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Abstract We evaluated PCR primer sets to determine the

most effective technique for identifying sex of northern

ungulates. We sought markers that required only a single

pair of primers to amplify both X- and Y-linked alleles;

that amplified X- and Y-linked products that were easily

distinguishable using agarose gel electrophoresis; and that

produced short amplicons amenable to amplification using

DNA of poor quality and low quantity, as is often found in

non-invasively collected samples such as feces. Primer

pairs KY1/KY2 and SE47/SE48, which amplify X- and

Y-specific alleles of the amelogenin gene, met our criteria

and were tested for moose (Alces alces), mountain goat

(Oreamnos americanus), Sitka black-tailed deer (Odocoi-

leus hemionus sitkensis), and caribou (Rangifer tarandus).

KY primers amplified shorter PCR products than did SE

primers; moreover, SE primers inconsistently amplified

certain Y-chromosome products, creating potential for

misidentification of sex. DNA fragments amplified using

KY primers were sequenced for each species, allowing us

to characterize a 45-bp deletion for Y-linked alleles

(136-bp product) relative to X-linked alleles (181-bp

product) in all species and a 9-bp deletion in the X-linked

allele of moose relative to other species. This is the first

sex-determination technique using PCR reported for sev-

eral ungulate species of Alaska. Although other protocols

exist for cervids and bovids, this is the first report of

markers meeting the aforementioned criteria for Odocoi-

leus, the most abundant and intensively managed genus of

large mammals in North America.
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Introduction

Development of techniques that utilize DNA collected

through non-invasive sampling has continued to increase in

popularity and create new opportunities in conservation

genetics. Fecal collections are becoming particularly

attractive because of the ease of collection, potential for

obtaining larger sample sizes, and minimal disturbance to

the focal species. However, these new possibilities also

present new challenges. Feces may yield both low quality

and quantity of DNA (Ball et al. 2007; Waits and Paetkau

2005). Problems associated with fecal DNA include con-

tamination by microorganisms or digested food items,

sensitivity to seasonal weather, high PCR-inhibitor to DNA

ratios, and relatively high amplification and genotyping

errors (Buchan et al. 2005; Maudet et al. 2004; Murphy

et al. 2003; Sefc et al. 2003). Despite these obstacles, PCR-

based techniques useful for identifying sex using low-yield

DNA extracted from feces or hair have been developed.

Sex determination involves identifying X- and Y-chro-

mosome-specific DNA sequences. Common strategies for

determining the presence of X and Y chromosomes include

(A) using two set of primers, one for the X-linked and one

for the Y-linked sequence (e.g., centromeric alphoid repeat;

Neeser and Liechti-Gallati 1995), (B) using a single primer

pair to amplify X and Y homologues identical in length,

followed by differentiation via RFLP (e.g., Zfx/Zfy;

Reynolds and Varlaro 1996), (C) using a single primer pair

to amplify X and Y homologues that differ in length (e.g.,

amelogenin; Sullivan et al. 1993; Zfx/Zfy; Shaw et al. 2003)

and (D) amplification of a Y-chromosome-specific marker
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(e.g., Sry; Palsbøll et al. 1992) in addition to a second

marker acting as a positive PCR control. Strategy (C) offers

the best potential for determining sex from poor-quality

samples due to its simplicity. Other desirable characteristics

in a marker would be a relatively large length difference

between X- and Y-chromosome fragments to ensure accu-

rate identification, and amplification in multiple species.

A marker chosen for sex determination from non-inva-

sively collected samples must meet size constraints

imposed by degraded DNA templates. Shaw et al. (2003)

identified sex of white-tailed deer (Odocoileus virginianus)

and moose (Alces alces) using length differences in Zfx and

Zfy alleles but lengths for both the X- and Y-linked frag-

ments were[800 bp, which in our experience are often too

large to be consistently amplified from degraded DNA

extracted from feces. Ball et al. (2007), however, modified

the primer pair of Shaw et al. (2003) to create X- and

Y-linked fragments of 220 and 200 bp, respectively, in

caribou (Rangifer tarandus). Lindsay and Belant (2007)

described a technique for identifying sex of white-tailed

deer based on a length difference between Zfx and Zfy,

which showed promise for determining sex from non-

invasive samples of cervids because the lengths of their

PCR products were short (236 and 417 bp for X- and

Y-linked alleles, respectively) relative to the method of

Shaw et al. (2003). While amplification of a 236-bp PCR

product is a reasonable task when using low-quality and

quantity DNA from feces, amplification of longer ([300)

fragments is problematic because of high amplification

failure and allelic dropout (Buchan et al. 2005; Sefc et al.

2003). Indeed, Lindsay and Belant (2007) advised that

researchers should be ‘‘wary of mis-identifying male sam-

ples as coming from female individuals’’ when using DNA

prone to degradation because of amplification failure of the

Y allele.

Markers within the amelogenin locus have shown great

promise for sex determination in bovids and cervids

because they yield short amplicons that exhibit relatively

large length differences between X- and Y-chromosome

fragments (Ennis and Gallagher 1994; Pfeiffer and Brenig

2005; Yamauchi et al. 2000). One primer set, SE47/SE48

(Ennis and Gallagher 1994), has been shown to work in a

number of species within the tribe Bovini (Weikard et al.

2006). No amelogenin sex-determination marker has been

tested in cervids with the exception of the genus Cervus

(Pfeiffer and Brenig 2005; Yamauchi et al. 2000).

Our objective was to determine the suitability of ame-

logenin-based PCR assays for determining sex in a suite of

ungulates of Alaska: Sitka black-tailed deer (O. hemionus

sitkensis), mountain goat (Oreamnos americanus), moose

and caribou. To be suitable for our purposes, the markers

must be applicable to low-quality DNA templates. Con-

sidering that the genus Odocoileus represents the most

intensively managed and abundant large mammal species in

North America (Demarais and Krausman 2000), successful

development of this technique will provide an important

tool for monitoring ungulate populations on a continent-

wide scale, particularly in regions where obtaining suffi-

cient sample sizes through direct observation is difficult.

Materials and methods

We analyzed muscle tissue and whole blood samples from

known-sex ungulates captured or harvested in Alaska. We

place muscle tissue samples in individually labeled 2-ml

tubes and tubes were froze until analysis. We collected

blood samples in evacuated tubes containing EDTA and

were frozen upon arrival at the laboratory. We used three

males and three females of each species to test markers.

DNA extraction and PCR amplification

We extracted DNA from muscle tissue with Qiagen DNeasy

Tissue Kits (Qiagen Inc., Valencia, CA) according to man-

ufacturer’s protocols. DNA was amplified via PCR using

the following primers: KY1 (50-GCCCAGCAGCCCTTC

CAG-30) and KY2 (50-TGGCCAAGCTTCCAGAGG

CA-30), and SE47 (50-CAGCCAAACCTCCCTCTGC-30)
and SE48 (50-CCCGCTTGGTCTTGTCTGTTGC-30). PCR

reactions were conducted in a reaction volume of 30-ll

containing 3 ll DNA template (*100–150 ng), 10 ll of

29 Qiagen Multiplex Master Mix, 1.5 ll 20 mM forward

primer (KY1 or SE47), 1.5 ll 20 mM reverse primer (KY2

or SE48), 3 ll 5% DMSO, and sterile H2O to reach reaction

volume. The thermal profile began with an initial 15-min

94�C denaturing step, followed by 25 cycles of 94�C

(1 min), 60�C (30 s) and 72�C (1 min) followed by a 5-min

elongation step at 72�C. Reactions were stored at 4�C prior to

electrophoresis. PCR products were run in 2.5% SeaKem�

LE Agarose (Lonza, Basel, Switzerland) gel stained with

GelGreen
TM

(Biotium, Inc., Hayward, CA).

DNA sequencing

Individual agarose gel bands were excised with a sterile

scalpel blade. PCR products were extracted from agarose

slices using GenCatch
TM

Gel Extraction Kit (Epoch Bio-

labs, Inc., Sugar Land, TX) per the manufacturer’s

instructions and then used as templates for sequencing

reactions. PCR products from gel slices were purified by

precipitation in 20% polyethylene glycol/0.01 M NaCl

(PEG precipitation; Barnes 1992). Sequencing reactions

were run for each product in 11 ll volumes using 2 ll Big

Dye� Terminator Ready Reaction mix, 1 ll 59 Big Dye

Sequencing Buffer, 1 ll primer (39), 3–10 ng template,
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and sterile H2O to reach reaction volume. Sequencing

reactions underwent 25 cycles of 96�C (10 s), 50�C (7 s),

and 60�C (4 min). Excess primers and nucleotides were

removed with Sephadex
TM

columns, dried using a vacuum

centrifuge for 25–30 min, resuspended in 15 ll of form-

amide, denatured for 3 min at 94�C, rapid cooled on ice for

5–10 min, and electrophoresed on a Prism� 3100 Genetic

Analyzer (ABI, Foster City, CA).

Results and discussion

All replicate samples for each species had similar banding

patterns. Using the KY1/KY2 primer set, females

consistently showed a single band and males consistently

showed a double band (Fig. 1). Using the SE47 and SE48

primer set, a single female band amplified consistently, but

the male-specific band either failed to amplify or was not

easily distinguished for caribou (Fig. 1). Using the KY1/

KY2 primers, both sexes showed a band representing the

X-linked product 219 bp (nucleotide sequence ? primers)

in length (210 bp in moose) and males showed an addi-

tional, shorter band 174 bp (nucleotide sequence ?

primers) in length representing the Y-linked allele. The

SE47/SE48 products were approximately 50 bp longer.

Because KY1/KY2 products amplified more consistently

via PCR than SE47/SE48 products and the shorter fragment

length better fit our objective of determining sex from

Fig. 1 Amplification of the

X- and Y- linked alleles on the

amelogenin gene of moose

(Alces alces), Sitka black-tailed

deer (Odocoileus hemionus
sitkensis), mountain goat

(Oreamnos americanus), and

caribou (Rangifer tarandus)

using KY1/2 and SE47/48

primer sets
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low-yield DNA, we only sequenced bands amplified using

KY1/KY2. Nucleotide sequences of PCR products for

caribou, mountain goat, and Sitka black-tailed deer were

the same length, with 181 bp for the X-linked allele

(172 bp for moose) and 136 bp for the Y-linked allele; the

difference in length was accounted for by a 45-bp indel

(Table 1). The indel was composed of a repeat motif of

TGCAGCCCY that occurs five times in the X-allele in

mountain goat, caribou and deer and occurs four times in

moose, which explains the 9-bp difference in length of the

moose X-allele. Occasionally for mountain goats, a faint

third band amplified at roughly 350 bp; however, amplifi-

cation was weak and inconsistent relative to the X- and

Y-linked bands (Fig. 1). We are unaware of the origin of

the extraneous product.

Using KY1/KY2 primers, a third band was faintly pres-

ent for male moose (Fig. 1). The additional band was

sequenced and was determined to be a PCR-generated

artifact consisting of the amplicon terminated by a primer

tandem repeat (Cooper and Baptist 1991; Wang et al. 1997).

That artifact was approximately 11 bp longer than the

actual Y band and consisted of a repeat of a portion of the

reverse primer sequence. Because of the large length dif-

ference between the moose X and Y bands relative to the

length difference between the two Y-linked bands, the

artifact should not cause problems during sex identification.

The adjuvant DMSO played an important role during

amplification of DNA from tissue and blood samples,

likely due to the relatively high GC content (*72%) of our

target sequences (Pomp and Medrano 1991). When DMSO

was not included with the KY primer set, the X-linked

allele failed to amplify for Sitka black-tailed deer and a

3rd-band artifact was amplified for males of all species at

*250 bp. When DMSO was not included with the SE

primer set, the X-linked allele failed to amplify for Sitka

black-tailed deer and often failed or amplified poorly for

mountain goat.

Our method provides a tool for identifying sex of un-

gulates in Alaska that amplifies DNA fragments short in

length on both the X and Y chromosomes with a single pair

of primers. Furthermore, a distinct length difference in X

and Y alleles allows simple and efficient differentiation of

sexes using low-yield DNA sources through agarose gel

electrophoresis. Moreover, this marker could be used in a

Table 1 DNA sequence

comparison of the X and Y

amelogenin fragments of Alaska

ungulates using KY1 and KY2

primers: moose (Alces alces),
Sitka black-tailed deer

(Odocoileus hemionus
sitkensis), mountain goat

(Oreamnos americanus), and

caribou (Rangifer tarandus)

Dots indicate identity with the

nucleotide at the top of the

column. A dash indicates a

deleted nucleotide. These

sequences have been deposited

in GenBank under accession

numbers FJ434490 (Odocoileus
X), FJ434491 (Odocoileus Y),

FJ434492 (Oreamnos X),

FJ434493 (Oreamnos Y),

FJ434494 (Rangifer X),

FJ434495 (Rangifer Y),

FJ434496 (Alces X), FJ434497

(Alces Y)

10         20         30         40         50             
              ....|....| ....|....| ....|....| ....|....| ....|....| 
Odocoileus X  CCCCAGTCCA TCCAGCCGCA GCCTCACCAG CCCCTGCAGC CCCTGCAGCC  
Odocoileus Y  G.....C... .......A.. .........A .......... ..--------  
Oreamnos X    .......... .......... .......... .......... ..........  
Oreamnos Y    ......C... .......A.. .........A .......... ..--------  
Rangifer X    .......... .......... .......... .......... ..........  
Rangifer Y    G.....C... .......A.. .........A .......... ..--------  
Alces X       .......... .......... .......... .......... ..........  
Alces Y       G.....C..T .......A.. .........A .......... ..--------  

                       60         70         80         90        100            
              ....|....| ....|....| ....|....| ....|....| ....|....| 
Odocoileus X  CCTGCAGCCC TTGCAGCCCC TGCAGCCCCT GCAGCCCCAG CCGCCCGTGC  
Odocoileus Y  ---------- ---------- ---------- -------... T.A..T....  
Oreamnos X    .......... .........T .......... .......... ..A..T....  
Oreamnos Y    ---------- ---------- ---------- -------... ..A.......  
Rangifer X    .......... .......... .......... .......... ..........  
Rangifer Y    ---------- ---------- ---------- -------... T.A..T....  
Alces X       .......... C......... .........- -------... ..A.......  
Alces Y       ---------- ---------- ---------- -------... T.A..T..A.  

                      110        120        130        140        150        
              ....|....| ....|....| ....|....| ....|....| ....|....| 
Odocoileus X  ACCCCATCCA GCCCTTGCCG CCGCAGCCAC CTCTGCCTCC GATATTCCCC  
Odocoileus Y  .......... .........A ..A....... .......... A.........  
Oreamnos X    .......... .......... ..A....... .......... ..........  
Oreamnos Y    .......... ..G.....TA ..A....... ........T. A.........  
Rangifer X    .......... .......... .......... .......... ..........  
Rangifer Y    .......... .........A ..A....... .......... A.........  
Alces X       .......... .......... .......... .......... ..........  
Alces Y       .......... .........A ..A....... .......... A.........  

                      160        170        180    
              ....|....| ....|....| ....|....| .
Odocoileus X  ATGCAGCCTT TGCCCCCCAT GCTTCCTGAC C 
Odocoileus Y  .....AA..C .......TG. .......... T 
Oreamnos X    .........C .......... .......... . 
Oreamnos Y    .....A...C .......TG. .......... . 
Rangifer X    .......... .......... .......... . 
Rangifer Y    .....A...C .......TG. .......... T 
Alces X       .......... .......... .......... . 
Alces Y       .....A...C .......TG. .......... T 
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microsatellite multiplex system. Successful application of

the protocol will provide the first opportunity for estimat-

ing sex ratios of Sitka black-tailed deer populations, the

most important subsistence and sport hunting species in

southeast Alaska (Brinkman et al. 2007; Mazza 2003).

Although details were not included herein, we have con-

firmed that this technique performs successfully using

DNA extracted from feces of Sitka black-tailed deer.

Moreover, the fecal pellets used for the analysis were

collected from the ground under natural conditions and

were known to be from 1 to 14 days old as opposed to

being collected from the rectum (cf. Yamauchi et al. 2000).

If the protocol extends to other members of Odocoileus, as

we expect it will, wildlife agencies throughout North

America will have a new and efficient research tool for

determining sex. Considering that DNA sequences of

amplified products from Alaska ungulates were nearly

identical to those of sika deer (C. nippon; Yamauchi et al.

2000) global application to ungulate species may yield

similar results.
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