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EXECUTIVE SUMMARY

In spring of 1991, genetic studies of the Arctic cisco (Coregonus

autumnalisl were jointly-funded by the U. S. Department of Int~or (Minerals

Management Service and U. S. Fish and Wildlife Service, Region 8) and BP
,

Exploration (Alaska) Inc. The overall goals of these investigations were to 1)

determine whether the Arctic cisco in Alaska were. representatives of a source

population associated with a specific drainage, such as the Peel River, or a

random composite of several or all of the spawning populations of this species
, .

represented in the Mackenzie River and 2) determine if molecular genetic data
.' I

could be used to estimate the proportion of the source population(s) of Canadian

Arctic cisco that used Alaska for rearing. Additional questions to be addressed

were the distinctiveness of Bering cisco (Coregonu,i laurettae) as compared to

Arctic cisco, and whether Bering cisco in the Alaskan fishery were being,
•

confused with Arctic cisco...,
The proposed study focused on restriction-enzyme assays of six regions of

the mitochondrial DNA (mtDNA) molecule as the primary means to meet study

objectives, and also included a small-scale pilot investigation to experimentally
..

determine the u~ty of using nuclear DNA to better define the genetic diversity. .'
of the target species. Subsequent to receipt of the Contract, DNA sequencing

capabilities added to our laboratory were used to l:onduct a mtDNA sequence

.analysis of key samples in the Control region of the molecule. The findings of this
~ " .

investigation were used to evaluate the results yielded by the restriction-enzyme

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 '

2



report, subn:litted simultaneously to each of the program sponsors, is comprised

of the SUbjeh manuscripts, with each prese~ted in the style requirJd by the target
I

journal, and a data appendix... . I .
The first manuscript, "Biogeography, Phylogeny, and Relative Rates of

Evolution ~f Mitochondrial DNA in Arctic and Bering cisboes from th~
Western Mctic of North America", has been submitted for puJlication in the

I .. ."
journal Evolution. This manuscript describes an extensive study of variation of

mitochond)ial DNA from these two species using reStriction-elnzyme assays

performed In PeR amplified DNA.. The major contributions of this manuscript

include 1) 1arification 'of the systematic status and r~latiOnshiJ of these two .

closely relatr species; 2) documentation of the remarkably duferlnt amounts of

variation expressed by these two species; 3) documentation that Jferent regions

of the mitoc!hondrial DNA molecule evolve at different rates in LoselY related

species; 4)Ia method' for the identification of these' two lpecies using

mitochonddal DNA; and 5) a map of the distribution of mitocAondrial DNA

haplotypes ~ong the Beaufort Sea coast and throughout the Jckenzie River
I.

drainage. ~

. The sbeond man~script, "Identificatio~of Arctic and Bering Ciscoes in

. the COI~illel.RiverFishl!ry", has ~n.sUbmittedfor publication ~lthe American

Fisheries Society Symposium on Arctic Fish Biology. This pape, describes an, . ,
'" . . I.·

eJqW.rimentrtest the ability of the fishery biologists, who are cpnducting studies.

on Arctic cisco population dynamics at the Colville River, lo accurately

.diff~entiate !Arctic from Bering ciscoes in the field. This 'is importft because the

ranges of thJ two species overlap in this locality and, in some years
r

the numbers

of Bering .1scoes could be great enough to cause misinterpretation of the

population ita if many Bering ciscoes were misidentified as Arctil ciscoes. The' .
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results showed that the field Biologists accurately identified all but two of the fish

(N = 69) in the study. However, it was concluded that two possibly misidentified

specimens were, in fact, of hybrid ancestry. Thus, this stl:ldy confirms the

accuracy of the field biologists and documents the introgression of mitochondrial

DNA from the Bering cisco into the Arctic cisco.

The third manuscript, "Genetic Stock Assessment of Arctic Cisco

(Cgregonus autumnaJis) from the Beaufort Sea using Nucleotide Sequences of

the Mitochondrial Control Region", is being preljared 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 August or September of 1992 This

study reports nucleotide sequence data for 326 fish from four coastal sites and
'. ,

four Mackenzie River spawning sites. These fish were also studied for

restriction-site variation and reported in the first manuscript of this report. We

did not report all of the sequence data available in this paper because some

localities (Point Barrow and Kaktovik) had sample sizes that were too small to be

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

gen~me-siZe 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 potential

effects of causeways on fish survival and migration.
'. ~

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

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

4



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

analyzed sakples from the Sagavanirktok River, Peel River, and .JctiC Red River

collected in 1985 and 1988, then compared their haplotype frequehcies using the

Chi-square exact test.' The probabilities of identity for each comJarison (1985 x

198~ for eJch locality) were P = 0.423, 0.81~, andO.lll, resp~ctiVelY. It is

apparent frbm this analysis that, although considerable variatioh in hapl~type
frequency lcurs among ye~s (especially in the two spawning sitb), none of the

companso~ were significant at either 11 = 0.05 or 0.10. TherefoJe, the samples

from difft'Y""',w,,", """binod in the ,tock~,~t-1"'Pl
The final part of this report consists of the appendices. The first nine of

these preseht the mtDNA data on which the three papers includeh in this report

weteb~ Thus, restriction haplotyp~ (and their identificatioJ) are presented

for alllocJties as ,are the nu~eotide sequences. The mtDNA abpendice~ oniy

include da~ from the 1991-1992 study and not the restriction-sit~ data from the

199'0-1991 itudY: The app~ndices are particularly im~ortantlas supportive

m~terial fJr the third manuscript. They also afford revielers sufficient

informatiot to evaluate the conclusions of all the report in a wly n~t possible

f ' hid" , h' ,,'b 'h I 'tsrom t e summary ata m t e manuscrIpts ecause t e manuscrlp were

designed Jo be published in peer-reviewed journals. , The last appendix

summanzek the resultS of our pilot studies of nuclear DNA.

To Jhat extent were ~e overau goals of the project ach1eved? Arctic cisco
I ~ , I

from Canada uSing Alaska appear to be predominantly of Peel Ri~er origin, not a

random nJxture of spawning p~pulations. Molecular genetihs data do not

provide a bb for determining the proportions of the stock(s) inV~IVed, but have

prOVided i basis for determining' where to look -. tributariJs of the lower
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Mackenzie River Basin. The 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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MANUSCRIPT 1

BIOGEOG;RAPHY, PHYLOGENY, AND RELATIVE RATES OFIEVOLUTION
OF MITOCHONDRIAL DNA IN ARCTIC AND BERING tISCOES

. PROM TIlE WESTERN ARCTIC OF NORTH AMErJCA
. .'. . I

John W. Bickham, John C. Patton, Benny]. Gallaway,
and Juan Carlos Morales· .

Submitted To EyplutipD
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BIOGEOGRAPHY, PHYLOGENY, AND RELATIVE RATES OF EVOLUTION

OF MITOCHONDRIAL DNA IN ARCTIC AND BERlI'{G CISCOES FROM

THE WESTERN ARCTIC OF NORTH AMERICA

John W. Bickham,1,2 John C. Patton,1 Benny J. Gallaway,1

. and Juan Carlos Morales2

1!&I. Ecological Genetics, 1410 Cavitt St., Bryan, Texas 77801

2Depa'rtment of Wildlife and Fisheries Sciences. Texas A&M University

College Station, Texas 77843

Abstract.-Restriction-endonuclease analyses of mitochondrial DNA

(mtDNA) was used to investigate evolutionary and biogeographic

relationships of ciscoes from the western Arctic of Canada and Alaska. A total

of 488 fish was examined from spawning run~ of Arctlc'ciscoes (Coregonus

autumnalis) in five tributaries of the Mackenzie River, one spawning run of'
. .. '.

Bering ciscoes (b.laurettael from the Yukon River, and seven coastal sites

from the Beaufort Sea which represent mixed populations. Our methodology

employed the amplification of approximately 2-kb sized regions of the
" .

mtDNA molecu~e using the Polymerase Chain Reaction (PCR). Six regions

were investigated as to their usefulness in differentiating haplotypes in a

subset 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-base recognition sequences for the majority of samples. Haplotypes

were determined 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

8



•

having descended from a population inhabiting the Beringian Refugi and

the former from Jpopulation i.nhabiting the Mississippian Refugium or

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

Beaufort Sea repr~ent a mixture of Arctic and Bering cisco haPlotypeslwith .
I .'

the frequency of ~e latter being highest at Point Barrow and decreasin

toward the east. The presence of fish with Bering cisco haplotypes in the

spawning runs of IArctic cisco is evidence of genetic introgression and is

consistent with re~orted patterns of allozyme variation. Nucleon divdrsityiS
. I . I

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

the Yukon' River+ing unglaciat~ whereas the Mackenzie River Was

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

the proportions' of shared fragment patterns and nucleon div~rsityindices
(estimated separately for three different regions of the mitochondrial dNA

molecule) show e1idence of an increased evolutionary rate in Arctic dscoes

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

advantages of USiJg a PeR based restriction-enzyme analysis.for investigating

genetic variation id natural populations. Data from large sample sizes ban be

generated quickly, relatively cheaply, with excellent resolution, and thJ

investigation can focus on the most appropriate regions of the mOleculk to
I . - - ' .

answer the question at hand. - .
. , I . • .

,I· I" . i'
Key words.-Salmohidae, Coregoninae, mitochondrial DNA; glacial refl!Igia,

haplotype diversiJ, polymerase chain reaction.

•

9

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



I,
I
,I

'.
'.
I
'I
I
I
I
,I
I
I
I
I
I
I

II

The Arctic cisco is an anadromous coregonine fish that is limited in
,, .

distribution in North America to the Mackenzie River system for spawning

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 gill­

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). Thus, it is possible that these taxa are

conspecific or, as presently viewed, sibling species.

It is likely that Pleistocene glacial events played,a key role in the
. ~.

differentiation and present 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 (McPhail and Lindsey,,
1970; lindsey and McPhail, 1986). On the other hand, the Yukon River

system 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

unknown. 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
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absence of restriction-site variation in mitochondrial DN was observed in a

samJle of Arctic ciscoes. indicative of a severe populatioJ bottleneck. On the

othe1 hand, Bernatchez and Dodson (1991) demonstrated that the Mackenzie

River population of lake whitefish (Coregonus 'dupeaformis) was derived

from a Mississippian, rather than a Beringian' Refugium, thich casts some

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

The use of restriction endonucieases to analyze vJiation in

mitochondrial DNA is a particularly valuable technique fbr the

deterkination of evolutionary relationships and geograpkic variation within

spec+ and among closely related species (Avise et ai., 197b, 1987, 1988; Avise,

1986; Brown, 1983; Carr et ai., 1986; Honeycutt and WheeIJ, 1990; Lamb et al.,
I I '

1989; Moritz et al., 1987; Riddle and Honeycutt, 1990). This results from the

mOledwe being ~atemal1Y inherited with a presumedlaJ of selection.

Thus, lineage survival tends to be stochastic and the rapid evolutionary rate

that characterizes the molecule produces monophyletic Ii~eages that, in the
, I· ,'. ' I
absence of gene flow, are geographically sequestered. Patterns of
I·

mitochondrial DNA variation often are useful to identify vicariant events

that hlve inhibited gene flow in the past (Riddle and Honycutt, 1990).

MorJver, the molecule is a sensitive indicator of popul~tion bottlenecks,I .' . I
(Wilson et al., ~985). I
I, 'I

!This study investigates patterns of mitochondrial DNA variation

, Withinl and among spawning-site populations ofciscoes frdm five tributaries

of the [Mackenzie River system, one spawning run from tJe Yukon River,

, and o~lienSiblY mixed-population aggregations from seven lites along the

Beaufort Sea coast ,of Alaska and Canada (Fig. 1). We attempt to determine

the tax~nomic and evolutionary relationships of these taxa as reflected in the'
I ' •
I !
! I
I 11 j
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phylogeny of maternal lineages, the possible origin of the Mackenzie River

population, the taxonomic makeup of coastal aggregations, and the relative

nucleotide diversities and rates of evloution in particular regions of the

mitochondrial DNA of the two species. In addition, we present a PeR-based

approach to doing restriction-enzyme analyses that holds great promise in

evolutionary and population genetic studies.

. .
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MATERIALS AND METHODS

Sample Co!lection

A total of 488 ciscoes was coIIected from 13 sample localities in 1985,

1988, and 1991 (Fig. 1, Table 1). Specimens collected froJ coaStal sites in the
I '. \

BeaUfort Sea were mostly adults or subadults. Specimens collected from

spaJrung runs in the Mackenzie and Yukon River syste~s were adults.

. somk specimens were frozen whole and shipped on dry {ce to our

laboJatories at Texas A&M University and LGL Ecological Genetics. Others

specimens were biopsied in the field with tissues being f+zen in liquid

nitro~en, Various tissues were used in this study including heart, skeletal

musJle, liver, kidney, and spleen. Voucher specimens arJ deposited in the

Texal Cooperative Wildlife Collection, Texas A&M ~niv~rsity. .

DNA' Isolation and AmPlifiCatiJ

.Mitochondrial DNA was purified from some samples using CsCI­

propidium iodide gradient centrifugation (Carr and Griffilh, 1987). However,

from most samples total genomic DNA was isolated. Soli~ tissue (20-40 mg)

was placed in a 1.5 mI microcentrifuge tube and ground Jith a pestle. Tissue
I

was digested with proteinase K (50 ~L), 50 ~L of 20% SOS, and 450 ~L STE for

one Jour at 550<:. The tissue was then treated with NaCl 150 ~L of 5M

SOlut~On) and shaken vigorously. Methylene chlorid~ ·(2S.~0 ~L) was then

addeJ, the tube shaken again, and then set in an ice bath fbr one hour. After

centr~ugation the pellet was removed and 500 ~L methylkne chloride was
I

added and the tube shaken. The solution was centrifuged again and the pellet

discJ1ded. DNA was precipitated by adding 0.5 x volume Isopropyl alcohol.
. . I .

The lcohol was then removed and 500 ~L 70% ethanol WI added and then

I !
! . 13 :
I I
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removed to rinse the button of DNA. The DNA lastly was resuspended in

200 ~L of TE buffer.

Amplification of specific regions of the mitochondrial DNA was
"" ,

accomplished with the Polymerase Chain Reaction (PCR) using Taq DNA

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

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

mercaptoethanol, 0.025 M MgC12, 0.5 M KCI, 1 mg/ml bovine serum albumin,
" .

2mM dTTP, dATP, dCTP, and dGTP, 1 unit Amplitaqp?l~erase [Perkin­

Elmer Cetus], and 5 ~L of a 10~ solution of each primer). The
•

amplification cycle was 950C for 45 s, 500 C for 30 s, and 700 C for 150 s.

Amplifications were run for a total of 32 cycles.

5ix 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 (ORFl) amplifies a region of approximately 2 kb of

the 165 ribosomal gene and the Open Reading Frame 1 gene. The second

primer set (ORF2) amplifies a region approximately 2.2 kb in the Open,

Reading Frame 2 and Cytochrome Oxydase I genes. The third primer set

(ORF3-4) amplifies a regio!\ 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 Reading Frames 5 and 6. The fifth primer set (CytB) amplifies a

region approximately 1.4 kb of the Cytochrome B gene. The sixth primer set
" -

" . ,
(125-165) amplifies a region approximately 1.7 kb of the 125 and 165 ribosomal

genes.

14
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Fragments of digested DNA were separated by elec ophoresis using 2%

agarose gels, stained with ethidiu~ bromide, ~d Photogrlphed with

pOlardid film on a UV light bo~ (Fig. 3). Lambd~ phage D~IAdigested with
I '

Hin~ was used as a size standard in each gel. Fragment Ratterns were

identified by examination of the gels and photographs; 1e common pattern

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

The cJmmon pattern for Bering ciscoes, if different, from tAat of the Arctic

ciscoet was designated B. Haplotypes were identified as Je composite

fragm~nt patterns for all enzymeS from all six regions (Table 2).

In this study, restriction sites were not mapped rior Lere the number of
I ' ' . ,I

'I shared fragments determined for pairs of haplotypes., Ratlier, the different

fragmJnt patterns for each restriction enzyme were identifiLd for each region

of the lmitochondrial DNA and analyses were performed +der the
I ~ .

assumption that any two patterns produced by a particular enzyme'differed by

a minikum ofone mutation. This is clearly an underestilate of divergence
f' , J '

in man~ cases but the fact that 50 many fragment patterns ere produced (20

, enzym~s for each of three regions) resulted in a sampling o~ the genetic "

, diversi~y adequate for the purposes of this study. AlthougJ increased
I " 'I

, resolution could be obtained by a site-map or shared-fragmknt analysis, '

I I, I,
I
I
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considerably more effort aild 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 Relationships and Nucleon Diyersity Estimates

To obtain a measure of the relationships among all haplotypes

identified in the ORF1, ORF2, and ORFS-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

fragments (ORF1, ORF2, ORFS-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 nucieCin diversity index

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

16



estimated for each of the major haplotype lineages (Arcti ,and Bering ciscoesl

uSinJ the 264 individuals from which a complete datasetlwas obtained. '

NUcllon diversities were estimated for all Beaufort Sea ahd Mackenzie River

drai+ge samples using all 488 individuals analyzed and Jased upon the

grouped haplotypes (Table 1).

i
I
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RESULTS

No variation was observed in an initial survey oflO Arctic and 2

Bering ciscoes cut with.20 enzymes for the ;2-165 region, Therefore, this

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

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

sample localities. There were two major haplotype lineages identified: one
•

was characteristic of Arctic ciscoes and the other characteristic of Bering
,

ciscoes '(Fig. 4). A total of 35 distinct haplotypes comprised the Arctic cisco
. , ,

lineage, represented by 234 individuals, and a total of 27 distinct haplotypes

comprised the Bering cisco lineage represented by 30 individuals (Table 2, Fig.

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) haplotype found in 164 individuals. Only three other 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 iJ.ldividuals 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 low-frequency haplotype.

When the data from the two regions were combined, there were 8 haplotypes
" ,

identified among all these individuals (Table 3). However, because these

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

and phenetic analyses.

'.
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. Cluster analysis was used to estimate genetic relati nships among the

351CtiC cisco and 27 Bering cisco haplotypes identified i~ the analysis of the

ORFl, ORF2, and ORF5-6 regions. Within the Arctic ciscbs, three major

lineakes (A-C) are apparent (Fig. 4). The most divergent i! the C lineage

whic1 includes haplotypes 33-35. For purposes of estimalng the divergence

of p+ulatiOnS these three are combined into a single ~ro1ped haplotype Cl. .

The A lineage includes haplotypes 1-20 which were combined into three
I .' I

grouped haplotypes: Al consists of haplotypes 1-8 and 11-16, A2 consists of

hapldtypes 9-10, and A3 consists of haplotypes 17-20. The B lineageI . . .
(haplotypes 21-32) comprises four grouped haplotypes: B1 consists of

I .. ..,.
haplores 21-22, B2 consists of haplotypes 23-24, B3 ccmsi ts of haplotypes 25-

28, , consists of haplotypes 29-32. The Bering cisco haplolpes were all

included iIi. a single grouped haplotype because nearlyevXy haplotype

consiJts of only a'single individual. Grouped haplotypes Jere identified in
. " . I

order to allow larger population sample sizes to be assayed with fewer

restriction analyses. ,

three enzymes (Odel, Haem, and HinfI). These enzymes were found in the

previdus data set to be sufficient to identify allfi~h as to blonging to Bering

or Ardtic cisco li~eages and, among fish of the Arctic cisco ~ineage, as·
I I

belongmg' to the Ai B orC lineages. Thirty-four of these sabe fish were

furthe~ examined with five to seven restriction enzymes aJplied to the ORF5­

6 regidn (Ode!, Sau96, Oral, Sspl, TaqI, ~1286I) which allo~ed each fish to be'

categOhzed according to the grouped haplotypes defined atiove.

, ~ num"'" of Dod",."" ,=pled W~ "tim.""1.."of the ,j,
remons of the mitochondrial DNA examined in this study. For each

o· I '. ",
I ' :
: i
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restriction enzyme, Nei's (1987) value ofr, which is the number of

nueleotides in the recognition sequence (Nei, 1987, Table 5.7), was determined

as was the minimum number of sites (~ present in all individuals. Thus, the

number of nucleotides sampled was r x ~ for each enzyme. These values were
. . _ I

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

nucloetides sampled for each fragment was: ORF1 <xl = 289), ORF2 <xl =243),
,

ORF3-4 <xl = 170), ORF5-6 <xl =314), CytB <xl'= 108), 125-165 <xl =172). The

percentage of the total number of nucleotides sampled in each fragment was:

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

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

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

amplified by the six primer sets and 8.1 % of the entire mitochondrial 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

Previous studies of genetic variation of Arctic and ering ciscoes

showed an absence of variation in mitochondrial DNA fJrm a small sample

of Arbc ciscpes and normal levels of nuclear gene variability in both species

as mJasured by protein electrophoresis (Bickham et aI., 19~9; Morales et al., in

press\. Bickham et al. (1989) hypothesized that the absenck of restriction-site' '

. til. . A . . . d' . ' f . I '1'vana on In rCtic Clscoes was an In IcatlOn 0 a prevIous popu atlOn

bottidneck.ThiS bottleneck was a result of the Mackenzie River cisco
I •

population having been initiated by a small number of founders after the

recee1ing of glacial ice that co.veredm.0st of the Mackenzi~ system until the

end ofthe Wisconsin (approximately 10,000 years ago). FJther, Bickham et

al. (1J89) hypothesized that these founders were derived f~om the Bering cisco

poPulktion of the Yukon River system because 'the absenc~ of fixed allelic

differJnces between these populations in allozyme loci wa~ indicative of a

close ~elationship, 'and' because the Yukon RiverpopUliltioh is geographically

the clJsest source of anadromous ciscoes of this group. 11Plicit in t~s
hypo4esiS is the assumption that Arctic and Bering ciscoes do not represent

diStinJt species. Finally, they predicted that variation in Jitochondrial DNAI ' .' ' ,
of the IYukon Ri~er population of Bering ciscoes should be greater than that

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

, and th6s the Bering cisco population is potentially much older than the

Arctic lcisco 'population. l
' \' '

The patterns of variation of mitochondrial DNA revaled in this study

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

higher Ilevels of variability than Arctic cisc~s. Overall nucleon diversity

, indices(Nei and Tajima, 1981) were h = 0.9908 f~r Bering ci1coes and h =

I
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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 haplotypes found in 30

individuals and 35 Arctic cisco haplotypes found in 234 individuals. It thus

appears that the Yukon system has allowed for the preservation of a high

level of genetic variability 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 (h. sardinella), and 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 transmontanusl surprisingly was

lower in the Columbia River population than in the Fraser River population
- .

even though the former river was unglaciated and the latter covered by ice,

during the Wisconsin. Brown et al. (1992) attributed this result to a severe

population bottleneck caused by human intervention including overfishing

and habitat destruction. The conservation and management of anadiomous

fish stocks inhabiting galcial refugia such as the Yukon and Columbia Rivers

should receive high priority.

The hypothesis that the Arctic cisco population of the Mackenzie River

system was derived from the Bering cisco population of the Yukon River

system (Bickham et al., 1989) is not supported by the results of this study. The

mitochondrial DNAs that characterize these taxa are distinctly different (Fig.

4) which is consistent with the present classification of these forms as distinct -
I

species (Craig, 1989; McPhail, 1966). Although it is possible that an unknown

population of Bering ciscoes in the Yukon River system has mitochondrial

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

22
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River population was colonized by fish from the Mississtppian refugium to

the s~uth as suggested by Dillinger (1989) or from Asia. te closest· •

poplation of Arctic ciscoes outside of the Mackenzie,RiVler system is found

in wkstem Siberia. Dispersal from that population, or from a population that

migJt have existed in the presently submerged Beringian1and bridge, is a
I .

possibility. The fact that the mitochondrial DNA hapiot e that is

charJcteristic of Arctic ciscoes is distinctly different from ~e haplotype

charJcteristic of what is probably the ~ost closely related !pecies (Bering

ciscols) means that this molecule should be potentially uleful in elucidating

the s~stematic relationships and origin of the North AmJrican populations of

these species.

Any study that addresses the systematic status of Arctic and Bering

ciscoes must consider the pOSSibility~fhybridizatiop betw~n these taxa. In

this sbdy animals from the coastal sites were identified as Arctic or Bering

CisCJs based only on their mitochondrial DNA. Thlis; noldirect te~t was

dono l...rom. the K1~till~tion of p~tenti," hybrid, ""'t" nude...._

were hot examined. However, the fact that four specimen6 with Bering cisco

mitochondrial DNA were takenin spawning runs of Arctib ciscoes (Table 1)
indicJte hybridization likely occurs (or has occurred) betw!en these taxa:

MorJver, an absence of fixed allelic differences between tbe two species .

(Bi~am et al., 1989; Morales et' aI., in press) is consistent Lth the

hybrichzation hypothesis.,

•
The distribution of m~tochondrial DNA haplotypes along the Beaufort

Sea coast of Alaska and Canada indicates that coastal aggregations include

both kctic and ~ering ciscoes. The relative frequencies of Jhe two species

changb dramatically between the Colville and sagavanirklok River deltas of.·

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

Localityn~es 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 regions that were amplified and amplified cut with

restriction enzymes in this study.

FIG. 3. Photograph of a gel illustrating restriction-site variation in four

individuals of Arctic cisco. DNA in lanes 1-4 are cut with Rsalwhich

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-fragment 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 haplotype A.

Lane 9 contains a size stan.dard (Lambda DNA cut with Hind 1m. 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 fragments (the fifth largest in haplotype C) is visible on

this gel. DNA in lanes 14-17 are cut with Dde! 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 bRFI, ORF2, and

ORFL r~gions which produced 62 haplotypes. NUcleonldiversity estimates

(h) Je given for both Arctic and Bering cisco maternal lJeages. Also denoted

are the three major lineages of Arctic cisco (A-C), the groJped haplotypes (AI­

AJ, JI-B4, Cl) listed in Table I; and sample sizes (N) for Jach of the 62

hapl~types.

FIG. 5: Cluster analyses and nucleon diversity esti· ates (h) for 264

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

are r1vealed in the three regions. .
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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-nuc~eon-diver~ity-was-noe es~imaeed-for I
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.

Localities

1. Point Barrow

N

26

Al

7

A2 A3

Arctic
cisco

Bl B2 B3

, -
B4 Cl

Bering
cisco

19

h

0.409

2. Colville River 87 48 8 3 3 1 24 0.616

128 86t; 3. sagavanirktok

4. Kaktovik 9 7

2 11 9 2 10 2 2 4

2

0.533

0.389

5. Stokes Poi.nt
- -

6. Atkinson Point

7. Peel River

8. Arctic Red R.

9. Mountain River

10. carcajou River

11. Liard River

12. Yukon River

25 17

24 14

45 35

63 50

20 13

21 15

30 24

10

1

1

2

3

1

7

1

2

1

2

1

3

4

1

1

1

1

1

2

3

2

1

1

1

3

2

1

1

1

1

1

2

1

1

1

1

10

0.540

0.385

0.395

0.363

0.558

0.495

0.365

Total 488 316 4 36 24 5 22 10 5 66

-------------------



ORFS-6'

AAAACAAAAAAAAAAAAAAA

ORF2'

AABAAAAAAAAAAAAAAA

AAAAAAAAAADAAAAAAAAA

AAAAAAAAAACAAAAAAAAA' AAAA!\AJ\AJ'UVlAAAAf\AJ\AA

AAAACAAAAAAAAAAAAAAA AAAAAAAAAA'IAJ\AJINUVI,A

AAAAAAAAAAAAACAAAAAA AAf\AJV\AAAf\AJV\AAAAAJ\A

, ,
ORF1'

AC09,

AC12,

ACll,

AC13,

AC10,

AC08,

AC07,

ACOS,

AC04,

AC06,

AC03,

AC02,

TABLE 2. Haplotypes identified for Arctic (AC01-AC3S) and Bering (BC01-BC27)

ciscoes. Each of three regions was amplified and then cut with 20 restriction

enzymes. The common fragment pattern observed 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,

.AC01,

g

'.;'
:: I

'! I
~"
i ~ •

:,,-
"~ ,I,:.
" t
":1
:tI
IT '

I
, 1

•I•J•I~ I
I 1
" I

; .,
1

i~ ••
I,

AC14,

AC1S,

AC16,

AAAAAAAAAAACAAAAAAAA

AAAAAAACAAAAAAAAAAAA
,

AAf\AJ\AAAAf\AJ\AAAAI'\ARA AA.A1'\ARAAf\AJV\AAAA.A1'\A1\ ADAAAAAAADAAAAAAAAAA
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ABAJ>.JV.AAAAADAAAACAAA AAJ>.AAJ>.AAAACAJ>.JV.AAAAA ~AAJo.AI\AJl.AAAAJo.AIIAAAA

I
AB~ AAAAJ\MIAAAAAAJo.AI\AJl.AA AAACDAAAAAAAAAADCAAA

. . I
ABAAAAAAAAAAAAAAA AAJ>.AAJ>.AAAACAJ>.JV.AAAAA AAACDAAAAAAAAAADCAAA

• I
ABAAAAAAAAAAAAAAA AAJ>.AAJ>.AAAACAJ>.JV.AAAAA AAACCAAAAAAAAAADCAAA

ABABAAAAAMABABAAAAA BABAAABABAAAAAAAABAB kBAABBBAAABBAABA

ABABABAAABAABABAAAAA BABAABBABAAAAAAAABAB ~BAABBBAAABBAABA
ABBBABAAABAABABAAAAA BABAABBABAAAAAAAABAB ~BAABBBAAABBAABA

ABBBBBAAABAABABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABBAABAI . .
ABBBABAAABAABABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAACBAABA

. I
ABBBABAAABAABABAAAAA BABAABBABAAAAAAAABAB ~BAACBBAAABBAABA

ABBBABAAABAABABAAAAA BABAABBAHAAAAAAAABAB AAAAABAABBBAAABBAABA

45

AB~ AAJ>.AAJ>.AAAACAAAAAAAAA

AC~ ~DAAAAAM ~AAJo.AI\AJl.AAAAJI\A}~.AA

AAJ>.AAJ>.AAAACAJ>.JV.AAAAA kCAACAACAAAAAAAAAAAA
I

AB~ AAJ>.AAJ>.AAAAcAA.AAAJ.MA jCAACAACAAAAAAAAAAAA

AB~ MAACAACAAAAAAAAAAAA
I

AB~ . l\CAACAACAAAAAAAAAAAA

AB~ AAJ>.AAJ>.AAAACAJ>.JV.AAAAA ~CAAAAAAAAAAAA
AB~ AAJ>.AAJ>.AAAACAAAAAAAAA bCAAC~
A AAJ>.AAJ>.AAAACAJ>.JV.AAAAA bCAACAAAABAAAAAAA

A AAJ>.AAJ>.AAAACAAAAAAAEAbCAA~

AC32,

BC03,

BC04, .

AC34,

AC33,

BC01,

AC30,

BC06,

AC29,

AC3S,

AC31,

BC02,

BCOS,

BC07,

AC17,

AC22,

AC21,

AC20,

AC28,

AC23,

AC24,

AC19,

AC2S, .

AC18,

AC27,

AC26,

Table 2 contin~ed.
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IiMIIl, AlYI.

ABBBABAAABAABABAAAAA AABAABCABAAACAAAABCB AAAAABAABBBAAABBAABA

ABBBABAAABAACABAAAAA BACAABBABAAAAACACBAB AAAAABAABBBAAABBAABA

ABBBABAAABBABABAAAAA BABDABBAlAABAAAAABDB AAAAABAABBBAAABBAABA

ABBBABAABBAABABAAAAA BBBAABBABAAAAAAAABCB AAABABAABBBAAACBAABA

ABBBBBAABAAABABAAAAA BABAABCADABAC~BCB AAAAABAABBBAAABBAADA

ABBBABAABBAABABAAAAA DADAABCAAAAACAAAABAB AAAAABAABBBAAABBAABA

ABBBADAABBAABABAAAAA AABDABACBAABAAAAABAB AAAAABAABBBAAABBAADA

ABBBACAAABAABABAAAAA AABAABBABAAAAAAAABAB AAAAABAABCBAAABBAADA

ABBBABAAAAAABABBAAAA BABAABCABAAACAAAABCB AAAAABAABBBAAABBAADA

ABABACABABAABABAAAAA AABAAEBABAAAAAAAABAB AAAAABAABBBABABBAADA

ABBBABAAABBABABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABBAABA

ABBBABAAABBACABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABBAABA

ABBBABBAABAADABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABBAABA

ABBBABAAABAABABAAAAA BABAABBABAAAAAAAABAB AAAAABAABBBAAABCAAEA .

ABBBABAAABAABABBAAAA BABAABBABAAAAAAAABAC, AAAAABAABBBAAABBAABA

ABBBABAAAAAABABAAAAA BABAAFBABAAAAAAAABAB AAAAABAABBBAAABBAABA

ABBBABAAABADBABAAAAA BABAAABABAAAAAAAABAB AAAAABAABBBAAABBAABA

ABBBABAABBAABABAAAAA BABAABBAAAAAAAAAABAB AAAAABAABBBAAABBAACA

ABBBABAABBBABABAAAAA BABAABBABAAAAAAAABAA AAAAABAABBBAAABBAABA

ABBBABAABBBABABAAAAA BABAABBAlAAAAAAAABAB AAAAABAABBBAAABBAABA

BstUl, BstNl, BsaJl, Hohl, ~l, Mspl, Hhal, Sau3Al" Sau96l, ~1286l, Hincll,

BC2S,'

BC27,

BC23,

BC26,

BC22,

BC24,

BC20, .

BC2l,

'Restricti~n enzymes used (in order): Rsal, ~l, Asel, Tagl, Sspl, Hinfl, liQil,.

~Ul, BstNl, BsaJl, Hphl, Hhal, Mspl, AvaII, sau3AI, Hpal, Bsp1286l, Hincll,

BC16,

BC18,

'Restriction enzymes used (in order): B§Al, Odel, Asel, Tagl, Dral, Hinfl, liQil,

BC19,

BC17,

BC14,

BC13,

BC1S,

BC12,

BCll,

BC09, .

BC08,

Table 2, continued,

"BC10,

!\

"
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I ~ .



Table 2 continued.

HaeIIl; AlYl.

I
I
I

~estriclion enzymes used (in order): Rsal, Odel, ASjl; Isgl, Oral, Hinfl, li£i1l
sspl, BstNl, BsaJl, Hohl, AcCl, M§pl, Hhal,' SauJAl, §.sy96l, 'Bsp1286l, HincII,

Haelll, Bsrl.

, ,
:;

'.

I
I
I
I
I
I

,~

I
I
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I
I
I
I
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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

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) •

CytB' -
. Haplotype N ORF 3-4

2

Arctic ciscoes

~

>-

1

2

3

4

5

6

7

22

1

1

1

5

1

1

A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A B A

A A A A AA A A A A C A A B A A A A

A A A A A A A A A A A A A A A A A A

AAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAA

A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A A

AAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAA

A A A A A A A A A C A A A A A A A A A

B A A A A A A A A A A A A A A A B A A

o A A A A A A A.A 0 A A A A A A A A A

A A A A A A A A A A A A A A A B A A B

Bering cisco

8 1 A B B A B B B B A A B A A A B A B A A B B B B B B A A A A A A A A A A A A A

, Enz.ymes' used were (in order): ~IIr-, HincII, H£iI,liRhI,~I, tmRI, KGI; lli>R1286I, l!IlAI,

Sau96, HinfI, Bs1I, SspI, OpnII, BsaJ, TaaI, MseI, BstN. Five enzymes (not included) did not

cut this region: AseI, Oral, Bell, BstU, ~I.

2 Enzymes used were (in order): HhaI, H£iI, HincII, ,tlPhI, Odel, Sau96, RsaI, OpnII, HaeIII,

HinfI,BstU, BstN, MspI, Bsp1286I, BsaJ, BsrI, TagI, MseI, BslI. Three enzymes (not shown)

did not cut this region: AseI, Oral, SspI.
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MANUSCRIPT 2

IDENTIFICATION OF ARCTIC AND BERING CISCOES

IN TIlE COLVILLE RIVER FISHERY

John W. Bickham, John C. Patton, Shamone Minzenmayer,

L.L. Moulton,and Benny J. Gallaway
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IDENTIFICATION OF ARCTIC AND BERING CISCOES IN

TIlE COLVILLE RIVER FISHERY.

, JOHN W. BICKHAM, 2, JOHN C. PATTON1, SHAMONE

MlNZENMAYER2,

L. L. MOULTON3, AND Benny J. GALLAWAy1 ,

1LGL ECOLOGICAL GENETICS, INC., 1410 CAVITI 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 exomorphological features. Gill raker counts

were distinctly bimodal with Bering ciscoes having 21-24 and Arctic ciscoes

having 23-30 gill rakers. Mitochondrial DNA haplotypes were different

between the two species. and all animals ,identified as Bering ciscoes had

haplotypes characteristic 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

which are characteristic of Arctic 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
f . . '.

species. One of the two fish with Arctic cisco morphology and gill raker
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counts and Bermg cisco mitochondrial DNA haplotypesha a Gpd-1

genotrl,e common to Arctic ciscoes and the other had a genbtype found at

low fr~uency in both species. It is concluded that Arctic anb Bering

ciscoes possess diagnostic morphological characters that'alldw for their

accurate separatiort in the fishery. Moreover, only a low levkl of apparent,

introgrbsion of mitochondrial DNA, from Bering cisco intd Arctic cisco,

was de~ected. We therefore conclude that these taxa reprJnt distinct '

• species as currently recognized. 1
The Arctic cisco (Core~onus aut~~nalis) is an anadr, mous

salmoJd fish that spawns in the tributaries of the MackeJie River in

North Lerica (Gallaway et al., 1983). Coastal habitat inclu~es the

'! nearshlre, low-saline, ~eritic waters of the Beaufort Sea frob Victoria
I ' I

" Island (Canadian Northwest Territories) to Point Barrow (Alaska). The

,two mdst important coastal feeding and overwinteringareaJ are the deltas
I

of the Colville River in Alaska and the Mackenzie River in the Northwest

TerritoJies. This species and the broad whitefish re 6nu nasus) are

, the twJ most economically important fish along the Alaskah North Slope.

Native Isubsistence fishing and commercial fishing for ArctiJ ciscoes take

p1a~J th, Colvillo Riv... d',lta (Gallaway et al." 1983). ,L
I ., "
~e most closely related taxon to the Arctic cisco oste i ibly is the

Bering l:isco (Core~onus laurettae) which spawns primarily ~ the Yukon
:. • I

River systein and whose coastal distribution overlaps that of the Arctic

'cisco fr~m Point Barrow to the Colville River (Craig, 1989). hese taxa are

SUperfi~allY very similar and theii- specilic status has ~n JueStioned

(Dillinger, 1989). Interpretations of the population trends inlthe Arctic

,cisco r1heryat the Colville River is c:,inplicated by the preJnce of Bering

I
I .51
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ciscoes. Because ~e mechanisms of transport of Arctic and Bering ciscoes

from their spawning areas to the Colville River delta is distinctly different,

with Arctic ciscoes being transported from the Mackenzie as young of the

year by passive transport (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

population 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

morph~logical, biochentical, and molecular characters taken from field­

identified specimens, and to assess the level of genetic introgression and

the taxonomic status of these species.

MEIHODS

Specimens were collected in the field using gill nets during the Fall

fishery of 1990. Individuals were iden~fied as Bering ciscoes eN = 20) or

Arctic ciscoes eN = 49) based upon the presence of small black dots with

faint white halos on the body ~d (or) white spots on the fins that are

visible in live Bering ciscoes and absent in Arctic ciscoes. Fish were frozen

whole and shipp~ to the laboratory where they were dissected to remove

tissues (heart, liver, muscle) forallozyme and DNA analyses. The first gill

arch was removed from each fish and the gill rakers counted as described

by Dillinger (1989). A small piece of the liver of each fish was

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

phosphate dehydrogenase (Gpd-l; 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 specimens
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reported in this study were reported in the previous stu\iies

Mit~h6ndrial DNA was examined for all specimens using te .

polymJrase chain reaction restriction~enzyme assay of the ORFI gene

region ls described in Bickham et al. (subntitted). The s~ens reported

in this ktudy also were included in the mitochondrial DNA ltudy of

BickhJn et al. (submitted). '. .

RESULTS

Gill-raker counts ranged from 23-30 (X = 27) for Arctic ciscoes and

21-2~+= 21.8) ~or B~ring ciscoes (Fig.,.l).. There were three bering and two

ArCtiC ClScoes With gill-raker counts Wlthin the range of pve lap of the two

,species (23-24).

Mitochondrial DNA haplotypes were distinctly differ nt for Arctic

and Betng ciscoes. Two restriction enzymes (DdeI and Hin~) give

diagn~~tic fragment patterns for the ORFI gene region. Thi'te patterns (A­

C) werk observed when Arctic cisco DNA was cut with DdeF but only the B

patternl was observed in Bering cisco. Two patterns were oJerved with

Hinfl (~ and B) in Arctic cisco but only the B pattern was 0Terved in

~g biSCO. Thus, all Bering cisco had BB haplotJpes for tllese two

enzymls which is consistent with the observation of Bickhab et al.

. (submiited) that this is the predominant haplotype in Berin~ ciscoes taken
. i I I

I I

from spawning runs in the Yukon River. Arctic ciscoes had haplotypes

AA <1::! =35), BA Q:i =6), CA <1::! =6), arid BB <1::! =2). The , BA, and CA

haplotxpes were observed by Bickham et al. (submitted) to the
I .

predon'unant haplotypes in Arctic ciscoes taken from spawning runs in

the Ma1ckenzie River system. . .
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Genotypic and allelic frequencies were computed for Arctic and

Bering ciscoes for the GPO-I locus and analyzed using BIOSY5-1. Allele

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

= .511, .225; C = .054, .400 andD = .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 morphologically distinct, at least in their geographic

area of overlap.

Previous genetic 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 Bickham (1992) examined genome
. .

size variation in Arctic ciscoes taken from Beaufort Sea coastal..
aggregations 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 cis in the

, westerh samples. Thus, Bering ciscoes were thought to havb a lower

genomk size than Arctic ciscoes. Mitochondrial DNA has::1 n shown to
, I

be distinctly different between Arctic and Bering ciscoes,(Bi. am et al.,

'SUbmit~ed). In our samples, all fish identified as Bering cisebes had

mitochrndrial DNA haplotypes (BB) characteristi~ of ~t tton. All fish

, identified as Arctic ciscoes had mitochondrial DNA haPlo+s (AA,BA,

CA) c+racteriStiC of that taxon except for two specimens tMt had BB.

Thus, these two specimens are potentially animals of hybriJ origin or

I"d 'f' d jwere mlsl entl Ie .

le two fish that were identified as Arctic ciscoes bu .had Bering

cisco nltochondrial DNA were otherwise typical Arctic cisLo Gill-raker

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

, , Arctic ciscoes and outside the range of B~ring ciscoes. Addi~onallY, these
,I ., I
fish haa Gpd-1 genotypes of BB and AB. The frequencies ofl BB in Arctic

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

genotrl,es was .045 and .1 respectively. Thus, one of the tw~ fish of

questidnable identity had an Arctic cisco Gpd-1 genotype Jd the other had

·g'OOr 'o,=d in low '''''-'''' in 00", ,,,,,,.., 'l,
We thus conclude that these fish were not Bering cis es

misidehtified as Arctic ciscoes. Rather, these fish likely werl of hybrid
I . ,I

origin in possessing aBering cisco female ancestor. These female

.ancestJrs probably were not the mothers of either of these fIsh; it is likely

they Jere more distant ancestors. Mitochondrial DNAis a Iparticularly

SenSitit genetic marker for revealing past hybridization e~ents because it

is matJrnally inherited and clonal (Brown, 1983; Avise, 1986; Wilsonet al.,

I, ' I
i 55 i
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1985). After a few generations of back<:rossing to one of the parental

species the nuclear geno~ 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% of 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 showing 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 due to a past history of low­

level hybridization.

We therefore conclude that hybridization is rare between Arctic and

Bering ciscoes and that these taxa are best considered to be different species

as presently recognized. Furthermore, it is concluded that consistent

morphological differences between these two species are present and that

the fisheries biologists at the Colville River can identify these species with '

virtually 100% accuracy. .
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FIGURE LEGENDS

FIGURE l.-Gill-raker counts and mitochondrial D A haplotypes

for 69 fish take~ from the Colville River fishery. IndiVidu1.Is were

identified in the field as Arctic (top panel) or Bering <bottol panel) ciscoes

b~ed upon the presence of dark spots with blue halos ill Blring ciscoes

, that ,ere absent 'from Arctic dscoes. Animals identified J Bering ciscoes

had lower gill raker counts than most of the fish identifiedlas Arctic

ciscoe~. Mit~chondrial DNA haplotypes previously identified as being

charaderistic of Bering ciscoes were found in all fish identified as Bering

ciscoel. Mitochondrial DNA haplotypes previously identified as being

charac~eriStiCof Arctic ciscoes were found in all but two ArJtiC ciscoes.

Those two individuals are potentially hybrids ~r miSidenti}ied s~ecimens.
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MANUSCRIPT 3

GENETIC STOCK ASSESSMENT OF ARCTIC CISCO

(COREGONUS AUTIlMNALIS) FROM THE BEAUFORT SEA

USING NUCLEOTIDE SEQUENCES OF THE

MITOCHONDRIAL CONTROL REGION

John W. Bickham, John C. Patton, and Benny J. Gallaway
. ,

Submitted To Science
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Genetic Stock Assessmentof Arctic cisco (Corego~us autumnalis) from the,

Beaufort Sea Using Nucleotide Sequences of the Mitochondrial Control Region

JOHN W. BICKHAM, JOHN C. PATION, AND BENNY J. GALLAWAY

ABSTRACT.~The'Arctic cisco represents one of the most economically

important fish species on the Beaufort Sea coast of Alaska. This population is,

at risk due to the potential effects of oil-related activities at Prudhoe Bay. For

example, the presence of gravel-filled causeways could cause a serious

impediment to the passive migration of young ofthe 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 previously

published restriction site analysis. MtDNAhaplotype' frequencies indicate a

generally low level of population genetic divergence. There is one haplotype
,

which predominates (46-69%) in all spawning and overwintering sites.

Lower levels of spawning-site fidelity (Le., gene flow) compared to other

anadromous fish such as salmon, and the recent (post-Pleistocene) origin of

the populations from common ancestral populations are probably responsible

for the low level of differentiation. Despite the overall low level of

differentiation, statistical analysis of haplotype distributions suggests that

stocks in the downstream region, especially the Peel River, contribute more

fish to the Alaskan overwintering population than the upstream 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~

'64



The Arctic cisco (Coregonus auhImnalis) is thefocus ofan exhaustive

,resear1ch and monitoring program designed to evaluate the Jfects of oil

production and related activities on fisheries resources alon1the Alaskan

NorJ Slope. In North America, this species spawns in tribureS of the

MackJnzie River system (Fig. 1). Its' coastal distribution is frpm Victoria

IslanJ in the Northwest Territories to Point Barrow in'AlaskJ. Coastal habitat

includes the nearshore, low-saline, waters for feeding and d1P pools in the

deltas of major rivers for overwintering. The primary oveJtering habitats

are the deltas of the Mackenzie River in the Northwest Territ0ries and the

Colvilte River in Alaska. The Alaskan populations are of spe~al concern

becaJe the unique life history of the species makes themparhcularlY

vulne+ble to impediments (such as the causeways that bised the nearshore,

low-saline waters near Prudhoe Bay) on their migratory routJ. ', .' , I
Arctic cisco undergo a passive migration, as young of te year, from

the MJckenzie River delta into Alaskan waters (Gallaway et at, 1983, 1989).

-. This Jgration is wind-aided, and it is known to occur primJily in years that
I ' , '

have strong, northeasterly winds (Fechhelm and Fissel, 1988). Population

studiJ at both the Colville River and Sagavanirktok River deltas show the

year.Jyear recruitment of young of the year Arctic cisco to bb highly

Variab~e and to ~e correlated with the strength and timing of Jortheasterly
I ' I

, I

, winds <Fechhelm and Griffiths, 1990). Because the primary 0ierwintering

".habitatifor Arctic cisco in Alaska is the delta of the Colville River, it is thought

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

ability hfyoung of the year fish to complete the migration frot the '

Mackeke to the'Colville River without obstruction. Moreover, this species is

importkt in both a commercial fishery and an Inupiat sUbsist~cefishery in
'I " . '!

I i
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the Colville River delta (Cr~g, 1989; Gallaway et ai., 1983). All of these. ,

reasons, combined with the fact that the species undergoes a transboundary

migration, make it the ceriter of a politically, and environmentally, sensitive.
issu~the effects of gravel filled causeways and oil production on North

, .
Slope fish stocks.

Previous studies of genetic variability in Arctic cisco showed this

species to have a moderate level of variation in allozyme loci (Bickham et al.,

1989; Morales et al., in press), a high level of variation in genome size

Lockwood and Bickham (1991, 1992), and a rather low level of variation in

mitochondrial DNA (Bickhamet al., 1989, submitted 2>. Genetic aSsays

proved to be useful in distinguishing Arctic ciscoes from the closely related

Bering cisco <Coregonus laurettae) and ostensible hybrids (Bickham et al., .

submitted g, 12). 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 2>.

This study was designed to determine whether or not multiple stocks

ofArctic cisco exist within the Mackenzie River system and, if so, which stock

or ~tocks primarily 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 sho.':Jld any environmental mishap occur.

Additionally, this knowledge would contribute to a better understanding of

fish movements and population structure of Arctic anadromoUs fishes.
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MATERIALS AND METIIODS

In this study we investigate genetic stock composition of Arctic cisco

populations from four coastal sites from the ~a~ortSea anf five sp~wning­
site p1pulatiOns from Mackenzie River tributaries using nucleotide sequence

of a 360 bp segment of the control region of the mitochondri1 DNA. .

Oligohlicleotide primers were developed to amplify the~Je control region.

Thesellprimers, placed in the tRNAGlu and tRNAThr gene~,lmPli~a "" 1-kb

product. A portion of this product near the tRNAGlu Prime1 and inside the

contrJI region was sequenced using automated ~NA sequenfe analysis

empldying dye labelled terminators (Ferl et at., 1991).· NuclJtide sequences

werelbtained from 326 fish which also were examined in anlextensive .

restri~on site analysis by Bickham et al. (submitted g). GenJtic .

differttiationof ~opulationsand stock definition was a~C04PlishedbYuse

of a Chi-square exact test (contingency chi-square analysis using permutation

teStinJbased upon an algorithm given by Roff and Bentzen, ~oI. BioI. Evo!.
I I

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

and Jnverted to c by John G. Cole) which generates a probaJility of identity

for paked comparisons. We used ex = 0.1 to indicate statisti1Y significant .

differe~ces (P ~ 0.1) or identities (P ~ 0.9) among the paired imparisons.

ValuJ of 0.9 <P> 0~1 were used only to indicate trends. . I
I

RESULTS AND DISCUSSION

quence analysis of the control region was consistent ith the

observltion of Bickham et aI. (submitted g) that Ar~tic cisco populations are

compoked primarily of a single, common haplotype (haPloJe C, Table 1)
I .1_

and numerous rare or low-frequency haplotypes. Thirteen haplotypes were

I· .!.
I •
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identified by restriction amilyses (Appendix 1). 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 I, Appendices vn and

VIll). The distribution of low-frequency haplotypes show evidence of

subdivision among the spawIung-site populations. A Chi Square Exact Test

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

composed of at least three significantly different populations. The upstream. . .. . .
tributaries (Mountain and Carcajou Rivers) were shown to have very 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 =
. 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 stoCk (P = 0.025 and 0.065; Table 1). Both Alaskan coastal

sampleS 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. ,
stock (P = 0.913). From these data we conclude that multiple stocks exist

. I
~ong Arctic cisco populations that spawn within the Mackenzie River

system, 'although the stocks are only weakly differentiated, and that it is

primarily the two downstream stocks that contribute to the Alaskan coastal
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aggregations. the Peel River appears to be the predominan stock

repre~ented in Alaska/although it is likely that oilier stocks e present as

well.

Of the Canadian coastal sites, Stokes Point/ which is to the west of the

Mackenzie Ri~er, is most similar to the Peel River stock. ThiJ is consistent .
I . I

with the above observation that Peel River fish predominate in Alaska

becaJe they would have to pass Stokes Point on their wesJrd migration.·

AtkinJon Point, which is to the east of the Mackenzie River, i the only coastal

site thkt is most similar to the upstream stock (Table 2). Mor ver, it is

signifibantly different from both dowitstream stocks.' It is lik~IY that the

pOPulltion atA~nPoint also is composed to a high degr~of fish from

the Ukd River, based upon overlap in genome size estimatJ of these two

pOPUlltions by Lockwood and Bickham (1991/ 1992). l
~'d... I'",,"'ted in th;, ;ludy~_i'ten' with 1" ,"0", ""di~

showing the Arctic cisco populations in the Mackenzie River Jo be weakly

differltiated (Bickham et al./ 1989). It should be emphasized that weak .

. genetiJ differentiation does not necessarily mean the stocks4unimportant

from a Imanageme~t perspective. In the case of the Arctic ciscb, lack of strong

genetid differences among populations is more likely the resJt of historical

factors Ithan of population biology. The Mackenzie River syst1m was mostly

glaciated during the Wisconsin Period and thus thepopulatio*"s under study

are no bIder than the end of the Pleistocene. It is likely that m6st of the

observ~variation in mitochondrial DNA among Arctic cisco ~OPula~ons is

the resilltof different frequencies of haplotypes being present bong the

founder of the various stocks. The populations are simply no~ old enough to

expect the establishment of many new variants to have taken Jlace. This
I·· . .!
i I

I
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srudy used the relative proportions of low-frequency haplotypes to, .
f

discriminate stocks. Such low-frequency 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.

In addition to recency of origin, another factor that might account for

low levelsof genetic differentiation in the anadromous Arctic cisco is higher

than expected levels of gene flow among spawning 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 yet measured for a fish. Those authors attributed this to
>

the fact that the Bering cisco spawns in the Yukon River system which was a

glacial refugium. The difference is probably not due to any inherent

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

their natural history.

The conclusion that the downstream stocks, especially the Peel River

stock, comprise the majority 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 Mackenzie River delta (Fechhelm et al., 1989; Gallaway et al.,
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1983; Moulton, 1989). More recent tag returns obtained at sRawning

tributaries include four from the Peel River and one from thJ Hare Indian

Riverl The Hare Indian River is near the Carcajou and MoJtain Rivers and

thus Luld be expected to be part of the upstream stock.• NO\ spawningrun of .

Arctid cisco was detected from this river during the fieldexpkdition that

.obtaiJed most of the samples used in this study..Thus, the 4ajority of tag

retunl are from the Peel River which is consistent with our donclusions.

HowJver, it ShoUl~ be cautioned that th~ tag returns are hot ~e result of an

exteJive eff~rt t~-obtainfishfrom all tributaries and could s!mPly reflectI . • ;
sampling bias in favor of the Peel River.
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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 fre$hlter plume of

the Mfckenzie in such a way as to be captured by the We!\t-mrving, long­

shore current (Mo~ton, 1989). Because ~e main chanpei:of fe Peel River

~ emPtiJs into the western end of Mackenzie Bay, as young of ' e year fish are

flushek out of the tributary by: sprlng floods, they would be " the most '
I '. .

favorable position to be entrained. In addition, the fish from e northern

(downktream) tributaries would most likely arrive in the ~ay
I , :

from the upstream tributaries thus making it more likely for em to be '

transpbrted weshvard and more likely for them to reach the±lville River

delta ahd successfully overwinter. It thus appears that th~ s' . arity between

coastall sites 'to the west of the ~ackenzieRiver and dOwnStreb stocks, and

, betwJn Atkinson Point (east of the Mackenzie River) anc\ ,th~ upstream stock

is likelt due to the timing as to when the young of the year fish reach the

. Mackebe River delta. .
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Concern exists regarding the identity of the stock or stocks of Arctic

cisco that could be impacted by the potential impediment to migration
,

resulting from the presence of gravel-filled causeways and other effects (such

as spills) of the petroleum industry in the Prudhoe Bay region of Alaska. As a

result of the pesent study, attention should focus on the Peel River stock.
•

However, there is presently no estimate of the proportion of the Peel River'
,

stock that is transported to Alaska, nor is there significant evidence that the

existing causeways or oil-related activities seriously impair the passive
i ..

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 as a

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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Table 1. -- Numbers of individuals 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. •

Localities Halotypes
A B C D E F G H I J K L M N 0 P 0 R S T N

Coastal sites
Colville R. 3 37 2 6 2 2 2 54

SagavanirktokR. 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

;;:! spawning sites
Peel R. 1 1 27 7 1 1 1 2 1 1 1 44

Arctic Red R. 40 9 6 1 1 3 1 61

upstream Stock 2 19 6 1 3 1 1 2 5 1 41

Sum 326
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-I

Ups I
0.025

0.061

0. 13 i1
0.59'

0. 201
0.065

ARR

0.057

0.380

0.018

0.010

0.148

Peel

0.636

0.060

0.314

StoSag :AtJ

0.743 O.5320.J14 0.197, I
0.776 0.095 0.913

Col

Table 2. ~- Results ~f Chi-square exact test for, all !airwisecomparison of fJl
rcoastal-s~te Ipopulat~ons (1-4) and three spawn~ng-s~te stocks (5-7) of Arc~c

cisco. Numbe~s reported are the exact prohabilities ·f identity. 1
' I' , ,' ' . ,.' I '

1. Colville R. (Col)
I

2. Sagavanirktok R. (Sag)

3. Stokes Pt. (sto)

4. Atkinson Pt. (Atk)

5., Peel R. (pJel)
,

6. Arctic Red R. (ARR)

7. Upstream Stock (Ups)
I
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Table of Restriction Site Analysis
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APPENDIX I. Table of Restriction Site Haplotypes,

.,
Alternate ORF1 ORF 5/6

Desianation* Ha lot e t:: Dde I Hae III Hinf I) Dde I Tag I Dra I Ssp I Sau96 I Bsp 1286 BsaJ I Msp I
A Bering

11:
11

B A B .A B A A B A A A "
B-E' A 'A A A A A A A A A A A w _ -. ....

G C t::::~ C B A A A A A A A A A
H-J OA

i
B A A A' A A A A A A A,

CB A A A 'A A A C A A A A
K 1A B _ A .A A A C A. A .A A .A
L 1B B A A A' A A C A A A A

M-N 2A t~:t B A A A A C C A A A A
0 2C I B A A A A C C A A A B

2!l F 2D A A A A A D A A A D A
P-Q 3A ~i::~::::. B A A C A C C A A A. A

R 4A I: B A A A C C A , D C A A
SoT 4B B A A A C D A D C A A

* Designations used in Chapter 3. Bickham et al.



•

•

APPENDIX II

Table for 1992 Restriction Site Analyses for Colville Sagavanirktok,
Peel, Artic Red Rivers and Prudhoe Bay Samples

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

i

I
-I
I

81
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Restriction Site Analysis for Colville River.

..

4ACCACA

~,,::::;

!

Sample Helmrick Gill
No. Desi nalio Raker

GN 12 ARCS 24
GN 14 ARCS 29- ARCSGN 15 28
GN 19 . ARCS 26,
GN 20 - ARCS 25
GN 22 ARCS . 30
GN 23 ARCS 28

. GN 25 ARCS 27
GN 26 ARCS· 26
GN 27 ARCS 30
GN 31 ARCS 28
GN 32 ARCS 28
GN 33 ARCS 27
GN 34 ARCS 26
GN 35 ARCS 30
GN 36 ARCS 30
GN 38 ARCS 27
GN 39 ARCS 28
GN 40 ARCS 27
GN 41 ARCS·· 28
GN 43 ARCS 24
GN 44 ARCS 30
GN 45 ARCS 26
GN 47 ARCS 26
GN 48 ARCS' 28
GN 49 ARCS 26
GN 50 ARCS 25
GN 51 ARCS 26

~

G.A.-



BACS

BACS

••••'••'. ORF 5/6
!!L!J: Ode I Sau 96 Ora I Ssp I Tag I Bsp 1286, Group

A"...... ,'...
A~ t--c G C A A-. t-3A--'------i

~ ", C C C A A3A

A
A
B
A
A
A
A
A
A
A
A
A
B
A
A
A

G.A.- ARCS. BRCS '

Sample Helmrick Gill ' ORFI
No. Desianatior Raker Ode I' Hae III Hi

(Ell 52 ARCS 27 A A
_<:aI_60~ ~l\RCS - ?A R A'

(Ell 63 ARCS 27 A A
(Ell 64 ARCS 27 B A
(Ell 65 ARCS 28 i A A
(Ell 67 ARCS 29 C B
(Ell 69 ARCS 26 ' B A
(Ell 70 ARCS 26 A A
(Ell 72 ARCS 28 A A
(Ell 73 ARCS 26 A A
(Ell 74 ARCS 26 A A
(Ell 76 ARCS 26 A A
(Ell 78 ARCS 25 C B

'(Ell 79 ARCS 26 A
(Ell 80 ARCS 27 A
(Ell 81 ARCS 26 A A
(Ell 85 ARCS 28 B A
(Ell 86 ARCS 27 B A
(Ell 87 ARCS 26 A A
(Ell , 88 ARCS 27 A A
(Ell 89 ARCS 25, A A
(Ell 1"16 - BRCS 21 B A
ClN UZ RRC'.c::. 'I' t> A

GN 118 BRCS 23 B A
(Ell 119 BRCS 21 B A
(Ell 120 BRCS . 23 B
(Ell 121 BRCS 22 B A
(Ell 122 BRCS 21 B A
(Ell 123 BRCS 21 B A
(Ell 124 BRCS 21 B A

~

-------------------



-.._.----,.=--~=.,.=_...~<~=",;,= .•- "-==-..",. -='= ~...,.~"" ",,_.;o.~. . '--",",,"--;=~ ="",,=,,"",,,~~ ....-_- -----. 1>~ -.;._~. _.- -_.--
Sample . Helmrlck Gill it ORFI
No. Oesianatlol Raker Ode I Hae III Hinf I

GN 125 BRCS 22 B E B
GN 126 BRCS 24 B A B
GN 127 .' BRCS 21 B A B
GN 129 BRCS 22 B A B

"

GN 131 BRCS 21 B A B
GN .132 BRCS 23 B A B
GN 133 BRCS 23 B A B
GN 134 BRCS 22 B A B
GN 135 BRCS 22 B A B
GN 136 BRCS 21 B A B

- C£N 137 BRCS 21 B A B
G.R.- ARCS, BRCS

iii ORF 5/6 . Ii
II Dde I Sau 96 Dra I Ssp I Tag I asp 1286t Group

'if ·I.:l~
ttBRCS
1['IBRCS

.1,[5
iBRCS
!'[BRCS

--------------_._"--[-::~

"

~



Restriction Site Analyses lor Sagavanirktok River.

3A
2A

.,.::~~.

•

•

•
•

C

A

A
A

C

A

A
A

C
C

C

A

C

C

C
C

o

A

A
A

C
A

A

A

ffl

Sample lill!, ORF I .•, .• ORF5/6;
-----~--c::===~No~.':::=~jiiOde I Hae III Hin' I- •• Ode I Sau 96 Ora I Ssp t Tag I Ssp 1286 Sst N p'=~G~ro~u'l!P:::- ~

~~ .~ ~ ~:~ 1~1: ~ : A B A . A A A B

i
BRCS

AK 11746 Ii A A A
AK 11747 li A A A
AK 11748 iii A A A
AK 11749:1 B A A
AK 11750 ", C B A
AK 11751 i\ A A A
AK 11752 i) A A A

~~ ~ ~ ~~: II. ~ ~ ~ r
AK 11756 A A A

AK 11758 lIe B A· .....
AK .11759 in A A A·

.~~ .~ ~ ~:~ Iii ~ .~ ~.

~~ ~ ~ ~:~ lii·~.: ~ ~ .'•.•.•.• -CAe C A A .' 3A

- AK--1-H67"" G 8 A(; I
AK 11768 n: B A A CAe C A A • 3A

AK 11769 lili, A A A
AK 11770 l'l . A A A
AK 11771 Ti A A A
AK 11772 l'l A A A
AK 11774 Ei B A A
AK 11775 i B A A
AK 11777 A A A

-------------------



,-=-..:.'; ·~-'-'~·~:::n;;..-"· "~_.~ :'==r.'. ; .,......, -', .... ··i't·.-- ·'x":·,,,,:' - .~.. ~·-,;r~-.;,:;::':i"=-~-·::'='-'~ "'=-==?"-::f.: =:-,~-,.,..~ ,--,::C ='=.. =::=:'".::-= . ..:.:::.::..-:: ;-'-, -- .- _. -- -- ----,------ - - - - _.
, ORF 5/6-I

1\ Ode I Sau 96 Ora I Ssp I Tag I Bsp 1286 Bst N .•••••••.•
{ ..---

'.~

. AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK
AK

Sample.;; ORF I
No.' iEi Ode I Hae III Hin'

~ ~ ~~: .~!: ~ ~
11780,i; A A'A

11781;1 A. A A

jm~n ~ ~
~~:~~ •••••••••• ~ ~ ~
118181' c B A
11819;; A A A

jimI ~ ~ ~
118271 C B A
11828;; A A A
11832!! A A A
11833' A . A A

~;:,,:;

11834 A A A

A

A
A

A

,A
A

C

C
C

C

C
C

A.

A
A

A

A
A

•

•
•

2A

2A
2A



Restriction Site Analysis for Peel and ArclicRed Rivers. NWT.

,;,',','

Peel River,
NWT

2A

3A

;:{::

A

A

A

A

C

C

C

C

ORF 5/6
O~a I Ssp I Jag I Bsp t286_i;!,;;;~G~[O~U!l:!P;:- _

C C A Ai 2A

A

A

C

A

((;

C A C C A A .11.,--
i?

Samplei ORFI'
No.Ji Ode I Hae III Hlnf Ii Ode I Sau 96
-"-=--:--~.",. ... - - -

M31 B A A A A
M3 2 A A A
M3 3 A A A

M3 4',:", A A A

~ ;: ~ ~ ~.
M3 8 C. B A
M5 9,.A A A
M5 10 ii B A A

~. ~~ .·······1· ~ ~ ~
M3 13 /J A· A A

M5 14A A A
M3 15 A A A
M3 16 A A A

SA 232 .""":" B A A
SA 233 \ A A A
SA 234\ A A A

EmI: : :~ I
SR238il A A A
SA 239 "",.'.., A A A

E~:! II ~ ~ ~
SA 243 A A A
SA . 244 A A A
SA 245 A A A

. Arctic Red Iii
__-,R"-,i",ve,,,r, NWT Ii;

~![l~

Illj
,·ff»

~

-------------------



~~ ;;.~_-.~!.l:~.~=:;:'- =.:..::..:..::,-::=":'-~:~ ~=-~o-::!::-~""=:::::=::!:-·i·;'::...-~-."..::.::=====': ~;;;'O:"::::':"''O.~-=-;-=-",,"-:=~~=:;';-'=='~';'_'::'''::'':'; _=-=__ ....",-=.,,="",t--..,.;o-,::-:-~··-" ..... ,,;::.._. - - - - - - - - - _..- - - - - ,- .• -

~

Location
Sample

I
SA 246 A
SA 247 A
SA 248 B
SA 249. A
SA 250 A
SA 25.1 A
SA 253 C
SA 256 A
SA 257 A
SA 258 C
SA 259 A
SA 260 A
SA 262 A
SA 264 A
SA 267 B
SA 268 A
SA 269 A
SA 271 A
SA 275 A

A
A
A
A
A
A
B
A
A
B
A
A
A
A
A
A
A
A
A

.,.,.,.,.

C

C

A

A

C

C

C

C

A

A A
i':::,':

",.".,

::,::::;

3A

3A

r



Restriction Site Analysis for Prudhoe Bay.

3A

"2A

3A

BRCS

'::'::.:,

A

A
A

A

A

A

1'I--"g-n\-

A

A
A

A

B

A

C

C
C

A

C

"A A

. c

C

c
c

C

A

C

A

A

B

A

.A 6

A

C
C

A

C

~

_._._._._._~":~~:.Jltp!!~_-:t-;-_~~::"~U~.l_~!=b!~~~d_e=!~~.!!~~_9~::J?.!:~:::t.~;:P-;;.~.I~9::'I"~~~.P:::1_2~~:.r~~!~_l!~_---~---,--=-:<IN:=:" 259 It A A

<IN 260 li:t B A.Ace A· A
<IN 261 r: A A
<IN 262 J: C, A

<IN 263 B A
<IN 264 C A
<IN 265 A A
<IN 266 A' A
<IN 267 A A
<IN 269 B A
<IN 270 B A
<IN 271 A ··A
<IN 272 A A
<IN 273 A A
<IN 274 A A
<IN 275 ,., A A

~ ;~~ Ii = :
<IN 279'?:' B B A
<IN" 280 .;; A A

- mL-2.8.1;;i B A A
(IN 28

EmI ~ :
~ ;:~lil : :

.._._.~._._~~_9_._.]!L_.~!!._._._._._._._._.J~._._j.~._. A._._._._~_._._._._~._._._._.9._._._._.~_._._._._.A_._._?_._?-'l._.

-------------------
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\0
o

•

'.

til OAFI;, OAF 5/6 ;,/

_.~._._._._._._._._._._lL!!~~-.'..~~~..!!L':!!!I!.X!,.P..c!~.L.~'!~.~~ ..!?r.i!..~._.~~P...!...T.~q.!...~.~J!._~.~~.l!.L.- ...-....
c:m 290 )ii B A A A C C A A 2A

~ ~:~ :1: ~ ~
c:m 293 i;:!! A A
c:m 294;;; A A,
c:m 295 ( B A C A C C A A 3A
c:m 296: C

";,' Ac:m 297; A
'), Ac:m 298" A

c:m 2991 A A

EmU :~ .
c:m 303 " B AC A C C A A

.•...~_._._;!~~•.•.;L__~._ _._._ J _ _ : - -.--- "" - - -.
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APPENDIX III·

Chromatograms of Different Sequence Ha , lotypes

.-:

91

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



...:~ '--:~,._--- - _.. ~ __.~ ...,.. ~- .. __-_·_c·; · _'::;:::::;;;;0._. _c.. ~'!:::!!"':""....:.;..."".~-: =>-' ._..:: ..=-:::~"o...:..:!:'::.~ .::.==.....:-::.,-~-:..~.:.::._=-==:::= = =..-:.-= ~.=-= -=.;;;:::...=.=-~..: -: .. _u_''=-'':;r:= ""--:""-"""".~"=,~c...£.=2::_._---- -------------
." . _ _ HAPWTYPE A (Standard)_ ._._ .._ _ _ ~_

....L..~~ ARCS 7,9,92 24 - Poinls 888 to 5546 -Base 1: 888
~Bl1 gste71S DyeTerminalcT(AnyPrimerl 330 MATRIX RLE
Model 373A lane24' AK 11781-M13R
Versicn 1.0.2 Signal: G:268 A:121T:98 C:30 P-19 (4/.3X)

lh~. JUI9.~199210:20PM
X: 0 to 5364 Y: Oto 1200

.-~ Page 1 of 1-.

\0
N

NAGAltCAGGTTTANANT ANCGACGCNCT ACGCCAGAG n TCAGGTAATCAGGG(iTGGCCCTCTATGATAGGGtTGTATGTGCCA AAGTTTG TtAAGT ATAACA AAAAGTTCACT AATGTAT ACTTT AA

. I

'GGNGCCA NAGTCTATTAATGTATAT TTT AATT AAGGGG:rGGCT nG ATAAT-AGGA,,fflfr-<:ANNGCCANAGT-rtGTTAANT ATGATA NAN.! NNCT NtfAANTGT ACGGCNT GA TGGGTNA

G CGCTAi\l'tcNAGAACTT CCCCGG TTCNCGGGGGTNTGGACAAGNAGNTAA CAAAAGGA T CCCOIC AAC CGTAtIiN

•



Model 373A lane 22 AK 12472-2798
•Versicn1.0.2 Signal: G:415 A:231 T:272 C:38 P-19

~Apphi .
'8Y1 &'JlSJittms

HAPLOTYPE A
3 11 92 Arcs 22.Res
DyeTerminal<rIAnyPrimer}

PoinlS 576 to 5536 Base 1: 576
330 MATRIX FILE

Wed,Mar11.19929:32PM Page10f2
X: 0 to 6597 Y: Oto 1200

___~ I~~.CCCCNCC CCCCCCT C C C CGC£-rGeT TTAGTTrGC~]iM~GTA~]TTTAA~[rlm~:MT T~n:.rGTT~TA~G~GCmAAGTTT~T T~AG TA[lAA~AA AAGTTD~I:~:A TG T

11

_

~UIMNlill~~~II[jiII~
~~. '~"D"VV'!lQ, ""V' NI/\•• ,WN1J.t:l.

1Ar ACT TTAATTAAAGGATGGTTTTGATAATAGGATTGTCGGTGCCAAAGTTTTAAG TA TAAT AAAGTTTAT TAATGTATANTTAAAAGTTTTAATG TAT ACT TTA NT TA AAGGGTGGCT tt-<i-ATA

lL\1vfi1!1l,ljJffi.~~. JMIMvJ~M~M1WYl~M1{~vfY1vAfMIn~w
TAG GATTG TCGGTGCCA AAGTNTATT AAT GTAT AT TTTNNT TANGGG GTG GCT TTGATAATAG GAT-fGCCA Ci-TNCCANAG TTNG TTANG TA TGA TAAAAAGTCT ATT AATGNA-CGGNTT G ATG G

~

TAATAGCGCTA TC NAG ACTTctCCGGTT TCGGGGTT"ft-GCA GAAGTAACAANGAT Ca::TcA-~GG-AGGGGGr~AGGG.GGGtt-fAGCCCCG C A GA-AGCCCC CGAGG\fCTTAGNT A TC-lA

MljMtb-:J ., .. ~NXA\fJJJ l(iJiMfi[~ 1\1f111jl1JJti{x:~[[v:~~

VVVIDJJJ$fJ!~~d..J=-""'-,=",,,-,,~=,~~_; Lilllfj
~d}\WMuN~~ o.

..r.'AI'"\J l°\...-1 ,\t..\ 1,

!I
illJ1lli..iJ~

-------------------



....~~,~.::.=..~ .• ,,"::'=·c:.~;;Z:;~::::.:!:::'2":":"··'~'::::·~~~"!!!'::!!!:!!'.=::'r:,::::";~-·~·-===·_=-~.:2·::r!:!"~~-=·,~=-==.:o~_-=··-.~=-..--=-.~.,,,,=.- -=.-=~-~:: =--"'" =__::. =,:. .:.... ;,:_-==--,;:. = ,,,";------.------------
~ ", ._ _ HAPLOTYPE A "
. ...,L.~~ .. 3 11 92 Arcs 22_Res
~S:l5!i tr lIS DyeTerminalalAnyPrimer}
Model 373A lane 22
Versia11.0.2 . Signal: G:415 A:231 T:272 C:38

Poinls 576 10 5536 &se 1: 576
330 MATRIX ALE
AK 12472-2798·
P-19

Wed; Mar 11; 1992 9:32 PM Page 2 of 2
X: 0 to 6597 Y: 010 1200

NAAGGAAAGAAAC TGACCNN T CACCGGATTTAAGCC NGCANNCNT

'i.

•

A - .~

•

•

•

,
., ,,:3!

••-t.



HAPLOTYPE A-III

....L.'i Apf:*d . 3 12 92.Arcs 20. Points 63210 5376 Base 1: 632 . Wed, Mar 25, 1992 3:33 PM Page 1 of 1
~.5j.:rlJS OyeTerminalorjAnyPrimerl 330 MATRIX RLE X: 0 to 5620 Y: 010 1200
Model 373A Lane 20 AK 12414-2798
Version 1.0.2 Signal: G:300 A:231 T:266 C:49 P-19
C CCCCC CCCCCCCCCTTC CCIeGANC TlI:TTTAGTTAi~AC<I:CAGCGTA TGTTTTAAT CAGGG GTGGC~CT TAT GAT AGGGTTGTA TGTGCCAAAGTTTGTT AAG TAT AACA AAAAGTTCACT AA TG T

---I---~!I,~--II- -_.. - . ~ --- -... _. .. - .. - - - .. ~ - - ~ ---- -- ---- . . 1----'--1----

I III/I

'/Iv 11I1~1 IA ' I~~ '~ \I
~ ~ ~ \;~ WIJ ~ iR/IIM ~~ W I~' ~
TACTTTAATTAAAGGATGGTTTTGATAATAGGATTGTCGGTGCCAAAGTTTTAAGTATAATAAAGTTTATTAATGTATAATTAAAAGTTTTAATGTATACTTTAATTAAAGGGTGGCTTTGAT

. III """' 1\0 I, ~!MJlI 1/ ~~ (WI, ~ ~ ~ '~WIW. ',,, It!!vA JvJ Iv;~ I~, ~
AT AGGATTGTCGGTGCCAAAGTTT TAAG TAT AATAAAGTTTAT TAATGTA T AATTA AAAGTCA CACTG TAT ACT NT AAT NA AAGGGTGGCT n OOITA AT AG GA TTG TCGIe G CC A

. A' . A A
--lH\IIHrflfH+HH--i-tH+-.....--------n-- I\. J\ A. n A . II f\ A I~ rv ~JiI. VL M r

~~ V ~ ~iJI~ llJ~M ~~)/f{}1 ~~J~MMYY.\V'Vu~L~'~ ij!'1] A et~ ~~h~ ~
AA GTT TANTAAAT GTA T A nCTTAA NT ACC N GGGTGGGC TTT GGAT A AT A G GA TTGGTCAAANG C C ANA GCCCTGG T MCG NANTNA

- - - - - - - - --'- - - - - - - - - -•



~-~.:.;.:2;,.O::=~.~_: ':.:..:'--'--'=':_ ...." _ _ .,_...""","'¥'".r~.·_ .., ','~:".. ----.- ._":'-n·" ~:h----o.;..... -,,---:=~~'-::::::_ '.:" ~. -'..- =~=..~==:.~=-~,~'-~ =:::.=,..,........'-=- .,~ ... -=:-",,,,,,-,,!::'~_ -::..~_~-_-:::-._ "?~:--=- __=----=- .------------------- i

HAPLOTYPE C
~~~' 3'1292ArcsOO.- c'PoiniS6s8t;5376 ~Base1:658
~8IDIJ_1JS DyeTerminatcrlAnyPrimerl 330 MATRIX ALE
Model 373A Lane 9 AK 12404-2798
Versiro1.0.2 Signal: G:337 A:216 T:236 C:55 P-19

Wed, Mar 25, 1992 3:33 PM
X: 0 to 5567 Y: 0 to 1200

Page 1 of 1

11111 lll!~.
/11111111 A

~

TCGGTGCCAANCATNG-AAG TATAAT AAA GNTTATTAATGTNTAGT TA AAAG=TAACGTAT NC CCAAN NCNAAGGGTNGCT ATG AT AAT AGGANTG TCGNTG NCAANNCCCT AT

NATG TA T AT TNNNAA NTMNNGGGGCCCGC ICCTGGATAAATCAGGGGGTIGNI:AAA=CCAAAAOCCATGGGTCCCCCCCNCNNTCACAGCN

..., - .... :;,



~~
'SY1'1:lQd&rns
Model 373A '

HAPLOTYPE OA
4,2&92 ARCS 13
DyeTerminatalAnyPrimerl
lane 13

Points 713 to 5536 Base 1: 713
330 MATRIX ALE
AK 12197-M13R

Sun, Apr 26, 1992 2:47 PM
X: 0 to 5193 Y: 0 to 1200

Page 1 of 1

Versial1.0.2 Signal: G:470 A384 T:312 C:45 P-19
NoICN:CNCAnNGOCAlNT CAlCACCTTCAGTGTTATNCTNTCGTIHIIfjCT ACGCCAGCG TATGTTTTAATCAGGGGTGGCCCT f ATGACAGGG TTG TA TGTGCCAAAGTTTGTTAAG TAT AACA AAAAGTT

~--,-'_,=_,~,~.1II.iliD.~om~L[llt~tm_m~~~_~~_._~_! m.J~H-~-~~r;H~;I-,I~-I-I-I~il-H-~-IHH+ III~

k_JlIWvM~~~~
"ro .... " ....... ,... .............. ,.".,. ...............A AAGGATGGT TTTGATAAT AGGATTG TCGGTGCCA AAGTTTTAAG T AT AAT AAAGTTT ATT IJ. 6Tt:. TAT .... A T T "" "1\ II.t:.T ........ TI\ itT,.. ...... T .. 1" .... TT 1\ "TT A lor-

•

~NMWV1tm1kiYJhAhV\n/~~anVU~ jkt/w~nM~kMhfj~tVl •~h
GG TGGCT TTG ATA ATAGGATTG TCG GNGCCA AAGT. NT AT TA AT G TA fAT TT TA AT T A AGGG G TGGCT NT GNATN AT AG GAT TG TCANNCGCC A C NG TTT GGTT A AG TAT

~

'11\
~ II r

I~~~LL~(tA,J)!

A'. A I I 1\ /III • I II II 1\ A

-·-EI5l~I1KlYJA~~:Jci!~!1
FA TAA A A ANTeT A TT AA TNGT A r: G r.,r.WT Gr..ATr..r..r.... T "A u- r-.r-r-:.r- Til.

I r '\'" I~.", I' .J AJ\ j \ /'0 to', .. f\A /'L,J
~b~~t&X·d~.r,~__----,- _

-------------------
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------~------------

"

HAPLOTYPE OA
4128192 ARCS 02 .. c . -c Points 668 10 5536- Base 1: 668
DyeTerminalcrlAnyPrimerl· 330 MATRIX RLE

Model 373A Lane 2 AK 12253-M13R
Versirn1.0.2 Signal: G:295 A:199 T:156 C:37 .P-19

I~~}

Tue, Apr 28,1992 7:55 PM
x: 0 10 5086 Y: 010 1200

Page 1 of l'

~

TT AAT TilXAt"GGTGGCT TTG AT AAT AGGATTG TCOCCNGCCA A NGNCCCA TNAA NGNAT A.TITT AAT CA AGGGG TGG CT TCGGAT A AT AG GAT NG TCA CNGCC A AA G TT



HAPLOTYPE lA
.-:.L.~AppPd 43092 Arcs 06.Res Points 654 10 5536 Base 1: 654
~ III esfIIIrJlS DyeTerminalorlAnyPrimerl 330 MATRIX RLE
Model 373A Lane 6 AK 12278-M13R,
Version 1.0.2 Signal: G:442 A:390 T:294 C:255 P-19

Thu, Apr 30,1992 9:21 PM
X: 0 10 5517 Y: 010 1200

Page 1 of 1

cltl:: CNlCNTTNNCTCT n:NNl\QM'NTTICTA TTCAGTGIl; NNCCTA TAGTT ANGCTACGCCAGCGT"lGTTTTAACC NGGGGTGGCCCT l"lGACAGGG TlG TNTG TGCCAAAGTTTG TtAAG-TA T AACA AAA
illllll1\iJii lIn rnl .fTIT'rrTTnllrrrTl • nn nn nnn n r-
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HAPLOTYPE 1B

~~,1ijtJ 43092 Arcs 15.R9s' ,,- " Points 659 10 5536 Base 1: 659
~'IlJ""n& 'DyeTerminatcrlAnyPrimerl 330 MATRIX RLE
Model 373A lane 15 AK 1232&M13R
Versirn 1.0.2 Signal: G:566 A:316 T:301 C:95 P-19
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IKCCCCNOCN TTGCCAGWI'JlTCAa:TTCAGTGTNCTGCTNTIGTT AAOCT ACGCCAGCG TATGTTTTAATCAGGGGTGGCCCT T ATGACAGGG TTGTATGTGCCA AAGTTTG T T AAGT AT AACA AAAAGTNCA
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Tue, Apr 14, 1992 9:56 PM
X: 0 to 7051 Y: 0 to 1200
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ACTAATG-fATACTTTAATCAAAGGA'rGGTTrrG ATA ATAG-GATtG~CGGTGC-CAAAGtTTTAAG TAT AATAAAGTTT ATT AATG TAT AAT TA ANAGtTTTAA Ttft'A TACT TTAAT TAAAGG-
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TGGCT TIG ATAA TAG GATTGNCG-GTGC CAAAGTTTAT TA ATGT AT NT CT TNAT TA AGGGG TG GC f NNG ATA AT A G GAT TGCCA GTNC-C ANA GT TTGGTTA AG fAT CA TAA
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• _" HAPLOTYPE~2A ~ __, ~ __ _.__ , _' , _

4/14192 ARCS 12 " • Points 705 to 6784 Base 1: 705
DyeTerminatcrlklyPrimarl ' 330 MAlfllX ALE
lane 12 AK 11823-M13R

Versim1.0.2 Signal: G:392 A:225 T:213 C:52 P-19

Tue: Apr14, 1'992 9~56 PM
X:Ot07051 Y:Ot01200
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AGGGGGGG ftTAAccca;~c CCA GNAA CCCCCCGGAGNA C ITN>CCC NCN:CT TTTAANNAANAAAAACrTAcccCCCCNCAcTCC



Page 1 of2Wed, Mar 25, 1992 5:21 PM
X: 0 to 6084 Y: 0 to 1200

Points 496 to 5504 Base 1: 496
330 MATRIX RLE
AK 1223B-279SM13R

HAPLOTYPE 2A-III
3 2592 Arcs 06.Ras
DyeTerminalCTIAnyPrimerl
Lane 6

CCC C ANCGtTCNAT NG C '{iii NC TT NANNIHI T NNC_ CTACCGACGCTCTACGCCAGAG-TATGTTT TAATCAGGGGTGGCCCTfATGAC".<:;GGT TGTATGTGCCAAAGT TTGTT AAG TATAACAAAAA,

Model 373A .

Versicn1.0.2 Signal: G:307 A:181 T155 C:35 P-19 2.25u1DNA
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Model 373A
Versioo 1.0.2

HAPLOTYPE 3A
3 2& 92 Area 19.Res
DyeTermina1crlAnyPrimerl
Lane 19
Signal: G:251 A:117 T:115 G:76

- . Points 683 to 5536 Base 1: 683
330 MATRIX RLE
AK 12341-279SM13R
P-19 2.25tJ

Thu, Mar 26, 1992 .5:54 PM "
X: 0 to 5327 Y: 0 to 1200

Page 1 of 1

N:CCOXCT TNTTTCGAOCTGNACNCCACNT TN He A NT ICCGACGCTC TACGCCAGIG TATGT TTTAATCA GGG GTGGC CCTcr"TGACAGGG TTGT NTG TGCCAAAGTTTG T TANG TA TAACA AA AAG
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HAPWTYPE 3A-III

Page 1 of 1lhu, Mar 26,1992 5:54 PM
X: 0 10 5331 Y: 0101200

...L.~~ . 3 26a 92 Arcs 15.Res Points 679 10 5536 Base 1: 679
ISYltltlellllBms DyeTerminalalAnyPrimerl 330 MATRIX RLE
Model 373A lane 15 AK 12335-279SM13A
Version 1.0.2 Signal: G:214 A:86 T:90 C:35 P-19 2.25u
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GGTGGCT TTGAT AAT AGGATTG TCGGTG ceA NAGTC TTAAG TAT AA TA CNGTT T WT I'NNG TAT NNrC AAtoCCGNCTT I>C TGT NT ACTCCTNCT T AACGGGTGGNTNNGNNTA ATAG
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-HAPLOTYPEAA, " ,_ • _'C~

...A...;""" 4,!26f.)2 ARCS 10 Points 703105536 Base 1; 703
19111Bll4BIIIIr,. DyeTerminatcrlAnyPrimer} 330 MATRIX RLE
Model 373A Lane 10 AK12183-M13R
Versicn1.0.2 Signal: G:461 A:372 T:266 C:49 P-19

" ~

Sun, Apr 26,1992 2:47 PM
X: a10 5265 Y: 010 1200
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AAGTr-tACTAATG TAT ACT TTAAT TAAAGGATGGTTTTG ATAAT AGGATTGTCGGTGCCAAAG TTTTAAG T ATNAT AAAG TTTA TT A A TG TA T AA T T A AAAG TTTT AAtG TA TACT TT

.",~

~.~:
~,

''':\'

11/1)\(\N
1\~1M~r I I' pll

IJ '1' I "'\ \ ,I .1 ' ,'''' I ',I ' 1'1', I ". ,!\. :,·t,·[AJ1\1IU~l1211W~,L1.Akr,,'., J~l\~.\JAA LKlhU /VI&! I~~: ''irA 1.f1I/l1lr,fil 'jM, " MolI/\l"Lh HIllon' I. v.v )"A,:;,VJ,lrUJl HIM)! "Alii
lAC 1 AAAGGGTGGC T T1 G-A"TAAf"A.-GGATTG-T CG G TGC CA AA G TTT AT T A AT G TAT AT TT T NA T T A AGGG G T GGCT TNG AT A AT AG GANT G'NeA G T Gee A AAG T TT G 'it

.....
o
0'

TA A GT AT GA T A AAC NG T CT "'"T T T AT G T AC GGCCT TGGA T G GG NAAA II" G C



Page 1 of 2Wed, Mar 25,1992 5:21 PM
X: 0 to 6011 Y: Oto 1200

HAPLOTYPE 4B
~..., 32592 Arcs 13.Res Points 519105504 Base 1: 519
~ 'Jc jSflllJlS DyeTerminata-IAnyPrimerl 330 MATRIX FILE
Model 373A Lane 13 AK 12245-279SM13R
Version 1.0:2 Signal: G:425 A:182 T:207 C:SO P-19 2.25u1DNA
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ATGTATACTTTAATTAAAGGATGGTTCTGA fA AT AGGATTGTCGGTGCCAAAG TTTfA Ii> TATAAT ANAG TTT!\fTA ATGNA T AATT A A NAGTNTT ANT G TAT ACTCfA AT TAANGGGTGGC T

•
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1fNl:! ATAATAGGATTGTCGGfGCCANAGfTTATTAa:rGTNT AT TT CACN TANGGGGTGGCT ~G ATAATAG GAT TGNCAGCGCCAA'AGT TTG NHAC G T ATGATA ANAAGNCT AT T A

ij I~

N I An

fIIdYl~\jJJJI1JDJM&ll~I~~~~~FT

".,. ,. ,.,. -r ,. """ ,.. ,.. ,. ,.,.,..................... _ ....

,~ I \ J~\J~j~~ U~rV\ Iill - .

/\",;1" ,,')r,:';.,!I,1 vt\ I, '" i,! 'f' I'" ~
!Jll!JL'[,["",ALJ},jlw,\I:"'d'!lwcaLJ1,L, L -"' ~" '. ~~,·r.L ~
-------------------



~ - ._,._, ._" ._,.- ..,..,. .__.'. _._ .:. _ "'-:::'~;.' .,.-.'~.. --- ....:;,~_~-:---~-::::~_ ~.:..:...'-=-_ - - ,.' =--'::~=.'T=""!t'~""'!!:'" ~,,":.:..-.o;=-. ':=-_'= ,-:_.~~._.......__.."....,-=--=-=.-:-..,,_. To ~~"~.'=''-"",",~ _';::"':._~=-:'!!!:;': ':':':;:"-------------------
_" " . HAPLOTYPE 4B- III _ _ _ _ . . .

~...., 31292Arcs14.·· 'PointS647105376 Base1:647
~ac: i81£= DyeTerminalcrlAnyPrimerl 330 MATRIX ALE
Model 373A lane 14 AK 12409-2798
Varsim 1.0.2 Signal: G:356 A:229 T:228 C:43 P-19

Wed, Mar 25, 1992 3:33 PM
X: 0 10 5588 Y: 010 1200

Page 1 of 1

a::cCC Tca;nccro::cG=T a:rTTAGTT AAGCT ACOCCAGCGT ATGTTTTAAT CAGGGGTGGCCCTT ATGACAGGG T TG TATGTGCCAAAGT TTG TTAAG TAT AACAAANAGTTCACTATn;TAT

......
@

CTTTAATT AAAGGATGGTTCTGATAAT AGGATTG TCGGTGCCA AAGTTTTAAG TAT AAT AAAGTTTATT AATG TATAAT TA AAAGTTTTANT G TAT ACT TT A NT TAAAGGGTGGCTTTG ATA A

.~
l' I. '~,"

AGGATTGTCGGCGCC-AAAGT ctCA NGTAT AATAAAG T CNATTAATG NCTAA TTA GAAGT TA GAANG T AT ACT CNA AT GAAC GGGTNC NTT TG ATA AT AG GAC TG TCGCCGGCC A N

GCC GAtT AAATG T A TTTT CCT AMC T"ACCCNGCceCCTTTGGCTAAGT AAGG TTGGNCAAATGCCANCNG T CC GGNTICA NTN T G .
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APPENDIX IV

Sequence Alignments of Arctic Cisco Haplotypes
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HAPLOTYPE Ca-1PARISON 7/13/92' 3: 43 PM

If 20 30 40 Sf 60 70
I I I . I I

STANDARD· ' .. GTTAAGCTAC GCCAGAGTAT GI1ffAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
---------- ---------- ---------- ---------- ---------- ---------- ----------

A GTTAAGCTAC GCCAGCGTAT GlllfAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
---------- -----*---- ---------- ---------- ---------- ---------- ----------

A III GTTAAGCTAC GCCAGCGTAT GIITTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
---------- --~--*---- ---------- ---------- ---------- ---------- ----------

C GTTAAGCTAC GCCAGCGTAT GlllfAATCA GGGGTGGNCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
---------- -----+---- ---------- -------*-- ---------- ---------- ----------

OA GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
---------- ~--------- ---------~ ---------- ------*--- ---------- ----------

OA GTTAAGCTAC GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
---------- -----*-~-- ---------- ---------- ------*--- -~-------- -----~----

lA GTTAAGCTAC GCCAGCGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTtTG
---------- -----*---- ---------- ---------- ------*--- ------'---- ---'-------

lB GTTAAGCTAC GCCAGCGTAT GllfTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
-----~---- -----*---- ---------- ---------- ------*~-- ---------- ---~-----~

..
2A GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG

~--------- ---------- ---------- ---------- ------*--- ---------- ----------
~ 2A III GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCCTTATGACAGG GTTGTATGTG CCAAAGTTTG
~ ---------- ---------- ---------- ----~----- ----~-*--- ---------- ----------

3A GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
---------- ---------- ---------- ---------- ------*--- ---------- ---"-------

3A·III GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
---------- ---------- ---------- ---------- ------*--- ---------- ----------

4A GTTAAGCTAC GCCAGAGTAT GIIIIAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
---~------ ---------- ---------- ---------- ------*--- ---------- ----------

48 GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
. , ---------- ---------- ---------- ---------- ------*--- ---------- ----------

48 III GTTAAGCTAC GCCAGCGTATGTTTTAATCA GGGGTGGCCC TTATGACAGG GTTGTATGTG CCAAAGTTTG
---------- -----*---- ---------- -----~---- ------*--- ~---------" ----------

.



HAPLOTYPE CCX>tPARISON 7/13/92 3:45 PM
Sf 9f 170 liD ITo .lt~ If..

STANDARD- . ITTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

*--------- ----------

---------- ---------- -~------*-

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

---------- ---------- --------*- ----------

---------- --------*-

---------- --------*-

---------- ---------- --------*-
TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

--------*- ---------- --------~- ----------

---------- ---------- --------*-

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATCA AAGGATGGTT TTGATAATAG GATTGTCGGT

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT CTGATAATAG GATTGTCGGT
---------- ~--------- ---~------ ---------- ---------- *--------- ----------

TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT CTGATAATAG GATTGTCGGT. . - . . - - ~

---------- --------~- ---------- ---------- ---------- *--------- ----------
TTAAGTATAACAAAAAGTTC ACTAATGTAT AcrTTAATTA ~~GGATGGTT ~~ThATAG-G.k~~€6ST I I

~ ~I_TTAAGTATAA~CAAAAAGTTC-AC~AATGrA~-AG~~~AA~-~A-kAGGATGGTT-TTGAT~ATAG-GATTGTCGGT

A

LIII

C

I
OA

I
OA

1A

18

2A

21 2A III

3A

3A III

4A

48

~_!1lLllT

- - - _. - - - - - - - - - - - - - - -
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HAPLOTYPE Ca-tPARISOW7/13/9Z 3:47 PM

lrO lio 110 . lrO 110 210 2e_
STANDARD GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

---------- ---------- ---------- ---------- ---------- ---------- ----------
A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIIII AATGTATACT TTAATTAAAG

---------- ---------- ---------- ---------- ---------- ---------- ----------
A III . GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

---------- ---------- ---------- ---------- ---------- ---------- ----------
C GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGI rlT AATGTATACT TTAATTAAAG

---------- ---------- ---------- ---------- ---------- ---------- ----------
OA GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

----------'---------- --~------- ---------- ---------- ---------- ----------
OA GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

---------- ---------- ---------- ---------- ---------- ---------- ----------
lA GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

---------- ---------- ---------- ---------- ---------- ---------- ----------
18 GCCAAAGTTT TAAGTATAAT AAAGTTTATr AATGTATAAT TAAAAGTTTT AAtGTATACT TTAATTAAAO

, ,'.---------- ---------- ---------- ----~----- ---------- ---------- ----------
2A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIIITAATGTATACT TTAATTAAAG

---------- -------~-- ---------- ---------- ---------- ---------- ----------
• 2A III GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
J ---------- ---------- ---------- ---------- ---------- ---------- ----------

3A GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAACTAAAG
---------- ---------- ---------- ---------- ---------- ---------- ----*----~

3A III GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIIII AATGTATACT TTAATTAAAG
---------- ---------- ---------- ---------- ---------- ---------- ----------

4A GCCAAAGTTT-TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAACTAAAG
---------- ---------- ---------- ---------- --------~- ---------- ---~*-----

48 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIII7 AATGTATACT TTAATTAAAG
---------- ---------- ---------- ---------- ---------- ---------- ----------

48 III GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
---------- ---------- ---------- ---------- ---------- ---------- ----------

'f ,'1

>

"

~



HAPLOTYPE Ca-tPARISON 7/13/92 3:49 PM

STANDARD
21° 21° 21° 21° 21° 21° :frO

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA-----

---------- ---------- ------*---

GGTGGCTTTG ATAATAGGATTGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA-----

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA-~---

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA---~-

---------- ---------- ---------- ---------- ---------- ---------- ------::~~ I I

)

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT-------------- ---TATTAAT GTATA----~

GGTGGCTTTG ATAATAGGAT T.G.l:.G.G.GIGCC HAl; I 1au. GT.~.T.'.ATl\.·..!. GfTTAT'I'-hA'f-6'}'/t'I'A"/>;'fTAA I I
- -- -- -- ---------- ------1111 1111111111 111------- -----11111

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGIITTAA GTATAATAAA GTTTATTAAT GTATAATTAA
---------- ---------- ---------- ------1111 1111111111 111------- -----11111
GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA-----

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTT-~~- --~~------ ---TATTAAT GTATA---~-

---------- ---------- ---------- ---------- ---------- ---------- ----------. .
GGTGGCTTTG ATAATAGGAT·TGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA-----

GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
---------- -----7---- ---------- ------II~I 1111111111 111---,,-- -----11111
GGTGGCTTTG ATAATAGGAT _TGTCGGTGCC AAAGTT---- ---------- ---TATTAAT GTATA-----

GGTGGCTTTG-A+AA+AGGA~--TGTGGGTG€e-AAAGTTTTkA-GTATKATKAA-GTTTATTAAT-GTATAAIIAA

---------- ---------- ---------- ------1111 1111111111 111------- -----11111
GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
---------- ---------- ---------- ------1111 1111111111 111------- -----11111
GGTGGCTTTG ATAATAGGAT TGTCGGAGCC AAAGTT---- ---~~----- ---TATTAAT GTATA-----

A

LIII

C

OA

OA

1A

18

2A

d 2A In
l,o:

3A

3A III

4A

48

__1___•• 48 III
.-

-

-------------------
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HAPLOTYPE CCMPARISON 7/13/92 3:51 PM-

. ~.-

.':';,..:

,
•,.

290 300 3iO 320 3Io 31° 350
I I I I

STANDARD ---------- ---------- ---~-TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ----------

A . ---------- ---------- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ._---------

A III AAGIIIIACT GTATACTTTA ATTAA
1111111111 1111111111 11111

-

C AAGIIIIAAT GTATACTTTA ATTAA
1111111111 1111111111 11111 ,

OA ---------- ---------- -----TTTTA ATTAAGGGGT GGcTtTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ~--------- ---------- ---------- ---------- ---~------ -

OA ---------- ------~--- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ----------

1A ---------- ---------- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------~ ---------- ---------- ---------- --------~~

18 ---------- ---------- ----~TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ----------. .~

2A ---------- ---------- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGTGCCAAA
---------- ---------- ---------- ---------- ---------- ---------~ ---*------

• 2A III AAGTTTtACT GCATACTTTA ATTAA•• 1111111111 1111111111 11111 ,

3A ---------- ---------- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGTCAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ----------.

3A III AAGTTTTACT GTATACTTTA ATTAA
1111111111 1111111111 11111

4A ---------~ ---------- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ----------

48 ---------- ---------- -----TTTTA ATTAAGGGGT GGCTTTGATA ATAGGATTGT CAGCGCCAAA
---------- ---------- ---------- ---------- ---------- ---------- ----------

48 III AAGlIIIACT GTATACTTTA ATTAA ,

. - . 1111111111 1111111111 11111

-

......
""



APPENDIX V

Sequence Alignments of A H.aplotypes .
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· _....__, __ __ ,_. __ . ".. .._ .-';-- :~::" ..~::c :-.. -....,;;~.. '!':=!'. -""!':'""':'~.'~"""'-"':""=-= --'_-. -=~":.~-~.'::"--":'--- ~"'~,.::::::~.;:-. ..-=:-.':=-~ '=-=- -::.;.-;. .::-.- -; ....:.-.~ -~....::=: ·~:'::",7. ,;'::--=-0-_"::-------------------
ALIGNED" A" VARIANTS 7/14/92 11 :40 AM

10 20 JO 40 50 60 10
I I I I I I I

1 STANDARD 7/9-24 GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~23 ---------- ---------- ---------- ---------- ---------- ---------- ----------

2 3 26a 92 Arcs l( GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
of:.'4 ---------- ---------- ---------- ---------- ---------- ---------- ----------

3 3 26a 92 Arcs 1 GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~"S ---------- ---------- ---------- ---------- ---------- ---------- ----------

4 3 26a 92 Arcs 1::; GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~26 '. ---------- ---------- ---------- ---------- ---------- ---------- ----------

5 3 26a 92 Arcs 1~ GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~"7 ---------- ---------- ---------- ---------- ---------- ---------- ----------

6 3 26a 92 Arcs 1~ GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~"...Q ---------- ---------- ---------- ---------- ---------- ---------- ----------

7 3 26a 92 Arcs H GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
';:'''9 ---------- ---------- ---------- ---------- ---------- ---------- ----------

8 3 26a 92 Arcs l' GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
''10 ---------- ---------- ---------- ---------- ---------- ---------- ----------
9 3 26a 92 Arcs 2( GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

r:l1 ---------- ---------- -----~---- ---------- ---------- ---------- ----------
~ ~'1~, 3 26a 92 Arc s 2::; GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

---------- ---------- ---------- ---------- ---------- ---------- ----------
11 3 27 92 Arcs 03. GTTAAGCTAC GTCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
,~,,, ---------- -*-------- ---------- ---------- ---------- ---------- ----------'-'
2 3 27 92 Arcs 07. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

~'''4 ---------- ---------- ---------- ---------- ---------- ---------- ----------
3 3 27 92 Arcs 08. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

'<5 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~4 3 27 92 Arcs 12. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
86 ---------- ---------- ---------- ---------- ---------- ---------- ----------

5 3 27.92 Arcs 13. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
?7 ---------- ---------- ---------- ---------- ---------- ---------- ----------
c<6 3 27 92 Arcs 14. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CtAAAGTTTG
'18 ---------- ---------- ~--------- ---------- ---------- ---------- ----------
~7 3 27 92 Arcs 15. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~'19 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~8 3 27 92 Arcs 17. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
fill ---------- ---------- ---------- ---------- ---------- ---------- ----------
~~.3 ..27 92 Arc s 18. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
':1 ---------- ---------- -~-------- ---------- ---------- ---------- ----------
20 3 27 92 Arcs 20. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGT~ CCAAAGTTTG
42 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~1 3 27 92 Arcs 21. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG



ALIGNED "A" VARIANTS 7/14/92 11 :41 AM
14~' ---------- ---------- ---------- ---------- ---------- -------- - -----------'
~2 327 92 Arcs 23. GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
44 ---------- ---------- ---------- ---------- ---------- ----------- ----------

.

,

•
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-- •• ....:<..;:,;..::•..:::....... '•• ~~~~-·~F.~·~·'" - .:: '_. --: i .'"' --".: -,-'._-,- ~.~- ---- ¥!!. -.==-,,'" .!"-'!"_ .fO ":"~:::.£::...:""';;''''-':::''''::=-~-::::;~"''?:''':::='-"~':-""""z.:'-:,=._'-:>'~_ '_-""~.-~:,.,.-..r=;:,}="",---------------- - -----
ALIGNED "A" VARIANTS 7/14/9211 :'44 AM ".

- 8O 90 l7° 1to 11° l rO
11~I I

1 STANDARD 7/9-24 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
",-'3 ---------- ---------- ---------- ---------- ---------- ---------- ----------

2 3 26a 92 Arcs 1C TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
if:.'4 ---------- ---------- ---------- ---------- ---------- ---------- ----------

3 3 26a 92 Arcs 11 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
if:.'S ---------- ---------- ---------- ---------- ---------- ---------- ----------

4 3 26a 92 Arcs 1:2 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
~"'6 ---------- ---------- ----~----- ---------- ---------- ---------- ----------

5 3 26a 92 Arc s 1~ TTAAGTATAA ~AAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
27 ---------- ---------- ---------- ---------- ---------- ---------- ----------

6 3 26a 92 Arcs 1~ TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
28 ---------- ---------- ---------- ---------- ---------- ---------- ----------

7 3 26a 92 Arcs if TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT .

~J9 ---------- ---------- ---------- ---------- ---------- ---------- ----------
8 3 26a 92 Arcs 1" TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT-

'Nl ---------- ---------- ---------- ---------- ---------- ---------- ----------
9 3 26a 92 Arcs 2C TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

':?1 ---------- ---------- ---------- ---------- ---------- ---------- ----------
:103 26a 92 Arcs 2:2 TTAAGTATAACAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
) ,."., ---------- ---------- ---------- ---------- ---------- ---------- ----------....:,;

1 3 27 92 Arcs 03. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
,."., ---------- ---------- ---------- ---------- ---------- ---------- ----------,~,

~2 3 27,92 Arcs 07. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
':?4 ---------- ---------- ---------- ---------- ---------- ---------- ----------
3 3 27 92 Arcs 08. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

':is ---------- ---------- ---------- ---------- ---------- ---------- ----------
4 3 27 92 Arcs 12. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

',"'6 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~5 3 27 92 Arcs 13. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
~7 ---------- ---------- ---------- ---------- ---------- ---------- ----------
6 3 27 92 Arcs 14. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTAAAGGATGGTT TTGATAATAG GATTGTCGGT •

!'-?b') ---------- ---------- ---------- ---------- ---------- ---------- -------~--

~7 3 27 92 Arcs 15. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA GAGGATGGTT TTGATAATAG GATTGTCGGT
'19 ---------- ---------- ---------- ---------- *--------- ---------- ----------

118 3 27 92 Arcs 17. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
4£1 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~9 3 27 92 Arcs 18_ TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT .
f/l ---------- ---------- ---------- ---------- ---------- ---------- ----------
~O 3 27 92 Arcs 20. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
f/2 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~1 3 27 92 Arcs 21. TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

........
co



ALIGNED "A" VARIANTS 7/14/92 11 :46 AM
f'/3

-- - - -- ---------- --- ------ ---------- ---------- ----------b2 3 27 92 Arcs 23, TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGTf/4 ---------- ---------- ---------- ---------- ---------- ---------- ----------
..

.
. ,

. -
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. "--.~"'- -= . -". :::.......:::;;~;:; ...==":' ..-:::. ..'::."~~ -~~.~:,_.";._.~~- "".. n ..!C_~:'::~~' ==r:-E=.='"--:-'~· ""'==. ::='~.'.="-'=.:'_--=-'::,="=~="~-=_=::::::::~"""""-~,...:..==.=~"----------_._-------
ALIGNED nAn VARIANTS 7/14/92 11:48.AM

1 SO l60 no 180 190 200 210
I I I I I I I

1 STANDARD 7/9-24 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTTAATGTATACT TTAATTAAAG
~"3 ---------- ---------- ---------- ---------- ---------- ---------- ----------

2 3 26a 92 Arcs 1C GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIIII AATGTATACT TTAATTAAAG
,24 ---------- ---------- ---------- ---------- ---------- ---------- ----------

3 3 26a 92 Arcs 11 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
25 ---------- ---------- ---------- ---------- ---------- ---------- ----------

4 3 26a 92 Arcs 12 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
'f.'6 ---------- ---------- ---------- ---------- ---------- ---------- ----------

5 3 26a 92 Arcs 1~ GCCAAAGTTT .TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
27 ---------- ---------- ---------- ---------- ---------- ---------- ----------

6 3 26a 92 Arcs l' GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
28 ---------- ---------- ---------- ---------- ---------- ---------- ----------

7 3 26a 92 Arcs H GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
29 ---------- ---------- ---------- ---------- ---------- ---------- ----------,
8.3 26a 92 Arcs 1"' GCCAAAGTTT TAAGTATAATAAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

.~() ---------- ---------- ---------- ---------- --------~- ---------- ----------
9 3 26a 92 Arcs 2C GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

~S'1 ---------- ---------- ---------- ---------- ---------- ---------- ----------
:~o 3 26a 92 Arcs 2~ GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
I '''1'' ---------- ---------- ---------- ---------- ---------- ---------- ----------""...~
~1 3 27 92 Arcs 03. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
~-?3 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~2 3 27 92 Arcs· 07. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
~;"4 ---------- ---------- ---------- ---------- ---------- ----------.----------
~3 3 27 92 Arcs 08. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAAT-AAAG
",,""-'5 ---------- ---------- ---------- ---------- ---------- ---------- -----0----
~4 327 92 Arcs 12. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
f16 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~5 3 27 92 Arcs 13. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
.:..~? ---------- ---------- ---------- ---------- ---------- ---------- ----------
6 3 27 92 Arcs 14. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIIII AATGTATACT TTAATTAAAG

38 ---------- ---------- ---------- ---------- ---------- ---------- ----------
7 3 27 92 Arcs 15. GCCAAAGTTTTAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

''19 ---------- ---------- ---------- ---------- ---------- ---------- ----------
.L8 3 27 92 Arc s 17. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
4£1 ---------- ---------- ---------- ---------- ---------- ---------- ----------
9 3 27 92 Arcs 18. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGlfTT AATGTATACT TTAATTAAAG

41 .. ---------- ---------- ---------- ---------- ---------- ---------- ----------
20 3 27 92 Arcs 20. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
42 ---------- ---------- ---------- ---------- ---------- ---------- ----------
21 3 27 92 Arc s 21. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGIITT AATGTATACT TTAATTAAAG

...
~



...
N...

ALIGNED UAU VARIANTS 7/14/92 11 :50 AM

W~ ,---------- ---------- ---------- ---------- ---------- ---------- ----------
2 3 27 92 Arcs 23. GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG44 -------___ _ _

- - - - - - - - - - - - - - - - _. - -



... _. • _. ._.- _. --- _. _.:: ~.:._- ~':::.' "'". •...,'!"" '''!!'.''''' ~.~. =- ."-'-.' -- -:' '~. ~- _.,=::~ ;-, ,... "::='. ~-=-::!'"'-:::::-,-=, --:' .=:::.-- - - _.- - ---------- -."Iii"·-.,J

- - -~ ... -

ALIGNED "A" VARIANTS
-

7/14/92 11 :53 AM
220 23O 21° 2 rO 21° 270 2fOI I I

1 STANDARD 7/9-24 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
jl;")3 ---------- ---------- ---------- ---------- ---------- ---------- ----------

2 3 26a 92 Arcs 1C GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
~N ---------- ---------- ---------- ---------- ---------- ---------- ----------

3 3 26a 92 Arcs lJ GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
f"'S ---------- ---------- ---------- ---------- ---------- ---------- ----------

4 3 26a 92 Arcsl~ GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
f"'6 ---------- ---------- ---------- ---------- ---------- ---------- ----------

5 3 26a 92 Arc s 1" GGTGGCTTTG,ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
;")"':" ---------- ---------- ---------- ---------- ---------- ---------- ----------f"1 .
6 3 26a 92 Arcs 1~ GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT ·TTAATTAAGG GGTGGCTTTG

~28 ---------- ---------- ---------- ---------- ---------- ---------- ----------
7 3 26a 92 Arcs it GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG

1"'9 ---------- ---------- ---------- ---------- ---------- ---------- ----------
B 3 26a 92 Arcs 1~ GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG

. ~:,O ---------- ---------- ---------- ---------- ---------- ---------- ----------
9 3 26a 92 Arcs 2( GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG

"0/1 ---------- ---------- ---------- ---------- ---------- ---------- ----------• ~, 2~ GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG)~O 3 26a 92 Arcs 2
) q;") ---------- ---------- ---------- ---------- ---------- ---------- ----------f-'-"
~1 3 27 92 Arcs 03. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
~~3 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~2 3 27 92 Arcs 07. GGTGGCTTTG ATAATAGGATTGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
"")4 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~3 3 27 92 Arcs OB. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
~-?5 ---------- ---------- ---------- ---------- ---------- ---------- ----------
14 3 27 92 Arcs 12. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
~~6 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~5 3 27 92 Arcs 13. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
'~7 ---------- ---------- ---------- ---------- ---------- ---------- ----------

...6 3 27 92 Arcs 14. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
:',,")8 ---------- ---------- ---------- ---------- ---------- ---------- ----------

. 7 3 27 92 Arcs 15. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
'Cl9 ---------- ---------- ---------- ---------- ---------- ---------- ----------
... B 3 27 92 Arcs 17. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
40 ---------- ---------- ---------- ---------- ---------- ---------- ----------
... 9 3 27 92 Arcs lB. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
41 ---------- ---------- ---------- ---------- ---------- ---------- ----------
20 3 27 92 Arcs 20 GGTC~G ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG
42 -----~---- ---------- ---------- ---------- ---------- ---------- ----------
21 3 27 92 ArC5 21 GGTGGL-rTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATT TTAATTAAGG GGTGGCTTTG

....
~



ALIGNED "A" VARIANTS 7/14/92 11 :55 AM
143 . ----- ---- ---------- ---------- ---------- ---------- ---------- ----------~2 3 27 92 Arcs 23. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTATT AATGTATATt TTAATTAAGG GGTGGCTTTG144 ' ---------- ---------- ---------- ---------- ---------- ---------- ---------- -
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-"'-,,,,,;..'''. __..- -"'--,..._-_._------,--.---- .'--::: ';';'~:::'==" - ..~~~~':...'---!. '~''-~~~~',:o-" .. 0... ==":..~_'._.,....'3::'!"'.~~===:'"=::.:.:=-=.:~---'-=-='-::::=-~=-="=-.-:;~'"'-_=::=_-=--::;=~=-=:.::..::..:_-_:_,. f:':: ..-::-.;:: = =- - - - - - - - -' - - - -
ALIGNED "A" VARIANTS 7/14/92 11:57 AM

290 J7° JIO JIO Jl° JjO 350
I I

1 STANDARD 7/9-24 ATAATAGGAT TGTCAGCGCC AAAG
~"';'') ---------- ---------- ----
2.3 26a 92 Arcs 11 ATAATAGGAT TGTCAGTGCC AAAG .

v-V ---------- ------*--- ----
3 3 26a 92 Arcs 1 ATAATAGGAT TGTCAGCGCC AAAG

t"'S ---------- ---------- ---- "

4 3 26a.92 Arcs 1: ATAATAGGAT TGTCAGCGCC AAAG
t"'6 ---------- ---------- ----

5 3 26a 92 Arcs 1: .ATAATAGGAT ~GTCAGCGCC AAAG
..27 ---------- ---------- ----

6 3 26a 92 Arcs 1< ATAATAGGAT TGTCAGCGCC AAAG
128 ---------- ---------- ----

7 3 26a 92 Arcs U ATAATAGGAT TGTCAGCGCC AAAG
J ':?9 ---------- ---------- ----

8 3 26a 92 Arcs l' ATAATAGGAT TGTCAGCGCC AAAG
,SO ---------- ---------- ----

9 3 26a 92 Arcs 2( ATAATAGGAT TGTCAGCGCC AAAG
?j ---------- ---------- ----

:110 3 26a 92 Arcs 2: ATAATAGGAT TGTCAGCGCC AAAG
.~~., ---------- ---------- ----

1 3 27 92 Arcs 03. ATAATAGGAT TGTCAGCGCC AAAG
~~S ---------- ---------- ----
112 3 27 92 Arcs 07. ATAATAGGAT TGTCAGCGCC AAAG
~l4 ---------- ---------- ----
113 3 27 92 Arcs 08. ATAATAGGATTGTCAGTGCC AAAG
~'''5 ---------- ------*--- ----
~4 3 27 92 Arcs 12. ATAATAGGAT TGTCAGCGCC AAAG
"'''6 ---------- ---------- ----
~5 3 27 92 Arcs 13. ATAATAGGAT TGTCAGCGCC AAAG
~7 ---------- ---------- ----
~6 3 27 92 Arcs 14. ATAATAGGAT TGTCAGAGCC AAAG
~9 ' ---------- ------*--- ----
7 3 27 92 Arcs 15. ATAATAGGAT TGTCAGCGCC AAAG
~9 ---------- ---------- ----
~8 3 27 92 Arcs 17. ATAATAGGAT TGTCAGCGCC AAAG140 '. ---------- ---------- ----
119 3 27 92 Arcs 18. ATAATAGGAT TGTCAGCGCC AAAG
141' ---------- ---------- ----
~o 3 27 92 Arcs 20. ATAATAGGAT TGTCAGCGCC AAAG.
14.2 ---------- ---------- ---- .
~1 3 27 92 Arcs 21. ATAATAGGAT TGTCAGCGCC AAAG

......
~



ALIGNED "A" VARIANTS' 7/14/92 11':59 AM
1-0 ---------- ---------- ----
~2 3 27 92 Arcs 23, ATAATAGGAT TGTCAGCGCC AAAG
144 •---------- -~-------- ----

- i

---

"

.....
~

.

--- I--- .

•

.

.
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ALIGNED "C" VARIANTS 7/15/92 1 :56 PM
10 20 30 40 SO 60 70
I --L~ ~ .. __ I I . ~ _ I _ I

1 4/28/92 ARCS 11 GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~9 ---------- ~------~-- ---------- ---------- ---------- ---------- ----------

2 4/13/92 ARCS 01 GTTAAGCTAC GTCAGAGTAT GTTTTANTCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

------E~-4~~4f9Z-AReS-18-~ii;A~CTAC-~~CA~A~TAT-~TTTTK~TCA G~GGTGGCCC TTGTGATAGG GTTGTAGGTG CCAAAGTTTG I I
~~ . ---------- ---------- ---------- ~--------- --*------- ------*-~- ----------

4 4/21/92 ARCS 15 GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG
~"""~

5 4/21/92 ARCS 18
123

6 4/23/92 ARCS 20
124

7 4/26/92 ARCS 08
125

8 4/26/92 ARCS 14
~'6

9 4/26/92 ARCS 19

o 4/30/92 ARCS 08

1 4/30/92 ARCS 10
::J9
2 4/30/92 ARCS 11

':'0
3 4/30/92 ARCS 20

l1
~4 4/7192 ARCS 10

. ~:,~., A,r, /92 ARCS 11...,..,
,..>

~6 4/7/92 ARCS 17
''14
7 5/5/92 ARCS 21

;IS
~8 5/5/92 ARCS 22'
'?6

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATtA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

GTTAAGCTAC GCCAGAGTAT GTTTTAATCA GGGGTGGCCC TTATGATAGG GTTGTATGTG CCAAAGTTTG

--------------------



- --.-"" .-......._, ."""" ... ~:~. ",-~ ..~.-," ~'"=~~
.,,----'::--.::..:" :-:::~='-;:;~_·~--c'£=- ----.:z- -::.-'::.::=='"-_.-----

ALIGNED "COO VARIANTS 7/15/92 1: 58 PM
80 90 lYO 1to lrO ITO • 11~I J

1 4/28/92 ARCS 11 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
19 ---------- ---------- ---------- ---------- ---------- ---------- ----------

2 4/13/92 ARCS 01 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
2£1 ---------- ---------- ---------- ---------- ---------- ---------- ----------

3 4/14/92 ARCS 18 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
21 ---------- ---------- ---~------ ---------- ---------- ---------- ----------

4 4/21/92 ARCS 15 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
:'"}2 ---------- ---------- ---------- ---------- ---------- ---------- ----------
5 4/21/92 ARCS 18 TTAAGTATAA ~AAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

23 ---------- ---------- ---------- ---------- ---------- ---------- ----------
6 4/23/92 ARCS 20 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

124 ---------- ---------- ---------- ---------- ---------- ---------- ----------
7 4/26/92 ARCS 08 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

~>5 ---------- ---------- ---------- ---------- ---------- ---------- ----------
8 4/26/92 ARCS 14 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGr'

126 ---------- ---------- ---------- ---------- ---------- ---------- ----------
9 4/26/92 ARCS 19 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

~"}7 ------~--- ---------- ---------- ---------- ---------- ---------- ----------
~O 4/30/92 ARCS 08 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
~?8 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~1 4/30/92 ARCS 10 TTAAGTATAA CAAAAAGTTC ACTAATGCAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
,,29 ---------- ---------- -------*-- ---------- ---------- ---------- ----------
~2 4/30/92 ARCS 11 TTAAGT~-AA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGt'
p"}O --~---DD-- ---------- ---------- ---------- ---------- ---------- ----------".
~3 4/30/92 ARCS 20 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT.
~1 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~4 4/7/92 ARCS 10 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
'12 ---------- ---------- ---------- ---------- ---------- ---------- ----------
5 4/7/92 ARCS 11 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

J3 ---------- ---------- ---------- ---------- ---------- ---------- ----------
16 4/7/92 ARCS 17 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
'14 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~7 5/5/92 ARCS 21 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT
35 ---------- ---------- ---------- ---------- ---------- ---------- ----------
8 5/5/92 ARCS 22 TTAAGTATAA CAAAAAGTTC ACTAATGTAT ACTTTAATTA AAGGATGGTT TTGATAATAG GATTGTCGGT

;"}6 ---------- ---------- ---------- ---------- ---------- ---------- ----------

-
"~

-r±

. _;'1

~-,. ....



ALIGNED "C" VARIANTS 7/15/92 2:00 PM
lIO lrO lr lrO 110 270 2~

1 4/28/92 ARCS 11 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGfIII AATGTATACT TTAATTAAAG
9 ---------- ---------- ---------- ---------- ---------- ---------- ----------
2 4/13/92 ARCS 01 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

---G~-4-1-1-4-/92-ARCS~!8- -~~~~~-~~~-~~~~~~~~-~~-~-~-~~~~~~~~-~-~~~~~~~~~-~~-~~~~~~~~-~_~~~~~~~~-~~~~~~~~~ I I

4 4/21/92 ARCS 15 GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
~"2

5 4/21/92 ARCS 18
if"J3
\64/23/92 ARCS 20

'~'4

7 4/26/92 ARCS 08
1-"'5

8 4/26/92 ARCS 14
126

9 4/26/92 ARCS 19
'='7..... o 4/30/92 ARCS Q8tt <'8
1 4/30/92 ARCS 10

'='9
2 4/30/92 ARCS 11

qo
3 4/30/92' ARCS 20

;.")1

~,>417/92 ARCS 10

5--4.L'Z.L92-ARCS 1 1
?J'

J16 4/7/92 ARCS 17
'l4
7 5/5/92 ARCS 21

135
8 5/5/92 ARCS 22

·..")6

---------- ---------- ---------- ---------- ---------- ---------- ----------
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 TAAAAGTTTT AATGTATACT TTAATTAAAG

GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG

,GCCAAAGrIT TAAGIATAALAAAGTITATT AATGTATAAT nAAA!3.TITT AATGTATACT TTAATTAAAG - I I
GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
---------- ---------- ---------- ---------- ---------- ---------- ----------
GCCAAAGTTT TAATTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
---------- ---*------ ---------- ---------- ---------- ---------- ----------
GCCAAAGTTT TAAGTATAAT AAAGTTTATT AATGTATAAT TAAAAGTTTT AATGTATACT TTAATTAAAG
---------- ---------- ---------- ---------- ---------- ---------- ----------

- - - - - - - - - - .- - - - - - - - -



- - - ;-..-~~;;.~-'~~~~;;. .-. _~ _~,~,_.,.~_~-,,--~-~,~-~.. ,---:~-~-,,--==~~-,--=--:---c-c,.----_~=;c-,

~

'"~.~

'"··.,-1

. "';r;

~"7L":

. ,._.;....~
"": :'>~

.*

ALIGNED oo Coo VARIANTS -7/15 /92 2: 03 PM '- ,.. . - .

21° 21° 240 2rO 2yO 270 2fOI I
1 4/28/92 ARCS 11 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA

19 ---------- ---------- ---------- ---------- ---------- ---------- ----------
2 4/13/92 ARCS 01 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA

2£/ ---------- ---------- ---------- ---------- ---------- ---------- ----------
3 4/14/92 ARCS 18 GATGGTCTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAGTTAA .

",-'1 -*---**--- ---------- ---------- ---------- ---------- ---------- -----*----
,4 4/21/92 ARCS 15 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
';:'''2 - ---------- ---------- ---------- ---------- ---------- ---------- ----------

5 4/21/92 ARCS 18 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
23· ---------- ------~--- ---------- ---------- ---------- ---------- ----------

6 4/23/92 ARCS 20 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
24 ~ --------~- ---------- ---------- ---------- ---------- ---------- ----------

7 4/26/92 ARCS 08. GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
"5 ---------- ---------- ---------- ---------- ---------- ---------- -------~--

84/26/92 ARCS 14 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTA~
",-'6 ---------- ---------- ---------- ----~----- ---------- ---------- ----------

9 4/26/92 ARCS 19 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
27 . ---------- ---------- ---------- ---------- ---------- ---------- ----------

~ 0 4/30/92. ARCS 08 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
;;)28 ---------- ---------- ---------- ---------- ---------- ---------- ----------

11 4/30/92 ARCS 10 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
~'9 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~2 4/30/92 ARCS 11 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
~lO . ---------- ---------- ---------- ---------- ---------- ---------- ----------
~3 4/30/92' ARCS 20 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTNA
~.<J ---------- ---------- ---------- ---------- ---------- ---------- ----------
~4 417/92 ARCS 10 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGIIITAA GTATAATAAA GTTTATTAAT GTATAATTAA
~~2 ---------- ---------- ---------- ---------- ---------- ---------- ----------
~5 417/92 ARCS 11 . GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
~-lS ----------- ---------- ---------- ---------- ---------- ---------- ----------
~6 417/92 ARCS 17 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
'~4 ---------- ----------:---------- ---------- ---------- ---------- ----------
~7 5/5/92 ARCS 21 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTIIIAA GTATAATAAA GTTTATTAAT GTATAATTAA
.~" ---------- ---------- ---------- ---------- ---------- ---------- ----------~'-

8 5/5/92 ARCS 22 GGTGGCTTTG ATAATAGGAT TGTCGGTGCC AAAGTTTTAA GTATAATAAA GTTTATTAAT GTATAATTAA
:"'6 ---------- ---------- ---------- ---------- ---------- ---------- ----------

.. .. .. ,



ALIGNED "C" VARIANTS 7/15/92 2:05 PM ,

290 )yo 3tO 3
T

O 31° 3JO 3
T

O
I

1 4/28/92 ARCS 11 AAGTTTTAAT GTATACTTTA ATTAA
19 ---------- ---------- -----

2 4/13/92 ARCS 01 AAGIIIIAAT GTATACTTTA ATTAA
~?ll ---------- ---------- -----

---- -3-4Tr4792-ARCS-r8- AAGTIIIGAC~GTATACTTTA-ATTAA
fZ1 -------*-* ---------- -----

4 4/21/92 ARCS 15 AAGIIIIAAT GTATACTTTA ATTAA
~~"') ---------- ---------- -----

5 4/21/92 ARCS 18 AAGTTTTAAT ~TATACTTTA ATTAA
~..,.:) ---------- ---------- -----':: ..."1

-6 4/23/92 ARCS 20 AAGTTTTAAT GTATACTTTA ATTAA ,
'-'4 ---------- ---------- -----
74/26/92 ARCS 08 AAGTTTTAAT GTATACTTTA ATTAA

~25 ---------- ---------- -----
8 4/26/92' ARCS 14 AAGTTTTAAT GTATACTTTAATTAA

,,"'6 ---------- ---------- -----
9 4/26/92 ARCS 19 AAGTTTTAAT GTATACTTTA ATTAA

~27 ---------- ---------- -----...... 10 4/30/92 ARCS 08 AAGTTTTAAT GTATACTTTA ATTAA. V>
......

~28 ---------- ---------- -----
~1 4/30/92 ARCS 10 AAGTTTTAAT GTATACTTTA ATTAA
,,"'9 ---------- ---------- -----
~2 4/30/92 ARCS 11 AAGTTTTAAT GTATACTTTA ATTAA
':?O ---------- ---------- -----
~3 4/30/92 ARCS 20 AAGTTTTAAT GTATACTTTA ATTAA
,31 ---------- ---------- -----
~4 4/7/92 ARCS 10 .AAGI IlIAAT GTATACTTTA ATTAA
..,.. :) ---------- ---------- -----..~

~ I1S-4.L7./..92-AR.CS-L' I ••GXI:n.:AA.T-G.'I:A:I:ACl+T.A-A+I: > >

~')3 ---------- ---------- -----
6 4/7/92 ARCS 17 AAGTTTTAAT.GTATACTTTA ATTAA

?4 . ---------- ---------- -----
fL 7 5/5/92 ARCS 21 AAGIIIIAAT GTATACTTTA ATTAA
f-~5 ---------- ---------- -----

8 5/5/92 ARCS 22 AAGTTTTAAT GTATACTTTA ATTAA
':'6 ---------- ---------- -----

- - - - - - - - - - - - - - - - - - -
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Appendix VII. Table of Composite H~plotypes. I

Alternate N.-C N.-C SequeAce
Designatidn* Haolotype Restriction 47 109 Reoeat IA BRCS BRCS T T N

C Al A T T N IB A2 A C T N
0 A3 A T C N
F A4 20 T T N IE A·III A T T III

G C. C T T III I
H OAl OA T C N
I OA2 OA C T N IJ OA3 OA C C N
K lA lA C C N

IL lB 1B . C C N
M 2A . 2A C C N
N 2A·1I1 2A C C III

I0 2C 2C C C. Nf
P 3A 3A C C Na 3A·111 3A C C III

IR '4A 4A C T N
T 4B 4B C T N
S 4B·1I1 4B C T "' I* Designations used in Chapter 3. Bickham et al.

•
I.. . .

I
I
.,

, I
133 .. I .i".
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Cisco Restriction. and Sequence Comparison
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

T-T'
T-T
T-T

A
A
A

Restriction
Analysis,

A T-T
A T-T

Arctic Cisco Kogru River, AK A T-T
~rCtlc Cisco ••••• KogruBiver;AK .:'0"·: .

Arctic 'Ciscb Kogru River, AK A T-T
Arctic CiscO Kogru River, AK A T-T
Arctic CiscO Kogru River, AK T-T
Arctic CiscO Kogru River, AK C T-T C
Arctic CiscO Kogru River, AK 4A C~T

Arctic CiscO Kogru River, AK A T-T

ciscbArctic 12463 Colville River, AK A T-T
Arctic CiscO 12464 Colville River, AK A T-T
Arctic CiscO 12465 Colville River, AK A T-T
Arctic

' I
ColvilleCisCQ 12466 River, AK A T-T

,Arctic CiscO 12467 ' Colville River, AK A T-T
Arctic CiscO 12468 Colville River, AK A T-T
Arctic CiscO 12469 Colville _River, AK A T-T

,Arctic CiscO 12470 Colville River, AK A T-T
Arctic CiscO 12471 Colville River, AK A T-T
Arctic CiscO 12472 Colville River, AK A T-T
Arctic CiscO GEN12 Colville River, AK A T-T

I

I 135
I
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.. ',> ... ,....~~. '. _ _<!!~;~~r.#'t<::;;-;:-'~•

iii
_,

~. ;110-" i·' .
" . ~

i! Common Sample Restriction Sequence Sequence~il

WI' Name Number Locality Analysis Analysis Repeat
Arctic Cisco GEN 14 Colville River, AK 2A C-C

", Arctic Cisco
.' ~'-'" . ..;:.~~, :-~~,.~. j. C

T-T CJ:I 15 Colville River, AK
l" Arctic Cisco 1 9 Colville River, AK 2A C-C
!II

Arctic Cisco 20 Colville River, AK A T-T."
III .

Arctic Cisco 22 Colville River, AK A T-Til·

'I Arctic Cisco 23 Colville River, AK A

\! Arctic Cisco 25 Colville River, AK A T-T

~!I
' Arctic Cisco 26 Colville River, AK A T-T

Arctic Cisco 27 Colville River, AK C T-T C
Arctic Cisco 31 Colville River, AK A ·T-T

,! Arctic Cisco 32 Colville River, AK A T-T

'I Arctic Cisco 33 Colville River, AK ,A T-T C
.1 Arctic Cisco 34 Colville River, AK A T-T
'il

"
Arctic Cisco 35 Colville River, AK A T-T·'1

):1 Arctic Cisco 36 Colville River, AK 4A CoT
Arctic Cisco 38 Colville River, AK A T-T

, Arctic Cisco 39 Colville River, AK A T-T

1:
1 Arctic Cisco 40 Colville River, AK A

Arctic Cisco 41 Colville River, AK A
Arctic Cisco 43 Colville River, AK A T-T

fl
Arctic Cisco 44 Colville River, AK A
Arctic Cisco 45 Colville River, AK A
Arctic Cisco 47 Colville River, AK A T-Tf'l Arctic Cisco 48 Colville River, AK Ar Arctic Cisco 49 Colville River, AK A 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..

Iii
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

t Cisco 69 Colville River, AK BRCS T-T·

'[I Arctic Cisco 70 Colville River, AK .A T-T
Arctic Cisco 72 Colville River, AK A T-T

d Arctic Cisco 73 Colville River. AK A T-T

(I
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 C

\'1 " Arctic Cisco 79 Colville River, AK A T-T
Arctic Cisco 80 Colville River, AK A T-T

'! Arctic ' Cisco 81 Colville River, AK A T-T

',il Cisco 85' Colville River, AK BRCS T-T
. Arctic Cisco 86 Colville River, AK B C-C

I
" Arctic Cisco 87 ' Colville River. AK A. ,

"II
Arctic Cisco 88 Colville River, AK A T-T

i 'I 136'II' .I:
I
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Common Sample Restriction Sequence
I

equence
Name Number Locality Analysis nal sis Repeat

IArctic Cisco GEN89 Colville River, AK A T-T
Cisco. 116 Colville River, AK BRCS
Cisco 117 Colville River, AK BRCS

ICisco 118 Colville River, AK BRCS
Cisco 119 Colville River, AK BRCS C
Cisco 120 Colville River, AK BRCS ICisco 121 Colville River, AK BRCS
Cisco 122 Colville River, AK BRCS
Cisco 123 Colville River, AK BRCS ICisco 124 Colville River, AK BRCS
Cisco 125. Colville River, AK BRCS
Cisco 126 Colville River, AK BRCS ICisco 127 Colville River, AK BRCS
Cisco 129 Colville River, AK BRCS
Cisco 131 Colville River, AK BRCS ICisco 132 Colville River, AK BRCS
Cisco 133 Colville River, AK BRCS
Cisco 134 Colville River, AK BRCS ICisco 135 Colville River, AK BRCS
Cisco 136 Colville River, AK BRCS
Cisco 137 Colville River, AK BRCS I
Arctic Cisco 12396 Sag. River, AK A T-T
Arctic Cisco 12397 Sag. River, AK A T·T IArctic Cisco 12398 Sag. River, AK A T·T
Arctic Cisco 12399 Sag. River, AK A T-T
Arctic Cisco 12400 Sag. River, AK A T·T IArctic Cisco 12401 Sag. River, AK A T-T
Arctic Cisco 12402 Sag. River, AK 3A C-C

IArctic 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

IArctic Cisco' 12406 Sag. River, AK A T-T
Arctic Cisco 12407. Sag. River, AK 2A C-C
Arctic Clsco

1

12408 Sag. River, AK .A T-T C

IArctic Cisco
1

12409 Sag. River, AK 4B CoT C
Arctic Cisco~ 12410 Sag. River, AK A T-T
Arctic CiSCO: 12411 Sag. River, AK A T-T

IArctic CiSCO
I

12412 Sag. River, AK C T-T C
Arctic Clsco

1

12413 Sag. River, AK A T·T C
Arctic CiSCO

I
12414 Sag. River, AK A T·T C IArctic CiSCO

I
12415 Sag. River, AK A T-T

Arctic Cisco
1

12416 Sag. River, AK A
Arctic CiSCO

I
12417 Sag. River, AK A T-T IArctic Cisc0

1

12418 Sag. River, AK A T·T
Arctic CiSCO

I
12419 Sag. River, AK A T-T

Arctic Cisco
l

· 12420 Sag. River, AK Qo\ C-C I
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C

C

C

C
C

C

C

C
C
C
C

C

Sequence
Repeat

T-T
T-T
T-T
T-T
T-T
T-T
T-T
T-T
T-T
CoT
T-T
T-T
T-T
T-T
T·T
C-C
T-T
T-r
T-T
T-T
T-T
T-T
C-C
T-T
C-C
T-T
T-T

• T-T
T-T
C-C
C-C
T-T
T-T
,C-C
T·T
T -T .'
T·T
T-T
T·T
T-T
T-T

Sequence
Analysis

T-T

Restriction
Analysis

A

Common Sample
Name Number. Locality

Arctic Cisco 12421 Sag. River, AK ,
iteifS;ItQl~rgg;';;ll;i;;)tglg~i!;m!llilili:I§~g;ajv~r~A.K; ' •••••··.'··••••··.'.·;?,??"i i i•••.••••, ,t ,11!!I,! 1; •••i/f!;'!!;'
Arctic Cisco 12423 Sag. River, AK AT·T
Arctic Cisco 12424 Sag. River, AK AT·T

~ii[~!;~!iili!;;i~I~~~,~;i!!lil!i;!!i!~i~j;j~ifiii~iiililll;I.!;: ~ill;i~;I:..!:!L;!!L,illil!il
Arctic Cisco 12428 Sag. River, AK A
Arctic Cisco 12429 Sag. River, AK A
Arctic Cisco 12430 Sag. River, AK A'
Arctic Cisco 11700 Sag. River, AK A
Cisco 11742 Sag. River, AK SACS
Arctic Cisco 11745 Sag. River, AK " A
Arctic Cisco 11746 Sag. River,AK A
Arctic Cisco 11747 Sag. River, AK A

, Arctic Cisco 11748 Sag. River, AK A
Arctic Cisco 11749 Sag. River, AK 4A
Arctic Cisco 11750 Sag. River, AK C
Arctic Cisco 11 751 Sag. River, AK A
Arctic Cisco 11752 Sag. River, AK A
Arctic Cisco 11753 Sag. River, AK A
Arctic Cisco 11754 Sag. River, AK C

• Arctic Cisco 11755 Sag. River, AK 2A
Arctic Cisco 11756 Sag. River, AK A
Arctic Cisco 11758 Sag. River, AK C
Arctic Cisco 11759 Sag. River, AK A
Arctic Cisco 11'761 Sag. River, AK A
Arctic Cisco 11762 Sag. River, AK A '
Arctic Cisco 11763 Sag. River, AK A

t Arctic Cisco 11765 Sag. River, AK 3A
Arctic Cisco 11 '767 Sag. River, AK C
Arctic Cisco 11768 Sag. River, AK 3A
Arctic Cisco 11769 Sag. River, AK A
Arctic Cisco 11770 Sag. River, AK A
Arctic Cisco 11771' Sag. River, AK A
Arctic Cisco 11772 Sag. River, AK A
Arctic Cisco 11774 Sag. River, AK 3A
Arctic Cisco 11775 Sag. River, AK 2A
Arctic, Cisco 11777 Sag. River, AK A
Arctic Cisco 11778 Sag. River, AK A
Arctic Cisco 11779 Sag. River, AK 2A
Arctic Cisco 11780 Sag. River, AK A
Arctic Cisco 11781 Sag. River, AK A
Arctic Cisco 11782 Sag. River, AK A

", Arctic Cisco 11783 Sag. River, AK A '
Arctic Cisco 11784 Sag. River, AK A

, Arctic Cisco 11808 Sag. River, AK A
Arctic Cisco 11810 Sag. River, AK A

'f'l
q

;[1
t: .
fl,

[,I
~ ;

':1
I
II



•Common Sample Restriction . Sequence
Name Number Locality Analysis Repeat •Arctic Cisco 11817 Sag. River, AK A C

Arctic Cisco 11818 Sag. River, AK C
Arctic Cisco . 11819 Sag. River, AK A •Arctic Cisco 11821 Sag. River, AK A T·T
Arctic Cisco 11822 Sag. River, AK A T·T C
Arctic Cisco 11823 Sag.• River, AK 2A· C-C •Arctic Cisco 11825 Sag. River, AK 2A C·C
Arctic Cisco 11827 Sag. River, AK C T·T C
Arctic Cisco 11828 S'ag. 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 T-T
Arctic Cisco 12475 Kaktovik Lagoon, AK T-T •Arctic Cisco 12476 Kaktovik Lagoon, AK T-T
Arctic Cisco 12477 Kaktovik Lagoon, AK T-T \1

Arctic Cisco 12478 Kaktovik Lagoon, AK T-T •Arctic Cisco 12479 Kaktovik Lagoon, AK T-T
Arctic Cisco 12481 Kaktovik AK T-T •
Arctic •Arctic

Arctic Cisco 12250 Stokes Point, YT A T·T I
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 CoT
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 Cisco 12287 . Stokes Point, YT C T-T C •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

I
12297 Stokes Point, YT 2A MIX

Arctic CiSCO, 12298 Stokes Point, YT 2A C-C
Arctic Cisco 12299 Stokes Point, YT ' A' , T-T I
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I
I
,I Common Sample Restriction Sequence Sequence

I Name Number Locality Analysis Analysis Repeat

q "Arctic Cisco 12300 Stokes Point, YT A T-T

:'1 Atkinson Point, NWT

t Atkinson Point, NWT

;1 Atkinson Point, NWT .
Atkinson NWT

i I
[I

; Arctic Cisco 12263 Atkinson Point, NWT A T-T

II ~o Arctic Cisco 12264 Atkinson Point, NWT B CoT

Arctic Cisco 12265 Atkinson Point. NWT A T-T
,: ~ Arctic Cisco 12266 Atkinson Point, NWT OA T-T

[. o Arctic Cisco 12267 Atkinson Point, NWT C T-T C
, Arctic Cisco 12268 Atkinson Point, NWT A 'T-T

; f Arctic Cisco 12269 Atkinson Point, NWT A T-T

;~
Arctic Cisco 12270 Atkinson Point. NWT A T-T

,Arctic Cisco 12271 Atkinson Point, NWT 3A C-C

Arctic Cisco 12272 Atkinson Point, NWT A T-T

1'1 o Arctic Cisco 12273 Atkinson Point, NWT C T-T C

Arctic Cisco 12274 Atkinson Point, NWT A T-T C

~ i Arctic Cisco 12275 Atkinson Point. NWT A T-T

'I Arctic Cisco 12276 Atkinson Point, NWT A T-T

~ Arctic Ci~co 12277 Atkinson Point, NWT A T-T
j.j -.

Arctic Cisco 12278 Atkinson Point, NWT 1A C-C

~I Arctic Cisco 12279 Atkinson Point, NWT OA

n Arctic Cisco 12130 T-T

:1 Arctic Cisco 12138 Peel River, NWT A T-T C"It, , Arctic Cisco 12141 Peel River, NWT A T-T

III Arctic Cisco 12142 Peel River, NWT A T-T
f Arctic Cisco 12143 Peel River, NWT A T-T

I
, ~

-

'II
" Arctic Cisco 12151 Peel River, NWT A T·T

I. < Arctic Cisco 12154 Peel River, NWT A T-T

t ~ •Arctic Cisco o 12155 Peel River, NWT A T-T C
" I

Arctic Cisco 12161 Pee.1 River, NWT
r!I A T-T

"
Arctic Cisco 12162 Peel River, NWT A T-T C

;: j Arctic Cisco 12163 Peel River, NWT A T-T
;

Arctic Cisco 12175 Peel River, NWT A T-T
\11
n

Arctic Cisco 12178 Peel River, NWT A T-T

Arctic Cisco 12183 Peel River, NWT 4A CoT

,I Arctic Cisco 12184 Peel River, NWT A T-T

, Arctic Cisco 12185 Peel River, NWT A T-T

Arctic Cisco 12186 Peel River, NWT A T·T

'II
Arctic Cisco 12187 Peel River, NWT A T-T

Arctic Cisco 12188 0 Peel River, NWT A T-T
I'
I
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, f'T "", ;" '... "

I
I Common Sample Restriction Sequence Sequence

I Name Number Locality Analysis Analysis Repeat
, Arctic Cisco 12233 Arctic Red River, NWT, 1 T-T( ,i ,.

i l
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,l Arctic Cisco 12241 Arctic Red River, NWT A T-T,I Arctic Cisco 12242 Arctic Red River, NWT A T-T
Arctic Cisco 12243 Arctic Red River, NWT A 'T-T,I Arctic Cisco 12244 Arctic Red River, NWT A T-T.1 Arctic Cisco 12245 Arctic Red River,NWT 4B CoT,
Arctic Cisco SR 232 Arctic Red River, NWT 3A C-C; i"

~ i I Arctic Cisco 233 Arctic Red River, NWT A T-T;1 Arctic Cisco 234 Arctic Red River, NWT A T-T
· Arctic Cisco 235 Arctic Red River, NWT A T-T CJ •

~ ,
~ Arctic Cisco 236 Arctic Red River, NWT A T-T:. Arctic Cisco 237 Arctic Red River, NWT A T-T

=p Arctic Cisco 238 Arctic Red River, NWT A T·T
; ; Arctic Cisco 239 Arctic Red River, NWT A T-TII Arctic Cisco 240 Arctic Red River, NWT A T-T

II
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·

q Arctic Cisco 244 Arctic Red River, NWT A T-T C

II
~.

Arctic Cisco 245 Arctic Red River, NWT A T-T '
Arctic Cisco 246 Arctic Red River, NWT A T·T
Arctic Cisco 247 Arctic Red River, NWT A T·T

:'1 • Arctic Cisco 248 Arctic Red River, NWT 3A C-C
Arctic Cisco 249 Arctic Red River, NWT A T-Tn Arctic Cisco 250 Arctic Red River, NWT Ai

~I
Arctic Cisco 251 Arctic Red River, NWT A CoT
Arctic Cisco 253 Arctic Red River, NWT C T-T C

I' Arctic Cisco 256 Arctic Red River, NWT A T·T

"I • Arctic Cisco 257 Arctic Red River, NWT A T-T!
I .. Arctic Cisco 258 Arctic Red River, NWT C T-T Cn · Arctic Cisco 259 ., Arctic Red River, NWT A T-T C1

1 Arctic Cisco 260 .Arctic Red River, NWT A T·T C
Arctic Cisco 262 .Arctic Red River, NWT A T-T~' ~

I · Arctic Cisco 264 Arctic Red River, NWT A T-T

tl ' Arctic Cisco 267 Arctic Red River, NWT 3A C-C
Arctic Cisco 268 Arctic Red River, NWT A T-Ttl Arctic Cisco 269 Arctic Red River, NWT A T-T C!rl " Arctic Cisco 271 Arctic Red River, NWT A T-T

I t
· Arctic Cisco 275 Arctic Red River, NWT A T-T

4

~I Arctic Cisco 12303 Mountain River, NWT 3A C-C

ilf Arctic Cisco 12304 Mountain River, NWT A' T-T
Arctic Cisco 12305 Mountain River, NWT A T-T

"I Arctic Cisco' 12306 Mountain River, NWT 3A C-C
,.
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

C

C

C
C

C·

C

C

C

C

-C

Sequence
Repeat

T-T
T-T
C-C
T-T
T-T
T-T
T-T
T-T
C-C
T-T
T-T

T-T
T-T
C-C
T-T
T-T
J-T
C-C
T-T

T-T
T-T
C-C
T-t
T-T
T-T
C-C
T-T
T-T
T·T
C-C
T-T
CoT

T-T
T-T
T-T
C-C
T-T
T-T
T-T
T-T
T-T

Sequence
Anal sis

T-T
T-T

-;

A
A

2A
A
A
A

3A
A

Liard River, NWT
Liard River, NWT
Liard River, NWT
Liard River, NWT
Liard River, NWT
Liard River, NWT
Liard River, NWT
Liard River, NWT

12358
12359 ­
12360
12361
12362
12363
12364
12365

Common Sample Restriction
Name Number. Locality Analysis

Arctic Cisc6 12307 Mountain River, NWT A
Arctic CisC6 12308 Mountain River, NWT A

'~~~!~,j!~!!~!'l~~~~~!!l!j!!~~~~:l~~:~!~:;~~;T~;
Arctic CisC6 12311 Mountain River, NWT C
Arctic CisC6 . 12312 Mountain River, NWT A
Arctic Cisc6 12313 Mountain River, NWT 1B
Arctic Cisc6 12314 Mountain River, NWT A
Arctic Cisc6 12315 Mountain River; NWT A
Arctic Cisc6 12316 Mountain River, NWT 3A
Arctic Cisc6 12317 Mountain River, NWT A
Arctic Cisc6 12318 Mountain River, NWT A
Arctic Cisc6 12319 Mountain River, NWT A
Arctic Cisc6 12320 Mountain River, NWT 3A
Arctic Cisc6 12321 Mountain River, NWT A
Arctic Cisc6 12322 Mountain River, NWT OA

Arctic CiScJ 12323 Carcajou River, NWT A
Arctic Cisc6. 12324 Carcajou River, NWT C.
Arctic CisC6 12325 Carcajou River, NWT A
Arctic CIsC6 12326 . Carcajou River, NWT 1B
Arctic Clsccl 12327 Carcajou River, NWT A
Arctic CisC6 12328 Carcajou River, NWT A
Arctic CisC6 12329 CarcajouRiver, NWT A
Arctic CisC6 12330 Carcajou River, NWT A ,
Arctic CisC6 12331 Carcajou River, NWT A
;~.tciiS ·•••cillcij ••·····••·...1?·~·~·~ .·...jc4f!:iajc;~·.·fliygriNmT·JJ)·;·········· .
ArcticCisc6 12333 Carcajou River, NWT A
Arctic ciscd 12334 Carcajou River, NWT A
Arctic ciscd 12335 Carcajou River, NWT 3A
Arctic ciscd 12336 Carcajou River, NWT A
Arctic ciscd 12337 Carcajou River, NWT C
Arctic ciscd 12338 Carcajou River, NWT 20
Arctic ciscd 12339 - Carcajou River, NWT A
Arctic ciscd 12340 Carcajou River, NWT A
Arctic ciscd - 12341 Carcajou River, NWT3A
Arctic ciscd 12342 Carcajou River, NWT A
Arctic ciscd 12343 Carcajou River, NWT 1A.

Arclic -ciscd
Arctic ciscd
Arctic ciscd
Arctic ciscd
Arctic ciscd
Arctic C,sc9
Arctic Cisco­
Arctic ,ciscd
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Restriction Sequence Sequence
,Locality· Analysis Analysis Repeat

Liard River, NWT A T-T
Liard River, NWT C T-T C
Liard River, NWT 2A C-C
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard River, NWT A C-C
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard NWT OA C-C

Liard NWT A T-T C
Liard, River, NWT A T·T
Liard River, NWT A T-T
Liard River, NWT A T-T
Liard River, NWT A' T-T C
Liard River, NWT A ' T·T
Liard River, NWT A T-T
Liard River, NWT A T-T

12381
12382
12383
12384
12385
12386
12387
12388

Sample
Number
12366
12367
12368
12369
12370
12372
12373
12374
12375
12376
12377
12378
12379

Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco
Cisco

Arctic
Arctic
Arctic

j Arctic
"Arctic
Arctic
Arctic
Arctic

Common
. Name

, Arctic Cisco
Arctic Cisco
Arctic Cisco

! Arctic Cisco
Arctic Cisco
Arctic Cisco

,Arctic Cisco
'Arctic Cisco
.Arctic Cisco
Arctic Cisco

i' Arctic Cisco
,Arctic Cisco
Arctic



APPENDIX IX

Table of Composite Haplotype Distributions 'y Locality
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APPENDIX IX. Table of composite haplotype distributions by locality.

Location !,%8erlnJili . AI
?i:~

A2 A3 A4 A-III_'_C_I OAI OA2 OA3 lA 18 2A 2A·11I 2C 3A 3A·1I1 4A 4848-111

7

6

2

3

6

2

2

10

~:!! 8Point 8arrow·

Colville River 3

Sagavanirktok 3

Kaktovik 2

Stokes Point' 1

Atkinson Point 2

Peel River

Artie Red River. ,:;;:::

Mountain River

Carcajou River; 1 10 1 3 2

liard River I 1 23 2
A C 8· 0 F I: G ~ •

(Designations used in Chapter 3. Bickham el aL)

-~



APPENDIX X

Nuclear DNA Investigations

•
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. ,

GENETIC S11JDIES OF THE ARcnC OSCO (COREGONUS AU7UMNAUS)
IN ALASKA-PILOT STUDIES OF NUCLEAR DNA ,

INTRODUcnON

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:

1) Develop and te~t up to 6 primers for RAPD analyses,

2) Develop and test up to 5 PeR-directed primers for specific genes,
and

3) Develop and test up 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 nerlal) which were used as outgroups. "

RESULTS

•
Fourteen primers wertl 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
type.

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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MICROSATELL1TE5 mid
mic2

ACAAGGGAAATTCTGAGAGA
TGTfCCCAAAIICIClelCA

mid ·mic1
mid· tOO
mict ·101
micl·l02
miet-103

mlc2-mic2
mic2-100
mic2-101
mic2-102
mic2- 1m

Arctic Cba> - 2
King Salmon - 2

- - ~
• - - - - - - - - - - - - - - - -



Growth Hormone

150

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
f . ~, . •

"

PCR·Directed Primers

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 minimize the variation due

to experimental effect, we , like a number of other laboratories, have

abandoned this approach. I

.,
Directed PCR analysis of specific genes 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 loci which could be independently analyzed, .Two problems

were immediately encountered. First, for many of the genes of interest.

published sequences for the ~uman 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 microsatelIite 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 fmger X gene (ZFX), the class n alpha subunit of the major
histocompatibi:lity complex (MHC II), and aspartate amino transferase
(AAT). '



Microsatellite Primers

which could not be eliminated from the reactions. wi out additional

researr beyond the scope. of this project.

Zinc Finger X'

Two microsatellite DNA primers were deSignedrFhich possessed
perfect microsatellite repeats on their 3' ends. These p ers were used

I .
indiv~dually in reactions to produce PCR-generated frag~ents whi~, due
to primer design, would recognize only microsatellite containing regions

A final effort was made to obtain DNA data fo the commonly
anal~zed protein locus, aspartate amino transaminas (AAT). Four

•. primers were developed for this gene. All primers pro~ed ineffective in

prod~cing the desired results. Each of these primer p!irsconsistently,
unde~ numerous experimental conditions, produced bultiple bands.

Evenl when individual I:'rimers were tested undercoJditions of high
stringency, multiple bands were produced. .

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

the primers did not yield a reaction product. Using the emaining three
primJrs ina semi-nested PCR protocol, it was possible to obtain a single­

bandlproduct of the ZFX gene. The sequence of the plified reg~on
conf~med the identity of the gene. However, the portiion of the gene
which we were able to characterize was in an extremely doriserved region

and Jas thus ot'no value in intraspecific population screehmg.

MajJ Histocompatibility Complex .

Four primers were generated in an effort to obtain ata for MHC II
genes. Only one primer pair yielded a product that could be analyzed, but

I
even here multiple bands were produced. Through an:t.tensive protocol,
a sin~le band was ultimately produced and tested. 'le this product

show~ promise, extensive additional research would be ne ssary to enable

its usb'in population studies.

Aspahate Amino T~ansamhtase
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of DNA. The generated fragments that were less than 500 base pairs could
then be excised and sequ~nced 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. While 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 principal conservation
agency. the Departm'ent of the Interior
has responsibility forlmost of our nation­
ally owned public lanas and natural .
resources. This includes fostering the
wisest use of our land and water re­
sources, protecfing our fish and wildlife,
preserving the envirC:nmental and cui:
lural values of our national parks and
historical places. and providing for the
enjoyment of life thro:ugh outdoor recrea­
tion. The Department assesses our en­
ergy and mineral resources and works
to assure that their d~velopment is in the
besl interest of all our people. The De­
partment also has a Inajor responsibility
for American Indian r1eservation com· .
munities and for people who live in Island
Territories under U.S'. Administration.
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As the Nalion's principal conservation
agency, the Departn/ent of the Interior
has responsibility 10\ mosl of our nation·

,ally owned public lands and natural
resources, This inclJdes fostering the
wisest use of our la~d and water ra·

, sources. prolecting our fish and wildlite.
preServing the environmental and cuI,
lural values of our national parks and
historical places. and,providing for the
enjoyment of life thrOugh outdoor recrea­
tion. The Department assesses our en·
ergy and mineral re~ources and works
to assure that their development is in the
best interest of all oilir people. The De­
partment 'also has almajor responsibility
for American Indian reservation com·
munities and for pedple who live in Island
Territories under U.S. Administratiotl.
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