NTTTNNNT TA AGGGGTGGCT TCG ATAATAGGAT TGTCAGCGCCA CAGT NT GTTANGTNT(Q

i

f\

w

Al
v

|

AL

ATAANNNGTCTNTTANNTGTCC GGT TTGGNT GNCCTANNT NGCCCCTTATIC GNC A CTNOICCC NGGTTN NCGGGGGT
I3




HAPLOTYPE 1B

@w 43092 Arcs 15.Res ™~ = 7" Points 659105536 Base1:659 °  Thu, Apr30,1992°9:21PM  Page 1of 1’
- K Blogystams " DyeTerminator{AnyPrimier} 330 MATRIX FILE X:0 10 5455 Y:0to 1200

“Model 373A Lane 15 AK 12326-M13R

Version 1.0.2 . Signal: G:566 A:316 T:301 C:95 P-19

0oL

NNCCCCCNCON TTGICAMTCA(ITTCAGTGTM:TM NT!GTTAACI:'!']ACCCCAGCG TATGT TTTAAT(FI‘A GGGGTGGCCCT TATGACA?GG TTGTA%GTGCCA AAGTTTGT TMGTATAACA AAAAGTNCA

“ il | ﬂ V ‘ nv\ ﬂ"ﬂ‘ A A
WAATGTAIACTTTAAT%AAAGGATGGTTTTGATAATAGG‘ATTGTCGGTGCCAAAGNTTTAAGTATAATAAAGTNTATTAATGTATAATTAAAAGTTTTAATGTATACTTTAATTAAAGGGT

!

EGCTTTGATAATAGGATTGTCGGTGCCAAAGT TTATTAATGTATAT TTNAAT TAAGGGGTGGLCTITGATAATAGGATTGTCAGCGCCAAAGTTITGTTAAGTATGATA A

‘M‘M“a ..A AM“M&‘AL@ ,QJ“ ‘u MIENe OMM ‘ LA

ANGTCTATICAANNNNCGG CCNGGNTGGGTAA NAGCGCTATCCA GA CTNCCCN GNTT CGGGGGTN

_ ;o




HAPLOTYPE 2A

@?w _ 414592 ARCS 12 . Points 70510 6784 Base 1: 705 Tus, Apr 14,1992 9:56 PM  Page 1 of 2
‘ = Blosystams DyeTerminator{AnyPrimer) 330 MATRIX FILE X:010 7051 Y:0to 1200
Model 373A Lane 12 AK 11823-M13R
Version 1.0.2 Signal: G:392 A:225 T:213 C:52 P-19 '
NCILCC C € CTTCGGCC GING TAICAGLT TCAGGNTNATA CTAM:G!CGCTCTACGCCAGQGTATGTTTTAATCAGGG GTGECCCTCTATG ACAGGG TTGTAT GTGCCAARGTTTG TTAAGTATAACAAAAAGTT

JYJ/\

CTAATGTATACTTTAATC:{_\AAGGATGGTT_'IT%ATAATAGGATTG TCGGTGCCAAAGTTTTAAGTATAATAAA'GTTTA?TAATGTATAAT TA ANAGTTTTAATN TATACT TTA AT TAAAGG(

i b I 2

101

Y .,AMuJ.LLu.e ol “h

TGGCT TTGATAATAGGATTGNCG GTGT CAAAGTTTAT TAATGTAT NT CTTNATTAAGGGGTGGC TNNGATA ATAGGAT TG

CCAGTNCCANAGTTTGGIIA AGT AT CATAA

_____ﬂ An A A

o A
MAAANN .hx Mo \‘ 9. Um“ -A‘u" “.\’A‘Lﬁ! A...:.& AA “‘ ‘Md'a.,\. Qr‘l‘ " ‘= A \

NANNNCTATTAATGTAC NRCCTTGGATG GG T aA TNGGCGC TATC GAGA CTTCCCGGTTTC GGGGT TNG NCAAGGMAATA CCAAGGNTCGCCCANCCNTAGGGGGG

A
.- O N N N I N IS aE D O AN e A B aE W am




memioo o rl DM TN pHATC 20 METmeT

SR AL I bt ng S o i - e % T

T AT o e

T T T E T e R T T R e vme
= T = TEE L Tl o e

- -
e e - —.HAPLOTYPE, 2A . . _ — .. . .
s Applied ' 441492 ARCS 12 Points 705 to 6784 Base 1:705 Tue, Apr 14,1992 956 PM  Page 20f 2’
Bloadams DyeTerminatorjAnyPrimer) - 330 MATRIX FILE X:0107051 Y:0tc 1200
Model 373A Lane 12 - ' AK 11823-M13R
Version 1.0.2 - Signal: G:392 A:225 T:213 C:52 P-19 :
AGGGGGGG TTT ARCCCEE CEA GNAR CCCCCCGEA G WA C TTMECE NCRET T TTT AR NNAANAR ARACTT ACCECCCCNTACT CC

(4114




Mode! 373A
Version 1.0.2

HAPLOTYPE 2A-III
32592 Arcs 06.Res

DyeTerminator{AnyPrimer}

Lana 6

.

Signal: G:307 A:181 T:155 C:35

Points 496 10 5504 Base 1: 496
330 MATRIX FILE

AK 12238-279SM13R

P-19 2.25ulDNA

Wed, Mar 25, 1992 5:21 PM Page 1 of 2
X:0t06084 Y:0to 1200 -

€01

Vi

i\

CCCCANCGCTCNATNGC NN NC TTNANNNNA T NNCANA CTACCGACGCI’CT.R([:?{:CAGAGTAEGTTT TAATCAGGGGTGGCCCTTATGACA%GGTTGTATGTGCCAAAGT TTGTTAAGTA?_’AACAAAAA

!

ﬂ |
LQAW\%\M o bl ARERY o ;

;

i

TTCACTAATGTATACT TNAATCAAAGGATGG TTTNGATAATAGGATTGTCGGTGCC?AAGTTTTAAGTA TAATAANGTNTATTAATGTATAAT TAAANGT TTTAATG TATACTNTAATCAANG

i

|

L‘ h'ﬁ&lé‘l o !‘h d

| ..h,_

GTGGCTTNGATAATAGGATTGTCGGCGCC

bl

A, A-!.\ﬂ“h A

A aAGTNTAANN TATAATA NAGTTTATTA ATG GATANT TAG‘C AGNTTCGCNNG CAT ACTCTTACANC A CAGGGTGGNTTTGGATA ATAGG

ey © )
=
—

AT TGNCG GNGNCA NNGTT GNT TAANN TN TAT 1T ANCCCAANNGGhEHGC TTT GGCTAATAN GGTCNCCANCTCCC ANNG TTCNGTTAAC T NTTGAT AACC NCTCT NTTNA(

I}

N a

)

‘l!.'\!‘, ‘“5\‘.‘\-‘\_’4{‘ Ky i’l.il‘g.l\\‘..

1




—— T P e TR TR T [ E I T T e M S e M e s,
" - s TR R A ot S s o R R A e T

g, . g1 -r T -

HAPLOTYPE 3A

B L

@?‘Mﬁd 3 26a 92 Arcs 19.Res ' B Points 683 to 5536 Base 1: 683 Thu, Mar 26, 1992 5:54 PM° Page 1of1
% Blosystants DyeTerminatorfAnyPrimer} - 330 MATRIX FILE X: 0105327 Y:0to 1200

Model 373A Lane 19 AK 12341-279SM13R :

Version 1.0.2 Signal: G:251 A'117 T:115 C:76 P19 2254

NCCC CIDC TTINTTTOGAGNCTGNACNCCACNT TN NG A NTﬁCC(‘mCGCTC TACGCCAGAGTATGTTTTAATCAGGG I(_IETGGC CLTCTATGACAGGG TTGTNTGTGCCAAAGTTTGT TANGTATAACA AAAAG]

| | \

¥ o . A AN A A Y Pl UL ) I R L 3
GGGI’KBGCTHTGATAATAGGATNGCCGG:GCCAANNTTCATTANTGTATNTTTTAATTAAGGGGTGGCTNTGATAATAGGATTGNCAGC NCCA CAGTTTGTTAANTAT GATAANA

i | “ﬂ . dm” h m«..l.‘,hh‘m. LNMLALM“L J‘M“ﬁ l“ «‘& UAM ‘““ "‘}’"'M“h

GTCTATTTAATGTACGGCNTGATGGNT AA TAG CGICTATC GA CACTTCCCCGLGTNT CG GG GG

"




7 HAPLOTYPE 3A~III
Appled 3 26a 92 Arcs 15.Res
Blosystems

Points 679 t0 5536 Base 1: 679

Thu, Mar 26, 1992 5:54 PM Page 1 of 1
_ DysTerminator |AnyPrimer} 330 MATRIX FILE X: 010 5331 Y:0to 1200 :
Moded 373A Lane 15 - AK 12335-279SM13R :
Version §.0.2 Signal: G:214 A:86 T-90 C:35 T P19 2254
(MTANCC CTTNCTC G CT GOA cmmcGTTNANAANACCGACGCTc TACGCFFGAGTT TNNTTTAATCA GGG (ﬁTGﬂ:(ﬁCTCTATGACAGGGTTG TATGTGCCAAAGT TTGTNAAG TATAAC AAA ARG

fA A

l)—. I _[”____
T

N
/\ WAL

.| . z Ah/\%\d&
FATA NTAGGATTGTCGGTGCCA AAGTTTTAANTA’IP'AATAAAGTTTATTA NTGTATAAT TAACAGTTTTANTGNATAC T TCAATTAAC

1)

R WA, u.;ko.um

GGTGGCT TTGATAATAGGATTGTCGGTG CCANAGTC TTAAG TATAATA CNGTTT NTANNGTAT NNTCAAICCGNCTTAC TGY NTACTCCTNCTTAACGGGTGGNT NNGNNTA A

Fa%

TAG

B MAAHMRRM A nl A W | f -nf\ n;\f‘/\n/\[\
i

Db AL WA L ; ﬂ!“ MMJ\LL"I Al .\‘ lihmu._\ .A *“IL\M L‘ibu\‘l MY “ fh"
GATNGNCGNCGCCANAG CTTATNA'CGGTATNTTTT ANCTACGGNGTG GCNTNGATAAT A




e e i L TIECE T Ry mm om L TIELETLT
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Model 373A Lane 10 : AK 12183-M13R :
Version 1.0.2 Signal: G:461 A:372 T:266 C:49 P-19 _
CCCONC A COCC TICGC T TCGCCA NTCAA AGCTTCAGNNTTNACTATC(I_‘TTCG MNCTACGCCAGAGTATNT 11 TAATCAGGGGTGE CCTCIATGACAGGG TTGTATGTGCCAAAGT T TGT TAAGTATAACA A

|

[
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i M n | hﬂ \ \ \ﬂn M\h b1 n ,
il A i\ I l \‘ \t “LA | E\I w u AJ VJ

AAAGTTCACTAATGTA'ﬁACT TTAAT TAAAGGATGGTTTT’(_E‘ATAATAGGATTGTCGGTGCCAAAGTTTTAAGTATNATAAAGTTTATTAATGTATAATTAAAAGTTTTAAT GTATACTTTA

)

901

Til A0
N\j LN J‘ LM;LLALA lﬁh_f\

ACTAAAGGGTGGCTTTGATAATAGGAT TGTCGGTGCCAAAGT TTATTAATGTATAT TTTNATTAAGGGGTGGCT TNG ATA ATAGGANT GNCAGT GCC AAAGT TTG
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HAPLOTYPE 4B -
Appled ) 32592 Arcs 13.Res

9‘

Pcints 519 to 5504 Base 1: 519

-Wed, Mar 25,1992 5:21 PM  Page 1 of 2

Slosystems DyeTenninatoriMyPﬁmer} 330 MATRIX FILE X:0t0 6011 Y:Dto 1200
Modei 373A . Lane 13 - AK 12245-279SM13R
Version 102 ¢ ' Signal: G:425 A:182 T 207 C:50 P-19  2.25uIDNA

CCCCCNNNTCTTINN C'I%I'GACCCCA TT TNANA CTACCGNCGCT CTACGCCAGQGTATGTTTTAATCAGGGGTGECCTC ATGACAGGG TTGTATGTGCC? AAGTTTFTTAAGTA TRACA AAAAGTTF?CTA

M 4 W wﬂ

‘*

|

I
M,\. ! u

I

i

/\f

UL

201

il

ATGTATACT TTAATTAAAGGATGGTTCTGATA ATAGGAT TGTCGGTGCCAAAG TTTTA HSTATAATANAGTTTAT TAATGNAT

L3

AATTAANAGTNTTANTGTATACTC TAAT TAANGGGTGGE T

Vi

I GATAATAGGATTGTCGGTGCCAMAGT TTAT TACCTG TRT AT TT CACNTANGGGGTGGCTNNG ATAA

Il

|

TAGGATTGNCAGCGCCAAAGT ITGNNACGTATGATA ANAAGNCTATTA

nvnﬂnﬂ ﬂ'_ h M‘[nunﬂ

CTGTACGGCC'_F GGCTGGGTAANCNCCCCTATCNAGACT NG C NG GT TTCGGGGTTTGNCA

i M
l

GNNNNCAC ANCGATCGC TCAGCNTAGGGG G G TAG GGGGGCTTTCCC @CCq
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Model 373A Lane 14 AK 12409-279S

Version 1.0.2 . Signal: G356 A229T 228 C:43 P19

A i |
il IBITRIN N

R e T T

CTTTAATTAAAGGATGGTTCTGATAATAGGATTGTCGGTGCCA AAGTTTTAAGTA'!"AATAAAGTTTAT TAATGTATAATTAAAAGTTT TANT GTATACT TTANTTAAAGGGTGGCTTTGATAA
‘ N

|

[AGGATTGTCGGCGLCA AAGT CTCA hGTATAATAAAGT CNATTAATGM:TAATTA GAAGT TA GAANGTAT ACT CNA AT GAAC GGGTPC NTTTG ATA AT AG GAC TGTCGCCGGCCANI

|

cocec TC(ETTCCC%I:G(EATE‘TTTAGTTAM ?CG:CA(IGTATGTTTTAAT CAGGGGTGGCCCTTATGACAGGGTTGTATGTGC%AAAGT TTGTTAAGTAT AACAAANAGTTCACTAATGTAT A

—

e
——

W

b LW, WA
NGCCGATTAMATGTATTTT CCTAAAC TAACCCHNGCCCCCTTT GGCTAAGTAAGG TTGGNC AAATGCCANCNG T CCGGNTACANTNT G
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HAPLOTYPE COMPARI SON 7/13/92 73:43 PM+

_ 110 2l0 3|0 . 4|0 - Sld 7 610 TIO
STANDARD- - - |GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGIG CCAAAGTTTG
A |Grranscrac GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
A I1I | GTTAAGCTAC GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGITTG
c GTTAAGCTAC GccAGEETAT GTTTTAATCA GGGGTGGNCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
OA GTTAAGCTAC GCCAEAGTAT é;TTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
OA GTTAAGCTAC GCCAGCGTAT GITTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGITTG
1A - |eTTAAGCTAC GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGASAGG GTTGTATGTG CCAAAGTTTG
1B {eTTRAGCTAC GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGIG CCAAAGTTTG
2A GTTAAGCTAC GCCAGAGTAT GITTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG

5 22 TII GTTAAGCTAC GCCAGAGTAT GITTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGITTG
a GTTAAGCTAC GCCAGAGTAT GITTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGIG CCAAAGTTTG
3A ITI GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
4aA GTTAAGCTAC GCCAGAGTAT GITTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
43' GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
4B‘1i1 GITAAGCTAC GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGITTG




STANDARD- - TTAAGTATA; CAAAAAGTfé ACTAATGTA} ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

A TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

.l A TITI TTAAGTATAA_CAAAAAGTTC-ACTAATGTAT-ACTTTAATTAAAGGATGGTT TTGATAATAG GATTGTCGGT
c TTAAGTATAA CAAAAAGITC ACTAATGTAT ACTTTAATTA XAGGATGGTT TTGATAATAG GATTGTCGGT

OA TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT CTGATAATAG GATTGTCGGT

OA TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATSA AAGGATGGTT TTGATAATAG GATTGTCGGT

1A |TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATS;_AAGGATGGTT TTGATAATAG GATTGICGGT

1B TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATSX AAGGATGGTT TTGATAATAG.GATTGTCGGT

2A TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATS; AAGGATGGTT TTGATAATAG GATTGTCGGT

= 2a 111 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATE; AAGGATGGTT TTGATAATAG GATTGTCGGT
| an TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATEX AAGGATGGTT TTGATAATAG GATTGTCGGT
3A TIT TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATE; AAGGATGGTT TTGATAATAG GATTGTCGGT

4A TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

43:_ TTAAGTATAA CAAAAAGTIC ACTAATGTAT ACTTTAATTA AAGGATGGTT CTGATAATAG GA;IGTQGGT

43;1i1 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT-CIGATAATAG-GATTGTCEOT

HAPlLOTYPE-CCMPARISON 7/13/92 3:451 PM
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HAPLOTYPE COMPARISON 7/13/92 3:47 PM - - - ] e

. 1‘130 1?0 1"0 . 1?0 1?0 2?0 2 }0
STANDARD GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
A III GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
C | GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
OA GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
OA GCCAAAGTTT TAAGTATAAT AAAGITTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
1A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
1B GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
oA GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT ‘AATGTATACT TTAATTAAAG
2A IIT GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
3A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAACTAAAG
3a III GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
4A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTA@STAAAG
4B GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
4B III TAAGTATAAT AATGTATAAT TTAATTAAAG

GCCAAAGTTT

AAAGTTTATT

TAAAAGTTTT

AATGTATACT




HAPLOTYPE COMPARISON 7/13/92 3:49 PM

230 2P0 210 730 250 z?o 250

. STANDARD GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGIT TATTAAT GTATA—————

A GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT TATTAAT GTATA———~

A TIIT__ _ |GGTGGCTTTG-ATAATAGGAT TGTCGETGEC-AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
' ~-ITII ITIIIIIIII IIT IIIIT

c GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA

ITIT IITIIIIIII III ITIII

OA GGTGGCTTTG ATAATAGGAT TGTCGGAGCC AAAGTT —— TATTAAT GTATA————

OA GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT-=- TATTAAT GTATA—————

1A GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT TATTAAT GTATA————-

1B . GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT - TATTAAT GTATA-———

| 22 | GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT TATTAAT GTATA~——-i-
= 2 TII GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
& . ——IIIT IIIIIIIXII III IIITI
3A GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT TATTAAT GTATA—————

3A III GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA

: ‘ - —JXIII IITITIIIIT IIT—-—- ITIII

" 4A - GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT TATTAAT GTATA————-—

4B |GGTGGCTTTG ATAATAGGAT- TGTCGGTGCC AAAGTT TATTAAT GTATA—————

48 ITI . GGTGGCTTTG ATAATAGGAT. TGTCGGTGCC_AAAGTTTTAA GTATAATAAA-GFEEATEAAT-GTATAAT TAA
T IIIT IITIITIIII III 1IIII

G G SR SEN N NN UOR B NN BN OTE O WD BN UGN EE UR Gn e




1488

HAPLOTYPE CGVIPARISON 7/13/92 3:51. PM -
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\ 31:)

350

2?0 3?0 3*0 3?0 3?0 |
STANDARD TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
A — TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
A III AAGTTTTACT GTATACTTTA ATTAA
| IIIITIIIIT TIIITIIIII ITIII
C AAGTTTTAAT GTATACTTTA ATTAA
IITIIIIIIT ITIITITIII IIIIT ) ~ |
OA ' TTTTA ATTAAGGGGT GGCT{TGATA ATAGGATTGT CAGCGCCAAA
OA TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
1A ~————TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
1B TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAARA
2A TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGTGCCAAA
: _ : *
oA III AAGTTTTACT GCATACTTITA ATTAA
TITIIIIIIT IITIITITITII IIIIX :
3 : TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
3A ITI AAGTTTTACT GTATACTTTA ATTAA -
- IIIIITIITI IITIIIIIII IIIIT )
ar - TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
4B - TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
4B IIT . AAGTTTTACT GTATACTTTA ATTAA
L IIIIITTIIT IITITITIIIL ITIII
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T

R .

"ALIGNED "A" VARIANTS 7/14/92 11:40 AM :
1|0 2|0 3[0 4 f t..-.JIO 6I0 '110 .
1 STANDARD 7/9-24 |GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
mé? 3 26a 92 Arcs 10GITAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
| &;34 3 26a 92 Arcs 11/GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGIG CCAAAGTTTG
i: 3 26a 92 Arcs 14GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
' *g 3 26a 92 Afcs 13 GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
Lé 3 26a 92 Arcs 14GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTAT&}E, CCAAAGTTTG
b; 3 26a 92 Arcs 1§GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGIG CCAAAGTTTG
ﬁg 3 26a 92 Arcs 171GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGIGGCCC TTATGATAGG GTTGTATGTG CCAA;GT_T'I*E
”ig 3 26a 92 Arcs 20| GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
_ aié 3 26a 92 Arcs 24GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
II 3 27 92 Arcs 03.|GTTAAGCTAC GTCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
153 27 92 Arcs 07.|GTTAAGCTAC ‘Z;CE’:;E;;&};—} GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
Ig 3 27 92 Arcs 08.|GITAAGCTAC GCCAGAGTAT E;TTTAATCA G‘GGG‘I‘GGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
I: 3 27 92 Arés 12.|GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
fé: 3 27.92 Arcs 13.|GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
ig 3 27 92 Arcs 14.|GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGA'};&; GTTGTATGTG CCAAAGTTTG
i: 3 27 92 Arcs 15.|GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG |
fg 3 27 92 Arcs 17.|GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG _
_ fg 3.27 92 Arcs 18. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
‘zlé 3 27 92 Arcs 20.|GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC 'I'TATGI_A';‘AGG GTTGTATGTG ccAfAAcm'Tc;
5% 3 27 92 Arcs 21 |GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
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ALIGNED "A" VARIANTS 7/14/92 11:41 AM

| 244

P2 3 27 92 Arcs 23.
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ALIGNED "A" VARIANTS 7/14/92 11744 AM

TR T e T e T

[ T

S T e T Sr————— e

80
|-

90
1

k?O

1}0

. .

3

1

33
" lrs

1 STANDARD
ea
23
=/
33
5
4 3
|26
53
o
6 3
28
7 3
ey
g8 3
L7
9 3
3L
10 3

bl Toe |
e 4

11 3

33

h vy

12 3
L

26a 92

26a 92
26a 92

26a 92

Zba 92

Z26a 92

Z26a 92

26a 92

26a 92

27 92

27 92

27 92

44 3
76
is 3
27
he 3
20
17 3
20
18 3
70
19 3
11
20 3

27 92

27 92
27 92
27 92
27 §2
27 92
27 92

27 92

21_3

7/9-24
Arcs 10
Arcs 1]
Arcs
Arcs
Arcs
Arcs
Arcs
Arcs

Arcs

Arcs
Arcs
Arcs
Arcs
Arcs
Arcs
Arcs
Arcs
Arcs
Arcs

Arcs

12
13

14

14

17

20

27
03.
07.
08.
12.
13.
14.
15.
17.
18.
20.

21.

' TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

TTAAGTATAA

CAAAAAGTTC

TTAAGTATAA C

TTAAGTATAA

CAAAAAGTTC

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTGATAATAG

GATTGTCGGT

ACTAATGTAT

ACTTTAATTA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

.CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT "

GATTGTCGGT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTAATGTAT

ACTTTAATTA

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTGATAATAG

GATTGTCGGT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

CAAAAAGTTC

ACTAATGTAT

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

GAGGATGGTT

*

TTGATAATAG

GATTGTCGGT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

==
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ALTGNED "A" VARIANTS .?/14/92 11:46 AM

22 3 27 92 Arcs 23.
LS

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

611
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ALIGNED "A VARIANTS 7/14/92 11 48 AM

1?0 ltISO | l'ITO IIBO 1?0 2(1)0 210
11; STANDARD 7/9-24 |{GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT T'I'AATTAAAé
m’é 3 26a 92 Arcs 10GCCAAAGTTT ';;AGTATA;'; AAAGTTTATT AATGTATA;; TAAAAGTTTT AATGTATACT TTAA';";AAAG
ig 3 26a 92 Arcs 11} (;ECAAAGT'I"I' ;AAGTATAA} ;;AGTTTA';% AATGTATAAT TAAAAGTTTT AATGT;TACT 'I'TAATTAAAG. x
‘:j-_ 3 26a 92 Arcs 12AGCCAAAGTTT TAAGTATAAT ;AAGTTTAT; ;;}GTATAA;‘ 'I‘AAAAGTTT'-I_‘ AATGTATACT TTAATTAAAG
l‘ig; 3 26a 92 Arcs 13 ECCAAAGTT'I' TAAGTATAAT ;;;(—ETTTATT AATGTATAAT ;;AAAFSTTT'I' ;ATGTATAC'-I'- ';'TAATTAAAG
ié 3 26a 92 Arcs 14GCCAAAGTTT TAAGTA;_.;;'-I—‘ ;;AGTTTATT A;TGTATAA;‘ TAAAAGTTTT AATGTATACT TTAATTAAAG
:"? 3 26a 92 Arcs 1§ GCCAAAGTT'; ';';AGTATAAT AAAGTTTATT AATGTATAAT '};AAAGTTTT ;LATGTATACT TTAATTAAAG
‘::3 26a 92 Arcs 1.7 GCCAAAGTTT TAAGTATAAT g;AGTTTAT; ;ATGTATA;'; ';;AAAGTTE AATGTATACT TTAATTAAAGr
of; 3 26a 92 Arcs 20 EEE;_A;&FI_'; ;;AGTATAAT ;;AGTTTATT AATGTATAAT TAAAAGTT'fT ;ATGTATACT' TTAATTAAAG
ié 3 26a 92 Arcs 22GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT E‘AAA'AGTTTT AATGTATACT TTAATTAAAG
k.?;.; 3 27 92 Arcs 03 .|GCCAAAGTTT TAAGTATAAE AAAGTTTATT AATGTATAAT EAAA;(_BTTT'-I'F AATGTATA(-I'; '.I_';;;'I—";.;;;(_B
f; 3 27 92 Arcs 07.|GCCAAAGTTT TAAGTATAAT AAAGTTTATT ;;TGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
rl:i‘;r 3 27 92 Arcs 08.|GCCAAAGTTT TAAGTATAAT AAAGTTTA;; ;ATGTATAAT ;;AAAGTTTT AATGTATACT‘ TTAAT;AAAG
E: 3 .27 92 Arcs 12 .]GCCAAAGTTT TAAGTATAAT AAAGTTTAT'; ;ATGTATA;E‘ EAAAAGTTTT AATGTATACT TTAAT;AAAG
fé; 3 27 92 Arcs 13. EE(—:;;;E'}H ;RRETATAAT ;;AGTTTATT AATGTATAA; TAAAAGTTTT AATGTATACT TTAA'_I"?AAAG
fg 3 27 92 Arcs 14. ‘GCCAAAGTTT TAAGTATAAT ;;AGTTTAT'; AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
f’? 3 27 92 Arcs 15. &CAAAGTTT -';‘AAGTATAA'; ;AAGTTTATT AATGTATAAT TAAA;(_BTTTT ;ATG';'ATAEI-' TTAATTAAAE
-'7;’ 3 27 92 Arcs 17.|GCCAAAGTTT TAAGTATAAT AAAGTTT AT'I' ;ATGTATAAT ;AAAAGTTTT AATGTATACT TTAATTAAAG
ilg 3 27 92 Arcs 18. GCCAAAGTT} TAAGTA’I';;; AAAGTTTATT AATGTATAAT ;AAAAGTTTT AATGTATACT TTAATTAAAG
;é’ 3 27 92 Arcs 26. (—EEE;;;E'—I—"};' :I‘j;;GTATAAT AAAGT’I‘TAT'_I'- ;;TGTATAAT 'I';AAAGTTTT AATGTATACT ';'TAATTA;;é
241- 3 27 92 Arcs 21 . |GCCAAAGTTT ;‘;AGTATAAT ;;AGTTTAE AATGTATAAT ;;;;«AGTTTT AATGTATA(-I; TTAATTAAAG
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22 3 27 92 Arcs 23.
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ALIGNED "A" VARIANTS 7/14/92 11:53 AM ) - -

: . 2?0 2130 _2?0 2?0 2?0 2'I70 2?0
1 STANDARD 7/9-24 |GGTGGCTTTG ATAATAGGAT TGICGGTGCC ARAGTTIATT ARTGTATATT TTRATTAAGG GGTGGCTTTG
fé 3 26a 92 Arcs 10GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
ig 3 26a 92 Arcs 1)GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
5553 26a 92 Arcs 13GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
f§'3 26a 92 Arcs 1aGGTGGCTTTG,ATA;%EEGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGIGGCTTTG
fﬁ 3 26a 92 Arcs 14GGTGGCTTIG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG |
i; 3 26a 92 Arcs 16GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
ig 3 26a 92 Arcs 1]GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
o 3 26a 92 Arcs 20GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
iia 26a 92 Arcs 22JGGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT ;TAATTAAGG GGTGGCTTTG
i& 3 27 92 Arcs 03 |GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
ggza 27 92 Arcs 07.|GGTGGCTTIG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
.§:3 27 92 Arcs 08.|GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
i;-a 27 92 Arcs 12.|GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
'S 3 27 92 Arcs 13.|GOTGGCTTIG ATAATAGGAT TOTCOGTGOC AAAGTITATT AATGTATATT TTAATTAAGG GGTGOCTITO
i; 3 27 92 Arcs 14.|GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTIG

'ig‘a 27 92 Arcs 15 |GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG aGTGGCTTTG
e 3 27 92 Arcs 17.|GOTGGCTITG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
o 3 27 92 Arcs 18.|GOTGGCTITG ATAATAGOAT TGTCGGTGOC AARGITTATT AATGTATATT TTAATTAAGG GOTGGCTITG
0 3 27 92 hrcs 20 |GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGITTATT ANTGTATATT TTAATTAAGG GGTGGCTTTG
D1 3 27 92 Arcs 21 |GOTGGGTTTG ATARTAGGAT TOTCOGTGCC AAAGTTTATT ANTGTATATT TTAATTAAGG GGTGGCTTTG




- ALIGNED "A" VARIANTS 7/14/92 11:55 AM

N CA

P2 3 27 92 Arcs 23,

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGT
2 - -

ATATT TTAATTAAGG GGTGGCTTTG
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ALIGNED “A" VARIANTS 7714792 11:57 AM

2‘I?0 3?0 Jto 3%0 . 3?0 310
1 1 STANDARD 7/9-24 |ATAATAGGAT TGTCAGCGCC AAAG |

?. 3 26a 92 Arcs 10ATAATAGGAT TGTCAGTGCC AAAG
hg 3 26a 92 Arcs 1YATAATAGGAT TGTCAGCGCC AAAG
? 3 26292 Arcs 12ATAATAGGAT TGTCAGCGCC AAAG
E 3 26a 92 Arcs 13ATAATAGGAT ,i"—(_s%cmcecc AAAG
i; 3 26a 92 Arcs 14ATAATAGGAT TGTCAGCGCC AAAG
ig 3 26a 92 Arcs LATAATAGGAT TGTCAGCGCC AAAG
ég 3 26a 92 Arcs 17 ATAATAGGAT TGTCAGCGCC AAAG
jg 3 26a 92 Arcs 20| ATAATAGGAT TGTCA_GCGC(—Z AAAG
§E§ 3 26a 92 Arcs 22 EAATAGGAT 'E‘GTCAGCGE(—I ;E%
11 3 27 92 Arcs 03.|ATAATAGGAT TGTCAGCGCC AAAG
fg 3 27 92 Arcs 07.|ATAATAGGAT TGTCAGCGCC AAAG
1?:? 3 27 92 Arcs 08. ATAATAGGAT'TGTCAGTGEE AAAG
I:: 3 27 92 Arcs 12.|ATAATAGGAT TGTCAGCGCC AAAG
Ig 3'27 92 Arcs 13.|ATAATAGGAT TGTCAGCGCC AAAG
1:: 3 27 92 Arcs 14.|ATAATAGGAT TGTCAGAGCC AAAG
rf 3 27 92 Arcs 15.|ATAATAGGAT TGTCAGCGCC AAAG
fg 3 27 92 Arcs 17.JATAATAGGAT TGTCAGCGCC AAAG
fg 3 27 92 Arcs 18.|ATAATAGGAT TGTCAGCGCC AAAG
;(1) 3 27 92 Arcs 20.|ATAATAGGAT TGTCAGCGCC AAAG.
;I 3 27 92 Arcs 21.|ATAATAGGAT TGTCAGCGCC AAAG




ALIGNED "A" VARIANTS' 7/14/92 11°59 AM
3 f— —
P2 3 27 92 Arcs 23.|ATAATAGGAT TGTCAGCGCC AAAG
1% s ' '

T4 !
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ALIGNED “C" YARIANTS 7/15/92 1:56 PM

10

20

| I

30 40
I

I

50
1

60
i

70

i

79

‘)C,

4 4/21/92

‘)1

5 4/21/92

"
2y

[
7 47/26/92
25
8 4/26/92
e
9 4/26/92

o X
=’/

Q#ﬂ 4/30/92

28

11 4/30/92
20

12 4/30/92
70

13 4/30/92
27

14 4/77/92

A2
pVors

15 4/7/92

6 4/23/92.

ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS

ARCS

1 4/28/92 ARCS 11
2 4/13/92 ARCS 01

—3-4/¥4/92-ARES—18-
E4

15
18
20
08
14
19
08
10
11

20

ARCS 10

ARCS 11

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTAAGCTAC GTCAGAGTAT GTTTTANTCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

—F e ———

GTTAAGCTAC_GCCAGAGTAT_GTTTTAATCA GGGGTGGCCC

TTGTGATAGG

GTTGTAGGTG

*

GTTAAGCTAC

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

—_— -

GTTGTATGTG

CCAAAGTTTG

CCAAAGTTTG

GTTAAGCTAC

GTTAAGCTAC

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTAAGCTAC

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTAAGCTAC

GCCAGAGTAT

GTTAAGCTAC

GCCAGAGTAT

GTTAAGCTAC

GTTAAGCTAC

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

GTTTTAATCA GGGGTGGCCC

GTTTTAATCA GGGGTGGCCC

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTAAGCTAC

GCCAGAGTAT

'GTTAAGCTAC

GCCAGAGTAT

GTTAAGCTAC

GCCAGAGTAT

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTTTAATCA GGGGTGGCCC

TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

27
W6 477792
E¥;
17 5/5/92
25
18 5/5/92

3

:

ARCS 17

ARCS 21

ARCS 22

GIIAAGCIAC‘GCCAGAGIAImGI$$$AAIGA—6666%66666—??#?6ATAGG

GTTOTATGTG

CCAAADGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG

GTTGTATGTG

CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG

GTTGTATGTG

CCAAAGTTTG




8O

ALIGNED “C° VARIANTS 7/15/92 1:58
‘ 0

PM_
S 90
|

1?0

liO

ﬁo

1?0 .

110

1 4/28/92
79

2 4/13/92
Yy _

3 4/14/92
=1

4 4721792

(s
S

5 4/21/92
2’3
6 4/23/92
2
T 4/26/92
N 2&)
8 4/26/92
"6

9 4/26/92

a:)}".'
’ézo 4/30/92

ad
11 4/30/92
20
t2 4/30/92
L
13 4/30/92
27

220
22

16 4/7/92
2

ks

P26

'ARCS

ARCS

ARCS

ARCS

ARCS

ARCS

ARCS

ARCS

ARCS
ARCS
ARCS
ARCS

ARCS

11

o1
18

15
18
20
08
14
19
08
10
11
20

14 4/7/92 ARCS 10
15 4/7/92 ARCS 11
ARCS 17
{7 575792 ARCS 2%

18 5/5/92 ARCS 22

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

ACTAATGTAT

ACTTTAATTA

TTAAGTATAA

CAAAAAGTTC

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

AAGGATGGT

TTGATAATAG

GATTGTCGGT

ACTTTAATTA

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT.

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTAAGTATAA

CAAAAAGTTC

TTAAGTATAA

CAAAAAGTTC

'TTAAGTf—AA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTAATGCAT

*

ACTAATGTAT

CAAAAAGTTC

ACTAATGTAT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

ACTTTAATTA

TTGATAATAG

GATTGTCGGT

TTGATAATAG

GATTGTCGGT

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

GATTGTCGGT-

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT |

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTAAGTATAA

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTGATAATAG

GATTGTCGGT -

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT

TTAAGTATAA

CAAAAAGTTC

ACTAATGTAT

ACTTTAATTA

AAGGATGGTT

TTGATAATAG

GATTGTCGGT




ALIGNED "C" YARIANTS 7/15/92 2:00 PM

1% 50 ‘ o 1w 190 20 210

6C1

‘1 4/28/92 ARCS 11
79
2.4/13/92 ARCS 01
20
~3-47/'14/92ARCS~18"
27
4 4/21/92 ARCS 15

233
s 22

5 4/21/92 ARCS 18

')"

‘6 4/23/92 ARCS 20

2

7.4/26/92 ARCS 08
f§-4/26/92'ARCS 14
f§'4/26/92 ARCS 19
10 4/30/92 ARCS 08
28

- L1 4/30/92 ARCS 10

>0 :
12 4/30/92 ARCS 11
1‘?

13 4/30/92'ARCS 20
vy ‘

14 4/7/92 ARCS 10

i§,4/2432,ARcs_11_,
J:b? 4/7/92 ARCS 17
E? 5/5/792 ARCS 21
ig-515192 ARCS 22
e

‘GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTHTAAT.TAAAAGTTTT AATGTATACT TTAATTAAAG

|GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

‘GCCAAAGTTT TAAGTATAAT_ﬁﬂAGTTTATT—AATGTATAGT—TﬁﬁﬁﬁGTTTT“GACGTATACT—TTAATTAAAG

* & _

——— * .

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT "TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGITTT AATGTATACT TTAATTAAAG

GCCAAAGIIIHIAAGIAIAéI_AAAGIIIAIILAAIGIAIAAI_IAAAAGIIII_AAIQI&IA IIAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAATTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG




" ALIGNED “"C" VARIANTS ~7/15/92 2:03 PM

mm.--
= i

2?0

2i0

240

2?0

_é?b_m

270
I

- é?o‘_

1 4728792
T

2 4/13/92
20

3 4/14/92
eI

4 4/21/92
E 4/21/92
LR

6 4/23792
g

7 4/26/92
25
8°4/26/92
o

9 4/26/92

e

2"

Eho 4/30/92

s

11 4/30/92
29

12 4!30/92
(7

13 4/30/92°
(21

114 477792
L

1S 477792
72

N6 4717792
2

17 S/5/792
25

18 5!5/92
16 .

ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS
ARCS

ARCS

11
01

18

15

i8

08.

14

19

08

10

11

20

ARCS 10

ARCS 11

ARCS 17

ARCS 21

ARCS 22

20

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

AAAGTTTTAA

GATGGTCTTG

% x %

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

GTATAATAAA

GTTTATTAAT

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTARA

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

GGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATT&%

GGTGGCTTTG

ATAATAGGAT

JGGTGGCTTTG

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

ATAATAGGAT

TGTCGGTGCC

AAAGTTTTAA

GTATAATAAA

GTTTATTAAT

GTATAATTAA

GTATAGTTAA .
*

oW ' -
DUy g e

:?ﬁ '!:4‘,3{'[ P

‘.’Ti v i gf“




ALIGNED "C" YARIANTS 7/15/92 2:05 PM

290
|

3?0

3'0

3%0

b

11 4/28/92

Fsy
24/13/92
oy

=
4 4/21/92

[

5-4/21/92

3
i

6 4/23/92
g

7 4/26/92
o5

8 4/26/92
26 .
9 4/26/92
e '
10 47/30/92
o0

i1 4/30/92
B

12 4/30/92

i

13 4/30/92
2
30

)

putats

ARCS 11

ARCS 01

1T3747/147927ARCS™ 18~

ARCS 15
ARCS 18
ARCS 20
ARCS 08
ARCS 14
ARCS 19
ARCS 08
ARCS 10
ARCS 11

ARCS 207

N4 4/7/92 ARCS 10

MN5..4L7492 _ARCS._11

AAGTTTTAAT

GTATACTTTA

ATTAA

AAGTTTTAAT

GTATACTTTA

‘EAGTTTTGAC GTATACTTTA

AAGTTTTAAT

ATTAA

GTATACTTTA

AAGTTTTAAT

GTATACTTTA

AAGTTTTAAT

GTATACTTTA

AAGTTTTAAT

GTATACTTTA

AAGTTTTAAT

GTATACTTTA

|AAGTTTTAAT

GTATACTTTA

|22

24

1 35

ol

6 4/7/92 ARCS 17
117 5/5/92 ARCS 21

18 5/5/92 ARCS 22

i ek

AAGTTTTAAT

 GTATACTTTA

AAGTTTTAAT

AAGTTTTAAT

GTATACTTTA

GTATACTTTA
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Appendix VII. Table of Composite Haplotypes. I
Alternat.la ‘ _ NUC NUC Sequence
Designation* _Haplotype Restriction 47 109 Repeat l
' A BRCS BRCS T T N
c A1 A T T N : l
B A2 A C T N 3
D A3 A T C N
F Ad 2D T 1T N '
£ A-1l1 A T T I
G C. C T T 1 '
H OA1 OA T C N -
| OA2 OA c T N '
J 0A3 OA c c N
K 1A 1A c c N
L 1B 1B - c c N '
M 2A - 2A C C N
N 2A-I11I 2A C C Rl
} o 2C 2C Cc C. N ' '
P 3A 3A c Cc N
Q C3A-HI 3A Cc c ]
R 4A 4A C T N
T 4B 4B Cc T N
S 4B-111 4B C T il

* Designations used in Chapter 3, Bickham et al.
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Cisco Restriction and Sequence| Comparison

Sample
Number

Locality

Restriction |Sequence Sequence
Analysis, Analysis Repeat

Cisco

12486
12487

Cisco
Cisco

Arctic

Arctic
Arctic
Arctic
Arctic
Arctic
Arctic

Arctic
Arctic
Arctic
Arctic
.Arctic
Arctic.
Arctic
-Arctic
. Arctic
Arctic
Arctic

Point Barrow, AK
Point Barrow, AK
int Barrow, AK

Cisco

Cisco
Cisce
Cisco
Cisco
Cisco

Cisco
Cisco
Cisco
Cis'cé
Cisco
Cisco
Cisco
Ciscc:a
Cisco
Cisco

. | -
C:sc?

6352
6353

12432

12434
12435
12436
12437
12438
12439

12463
12464
12465
12466

12467

12468
124868
12470
12471

12472

GEN 12

R

> > >

-~

-
o

Point Barrow, AK A T-T
Point Barrow, AK A . T-T
Kogru River, AK A T-T

Kogru
Kogru
Kogru
Kogru

~ Kogru

Kogru

Colville
Colville
Colville
Colville

- Colville

Colville

Colville.

Colville
Colville
Colville
Colville

River, AK A T-T
River, AK A T-T
River, AK T-T
River, AK C T-T C
River, AK 4A C-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T
River, AK A T-T.
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Common Sample o Restriction  Sequence Sequence
Name Number . Locality . Analysis Analysis ~ Repeat
~ Arclic Cisco GEN 14 Colville River, AK - 2A C-C :
. Arclic Cisco * 15 Colvillé” River, AK " %3¢ T-T C
Arctic Cisco 19 Colville River, AK 2A C-C
., Arctic Cisco 20 : Colville River, AK A T-T
. Arctic Cisco 22 . Colville River, AK A T-T
Arctic Cisco 23 " Colville River, AK A "
. Arctic Cisco - 25 Colville River, AK A T-T
- Arctic Cisco 26 Colville River, AK A T-T
Arctic Cisco 27 Colville River, AK ] T-T C
Arctic Cisco 31 Colville River, AK A T-7T
- Arctic Cisco 32 Colville River, AK A T-T
“Arctic Cisco 33 Colville River, AK A T-T C
. Arctic Cisco 34 Colville River, AK A T-T
Arctic Cisco 35 Colville River, AK A T-T
" Arctic Cisco 36 Colville River, AK 4A C-T
Arctic Cisco 38 Colville River, AK A T-T
- Arctic Cisco kY Colville River, AK A T-T
" Arclic Cisco 40 Colville River, AK A
Arctic Cisco 41 Colvile River, AK A
' Arctic Cisco 43 Colville River, AK A T-T
Arctic Cisco 44 Colville River, AK A
Arctic Cisco 45 Colville River, AK A
~ Arctic Cisco 47 Colville River, AK A T-T
- Arctic Cisco 48 ‘Colville River, AK A
Arctic Cisco 49 Colville River, AK AL T-T
+ Arctic Cisco 50 Colville River, AK C T-T C
« Arctic Cisco 51 Colville River, AK C
Arctic Cisco . 52 Colville River, AK A T-T
Arctic Cisco 60 Colville River, AK 3A C-C
Arctic’ Cisco 63 Colville River, AK A T-T
- Arctic Cisco 64 Colville River, AK - » 3A c-C
. Arctic Cisco 65 Colville River, AK A T-T C
Arctic Cisco 67 Colville River, AK C T-T C
Cisco - 69 . Colville River, AK 'BRCS T-T-
. Arctic Cisco 70 - Colville River, AK LA T-T
Arctic Cisco . 72 Colville River, AK A T-T
Arctic Cisco 73 Colville River, AK A T-T
Arctic -Cisco . 74 Colville River, AK A T-T
Arctic' Cisco 76 Colville River, AK A T-T
Arctic Cisco 78 Colville River, AK C T-T o
i+ Arctic Cisco 79 Colville River, AK A T-7 »
Arctic Cisco 80 Colville River, AK A T-T
Arctic " Cisco 81 Colville River, AK A T-T
- Cisco 85 Colville River, AK BRCS T-T
- Arctic Cisco 86 Colville River, AK B c-C
" Arctic Cisco 87 ‘Colville River, AK A
Arctic Cisco 88 Colville River, AK A T-T
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‘Common Sample Restriction  $equence Sequence
Name Number Locality ‘Analysis Analysis Repeat
Arctic Cisco GEN 89 Colville River, AK A T-T
Cisco. 116 Colville River, AK BRCS
Cisco 117 Colville River, AK  BRCS
Cisco 118 ~ Colville River, AK BRCS
Cisco 119 Colville River, AK BRCS - C
Cisco 120 Colville River, AK BRCS
Cisco 121 Colville River, AK BRCS
Cisco 122 Colville River, AK . BRCS
Cisco . 123 Colville River, AK BRCS
Cisco ' 124 Colville River, AK BRCS
Cisco 125.  Colville River, AK BRCS
Cisco 126 ~ Colville River, AK BRCS
Cisco 127 Colville River, AK BRCS
Cisco i29 Colville River, AK BRCS
- Cisco 131 Colville River, AK BRCS
Cisco 132 Colville River, AK BRCS
Cisco 133 Colville River, AK BRCS
-Cisco - 134 Colville River, AK BRCS
Cisco ' 135 Colville River, AK BRCS
Cisco ' 136 Colville River, AK BRCS
Cisco | 137 Colville River, AK BRCS
Arctic Cisco| 12396 Sag. River, AK A T-T
Arctic Cisco 12397 Sag. River, AK A T-T
Arctic Cisco 12398 . 8ag. River, AK A T-T
Arctic Cisco 12399 Sag. River, AK A T-T
Arctic Cisco 12400 Sag. River, AK A T-T
Arctic Cisco 12401 Sag. River, AK A T-T
Arctic Cisco 12402 Sag. River, AK 3A Cc-C
Arctic Cisco 12403 Sag. River, AK 3A T-T
Arctic Cisco 12404 " Sag. River, AK. C T-T C
‘Arctic Cisco 12405 ‘Sag. River, AK A T-T
_ Arctic Cisco| 12406 Sag. River, AK A T-T
Arctic Cisco 12407- Sag. River, AK 2A c-C
Arctic Cisco 12408 Sag. River, AK A T-T C
Arctic Cisco, 12409 Sag. River, AK 4B C-T C
Arctic Cisco! 12410 Sag. River, AK A T-T
Arctic Cisco . 12411 . - Sag. River, AK A T-T _
Arctic Cisco: 12412 Sag. River, AK Cc T-T Cc
Arctic Cisco 12413 Sag. River, AK A T-T C
Arctic CiscoI 12414 Sag. River, AK A T-T C
Arctic Ciscoi' 12415 Sag. River, AK " A T-T
Arctic Cis.coI 12416 Sag. River, AK A
Arctic (I:isco| 12417 Sag. River, AK A T-T
Arctic CiscoI . 12418 Sag. River, AK A T-7
Arctic CIscol 12419 . Sag. River, AK A T-T
Arctic Cisco: . 12420 ~ Sag. River, AK OA c-C
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Common Samplg - Restriction  Sequence Sequence
Name Number . Locality Analysis Analysis Hepeat
Arctic Cisco 12421 Sag. River, AK A T-T '
Al

- Arctic

Arctic
Arctic
Arctic

. Cisco

Arctic

~ Arctic
. Arctic

Arctic

. Arctic
Arctic

Arctic
Arctic

- Arctic

Arctic

: Arctic
" Arctic

Arctic
Arctic
Arctic

| Arctic

Arctic
Arctic
Arctic

| Arctic

Arctic
Arctic
Arctic
Arctic
Arctic
Arctic
Arctic
Arctic
Arctic
Arctic
Arctic
Arctic

- Arctic

Arctic

" Arctic

Arctic

Cisco
Cisco
Cisco

Cisco
Cisco
Cisco
Cisco
Cisco
Cisco

-Cisco

Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco

Cisco

Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco

12428

12429
12430
11700
11742
11745
11746
11747
11748
11749
11750
11751
11752
11753
11754

11755

11756
11758
11759
11761

11762

11763
11765
11767
11768
11769
11770
1177
11772
11774

11775

11777
11778
11779
11780
11781
11782
11783
11784
11808
11810

. Sag. River, AK

_Sag. River, AK

Sag. River, AK
Sag. River, AK

Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK .
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK

+ L]

m

o§>>>>o>§o>>>o;>>>>§>z>

O

OO

Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK
Sag. River, AK

O0O00

1

T
T
T.
T
.
-T
T
T
T
T
M
T
T
T
C.
7
T
T
T
T
-T .
-
7
e
-T
-T
-T
-T
-C
-C
7
T
Xo:
7
T
T
T
T
-7
-7

A4 A A4AAAA4O0O4A400 4444040 A A A A4 A0 A A A4 40 A A A A4 44+

l’\)‘ N W w
>P>>>>>P>>P8>>>>
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Common Sampie Restriction  Sequence  Sequence
Name - Number Locality Analysis Analysis Repeat

Arctic Cisco] 11817 Sag. River, AK A T-T o]
- Arctic Cisco 11818 'Sag. River, AK - Cc

Arctic Cisco| 11819 8ag. River, AK A

Arctic Cisco] 11821 Sag. River, AK A T-T

Arctic Cisco 11822 Sag. River, AK A T-T C

Arctic Ciscol 11823 Sag. River, AK 2A. cCc

Arctic Cisco 11825 Sag. River, AK 2A c-C

Arctic Cisco| 11827 Sag. River, AK e T-T c

Arctic Cisco| 11828 Sag. River, AK A T-T

Arctic Cisco 11832 Sag. River, AK A T-T

Arctic Cisco 11833  Sag. River, AK A T-T

Arctic Cisco| 11834 Sag. River, AK A

Arctic Cisco 12474 Kaktovik Lagoon, AK A T-T

Arctic Cisco 12475 Kaktovik Lagoon, AK A T-T

Arctic Cisco 12476 Kaktovik Lagoon, AK A- T-T

Arctic Cisco 12477 Kaktovik Lagoon, AK A T-T

Arctic Cisco 12478 Kaktovik Lagoon, AK A T-T

Arctic Cisco 12479 Kaktovik Lagoon, AK A T-T

Arctic Cisco 12481 Kaktovik L n, AK A T-T

Arctic Cisco 12247 Stokes Point, YT A T-T
Arctic ‘ YT T-
Arctic 12250 Stokes Point, YT A T-T
Arctic Cisco 12251 Stokes Point, YT A T-T
Arctic Cisco 12252 . Stokes Point, YT A T-T
Arctic Cisco 12253 Stokes Point, YT OA c-T
Arctic Cisco 12254 Stokes Point, YT A T-T
Arctic Cisco 12284 Stokes Point, YT A T-T
 Arctic Cisco 12285 Stokes Point, YT A T-T
Arctic Cisco 12286 - Stokes Point, YT A T-T
Arctic Ciscol 12287 - Stokes Point, YT C T-T o
Arctic Cisco 12288 Stokes Point, YT A T-T
Arctic Cisco 12289 Stokes Point, YT A
Arctic Cisco 12290 Stokes Point, YT A T-T C
Arctic Cisco 12291 . Stokes Point, YT  * A T-T
Arctic Cisco 12292 Stokes Point, YT A T-T
“Arctic Cisco 12293 Stokes Point, YT c T-T C
Arctic Cisco 12294 - Stokes Point, YT A T-T
Arctic Cisco 12295 Stokes Point, YT 2A. C-C
Arctic Cisco 12296 Stokes Point, YT A - T-T
Arctic Cisco 12297 Stokes Point, YT 2A MIX
Arctic Cisco 12288~ Stokes Point, YT 2A c-C
Arctic Cisco| 12289 Stokes Point, YT - A T-T
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Common Sample Restriction  Sequence  Sequence
Name Number Locality Analysis Analysis - Repeat
v Arctic Cisco 12300 Stokes Point, YT A T-7T
‘Arctic Cisco 12255 Atkinson Point, A T-T
"Arctic Cisco 12256 Atkinson Point, A T-C.
Arctic Cisco 12257 Atkinson Point, C T-T
Arctic Cisco 12258 i

+ Arctic
“ Aretic
Arctic
" Arctic
- Arctic
Arctic
Arctic
~ Arctic
Arctic
- Argtic
“Arctic
Arctic
Arctic
Arctic
. Arctic
Arctic

A

. Arctic
- Arctic
.+ Arctic

Arctic
v Arctic
. Arctic
_ Arctic

Arctic

Arctic

 Arctic
Arctic
Arctic
.~ Arctic
Arctic
Arctic
Arctic

i _- !
Arctic

Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco

12264
12265
12266

12267 .

12268
12269
12270
12271
12272
12273
12274
12275

T 12276

12277
12278
122789

12141
12142
12143
12151

12154 -
"12155

12161
12162
12163
12175
12178
12183
12184
12185
12186
12187

12188 .

Atkinson
=

Atkinson Point,
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT
Atkinson Point, NWT

. Atkinson Point, NWT
Atkinson Point, NWT-

Peel River, NWT
Peel River, NWT
Peel River, NWT
Pee! River, NWT
Peel River, NWT
Peel River, NWT
Peel River, NWT
Peel River, NWT -
Peel River, NWT
Peel River, NWT
Peel River, NWT
Peel River, NWT
Pael River, NWT
Peel River, NWT
Pee! River, NWT
Peel River, NWT
Peel River, NWT
Peel River, NWT
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Commeon Sample : Restriction  Sequence Sequence
Nama Number Locality Analysis . Analysis Repeat

Arctic Cisco 12189 Peel River, NWT A T-T
Arctic Cisco 12190 Peel River, NWT 2A c-C
Arctic Cisco 12191 Peel River, NWT A T-T
Arctic Cisco 12192 Peel River, NWT A T-T
Arctic Cisco 12193 Pee! River, NWT B c-C
Arctic Cisco 12194 Peel River, NWT A T-T
Arctic Cisco 12195 Peel River, NWT A T-T C
Arctic Cisco 12196 Pee! River, NWT OA T-C
Arctic Cisco 12197 Peel River, NWT- OA C-C
Arctic Cisco 12198 Peel River, NWT A T-T
Arctic Cisco MS 1 ‘Peel River, NWT - 2A C-C
Arctic Cisco 2 Peel River, NWT A T-T
Arctic Cisco 3 Peel River, NWT A T-T c
Arctic Cisco 4 Peel River, NWT A T-T C
Arctic Cisco 6 Peel River, NWT 3A c-C
Arctic Cisco 7 Peel River, NWT A T-T
Arctic Cisco 8 Peel River, NWT Cc T-T C
Arctic Cisco 9 Peel River, NWT A C-T
Arctic Cisco 10 Peel River, NWT 3A c-C C
Arctic Cisco| 11 Peel River, NWT A T-T
Arctic Cisco 12 Peel River, NWT - A T-T
Arctic Cisco 13 Peel River, NWT A T-T
Arctic Cisco 14 Pee! River, NWT A T-T
Arctic Cisco 15 Peel River, NWT A T-T C
Arctic Cisco 16 Peel River, NWT A T-T
Arctic Cisco 12211 Arctic Red River, NWT A T-T c
Arctic Cisco 12212 Arctic Red River, NWT A T-T
Arctic Cisco| . 12213 Arctic Red River, NWT A T-T
Arctic Cisco 12214 . Arctic Red River, NWT A T-T
Arctic Cisco 12215 Arctic Red River, NWT A T-7T
Arctic Cisco 12216 Arctic Red River, NWT A T-T
Arctic Cisco| 12217  Arctic Red River, NWT C T-T C
Arctic Cisco| 12218 Arctic Red River, NWT A T-T c
Arctic Cisco 12219 Arctic Red River, NWT A T-T '
Arctic Cisco 12220  Arctic Red River, NWT C T-T C
Arctic Cisco 12221 - Arctic Red River, NWT A - T-T
Arctic Cisco 12222 Arctic Red River, NWT A T-T Cc
Arctic Cisco| 12223  Arctic Red River, NWT A T-T
Arctic Cisco 12224 Arctic Red River, NWT A C-C
Arctic Cisco 12225 Arctic Red River, NWT 2C T-T c
Arctic Cisco 12226 Arctic Red River, NWT A T-T
Arctic Cisco| 12227 Arctic Red River, NWT - A T-T
‘Arctic Cisco 12228 Arctic Red River, NWT A T-T
Arctic Cisco 12229 Arctic Red River, NWT c T-T (]
Arctic Cisco 12230 Arctic Red River, NWT c T-T C
Arctic Cisco 12231 Arctic Red River, NWT A T-T
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Common Sample , Restriction  Sequence Sequence
, Name Number Locality ~Analysis- Analysis Repeat
Arctic Cisco 12233 Arctic Red River, NWT, .. A T-T '
Arctic Cisco . 12238  Arctic Red River, NWT 2A ,C-C C
Arctic Cisco . 12239  Arctic Red River, NWT ° A T-T
- Arctic Cisco 12240 Arctic Red River, NWT A T-T
" Arctic Cisco 12241 Arctic Red River, NWT A T-T
Arctic Cisco 12242 Arctic Red River, NWT A T-T
. Arctic Cisco - 12243 Arctic Red River, NWT A T-T
+ Arctic Clsco 12244 Arctic Red River, NWT A T-T
Arctic Cisco 12245  Arctic Red River, NWT 4B C-T
~ Arctic Cisco - SR 232 Arctic Red River, NWT 3A C-C
“Arctic Cisco 233 Arctic Red River, NWT A T-T
Arctic Cisco 234 Arctic Red River, NWT A T-T
.- Arctic Cisco 235 Arctic Red River, NWT A T-T C
Arctic Cisco 236 Arctic Red River, NWT A T-T
~ Arctic Cisco 237 Arctic Red River, NWT A T-T
Arctic Cisco - 238 Arctic Red River, NWT A T-T
. Arctic Cisco 239 Arctic Red River, NWT A T-T
. Arctic  Cisco 240 Arctic Red River, NWT A T-T
 Arctic Cisco 241 Arctic Red River, NWT A T-T
" Arctic Cisco 242 Arctic Red River, NWT A T-T
Arctic Cisco 243 - Arctic Red River, NWT A T-T.
Arctic Cisco 244 Arctic Red River, NWT A T-T C
_ Arctic Cisco 245 Arctic Red River, NWT A T-1°
~ Arctic Cisco 246 Arctic Red River, NWT A T-T
. Arctic Cisco 247 Arctic Red River, NWT A T-T
Arctic Cisco 248 Arctic Red River, NWT 3A - C-C
Arctic Cisco 249 - Arctic Red River, NWT A T-T
Arctic Cisco 250 Arctic Red River, NWT A
- Arctic Cisco = 251 Arctic Red River, NWT A C-T _
- Arctic Cisco 253  Arctic Red River, NWT c T-T C
- Arctic Cisco 256 Arctic Red River, NWT A T-T
: Arctic Cisco 257 Arctic Red River, NWT A T-T
- Arctic  Cisco 258 Arctic Red River, NWT C T-T C
. Arctic Cisco 2597 Arctic Red River, NWT A T-T C
Arctic Cisco 260 Arctic Red River, NWT A T-T C
Arctic Cisco 262 Arctic Red River, NWT A CT-T
. Arctic Cisco . 264 Arctic Red River, NWT A T-T
“Arctic Cisco 267 Arctic Red River, NWT 3A C-C
Arctic Cisco 268 Arctic Red River, NWT A T-T
Arctic Cisco 269 Arctic Red River, NWT A T-T C
" Arctic Cisco 271 Arctic Red River, NWT A T-T
“Arctic Cisco 275 Arctic Red River, NWT . A T-T
Arctic Cisco 12303 Mountain River, NWT - 3A c-C
Arctic Cisco -~ 12304 - Mountain River, NWT - A T-T
Arctic Cisco 12305 Mountain River, NWT A T-T
- . Arctic Cisco - 12306 Mountain Rivar, NWT 3A c-C -
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Common Sample: - Restriction {Sequence Sequence
Name Number. Locality Analysis Analysis Repeat
Arctic Cisco 12307 Mountain River, NWT A T-T

Arctic Cisco 12308 ' Mountain River, NWT A T-T C’

Arctic |sc? 12310 Mountain River, NWT A T-T _
Arctic. Ci 12311 Mountain River, NWT C T-T C
Arctic Cisco 12312 Mountain River, NWT A Cc-C

Arctic Ciscd 12313 Mountain River, NWT 1B T-T c
Arctic Cisco 12314 Mountain River, NWT A’ T-T

Arctic Ciscé 12315 Mountain River, NWT A T-T

Arctic Cisco 12316 Mountain River, NWT 3A c-C

Arctic Cisco 12317 . Mountain River, NWT A T-T

Arctic Cisco 12318 Mountain River, NWT A T-T C
Arctic Cisco 12319  Mountain River, NWT A T-T

Arctic Ciscc:a 12320 Mountain River, NWT 3A c-C

Arctic Ciscc.? 12321 Mountain River, NWT A T-T

Arctic Cisco 12322 Mountain River, NWT OA C-T

Arctic Cisco 12323 - Carcajou River, NWT A T-T

Arctic Ciscd 12324 Carcajou River, NWT C. T-T c
Arctic Ciscc:> 12325 ° Carcajou River, NWT A T-T

Arctic Cisco 12326 . Carcajou River, NWT 1B c-C

Arctic Cisco 12327 Carcajou River, NWT A T-T c
Arctic  Cisco 12328 . Carcajou River, NWT A T-T C
Arctic Ciscc:> 12329 Carcajou River, NWT A T-T

Arctic Cisco 12330 Carcajou River, NWT A, T-T

R N

_Arctic Cisco' C

Arctic Cisco 12333 Carcajou River, NWT A - T-T.
Arctic Cisco 12334  Carcajou River, NWT A T-T
Arctic Cisca 12335 Carcajou River, NWT 3A c-C C
Arctic Cisco 12336 Carcajou River, NWT A T-T
Arctic Ciscd 12337 Carcajou River, NWT c TT c
Arctic Ciscd 12338 Carcajou River, NWT 2D T-T
Arctic Cisca  12339°  Carcajou River, NWT A T-T C
Arctic Cisca 12340 Carcajou River, NWT A T-T
Arctic Ciscd ~ 12341 Carcajou River, NWT 3A c-C
Arctic Ciscé 12342 Carcajou River, NWT A T-T
Arclic Cisca 12343 Carcajou River, NWT 1A. T-T
Arctic 'Ciscol 12358 Liard River, NWT A T-T
Arctic Cisco 12359 - Liard River, NWT A T-T
Acctic Cisco 12360 Liard River, NWT 2A c-C
Arctic Cisco: 12361 Liard River, NWT A T-T
Arctic Cisco 12362 Liard River, NWT A T-T
 Arctic Cisco 12363 Liard River, NWT A T-T
Arctic Cisco . 12364 Liard River, NWT 3A c-c
Arctic Cisco 12365 Liard River, NWT A T-T
; !
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, ~ Common Sample : Restriction  Sequence  Sequence
f. " .. Name Number * - -Locality Analysis Analysis Repeat
b‘ _Arctic Cisco 12366 Uard River, NWT A T-T |

d1 Arctic Cisco 12367 Liard River, NWT o T-T c
|| Arctic Cisco 12368 Liard River, NWT 2A . c-C

I : ; Arctic Cisco 12369 Liard River, NWT A T-T

i Arctic Cisco =~ 12370 Liard River, NWT A T-T

l Arctic Cisco 12372 Liard River, NWT A T-T

Arctic Cisco = 12373 Liard River, NWT A T-7

j}'l ‘Arctic Cisco 12374 Liard River, NWT A c-C

{;;. ‘Arctic Cisco 12375 - Liard River, NWT A T-T

: Arctic Cisco 12376 - Liard River, NWT A “T-T

;E {Arctic Cisco 12377 Liard River, NWT. A T-T

.' Arctic 12378 Liard River, NWT A T-T

h | i iard River, NWT OA c-C

i River, A T-T Cc
Arctic Cisco 12382 Liard . River, NWT A T-T
Arctic Cisco 12383 - Liard River, NWT A T-T
Arctic Cisco 12384  Liard River, NWT A T-T
; 5.:Arctic Cisco 12385 ~ Liard River, NWT A T-T c
; Arctic Cisco 12386 Liard River, NWT A T-T
! -Arctic Cisco 12387 Liard River, NWT A T-T
Arctic Cisco 12388 Liard River, NWT A T-T
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APPENDIX IX

Table of Composite Haplotype Distributions by Locality
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Location oring. A1__A2 A3 A4 A-IY C i OA1 OA2 OA3 1A 1B 2A 2A-11l_ 2C  3A 3A-lll 4A 4B 4B-II| -
Point Barrow - - 8 3 - - - - . - - - - - - - - . . . . |
Colville River 3 - . - 6 . - . . - . - - 2 3 .

- Sagavanirkiok Rive 3 48 - - - 10 7 - - 1 . . 1 . 2 1 4 . .
Kaktovik 2 7 - .- - - - - . - - - - - - - . . . .
Stokes Point’ 1 16 - - . 2 - e N T
Atkinson Point 2 12 - 1 - . i3 - 1 - 1 . - . -2 . . . .

Peel River 1 27 1 N 1 1 - - .2 . - " )
Attic Red River o 40 - - . 9 . & S T T R SO S
Mountain River 1 9 - - . 3 1 - 1 - - 1 - - . 4 - - . -
Carcajou River 1 10 - - 1 3 2 - - - 1 1 - - - 1 1 - - -
"k Liard River 1 . 23 - - - 2 1 - - 1 - - 2 - - 1 . - - .
- A ' C B D F E G .. H 1 - J K L M N O P Q@ R T 3

(Designations used in Chaptér 3 Bickham et al.l)'
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Nuclear DNA Investigations
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GENETIC STUDIES OF THE ARCTIC CISCO (COREGONUS AUTUMNALIS)
IN ALASKA—PILOT STUDIES OF NUCLEAR DNA

(B

- INTRODUCTION

~ As described in the main body of our report, our genetic studies of
the Arctic cisco (Coregonus autumnalis) have focused on mitochondrial
DNA. In this year’s investigation, a pilot study of nuclear DNA was also
conducted. The main goal of the study was to evaluate the utility of

- different approaches that might be used to assay population-level

variation in nuclear DNA. The methodologies evaluated included 1)
Randomly Amplified Polymorphic DNA (RAPD), 2) analysis of variation
within specific genes, and 3) analysis of loci containing microsatellites or
VNTR (Variable Number Tandom Repeats) elements. The specific
objectives were to:

D Develop and test up to 6 primers for RAPD gnalyées,

2) Develoli- and test up to 5 PCR-directed primers for specific genes,
and '

3) Develop and test ui: to 3 microsatellite primers.

If suitable primers wer,e. developed, then they were to be used to
assay a total of 25 to 30 specimens consisting of Arctic cisco from spawning
rivers, and king (Oncorhynchus tshawytscha) or red salmon
(Oncorhynchus nerka) which were used as outgroups. * |

RESULTS

Fourteen primers were developed for each of the RAPD and PCR-
directed approaches, and two microsatellite primers were developed and -
tested (Table 1). A summary of the test results is provided below by primer

RAPD

' Three of the RAPD primers were tested for variation under a
number of conditions and with several replications (Table 1). The
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‘ Table 1. Nuclear primers developed and evaluated as part of the 1992 Arctic cisco genetic studies.

PRIMER PRIMER SQUENCE PRIMER PAIR SAMPLE
RAPD ) AGCCATCGAG 939-939 Sockeye Salmon-20
1000 GCTCACTGAT 1000-1000 Arctic Cisco-2
1001 GGACACIGAT TO01-1001 Bering Cisco-2
1002 GCTCACTGAG
10 GCTCACTGAA ,
1004 CCTCACTGAC
1006 GCACACTCAG
1006 CGACACTGAA
, 1000 GGACACTGAC
1008 AGCGATOGAA
1009 AGCGATCGAC
110 ATGCTCACTGA .
1non GIGCTCACTGA b
1w TIGCTCACTGA
PCR DIRBCTED . )
Growth 100 (C/MOGCCTCAGTCGGGTIG, AYCAACA 150-181 Arctic Clsco- 2
Hormone 181 CTTGIGCATGTCCTTCCIGAAGC King Salmon - 2
Zinc Pinger 01 CAAATCATGCAAGGATAGAT 231 - 305 Arctic Cisco- 2
— : 335 AGACCTGATTCCAGACAGTACCA 335-3% King Salmon - 2
-'\3 k<" ATAATCACATGGAGAGOCACAAGCT 336- 337
7 GCACTTCTITGGTATCTGAGAAAGT
Major-Histo- 200 GATCGAGATGAGGIA/T)GTTTTA(C/TYGTGGA 200-201 Arxctic Cisco -2
fmmune 2m CCAC(G/AYG(A/TICAACCGCAGGGCACA 200 - 202 King Salmon - 2
Complex 202 CCCAGTGCTCCACT(C/TTGCAGTCATA 201-203
203 GACTGCA(G/ A)AGTGGAGCACTGGGG 201-2M
ASP-ATzse 100 GTTGA(G/A)ATGCGCC(C /TYCCAGATCC 100- 101 ArcticCisco - 1
- 101 GTTCTCACCCAGGGC(C/T)AGTTC 102103 King Salmon - 1 . R
102 GCTGACCGCATCAT(C/T)ACGATGAG

MICROSATELLITES

micl

mic2

ACAAGGGAAATTCTGAGAGA
TGTTCCCAAATTCTCTCTCT

mic] - micl
micl - 100
micl - 101
micl - 102
micl - 103
mic2 - mic2
mic2 - 100
mic2 - 101
mic2 -102
mic2 - 103

103 . ACIG/AYGAGATTCGGCCATCCTFIGE mee meeeee 1002100 e e e Arctic. Cisoo=2

Arctic Cisco-2
King Salmon - 2
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technique unquestionably allowed the visualization of DNA variation in
salmonoids. However, the""technique was found to be extremely sensitive
to minor variations in tissue preservation and the type of tissue from
which the genomic DNA had been extracted. As a result, the likelihood of
observed variation being an experimental artifact was virtually as great as
the variant having a genetic basis. We confirmed that other researchers
were experiencing the same problem ‘with the RAPD approach in
laboratories throughout the research community. Therefore, after
numerous protocol modifications designed to minimizé the variation due

to experimental effect, we , like a number of other laboratories, have
abandoned this approach. : !

PCR-Directed Primers

Directed PCR analysis of specific g;nes'_ was conducted with the
anticipation that some of the directed nuclear products from specific genes
could be produced from published sequence data and these would include
- microsatellite lod which could be independently analyzed. Two problems
were immediately encountered. First, for many of the genes of interest
published sequences for the human or mouse were readily available, but
sequences reported for other organisms could not be obtained for our use
in this study. Second, although numerous genes have been sequenced
~and found to possess one or more microsatellite loci, for none of the
known microsatellite bearing genes could we find sufficient published
sequence data to allow development of a PCR directed set of primers for
fish. The available published sequence data enabled us to develop directed
PCR protocols for four nuclear genes or gene families; growth hormone
(GH), the zinc ﬁnger X gene (ZFX), the class II alpha subunit of the major

histocompatibility complex (MHC. II), and aspartate amino transferase
(AAT). .

r

Growth ﬁo}mbne

Two primers were developed for GH and tested extensively under a
number of different experimental conditions. A DNA fragment was
produced and it was of the appropriate size based on published sequence
data from salmon. However, three additional bands were also produced

[ LI ' ]
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‘which could not be eliminated from the reactions. without additional

resea.rl(:h beyond the scope. of this project.

- Zinc Finger X -

the primers did not yield a reaction product. Using the

For the ZFX gene, four primers were developed and tested. One of

remaining three

primers in a semi-nested PCR protocol, it was possible to] obtain a single-
band |product of the ZFX gene. The sequence of the amplified region
confirmed the identity of the gene. However, the portion of -the gene
which we were able to characterize was in an extremely donserved region
and was thus of no value in intraspecific population screehing.

Major Histocompatibility Complex

Four primers were generated in an effort to obtain
genes, Only one primer pair yielded a product that could

data for MHC II
be analyzed, but

even |h.ere multiple bands were produced. Through an extensive protocol,
a single band was ultimately produced and tested. While this product

] . . -
shows promise, extensive additional research would be ne:

its use in population studies.
Aspartate Amino Transaminase

A final effort was made to obtain DNA data fo

cessary to enable

r the commonly

analyzed protein locus, aspartate amino transaminase (AAT). Four
. primers were developed for this gene. All primers proved ineffective in
producing the desired results. Each of these primer pairs consistently,

under numerous experimental conditions, produced
Even| when individual primers were tested under co
stringency, multiple bands were produced.

Microsatellite Primers

-

| Two microsatellite DNA primers were designed
perfect microsatellite repeats on their 3' ends. These pr]
dedeualIy in reactions to produce PCR-generated fragn
to pnmer de51gn, would recognize only microsatellite cg
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of DNA. The generated fragments that were less than 500 base pairs could
then be excised and sequenced yielding the information necessary to
design a primer for a specific microsatellite locus.

The results of amplifications using the initial primers were
encouraging, but far too many bands were produced to allow simple band
extraction and sequencing. We attempted then to reduce the number of
bands produced by pairing one of the microsatellite directed primers with
one of the nuclear gene directed primers. Whilé this approach did reduce
the number of bands, the resulting patterns were still not sufficiently
simple to allow single-band extraction from the gel matrix and subsequent

-sequencing of that band. The only alternative therefore appears to be
cloning of the generated fragments and then sequencing them.

CONCLUSIONS

Based upon the results of our pilot study of nuclear DNA variation
in salmonids, we conclude:

1 RAPD approaches are not useful in the study of natural
-~ populations due to unacceptably high levels of variation
-attributable to sources other than genetic diversity.

2) - The body of basic research data and information dealing with
the molecular genetics of fish is not presently sufficient to
enable development of primer sets for nuclear genes.
Without this information, studies of population variation
based upon analysis of nuclear DNA is neither efficient nor
cost effective. : :

Researchers wishing to contribute in this area should focus on the

development of genetic libraries for salmonids, isolation of regions of -
\ interest, and sequence analysis of those regions. Once this basic research
has been conducted, population analysis based upon variation in nuclear
DNA will become straightforward.
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As the Nation’s pnncupal conservation
agency, the Deparlmenl of the Interior
has respansibility forjmost of our nation-
ally owned pubilic Iands and natural
resources. This mcludes fostering the’
wisest use of our Iand and water re-
sources, protecting our tish and wildlife,
preserving the environmental and cul-

- tural values of our national parks and
historical places, and providing for the
enjoyment of life 1hrough outdoor recrea-
tion. The Depar1rnen1 assesses our en-
ergy and mineral resources and works
to assure that their deveiopment is in the
best interest of all our people. The De-
partment also has a major responsibifity
for American Indian reservatlon com- .
munities and for people who live in Istand
Territories under U.S. Administration.
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As the Nation's principal conservation
agency, the Departmient of the Interior
has responsibility for most of our “nation-
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preserving the env:ronmemal and cui-
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