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Microsatellite DNA fingerpriating was wd in an attempt to identify unhiawn 

scat samples nom t i m k  wolves (ilmis I-) at the Canadian Cenûc for Wolf Research 

(CCWR) with DNA ~ i ~ ~ ~ v c r c â  fhm wolf fbccs. Silva sbiniiig a aobcadiollçfive 

technique which is available to mal1 labs, was used to obtain microsatellite genotypa 

for many of the woive. B l d  samples âom a group of hec-ranging wolves in Qucbec 

were also wd to validate the technique. Genotypes obtained fiom DNA extracted fiom 

blood and faeces collected from the same individu& always matched indicating accurate 

amplification of the DNA nom frcccs. The rcsuits are wmpared to other similar sadies 

and the close ovetlap of allclcs of this stuîy and alleles reportcd in anothcr study strongly 

suggest the scoring was accurate. Contimiing the CCWR pack pbdigree was one of the 

objectives and although al1 the individuals werc not genotyped the suspectcd pcdigree 

fiom observational data at the CCWR matchad genotypes that werc obtained While the 

identification of unbiown scats was never attempted due to the difficulty in getting this 

technique to becorne routine, the mults showa in this shidy suggest that with fùture 

nfinement, this technique could k used to i&nW individual scats. 
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INTRODUCIION 

The ah of the work pttscntad in this thesis was to &velop a techniqyc for 

identifjing the d o m  animal of wllcctcd but unidcntified wolf scats. Mictmatcllite 

DNA fhgerprinting, *ch will k hi in full dccril 1- was considerrd the most 

appropriate technique but hs traditionally been resûicteû to large genaics labs with 

access to radioisotope lakling. Other Msualization techniques exist but had not 

previously been evaluated for k i r  use in conjunction with microsatellite DNA. This 

study included an evaluation of DNA visualitation techniques available to small labs that 

might provide the smsitivity quirad  for worlong with microsatellite repcats. 

The nccd to idcptify the scats of individual timkr wolves ( C d s  l p )  amse 

fkom an interest in midying the hormonal profiles of wolves with diffennt sociai ranks 

within a pack The hormonal profiles (the importance of which will be discussed later) 

were to be measured non-invasively fiom the faeces of wolves at the Canadian Centre for 

Wolf Research (CCWR) in Nova Scotia. ïhe social behaviour of the pack has ken 

studied for over 20 yeae and in an atternpt to keep their behaviour close to that of fm- 

ranging animals, al1 d i e s  involving the animais have b a n  non-invasive and aone of 

the cuirent animals have ever been handled by humans. An ability to identify the donon 

of f a m .  ushg DNA fingerprints, codd provide f d  samplcs for hormonal assays. 

An extension of tbis approsch to b-canging animais couid provide an important 

source of infomiatiot~ The range trawled by individuai wolves wuld be mapped using 

scat colkcted and idcatificd to individu& without the costly and ciifficuit o p t i o n  of 

fitting raâio collan. Mon irnporîady, a quantitative mclsm of tbe stress that 



individuals arc undcr could k invcstigakd by assaying stress relateci bonnones in the 

faeces. Thest measurements could then be conelated to a varicty of variables inclding 

wteorologicd events, m t d  dishnbaaces (e.6 fonst k s ,  floods). human dishnbonca 

(c.g. logguis operatioru, mg, ccotom*mi activities), pey fluctuations and direrse 

outbreaks. 

in this introduction, the background tbat ied to the project of fingcrprinting DNA 

in wolf faeces will be covered. The cornplex social behaviour of the wolf and the 

benefits of the mesurement of individual hormonal profiles by mearchers in an attempt 

to understand these behaviours will be d i s c d .  Studies that have measurcd hormones 

non-inwively and sndies thaî bave used f~eces as a source materid for DNA dl k 

summarized and the exciting possibility of combining the two will be presented. 

M i l e  the behavioral ecology of the timkr wolf (Cmis lupur) has been 

extensively studied, few resuirchers have attempted to explore the individual dif'ferences 

in the behaviour of wolves, much less the relations between variations in hormonal 

profiles and these behavioural differences. Techniques fiom otber scientific disciplines 

(e.g. endocrinology and molecular biology) make it possible to obtain criticai information 

that was previously inaccessible to the behavioral ecologist Measuring hormonal 

diRenuces may help explah many of the wmplcx kbrnorinl intaactions obxrvcd in 

this highly social canid species (Mcch 1970). 

In socid manmals other han humpas, Undctstanduig tbc cffects of social d 

environmental stress, in naairal mtexts, is  only possible with measumnents of stress 

related hormones. In stress rrseuch, one of the most extensivciy shdid b-mngiag 



species is the male olive boboan Researchm have been monitoring the stress~induccd 

suppression of the testicdar a i s  yd its relation to the social rank and pnonality of 

individual baboom (Saplosky 1991). AnesihetiPag an animai with a dM in order to draw 

blood imposes a stress on tbe raimil. interrstiagly, rn imi ls  of diffemt mnk mn fotind 

to respond diffenntly to the sârcs~. Tbe typical respoase was a rapid decline in circulating 

testosterone. Howevei, in tbe syae stressful situation an increase in circulating 

testosterone was seen in high ranking males, possibly giving those individuals a rnuscular 

advantage a h  a series of aggrsive interactions. Sapolsky also found that the stability 

of the dominance hienuchy pbys as important a role in an individuel's level of stress as 

does its actual rank. In pcrials of social upberval dominant maks did aot exhibit the 

same increase in circuiating testosterone as during more stable penods. As well, the 

personality traits of subordinate males were correlated with testosterone measuns and 

how fiequently they were able to establish bonds with females in esmis. Maintairing 

dominant status can determine imprîant factors such as reproductive potential and 

access to food so an animal's response io stress can reasonably be assumed to have 

important consequenccs. 

The relations arnong social behaviour, stress, reproduction, and hormone 

secretion in the wdf rrmain ~Lt ive ly  unexplorsd By living in large groups, wolva are 

able to hunt large prey. Howcver, it aiw creates signifiant social tension among 

individuais ova mating opportmitics rad food raowcts (Mech 1970). This tension may 

be part of the cataiyst for the estabIisbmcnt of dominarice hienuchies within cach pack 



As with many social carnivores, usually only the dominant femaie of the wolf 

pack poâuces offspring each yesr (Harringtoa et ai- 1982). The absence of ~tpoduction 

in otbcr fernales rcmains to k cxplained in commudly breeding specics it has ken 

hypotbcsized tht npoductivt supp#sion of some fcrnaics œcm wbm ecologicai a d  

demographic conditions would muit in restricted breeding opportuniries of Young, 

inferior individu& (Elmm and Oring 1977, Cm1 and Waser 1994). in addition to 

ecologid conditions, Cm1 and Cred (1991) have show that reproductive suppression 

in communal1 y brceding carnivores occurs when reproduction is energetical l y costly . 

The costs may reach a point w k  reproductive individuals require help h m  other 

memkrs of the group to reproducc succtssfiilly. 

The investigation of the mechanisms be hind the reproductive suppression of 

subordinate femda in wolf packs and an exploration of possible differences in 

testosterone levels of males were the catalyst for this resuuch A better undentandhg of 

the mating system and the physiological correlates of stress to reproduction and social 

rank within the pack would help when interpreting individual and pack behaviour. 

Although it is often difficult to assign a position to middle ranking individuals 

within a pack, the dominant (alpha) and low ranking wolves an easily identified 

(Fentm et al. 1987). There uc severai ways in which dominant wolves moy influence 

the reproduction of the other memben of the pack. Aggnssion, which peaks in fhquency 

and intendy during the bnading sawm, is  most o h  dirtctcd a! low d c h g  

individuais ( M c W  et al. 1996). Aggrrssion fiom alpha animals may m a t  

subotdiratc fémaies hom enterin8 estrus through stre~s indiaced nrpprrssion of 



luttinizing hormone in the pcriod kfore bttcdiag. Subordhate mimals may llso k 

prcvtllted h m  mating birough rggmsion, induclhg ouüigùt attack by dominant 

individuals whm suborâinatcs attempt îo copilote @erix ancl Van Hooff 1995). ïhc 

&minant uiimils might dso cause stress-induced abortion during pgpincy, or commit 

infanticide oace young arc bom (McLeod 1990). Meo~uruig the reproductive homoiipl 

cycles in both the dominant and subordinate females in as natuml a setting as possible 

would help to evaiuate the above possibilities. 

Masuring honnonal difierences among wolves requires a source of material 

fiom the animals themsclves. in many field and captive situations h i v e  srmpling 

(swh as obtaining blood) can k difficuit or even impossible. The neccssiy for 

continuous or repted sampling exacerbates the problems. Endocrinological techniques 

are available for mursuring hormonal changes from materials collected non-invasively 

such as urine, saliva and faeces (Creel et al. 1992, Lasley and Kirkpaüick 199 1,  Wasser 

a d 1988). Risler et ai. ( 1987) found that estradiol- 1 70 exûacted fiom the faeces of 

pigtailed macaques comsponded with s e m  levels in the same animals and provided a 

non-invasive meam of monitoring estrous cycles. SUMlar success in monitoring the 

reproductive status of fcmales has ken demonstrateci in many otber mammals Uicluding 

anle end muskoxcn @esouiniers et al. 1989), mancd wolves (Wassct et aï. 1995). 

baboons (Wasser 1996) d Afnuui wild dogs (Creel et al. 1997). 

in a rrcent shdy mvolving the timber wolves at the CCRW in Nova Scotih urine 

samples nom the pack of captive yct unsocialid wolves mc wllected 6rbm uriac 

contsmiiuitcd snow ( M c b d  et d. 1996). Hormoarl d y s i s  of the mtio of the strrss 



nlaied hormone cortisol to matinine (to comct for dilution by the snow) showcd some 

diffcrences betwcen nibordurste and dominant uiimols. Tbe lowcst Mking f e d e  and 

the second ranling d e ,  wtioae raak in the pack was the most unstable, hd the higkst 

ratios uidicating thq wm uider the most stress. UiIfortunateIy, wUcction of iirw in 

th-s ramer is limited to the winter rnonths when suitable snow cover is pttsctlt. 

The initial intent of this study was to e x p d  the above work to inclde 

reproductive hormones while using faeces as a source material. This, combineci with the 

urine samples, would have increased the nurnber of samples collected duhg the winter 

and allowed for collechion througbwt the entire y=. A h ,  it would ailow for 

&velopmntal studics of pips pior to kir first wintci wb«i the first urine amples 

become available. Unforhiaately, even within the confines of the 2.2 ha cornpouci, 

collecting faecal material from each individual on a regular basis was not possible; the 

whole compound carmot k observed fiom any one point and each animal eliminates 

infiequently. A rnethod for identimng scats became crucial. 

The use of molecular techniques to "fingerprint" individual wolves using DNA 

extracted fiom faecal matter was cornidercd as a potential solution if fingerprints could 

be obtained fiom Lnown scats of individuals of a group of wolves, other unknown scats 

collected in the same ares wuld be matchad to the donor. Cells arc known to k 

continuously sloughed off the intestinal aact; it was found that in rat facces colleNd 

over a four hou pcriod. approximately ninc million viable cells w m  prescrit @avidsan 

et ai. 1995). 



DNA ncoved h m  the faece~ of fiee-ranging animals has km uscd in 

molecular shdies Uwol\ing a variety of s p i c s  iacluding mi&, cari& and miirine 

mammals. M i t o c b o M  lad nuclcar SV ~n amplified by polyrnerase chain 

~ c t i o n  (Pa) from DNA urtnctad fh f m  in a shdy of the geactics ofthe 

European brown k9r (Kobn et ai. 1995). In a different application, scats from the 

endanpred kit fox were diff'tiated fiom scats of other fox spcics, coyotes and Qgs. 

Researchers amplified mitochonârial DNA fiom the scats and then digested the DNA 

with restriction enzymes and found unique fingerprints for the kit fox (Paxinos ei al. 

1997). 

In m a r k  m d  shidies, species, sex and individual idcntity were assignai to 

pinniped scat samples collected off northeast Scotland (Red et al. 1997). Thex scat 

samples were also Wzed for diet composition which allowed the researchen to 

examine variation in food consurnption among different species. As a non-invasive 

alternative to taking a skn biopsy from the manatee (Dugong dugon), mitochondnal 

work was perfonned on fâecal samples which could be collected without disturbing the 

animal (Tikel et al. 19961 

Rior publications involving wolf genetics have typically focwd on population 

genaics. A m*ety of genetic techniques have ban used by rrxerchers, iacludiag 

allozymc electrophoresis, mtDNA restriction-site analysis, rnultilocus hypervariable 

minisatelite DNA anai* (Wayne et d. 1991, Rand et al. 1993) and microsatcUite 

analysis (Roy et d 1994b 



A technique suitaMe for this shdy medcd to be compatible witb the 

characteristics of DNA exarted fiom f~ and to k able to Cr- a unique signahirr 

for esch individual wolf DNA r e c o d  fiom f- wuld k a) dcgnded and 

fhgment& b) contamhtal with prey a d  bacterial DNA; and c) pesent in vcy  smrll 

quantities. In addition technical wnstraints te~uirtd tbat the DNA k visualizeû non- 

isotopidiy. 

Of the amilable techniques, micosatellite analysis seemed the most compatible 

with the above parameters. .Microsatellites an repeats of short nuclear DNA sequences 

that are highly polymorphic within populations and have mutation rates as higb as 1x10~~ 

pei geaention (Garcia-Momo et d. 1996). A high degrec of polymorphjsm &es tbem 

a popular tool for population genetics (Forbes and Boyd 1996). In this study they could 

potentially target enough allelic variability within a small pack to supply a unique 

fingerprint using a limited numbei of loci. Microsatellite polymerase chain reactioo 

(PCR) pnmers ampli@ a 100-300 base pair (bp) region of the entire nuclear DNA 

containing the repeat. PCR is a m e s s  by which millions of copies of a regim of DNA 

can be replicated from only a few copies of  targtt DNA (Mullis et uL 1986). 

In brief, PCR work as follow. in a thennocyclcr a mixture of target DNA, 

copies of two synthetic olipauclcotick m i ~ r ~ ~ ~ ~ t c i l i t e  primas, a thcrmally stable DNA 

polymcrase, vast quantities of single base nucleotides, and buffen'ng agents are al1 heated 

in a small vial to 9S°C wtmc dcnihiiing of tbe target DNA takm place. 'Ibe mix is thni 

cooled to a temperatme whcrr t& primas arineel to a complimentary sequeme on tbc 

targct DNA which is  odjaceai to the dc1osate1lite reput uer The temperatme is raiseâ 



to 72OC. and in the pesence of the DNA polymerast and tbe comct bufiering, 

polymerization takes place whm single base nucleotides complimenatry to the targct 

DNA an inrhed to synMdly  create th &&le Jtnad DNA. This building of the 

secund stMd occm mess tk microsrtcUitc nptrt ngion A second deaaturing and 

reanneaiing with another primer and the building of the contspoading strand back on the 

fint then creates a hgment of a fixed leagth which includes the microsatellite repts. 

Repeated cycling in the same rnanner then exponentially creates millions of copies of the 

ftagments that are al1 the same length. 

Microsatellite primea an typically 18-22 bp long which is long enougb to 

eliminatc matching to a ranQm sequencc in marumalion genoutes. Wben they an wd 

with high annealing temperatures they provide the specificity netded wben attempting to 

ampli& canid DNA contaminateci by other sources (Innis and Gelfand 1990). As well, 

fragmenteci target DNA crui be amplifieci even if only some of the fragments contain the 

required region. Extractions of DNA Erom faeces could also contain DNA fiom prey 

consumed by the wolves and DNA from bacteria nom b t h  within the wolves' 

gastrointestinal tract and fiom the g r o d  where the defecatioris lay kfore collection. 

Canid primas originally developed for dometic dogs (Ostrander et al. 1993) were 

available, *ch climinated the vcry time consuming and expensive procedm of 

developing them. The phers target regions containhg betweni 10 and 24 (CA) repeats 

and werc huwi to be successfbl at amplifjing DNA A m  wolf blood (Forbes and Boyd 

1 996). 



Micro58îcUites arc inkitcd in a Mendtlian fahion, when an individual oôtains 

one allele from each of its parents. Using this information it is possible to perform 

parental analyns (Craigbd et al. 1995) ad woilr out a pedigree if enough loci arc 

cwmined Tbc rchul nlrtioas mcmg individuals in a pack crn have imprtant social 

conquemes, yet in most snrdies of wolf social behaviour the genealogid relatioaships 

among the animals an usually suspcted but are rarely confirmed. Multiple maitings, 

communal rearing of offspring or infanticide (McLeod 1990) are dl possibilities which 

exist and are often difficult or impossible to detect, even in a captive setting. With 

microsatellite alleles used to idcntify individual scats it should be possible to detemine 

the pedigree of the CCWR pdr. This wouîâ adâ vital information for interpnting the 

complex social khaviour of these canids (Fentress et al. 1987). 

in summary, the objectives of this woik are as follows: fim, to evaluate diffemt 

methods of DNA extraction fiom faeces for yield and quality; second, to detemine the 

arnount of degraâation thac a faecal sarnple can undergo before extraction and PCR 

amplification is no longer possible; third, to explore gel conditions and the use of non- 

radioactive visualization methods capable of distinguishing allele differew dom to 2 

base pain; fousth. to evaluate the effectivencss of this technique at identifyuig individual 

scat samples by amplifying captive and fnaMgiug wolf scat and blood rimplcs; fifth, 

to compare results founâ in diis work to published shdies; sixth, to ascertain the pedigree 

of the CCWR wolvts. 



METHODS 

S l m ~ I e  Collcctioa 

Blood and faccrl smnplcs wae collccted a! the Canadian Centre for Wolf 

R-h (CCWR), Nova Scotia, anà âom a wild popdation in tbe Riserve des 

Laurentides, Quebec. 

At tbe CCWR, excrctjons from each of the 13 wolves that wcrr observai and 

therefore linked to individual wolves, were collected, labeled and stored (for periods 

ranging fiom 1 &y - 2 yem) at -20°C until the extractions were perfonned. Collection 

sweeps of the entire 2.2 ha compowd wlm wndwtod wtsere informal eansea~ mghg 

from 2 to 5 marcs a p i t  wm followcd dependhg on vegctation cover. Ifthick grass was 

present, as in open anas in the summer, ûanseas needed to be closer together than in 

wooded anas with littk ground vegetation or in the winter when &es were cluuly 

visible on the snow surface. All the samples that were seen were collecteâ unless the 

faeces were very severely degraded and rotting. An estimated 10% would have ken  

missed in ditlicult to see aras such as in W e e n  tree rwts or in very thick vegetation. 

The faeces mre collected a d  labeled with the follomng information: date, 

location within the cornpotmd, and an estimate of the amount of degradation the sampte 

had undergone. Eocb sample was rated with a codc €rom A-D with A king resewcd for 

samples where the actual ckfiition haâ been seen. Samples that lodred to have no 

degradation (Le. within semrl how to a day) reccived a B and D sarnples wnc alrcaûy 

dccompwing Pnd showcd vay little form. Simples wïth a C rating werc somewherc in- 

b e t w ~ t ~ l t h e B d D n t i n ~ d ~ p o b r b l y m o ~ ~ I d o y o l d  Theriwofyar 



aiso had an e f f a  on the rste of degraâatioa and thercfore samplcs collected in the vuinter 

generally w m  in Wer coaditions and nceived hi* ntings. Some faccal samples 

mn aiso immediately âried in a homcmack dryer. T b  dryer was a plywood box 55 x 55 

x & cm witb 5 scnen shelvcs and four lOOW ligh ôulbs wwmtcd in the bottom with a 

srnail 120V cooling fan for circulation. Dried spmples were pulvetùed using a Waring 

Commercial blcnder, screened with a 425 pm sieve and stored until extraction at -20°C. 

Blood fiom CCWR wolves that died during the snidy m o d  (May 1996May 

1998) was collected during necropsies. Approximately 200 pl of blood was added to 

1OOO pl lysis buffer (1.25% SDS, 0.3 M Tris-HC1 pH 9.0,O. 1M EDTA and 5% sucrose) 

and stond at 4OC until tbe extractions wcrc pdimned. In Quebec, blooâ was collcctcd 

fiom 20 fiee-ranging animais while they were immobilized for the fitting of radio collars 

for a midy by the Ministère Environnement a Faune du Quebec. Samples were stored in 

the sarne manner described above. Field crews working on the project also collected 

unidentified wolf scats tiom the same area. 

Several extraction methods were pcrformed on the blood and faecal samples. 

1. PbenoUCbloroform Extractions 

DNA was extracted nom blood usîng a stanâard pheaoUchloroform extraction 

protocol (Sambrook et al. 1989). Che-hWIQcd pl of the blocdilysis buffet mixture was 

added to an Eppetldorf tube contauiing 100 pl lysis Mer.  The mixture mixtiire hcubated at 

6O0C fa 30 min befon 200 cl of phend ad 50 pl cblorofom wcn added Some 

sampia mrr dso digestcd with 10 pl p o t t ~  K (10 mglml, 60°C, 30 min) aftcr the 



initial incubation stcp. Atter vorfexing for 30 s the aiks m spun for 10 min (10 

000g) in a Fisher Scientific microcc~ltrifuge and the upjm laycr was ttansfemd to a new 

tube containing 200 pl chlorofonn/isoamyl (24:l) dcobol. After @tation and 

centrifbga!im the supanahnt was transfd to a new tube matahhg 200 pl 

chlorofonn, agitated, centrifugeci ( 1  min, 10 ûûûg) and the uppcr layer addcd to 200 pl 

isopropouai. The sample was agitsiteci for 30 s aad left ovemight at -20°C before 

centrihigation for 30 min (10 ûûûg). The isoppanal was poured on the DNA pellet and 

the pellet was washed with 100 pl 95% ethanol. After the sarnples were Ieft to dry 

ovedght the DNA was resuspendcd in 50 pl TE pH 7.0 buffer or distilled &O. Fresh, 

fiozen ad dned f m  wcre ail extncted ushg tbc same pheaol~chioroform extraction 

described above. 

2. Guaaidiaimum lsotbimyaaate Extractioas 

Drieâ, fresh and fiozen faeces wne extracted using a $uanidinimum 

isothiocyanate and glas milk rnethod (Boom et ai. 1990). Approximately lûûmg of 

fiozen faeces were shaved into 1 ml of L6 e.vtraction bufkr (L6: 5 M GuSCN, 0.1 M 

Tris-HC1 pH 6.4, 0.02 M EDTA pH 8.0 and 1.3% Triton X-100) and incubami uader 

constant agitation for 1-24 hours. The sample was then centrifùged (10 min, 10 000g) 

and the ntptrnatant transf td  to a aew tube with 50 pl glas mik and 3300 pl of tbc 

sarne L6 extraction buffet. 

The glas milk was prepend as followa Silia (6 g silicon dioxide, Sioz; Sigma 

Chemicai Co.) was mixed witb H20 to a total volume of 50 ml in a 50 ml graduateci 

cylindcr. The scâimcnt ms allowcd to scale rt room temperature for 24 brin and tbc 



top 43 ml portion ms discarded Am,* sedimentation nep was prfomcd for a 5 bour 

p e n d  and 44 ml of the supernatant was discar& Tbc remaining silicPR120 mixturr 

was wmctd to pH 2 with approxùnatcly 60 pl HC1 (324 wtlvol) and stored 8t m m  

temperature in the d a k  

Mer a 10 min incubation in the glas milWLo buffér, the sample was ceatrifiiged 

for 10 s (10,000 g), the supernatant was disciuaQ and the pelletai glas bas washed 

twice with washing bufTer (U: 5 M GuSCN, 0.1 M Tris-HCI pH 6.4, 0.02 M EDTA pH 

8.0). wice with 70.h ethanol, and once with acetone before drying at 56'C for 10 min. 

T~K DNA was eluted with 1 0  pl TE pH 8.0 or H20 at 56 OC for 10 mia. DNA was aiso 

elutcd with H20 Ajusteci ta pH 8 or pH 10 to sec if gm&r yields wuld k poduccd 

Some sarnples were also ncentrihiged before the supernatant was transfemd to a new 

tube leaving the glas pellet behind, while some were stond with the glass present Al1 

extractions were stored at -20 OC. 

3. Potato Flour and ~ u r g e a e ~  Estractions 

Frozen faecal sarnpla wcre also purifieci using a modification of a method 

describai by Deuter et al. (1995) which uses potato flour as an absorption maeix to 

remove bile acids which can inhibit the PCR Appoximately 20mg of k e n  faeces 

was added to 600 pl of stool lysis WCT (SLB: 500 mM Tris HCL pH 9.0,50 mM EDTk 

10 rnM NaCI) and homogenizcd witb a 1 ml pipette tip wlted into a pestk. One fourih 

of the bomogenate was added to 200 pl SLP containing 100 mg potato flour a d  mixcd 

vigorously. The sample was centrifigeci at 10 000 g for 10 min aad 150 pl of the 

supmrtsnt was transfentd to a new tube containhg 0.375 mg potcinisc K A f k  



incubation at 60°C for 30 min the simple was extncted ushg the phenollchlorofomi or 

the GuSCN methoci d e s c n i  carlier. 

F m  wete also erunctcd ushg a commercial Purgpee lit as dtscriôeû by the 

manufacturer. 

Y ield Geb and Dilution of Stock 

Agarose gels (1%; 0.5g agarose, 50 ml O.SX TBE, 1 pl EtBr) were useù to 

separate 3 pl of the extracted blood or faaes whic h was mixed with 3 pl load/stop dye 

(0.25% bromophenoI Mue, 40% swost, lOOmM EDTA) and 4 pl H20 beforc loading. 

The gels wcrc mn for one hou at 9ûv and visuaiized with W light. Each gel coatlined 

1 pg of Hind KI  moiecuiar weight marker Promega) to estimate the quality and quantity 

of DNA present. Al1 stocks containhg the silica pellet were rexxntrifiged kforc w or 

dilution to eliminate suspended glas from entering tbe PCR min 

Stocks fiom DNA extracted from b l d  were diluted with HIO to a working 

strength of 4ûûpg/pl if the amount of extracted DNA wuld be estimated using the hown 

amounts in each fiagment of the Hind III market. Estimating the amount of DNA 

extracted from faexes was not possible because of the unhiown amouat of non-target 

DNA -nt so a dilution of 1:10 ot 130 ws t r i d  if no pduct was poduccd ~ k s  

were useâ without dilution or diluted in nies until 1:1000 to try to produce a product. 

Oncc dilutions wete mixed îhey werc dorai a! 4OC Mtn use (for 3 wœks or les). 



PCR Coaditioas 

Seven canid spccific m i ~ ~ ~ ~ a t e l i t c  prime= (sec Table 1) werc selected fiom 

Ostrander et al. (1993) brvd on k i r  variability in otbcr Wes and chid fiom 

Cybersyn The polymc~~lsc chin m o n  ( P a )  was used to amplify DNA p#ent in the 

b l d  and faecal extractions. Amplification of the extracd DNA was performed in a % 

well programmable themial cyckr (U1 Reseaich PCT-100) for 2 0 4  cycles. 

Each reaction containcd 1.34.8 pl template DNA 10-80 m M  Tris-HCI (pH 8.3- 

9 . Q  0-20mM (NH4hS04. 0-50 mM KCl, 0o.0 rnM MgC12,O. 15-û.2 mg/ml BSA, 04.1% 

Triton Xlûû, 80 pM eacb dNP, 0.25-5 of each primer and 0.5-1 uni6 Taq DNA 

polymerase (Promegr) in a total volume of 10-26 pi. 

The PCR consisted of an initial denaturing step of 5 min at 95 O C  followed by 

repeated cycles of denaturing for 30 s - 1 min at 91 OC, anacaling for 30 s - 1 min at 55 - 
64 O C  and extension for 45 s at 74 OC. Some reaaions were nui using a stepdown PCR 

where an initial denaturing dep of 5 min at 95 O C  was followed by repeated cycles of 

denaturing for 1 min at 91 'C and annealing starting at 64 T and ending at 55OC by a 

&op of 1°C each cycle, followed by a furthet 28 cycles with annealing at 55°C. 

W s t o p  dye (3-6~1) was added to al1 reactions before separaîion in a gel or storage at 

4°C or -20°C. 

Gel Conditions and VWarliutioa 

The PCR producfs wcrc separated Pad visunlized in one of the following ways. 

Reactions wac  loadcd into 2% agarosc gels (Ig agarose, M mi O.SX TBE, 1 pl EîBr) aad 

visurlized with W ligbt or m dirough 412% polyIcyfunidc gels (15-20 CUI long, 



Trbk 1. Summuy of the loci d ud their primer seqirncts, uinerling tcmpranites 
and the lcngths of the rlkk obtuncd dwing the stuây. 

CCA CCC AûT CAC ACA ATC AG 

I T A  GIT M C  CCA GCT CCC CCA 
TCA CCC TGT TAG CTG CfC M 

M C  TTT M G  CCA CAC TTC TûC A 
ACT TGC CTC TGG CI7 T'TA AGC 

M C  TGG CCA M C  ATA M C  ACG 
T'iC ATT M C  CCT TI% CCC TG 

TTG ATC TGA ATA GTC CTC TGC G 
AGC M C  CCC TCC CAT TTA CT 

ATC CAG GTC TGG M T  ACC C 
TCC TK G M  TTA GCA C R  GGC 

M T  ATG GGA GAG GAG M G  AGG G 
ATG Cl? CCT ûûT M G  C M  TCA 

C M  AG1 Gîï GTG GCA GGT C 



0 . 4 m  ihick) in 1X Tris-bonte buffet. Wells (N=lS) were either cast in the gel or a 36 

well shark's-tooth comb was insertad aftcr casting. All gels had 1-5 lm of PD174 

DNA marlrer (Pmmega? for size referme. Gels wen eitber suûmerged in an EtBr bath 

(40 pl EtBr, 300 ml H20) for 10-20 min and pbotogapbcd wîtb Polaroid 667 film on a 

LIV light source or stained with the following silver daining procedure modificû fiom 

Tegelstrom ( 1986). 

Gels were submerged in 0.1% cetyltrirnethylarnmonium bromide (C-TAB). Next, 

0.4 g silver nitrete and 0.04g of NaOH were each added to 2 ml distilled watet in 

eppendorf tubes. At this time log NaC03 was added to 500 ml H20 ad kft to dissolve 

with ocwionai agitation. 15 min in the C-T'AB the gels werc transfcrrcd to 

distilled H20 for 15 min and then to 0.3% ammonia When the gels were placed in the 

ammonia the stain bath was prepand as follows. The silver nitrate/H20 mixture prepared 

earlier was added to 248 ml distilled H 2 0  and agitated and then the NaOW H20 mixture 

was added. Finally, 1 ml of 25% ammonia was mixed in and the stain ws incubated at 

rom temperature. M e t  15 min in the ammonia bath the gels were transferred to the 

stain bath and 270 pl of 3% foddehyde was added to the NaCOfl2O mix to produce 

the developet. Mer 15-25 min in the min bath the gels were transferred into the 

deveioper u t i l  da& browiilblack bands appearcd (5-20 min). The gel was h e d  with om 

of the following three mcthods, 30 min in 2% glycerol, 20 min in 7.5% acctic acid or 5 

min in ~odak' fixer (mixcd as dirccted by the manufjictunr) followed by a 5 min rime 

in tap water at m m  temperature. Gels were eithcr photographed witb ~olaroid~ 667 



film or dried ont0 a heevy papr backing in a mode1 543 Biorad gel dryer at 80 OC for 1-8 

hours- 

Microsatellite alleles wne xond visually by cornparison to adjacent laacs and 

the PhiX174 DNA mark= (Romcga). Wolves wbose wnpla  had interprctable rcsults 

across several gels were used as benchmarks and their alleles wen sized using the 

PhiX 174 DNA marker. ûther alleles in the same gels were then compared to the alleles 

of the benchmark individuals and whenever possible were sized by following the 2 base 

pair stutter that existed below the alleles. 



R a u h  

Five wolves in the CCWR pack dicd during the stuây p e n d  uid extractions of 

blood h m  their carcasses with the phmoVchlorofom method produccd hi@ yields of 

gwd quality DNA (Figure 1). Blood fiom 26 fbranging wolves h m  QuckE was 

extracted following capture for anothcr study and these samples producd yields similar 

to the CCWR wolves. Identified faeces were collected for dl of the CCWR animais. 

PhenoVchloroform extractions of the faaw fiom the wolves produceci smears with very 

little high rnolecular weight DNA. Most of the DNA was fragmenteci and less than 2 000 

bp long. 

When microsatellite amplification was aftempad on the DNA exhactcd with 

phenol/chloroform fiom faeces no amplification was ever obtained. GuSCN extractions 

produced similar l d n g  yields to the phenol/chlorofonn extraction with small amounts 

of high rnolecular weight DNA and fragments of ail lengths down to less than 100 bp 

(see Figure 2). The residual glass powder that remained afler the extraction fluonsced 

under UV light if loaded directly into a well and it was thought that some of the extracted 

DNA was remaining adhend to it. in case this was occurring, an attemp to k e  any 

adhered DNA was made by incnasing the pH of the H20 wd to elute the DNA fiom pH 

7 to pH 8 and pH 10. Unfortunatcly, this had no efftct on the amount of DNA rccovmd 

Even though the yield gels showcd very ftagmented DNA fiom the GuSCN extncted 

faects. PCR's were attemptcd and shomd some srdl quantitics of poduct around the 

expected 100-30 bp lmgth when sepuatecl on agarae. R d o n s  using DNA extractcd 



Figure 1. Chromosonal DNA recovered from the blood of two diffemit animals using a 
standard phenoVchloroform extraction, Lane M., DNA market lambda DNA digested with 
HindIIi, lane V, Voochco and lane P, Pawnee.Three microlitres of the extracted DNA was 
loaded onto a 1 % agarose gel. 

Figure 2. Chromosonal DNA recovered nom the faeces of two animals using the 
guanidinium isothiocyanate and glass mik extraction. Lane M, DNA marker lambda DNA 
digesîed with HmdlII, T, Tess and P, P a w n e e . h  microlitres of the exttactcd DNA was nm 
through a 1 % agarose gel. 



from faeces using the ptato flou a d  P U T ~ ~ '  methods did not yield any PCR poduct; 

this *-as abandoned in favor of the GuSCN method. 

initially, 625 reaetions mre perfomd on blood or freces samples and nm 

thtough agarose or polyacrylami& gels. Tbae fint mctions mrr eitba sbined with 

Etbr or silver stained and photographed. Sevcnty-five (12%) of these showed some 

product in the correct size range but due to the limiîations of the EtBt staining and the 

small physical size of the photographs, the alleles were not dininguishable enough to 

score. Drying the polyacrylarnide gels ailet they were silver nained produced the best 

image with the most discernibk bands and 2 677 reactioas wcrc piformeci Md ncn on 

theJe gels. Of thcm, 1 651 (62%) wcmn complctcly unsuccessftl wbac nont of the 

reactions fkom a single PCR run produced any product. 

Of the remaining 1 026 reactions where at least one of the ceactions fiom the 

same day produceâ a product, 364 (35%) did not show any amplification at al1 and 

another 484 (47%) produced a product that was not interpretable for one of several 

reasuns. 

The main reason for a product mt king interpretable was the pmence of more 

than two bands near the expected allele length which made distinguishing the correct 

allele or alleles impossible. Microsatellites typidly have one or m o n  shmer ban& that 

cun shorter than the amai allele by the amount of the repeat, in this case two bases 

(Mockford, pers. corn.  1998). While these do give tbe reader a ldder-iike marker that 

usually maices scoring casier when you crn line up adjacent ôands, it can dso have the 

negative effect of masking deles if the stuacr is  mt distingriishbk fiom tbe rcturl 



allele. This cruscd some of the alleta to k unintcrpttable. Bands tba! wne diffuse 

rad broaô or mre aot xpentcd cmugh on the j4c1 Pod thercforc s p m d  many base 

pain wcn aiso oftm a problern. As well, in s e v d  cases the product c d d  not k 

scored bccause tbe molecular mi@ matlrcr was accidcntally aot losdcd am! the lemgth 

of the product was therefon urhoma. FurthCrnorit, tk poducts in some gels wae not 

visually strong enough to idcati@ alleles with c u n f i d ~  and wen therefon not included 

in the scored results. Unfomuuitely, surnetimes alleles that were strong enough to score 

were separated by several lanes witb no product. This made cornparison between them or 

the molccular wcight marker impossible as comprison to an adjacent lam was not 

possibk and the deks wne mt scacd 

Only the remaining 178 (1  T !  of the reactions that yielded a product) had alleles 

that were considered interpretable. The annealhg temperatures that produced 

interpretable results are show in Table 1 along with the primer sequences and the alleles 

that were produced for each locus. Only products that were sharp enough to be 

unambiguous were scoreâ and are sbown in Table 2. An example of a reaction that was 

cons idd  interprctable is shown in Figure 3. 

Locus 377 

Locus 377 had the most alleles of any locus with two alleles prrseat in the CCWR 

pack and 5 in the Q u e k  animals with no alleles wrnmon to both populations. All of the 

62 reactjons that poduced Uiterprrbbk results bad s w r  bands prcsent. Four of the 

eight CCWR wolves that were succcsMly genotyped wcrc ~ o y g o u s  with both the B 

and D Plleles wâile tbne wkre lmmqgous for thc B dele a d  oœ fa 





Figure 3. Microsatellite alleles (A, E, F, G )  amplified fiom the blood of4 Quebec wolves 
with primer 377. Products are run through 8% polyactylamide gels and then silver stained. 
Lane M is  PhiX 174 DNA rnarker. Note the rnirror bands that appear 6-8 bases longer than 
the actual alleles and the 2 bp snitter that appears below each allele. 

Figure 4. Microsatellite alkle A amplifid for locus 109 fiom six diffaent extractions of the 
same scat sample from Xyla Products are nm through 8% polyacrylamide and then silver 
stained LaneMisPhiX 174DNAmarker. 



the D allele. Thirteen of the Quebec wolves were genotyptd with four king 

heterozygous and nine homozygous. 

b!!aa 
ûnly 13 mctions witb the CCWR animais poduced identifiable alleks witb 

stutter bands. nit four CCWR animals scoreû wen al1 heterozygous and they each had 

allele E, while two dso baâ allele C and two had allele D. Two different allela m n  

seen in the five Quebec wolves with three of them heteiozygous with the A and B allcles 

and two of hem homozygous with only the B allele. 

Some sets of reactions also produceci bands that were sharp and distinguisbablc 

but wbm no stuttcr was prescrit. Al1 the reactions âoai the same nm would eithci have 

or not have the stutter. Individuals' alleles ran at different lengths when the stuttec mrs 

not present. The reactions without the stutter mre not s c o d  as aileles to keep 

consistency with al1 the other identifiable proâucts. 

Locus 109 

Three different alleles were seen in the Quebec wolves and only one in the 

CCWR wolves. Al1 the Quebec samples nui more than once were consistent witb each 

other with the exception of animai nurnkr 36. in one reaction using DNA fiom animal 

36 alleles A and B arc clearly visible whm on motber date only allele A is prcscnt. AU 

of the CCWR wolves were homozygous for ellele A Four of the CCWR samples also 

showcd bands at the theale length of allele B on 2 days but the bands n m r  hd aay 

evidence of stutter and wcre thefore not considered as alleles. 



Locus 123 

No prduct for locus 123 was ever produCod with any CCWR wolves, but product 

was pmduced for 13 of the Quebec wolves. Two wolvcs mre kcroygous, oae with 

deks  B C d one with A B wbilc 10 wcre homozygous foi dkk A a d  one wolf was 

homozygous for allele B. 

Locm 200 

ûniy six of the CCWR wolves were genotyped for locus 200. Three were 

heterozygous for alleles A B, two were homozygous for allele B and one for allele A. 

k u s  173 

Two allela mn pioducd for locus 173 for two CCWR animais. Pawnee was 

homorygous for allele A and Voochco was homoqgous for allele B. 

Locus 213 

Readable ploduct was produced for only three CCWR individuals on two 

occasions. The wolves, Pawnee, Tess and Voochco, both had the sarne allele at 150 bp. 

Locus 204 

On one occasion a very sharp allele was xen for animal 37 fmm Quebec with a 

length of 196 bp. This allele was produced on the same day in two diffennt PCR 

reactions at anncaling temperatures of 6S0C and 68OC. Stmg poduct of the sarne length 

was produced on one other day with four Quebec individuals but was not intefpletable as 

the bands wcrc blmded into one anotber anâ wne not distinguisbablc. 



W e  most of the aileles tbat were identifiable came fiom DNA extractad fiom 

blood, sow fIiornl nmpks did poduce muits* In a tcst to sec the nliability of tk DNA 

exeMed ûom fiisces. six diffennt extractions wcrc p e i f o d  h m  the same of 

fwcs. The exactrd DNA nom Xyla's faeces poduced the identical genotyp fa  locus 

109 fiom al1 six extmctions (sce Figm 4). Unfomuÿitely fepeating the same six 

extnictions at other times failed to produce any interpretable pcoâucts. Similar @lems 

with replication occurred with sarnples from other individuals. One other ration 

wotked for locus 109 on Tess whcre three different dilutions of the saine extractioo fiom 

a faecal sample ach producai a product that matched the poduct produccd fiom DNA 

extracted fiom her blood. Although the dilutions of 1 : 100 and 1 500 did produce a weak 

pmduct only the more concentrated 1 : 10 sample produccd an identifiable one. 

The geatest number of interpretable reactions fiom DNA extracted from facm 

was obtained w i t h  locus 377. In one set of reactions, duplicate extnictions fiom the same 

faeces matched identifiable poduct h m  blood for the individuals Pawnec, Tess and 

Voochco (see Figure 5). On the same &y product was obtaineû fkom duplicate 

extractions fiom sk other indivïduals but unfortunately were not identifiable due to 

m e r  ban& that werc not distinguishable from the actud alleles R e d o a s  tht Wn 

nin using DNA fiom blood from two of the individuais w n  also impossible to sccm. 

h anothcr set of e o n s  using primer 377 two out of thce mrtcbad 

bloodlfaeces sets poduced identifiable proâuct while the third was too weak to score 

nliably. in the samc run f m  h m  thcc out of five individuais fiom whom a blood 



Figure 5. Microsatellite allela for locus 377 amplified fiom DNA extracteci fiom matched 
blood and fxces for 3 CCWR animais (P-Pawnee, T-Tess, V-Voochcu). Subscript b 
indicates tempîate was DNA from blood and subscript f indicates DNA was fiom faec«. 
Lane M is PhiX 174 and products are separated on 8% polyacry lamide. 



sample was never obtaineâ prodwed product goad enougb to score. in two othei 

reactions alleles w m  s c o d  from DNA recovend Galen's faem 

Men was also gemtyped for locus 200 witb DNA cxtmcted fiom his f ~ .  



Dhussioo 

h this discussion I will evaluate my succes in compkting cach of the objectives 

outiincd in thc introduction. W e  only oae of the six WU not s~hiend tbe otben wac 

al1 successfiil to some &grec. Unfortunatcly, the o v d  Um of identifyiag tbe Qoin 

animal of collected f~eccs mis never fully reached although the mults demollstratcd tbat 

with more refining of the technique this could k possible. The success of each of the 

stated objectives will now k discussed. 

The first objective was to determine the most appropriate method of extracting 

DNA fiom faecal samples. The potato flou extraction and the commercial Puregcneo kit 

weie wuccessfiil at ncoveriag my DNA nie DNA that was obt.ined using a standard 

phenol~chlorofortn extraction mis never successful in producing a PCR produut and al1 of 

the above were abandoned in favor of the guanidinimum isothiocyanate and glas milk 

extraction. This extraction provided a relatively quick (under 2 how) method of 

recovering DNA that was successhil in producing alleles that were strong enough to 

score. 

Unfortunately, the second objective of cvaluating the amount of degradation that 

a scat can undergo before it is no longer possible to extract DNA that will ampli& was 

aot met due to the difficulties in gating the nesh ~uaplcs to work consistcntly. in a 

related midy tbat used DNA from seal scats, it was found tôat scats that wcre classified 

as 'slirny' and thercforc haâ nat wt8fhercd for long, wem mon Iürely to yield poducts 

than those samples with a 'sondy> classification (Red et al. 1997). Since the 'slimy' 

samplcs only medt up 18% of theu s8mp1~ rad aîlcles werc poduced fian dl 



classifications, thy did not tind a clcar break at any one texture class. Future wak  with 

wolf faeces would need to fririher oddnss t h s  question, as at some point &gradation 

would make amplification impossible. Differmt stomgc mahods othcr t h  frrcPDg and 

Qying should also k tr ie-  in an aücmpt to rddress this pobltm. 

The third objective of this study was to see if microsatellites could be succtssfiilly 

xored in a small lab without the cquipnent and murces of a large lab with access to 

radioisotope labeling. It was obvious &er a short time that worlong with agarose gels 

was not an option b u s e  it was not possible to visualize products in the range of 100- 

200 bp dom to the 2 bp resolution tbit was rquired and a gel with better separation was 

needcd, 

Polyacrylamide gels used at 8% gave Mer molution than the agarose gels but 

staining with ethidium bmmide only showed poducts with a large amount of DNA. If 

enough volume was loaded into the gel for the stainhg to be effective the lanes were 

overloaded and bands spanned far too great a distance to make scoring down to two bases 

possible. Gels mging in polyacrylamide concentration up to 12% did not improve 

sharpness as the higher concentration nsultcd in a longer nui t h e  with more di!bion 

Lower polyacrylamide percentages resultcd in even less separation in the 100-100 bp am 

and were thetefore les effcctivc cbui tbe 8% gels. The w of gradient gels was 

consideted but was decideci against as tbcy only Uicrcasc the reodability of a gel if the 

products span several hundftd basc pin (Sambrwk 1989). 

Silver staining was UJCd 10 lttcmpt to bprove the sensitivity of the visukation 



daylight and Polaroids 667 film. This daecteû DNA au quantitics down to 100 pg which 

was far more sensitive than the ct)iidium bromidc staining which is ody sensitive to 

a r o d  10 ng. 

The interpasbion of thc image was stili limitai ôy the smrll size of the 

photograph, wbich made mal1 differences impossible to distinguish. Drying the gels on 

bloning papcr allowcd interptctabon at full size which was a great improvemeat but 

c a w d  the background of the gel to him to a âark yellow colour if the gel was fixed with 

glycerol or acetic a d  Although many of these gels were interpetable, a fixation step in 

Kodak fixer iiistead of in glycerol or d c  acid and a nnse in distilleci water, elimi~ted - 

the colour shift. With this stcp the backgrotmi stayd clear to light grey which providai 

a better contrast with the dark brown to blwk bands. 

it was found that men grcster sensitivity was achieved if the gels were leA in the 

silver nitrate stain for 25 min iastead of the 20 min that was initially trieci. Very weak 

products that were not visible with a 20 min min becme visible with the extra stain 

the. Staining times greater than 25 min did not increase the sensitivity. 

Changing to polyacrylimide gels allowed the separation of DNA domi to the 

molution that was requid. This i n c d  molution âid not corne without extra cost 

when cornparcd to tbc case of working witb rgarose gels, as meny problems were 

initially mwuntered in tbc nmniag and staining of tbc polyacrylamide gels. Mtidly, it 

was difficult to get the glas pl- b seai well enough in a vertical position to be abk to 

pour the polyaery18rmt& gels without fiahg the gel le& out kforc it was p o l y m ~ ~ .  



This was solvad by casting the gels in a horizontal position with the bottom and sides of 

the gel seaicd with a bead of agarose that was injcctcd with a 1 ml piptte. 

At first, 2.5cm wclls wm cast into 18 cm gels leiving oaly 15.5cm of gel for 

sepanrion of the product which was wt low enough to rtsolve the 2 base pair différence 

that was requind. To gain more separation of the alleles the plates were changcd to 20 

cm, the maximum length possible in the tank that was available, and a s W s  tooth 

comb was used. nie shark's tooth comb gained another 2.5cm of running length by 

eliminating the wells at the top of the gel. The shark's twth comb also allowed the 

loading of up to 36 lanes of product and eliminated the space in ktween lancs tbat was 

pmcnt if wclls wcn cast in the gel itself. The one drawback to the shsil's too(h comb 

was that lanes of product or molecular weight marker were sometimes not contained and 

leaked into adjoining lanes. Loading the gel as quickly as possible and working from one 

side to the other so that each well bad adjacent wells filled quickly, creatiag an qua1 

pressure between lanes, helped to eliminate this problem. 

Finding the correct amount of product to load was another problem. if not 

enough produa was run there would not k sufficient DNA to stain and if too much 

product was run the bands would k thick and not sharp enough to k s c o d  Both of 

these probkms occurred and were only ovclcome by trial a d  emr. When using the 

SM'S tooth comb a maximum of approximately 10 pl could k nin so 6 pl of the 

proûuct was loadcd, nui and stained and th if modecl the simple was rrnm with the 

volume adjustcd as rcquirad Anothtr problem tht somctimcs occumd with tbc FIS was 

that tbe insertion of the comb causal the top suraoC of the el to b m t  deflccid h m  



a straight line. If this was scvm mough it caused problems in scoring the gel if stutter 

bclow the alleles could not bt followed fiom one lane to anothtt. 

Marginal sepration of the alleles wu Motba major probkrn. The alleles usuaîly 

aeedbdtok~itothebottomofuiegel~tbwt~g1&mofftbcead Ifthywerc 

not near the bottom of the gel tbey were usuaily diflicult to score and even somaimes 

when they wnt, the sepmation was not clear if the bands were diffùse or thick This 

caused many reactions to be uninterpretabie and may only have been overcome with a 

longer gel tank or different primers. Tri and tetra-nucleotide microsatellite primes for 

canids where the repeats are 3 lad 4 bases apart respcçtivcly, would k a very dcsirabk 

development for smdl iabs attempting this type of wok The diffcttllce in separstim 

may make the difference in making a greater portion of the readons interpretable, given 

the restricted nsolution of the techniques described bm. 

The thickness of the gel also affected the nadability of the product. Gels w d  for 

separating radioisotopic products are usually only 0.15 mm thick. This was initially tried 

but the problem was that the lanes had to be overioaded to get enough product to be 

visible when stained and thcy produced a broad diffuv band hcreasing the thickness of 

the gel to 0.4 mm helped overume this probla by kcreasing the surface ana available 

for the product to run through. This was evident kausc if you looked at a gel carcfully 

you could pcrcieve depth to the band becaw of the thiclwss of the gel. As a rcsult, it 

also ma& visual sepatation of the bands more di f iu l t  if you wetc not looking at an 

allele perpendicular to the gel's surface. This was owwmc by drying the gels oAcr thcy 



w m  staind and fixed which concentratcd the band by dccnasing the thickness of the 

gel to virhially ~ t h i n g  on the paper backing. 

Gels mn nui under many diffcicnt conditions but Mining 20 cm BIS at 275 

volts foi 3 bous without circulating coolhg water in the tank prdd tbe bat mults. 

Gels wcn initially nm with cuculating tap water khind the glw plates thnt d e d  the 

gel. R-ng tbc gels without this cooling causeâ the gels to k nm in les  time with 

even less dimision in the bands. If the gels were nui at voltages of 300 V or greater 

without cooling then the gel would overheat and cause the bands to smear together. If the 

cooling was run ot th- high voltages to ovemorne ~ome of the heating poblems then 

the outer glas plrte o h  crackcd ktwcen tbe top buffkr tank Md the coolhg ricservoir, 

presumably fiom the temperature differentiai between the two. 

n i e  fourth objective of amplyifing DNA Born both blood and faeces was 

successful even though the process never became consistent enough to be considered 

routine. Amplifntion from faecal sarnples mas most successful in the earlier stages of 

the study but this may have ken an artifact of working with it more at this time. When it 

was reaiized that amplification fiom b l d  was also rporadic the effort was coarentrated 

on making the blood work consistdy and h l  samples were uscâ less as the study 

prognssed Even so, alleles w m  scoreâ for many of  the individusis of both the CCWR 
' 

pack and the collected nmples from the fk-canging wolves in Quebcc. Any blood and 

fiicccs ssmples b m  tbe saw indmdual that were amplifiai s ~ f i r l l y  aîso produccd 

identical geaotypes which indicates the micros8tellites obtahed fiom the bwccs wcrc 

accume. 



Om poblem with mmy of the actual PCR p m d w  was the ~CSCTICC of exces 

ban& around the alleles that made distinguishing the bue ailcles impossible. Aithough 

odicr rcseerchm reporteci succtssfirl scoring at d i n g  tcmpnhins of 50°C - 58OC 

(Forbes and Boyd 1996, Garcia-Moreno et d. 1996) intcrpeiible pducts in tbu st&y 

were usually only obtained at temperatures highcr than tby rrported Superfluou boads 

sometuncs even occumd in the high range of the successful mealing tempetaturcs aad 

attempts were made a! minimizing these extra bands by adjusting PCR buffer mixes. 

Since superfluous bands are commonly observed w t m i  scoring raàiolabeled 

microsatellites (Mockford S. p. corn. 1998) wrnpletely eliminating them in this 

Jnidy would k an unnolistic goal. 

Nested pnmers, which may have helped eliminate superfîuous ôands, especially 

in DNA recovered fiom faeces, were not availaMe for these microsatellites. Using nested 

primen involves using two different primer sets (Row 1995). A fim PCR reactioa is run 

which amplifies a long product that includes the area of the DNA that contains the allele 

that is targeted. This helps to concentrate the portion of the DNA that contains the allele 

of interea The product fiom the fist PCR is  then used as template DNA in a second 

reaction using the second set of primers. This second set of produces the alleles 

of interest from a source that has a high concentration of the a m  of the DNA containhg 

the allele with liale contamination fiom the rest of the genome. 

A second set of banâs that ran 614  bases longer thoa the rtuil allele wis Plso 

often pesent in many of the rcactioas The difkrence ktuam the actuai allele ad the 

"minor" alkk was consistent for 1 the mctions with tbc suae pimer. This mirrot 



allele must not k confiiscd witb the stuttct bands descnbed eprlier which almys cun a1 2 

bp intmals shortet than the allele. For example, if a minor allele was prisent in a set of 

~eactioas for primet 377 it was always 6 or 8 bases longer. This did not usuaily cause a 

poblcm as the shortet sct of the two was dways s c o d  HOUIEVCI, tben wcrt some cases 

where the truc alleles, mirror alleles, a d  tbc shmet bands al1 overlapped and swing 

thm became impossible. 

The minor bands rnay be an artifact of the silver stahing and the fact that the 

DNA stranâs may be denaturing in the gel and m i n g  at a slightly di fferent length. With 

silver staining, both would be visible. in most microsrteUite studies ody one of the two 

primas is end-labcled and the poduct is M in a dcna!uring gel (Sambrook et ai. 

1989). This mults in only one of the strands king visible and evm if the second srrand 

nms shortet or longer it would never k seen. intentionally, denaturing gels were not 

useû in this study as they would have exaggerated the poblem of seeing both strands of 

DNA. Howevet, there i s  a possibility that denaturing occuned dunng gel running. 

Although complete genotyping for dl the wolves was not possible many 

c o m ~ x m s  to other studies w m  possible, thus fultilling the fifth objective. The largest 

barna encountcreû when attempting to genotypc al1 the individuais in the CCWR and 

Quikc group~ was getîing rrsctions to cuasistnitly produ# tdable producfs. 

Reactions using identicel protocols and reagcnts on subsequent days somctimes produced 

rdtsonediyandnotonthcothcr. Whythisoccdisstiilwtmdtrstood. OM 

possibility is b t  the storage of the extraction material and the mmge of exttacted DNA 

may bave bath kea inadcquatc to pcwat d e ~ m  of the DNA pst tk point of 



successful amplification. Dcutcr et al. (1995) report that the two major pobkrns 

associated with using DNA extractcd tram frcccs arc &gradation during Mods of 

storagc and tbe pesence of copirifid exCrtrnCLItaI subetiaccs such as bile dis and 

bilirubin. ïhcy founâ that, dcpading on tbc cfficieacy of tbe extraction methoQ in 

removing these substances, up to 80% of the DNA & g d d  ofter storage at -20°C. 

Using porno flour as an absorpion matrix hpoved the stability of the extractcd DNA in 

their study but unfomuuitely did not produce any PCR product when it was nied in this 

study. Wasser et al. (1997) evaluated storage proccdures for scat samples and fouad chat 

drying faeces in silica kads mis an effective peservative but the same pocedwc was 

not possible within the scop of this stuây. 

Other researchen report dificulty in genotyping corn facces. When working with 

excrement samples t'tom the European brown bear Kohn et al. (1995) teport that repcated 

extractions from the same rample were needed to account for wn-amplifying reactions. 

Even when perfonning six prallel extractions on each of 12 samplcs only eight of the 

samples produced a product in at least one of the six extracts. nie authon speculate that 

this difference occurs from mwcn shedding of cells fkom the intestinal lining. 

In the same hidy the authon evaluated the !en@ of amplifiable DNA pmmt in 

extractions from faeccs. Amphfications on 12 iadividuils of 398 bp, 295 bp and 141 bp 

portions of the mitochondnal coatroi regions were attmptcd on DNA extracted fiom 

exctement, livcr and W. Wbik ai1 tbe 12 samples amplified a! dl 3 Iengh h m  the 

liver and hair srimplcs oniy oat excrernental ample amplificd poducts up ta the 398 bp 

sizc. Of the remairing 11 sampics, fivc prodirnl poduct up to 295 bp, two rmplikd 



oniy the 141 bp prduct and fm did aot producc any ampiifidon at dl. These mul(s 

clearly show a bias toward a gmta success by tat@ng shortcr ~ ~ c t s C t S  S b  several 

hundrcû copies of mitocbondiirl DNA ue psmt in a c b  cell (Koh et d 1995) 

di fficult. 

In a study using DNA tccovered from seal scats Red et al. (1997) were able to 

separate harbour and grey seai scats using a microsatellite locus with noasvalapping 

alleles between the two species. In their study they began with 173 samples and 

evaluatcd 18 pimer sets to ddcnninc if successhil amplification nom the faacs was 

possible. Tbey found that only five werr succcssftl wbile nine povidied no positive 

identification and the remaining four may have k e n  whil only afler m e r  primer 

optimization. in this study it mis also apparent that sorne of the loci w m  more 

successful than othen, yet optimùation of the p r i m a  mis aot an opbon due to murces 

available in the lab. The seal researchers were able to genotype 82 of the 173 samples 

with &ta for 4-5 loci enabluig them to find a total of 67 unique genotypes. They 

hypothesked tbat the samples th! were aot succasful were either too 014 wasbed by a 

tide which could have removed siougheû off cells or have a diet bias whcre a food item 

was iufluachg the molecular tshniqucs. Although in this midy ail the hecrl samples 

that were used wen collecteâ nah ont possible inhibitor to th successfbl amplification 

of the samples in this study codd have ken food items as hypothcsizled abc. 

Cornparison of thc alleks foimd in tbis shdy end tbose in publisheâ snidies is 

oaiy performed witb d o n  kair9e dl tbe qnntaî wolf ~llt*~~~~a?cllite snidics uscd 7- 



Pr end laûeled pimen and Ml3 sequencc as a marker which allom exact sizing of the 

poduct &wn to a single base. Howwcr, somc vmy close matches wm obscrved. in 

Forks a d  Boyd's (19%) midy of the gtattic stnicnitc of wolf populations in the R o c 6  

MounEUns, the nportcd aileies wcm all withia 6 bases of the same kngtb. For example, 

the greatcst numkr of ailela was at locus 377 when thy report 9 ailelcs with leagths of 

146, 148, 156, 158. 160, 162. 164. 166, and 172 bp. in this sndy locus 377 also had the 

greatest diversity of alleles with the CCWR wolves having !en@ of 149 and 153 and 

the wolves in Quebec with 145, 15 1, 155, 159 and 161. Reponcd alleles for locus 109 at 

143, 145. 147, 149, 151, 153 and 155 also rnatched aikles found in this shidy mth 

Iengths of 142,146 ad 150. Tbc o h r  loci t h  wen used in both studits, 250,123 aud 

204 were also overlapping or at most were 6 bases apmrt. While very small sample sizes 

fiom this project prevents any M e r  analysis between the two studies the similarities 

between the ma strongly suggest that the alleles scotd with silver staining wen 

accurate. 

The sixth objective of contirming the suspecteci pack pedigree (nom obsenlition 

of matings and lactating fernales) of the CCWR wolves was ody possible in a limitcd 

manor due to the incomplete genotyping for many of the indivïduals at many of the loci. 

Even if al1 the individuais had k c n  genosypad with the primers that werc use4 

additional loci may bave also ban requircci, as two of the loci that did work wen 

homozygous in JI individuais sami nie genotypts that were obtaiaed do al1 metch 

suspecteci pdigces (see Appendix 1)- For example, the alpha wolvcr for most of the 

shrdy pcriod w e n  PIwaee ad Galm. Thcn offspcing, M o r p k ,  Den1 Cbild ad 



Ulysses each had one or both of their parent's alleles. M e n  is also suspected to k an 

offspnng of P a m m  and shares one or both alleles wïth her. Tes, also an offsping of 

P a w ,  shares OIE of her alleles at each of tbe five loci th t  worked. The other wolves, 

Xyla aud Voochco arc litter mates of Galen and Pamœ nspectively and each s h n  at 

least one allele with their siblings. 

In conclusion, amplifiable DNA was n c o v m d  fiom wolf faeces using a 

guanidinimum isothiocyanate and glas milk extraction method. Microsatellite 

genotypes were obtained for many of the CCWR and Quebec tirnber wolves using silver 

staining, a non-radioactive technique which is available to srnail Iabs. Genotypes 

obtained fiom DNA extractad h m  blood and facces wUectal fiom the sarne individuals 

always matched indicating accurate amplification of the DNA from faeces. Both the 

close overlap of alleles of this study and alleles reported in another study and the 

matching of the suspected psdigree of the CCWR pack uith obtaineû genotypes, strongly 

suggest the scoring was accurate. While the identification of unknow scats was never 

anempted, the results shown in this study smgly advocate the refining of this technique 

for use in fùture studies. 
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Appeadu 1. Sus- pedigree of the Canadian Centre for Wolf Research woives fiom 
behaviod obxrvatiom. The sex ofeach wol f is indicated by the submipt letter. 

Year 

1984 

1988 

1989 

1990 

1991 

1992 

1993 

1995 

Kluane, Milford., 

Voochco, Fingal, Pawnee, 

Noah, Tess, 

Morgaine, 




