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Introduction

Sex determination is critical to the study of population 
health, sex-specific dispersal, life history, and behavior pat-
terns in pinnipeds. However, pinniped sex determination 
can be difficult. Several pinniped species do not demon-
strate clear sexual dimorphism, making visual field identifi-
cation of sex nearly impossible (Shaw et al. 2003). Physical 
exam is not always straight-forward as male phocid pinni-
peds have internal genitalia with the penile opening located 
behind the umbilical scar (Curtis et al. 2007).

Gel-based molecular sexing methods can be expensive, 
time-consuming, insensitive, and involve hazardous dyes. 
Previous pinniped sexing assays have employed large PCR 
fragments which may not amplify from degraded DNA and 
take hours to electrophorese on an agarose gel (Shaw et al. 
2003; Curtis et al. 2007; Sanvito et al. 2014). Others have 
used only one amplicon (SRY; Reed et al. 1997) to amplify 
males only, however, interpretation is difficult as absence of 
a PCR product band on the gel does not necessarily mean 
the sample is from a female, as it could result from a failed 
amplification of a male sample. Matejusova et  al. (2013) 
employed two TaqMan (5′ exonuclease fluorescence) qPCR 
assays for ZFX/ZFY and SRY genes for gray and harbor 
seals; the secondary assay is a male specific assay (SRY 
only) to control for misinterpretation of a failed male and 
female sample amplification.

Chang et al. (2008) developed a high-throughput qPCR 
method using a high resolution melt (HRM) assay with 
melting-curve analysis (MCA) to amplify and distinguish 
the Tm (melting temperatures) of two sex specific products 
for birds. Although not widely tested, it proved successful 
for two bird species. The real-time HRM method measures 
and plots changes in double-stranded DNA-specific fluores-
cence with temperature as PCR products of different sizes 
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become denatured at different temperatures. The resulting 
HRM plots show a single melt-curve peak for females, and 
two peaks for males. Following from this, we adapted the 
protocol for pinnipeds by designing primers based on align-
ment of a broad range of pinnipeds species. The assay was 
validated using 15 pinniped species totaling 122 animals 
of known sex. The use of real-time fluorescence methods 
allows for higher safety, sensitivity, efficiency and lower 
cost.

Methods

Samples and species were selected based on their availabil-
ity in the SWFSC’s MMASTR Collection (National Marine 
Mammal and Sea Turtle Research Collection) and the cri-
teria of being positively identified as male or female based 
on field ID from tagging events or collection of reproduc-
tive organs from dissections (Table  1). Tissues (skin or 
muscle of varying quality) were preserved frozen at −20°, 
in a 20% salt-saturated DMSO solution or in 100% ETOH. 

Genomic DNA was extracted using sodium chloride pre-
cipitation (Miller et al. 1988) or a silica-membrane method 
(Qiaxtractor® DX reagents, Qiagen, Valencia, CA, USA).

A single multiplex qPCR assay was developed to take 
advantage of the melting curve or dissociation curve anal-
ysis immediately following PCR. Two primer sets were 
used, SRY53-3c/ SRY53-3d (Fain and Lemay 1995) and 
PinZFXY_F/PinZFXY_R (SWFSC; Table 2). PinZFXY_F/
PinZFXY_R primers were designed by aligning previously 
published ZFX/ZFY sequences from six seal species, one 
sea lion and one bear (Table  3). Amplicon sizes are 224 
and 168 bp for SRY and ZFXY, respectively, allowing for 
good separation to easily distinguish the melting tempera-
ture peaks in the dissociation curve analysis. The qPCR 
was performed on a Stratagene MX3000p (La Jolla, CA, 
USA) using EvaGreen™ fluorescence dye (PN31000, Bio-
tium, Hayward, CA) in a 25 µl reaction with a final concen-
tration of 1× Bioline NH4 buffer (Bioline USA Inc., Taun-
ton, MA, USA), 6.0 mM MgCl2, 250 µM each dNTP, 0.2× 
EvaGreen, 1× ROX reference dye (Invitrogen, PN54881), 
600 nM each primer, 0.05 U/µl of HotStar Taq polymerase 

Table 1   List and number of 
pinniped species tested

Common name Species name No. of males No. of females

Ringed seal Pusa hispida 25 21
Bearded seal Erignathus barbatus 10 24
Spotted seal Phoca largha 2 2
Harbor seal Phoca vitulina 2 2
Ribbon seal Histriophoca fasciata 2 2
Galapagos fur seal Arctocephalus galapagoensis 2 0
Guadalupe fur seal Arctocephalus townsendi 0 1
Antarctic fur seal Arctocephalus gazella 2 2
Weddell seal Leptonychotes weddellii 0 1
Leopard seal Hydrurga leptonyx 2 2
Northern elephant seal Mirounga angustirostris 2 2
Southern elephant seal Mirounga leonina 2 2
Steller sea lion Eumetopias jubatus 2 2
California sea lion Zalophus californianus 2 2
Walrus Odobenus rosmarus 0 2
TOTAL 55 67

Table 2   Primers used for the multiplex qPCR and sequencing

Primer Sequence 5′-3′ Application Amplicon 
size (bp)

Amplicon Tm (°C) References

SRY53-3c CCC​ATG​AAC​GCA​TTC​ATT​GTG​TGG​ qPCR 224 88 (87.7–88.3) Fain and LeMay (1995)
SRY53-3d ATT​TTA​GCC​TTC​CGA​CGA​GGT​CGA​TA Fain and LeMay (1995)
PinZFY_F TGG​TAA​GGT​GTT​CAG​GAT​GG qPCR 168 84 (83.6–84.3) SWFSC
PinZFY_R GGA​ACT​TGG​TTT​GAT​CAC​TCAT SWFSC
SRY476_seal_F1 CCG​CCT​TTG​GAA​GAA​CCT​CT Sequencing 516 SWFSC
SRY991_seal_R1 GTT​GCA​GCAGCSAGT​TGG​CT SWFSC
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(Qiagen), and 10–20 ng of DNA. qPCR cycling conditions 
were: initial incubation for 15 min at 95 °C, followed by 40 
cycles of 95 °C for 30  s, 60 °C annealing temperature for 
30  s and 72 °C for 30  s. The Dissociation curve program 
for HRM is one cycle of 95 °C for 1 min, 55 °C for 30 s and 
a ramp of 0.01 °C/sec to 95 °C (to slow melt the product) 
added to the end of the regular qPCR.

To test for accuracy, each amplification batch included 
the same male and female positive controls as well as 10% 
replication of the unknown sex samples. At least two PCR 
negative controls were included in each batch to control for 
contamination. If a sample failed to amplify, three more 
attempts were made at differing DNA dilutions. In addition, 
all samples were processed using the gel based protocol of 
Fain and LeMay (1995) to check for allelic dropout or sex-
ing identification errors. The Fain and LeMay (1995) assay 
amplifies two products, a 442  bp amplicon from the zinc 
finger gene (ZFX and ZFY) and a 224 bp amplicon from 
the SRY gene. Visualization on the gel of two PCR bands 
indicates a male and a single band at 442 bp is a female.

To further validate the assay, a 450  bp region of the 
SRY locus was sequenced to check for polymorphisms that 
could cause false positives in some females (see below). 
Sequencing primers were designed by aligning 13 seal SRY 
sequences from GenBank that encompassed the Fain and 
Lemay (1995) SRY product (Table 3).

Standard PCR and sequencing methods were used. A 
516 bp region of the SRY locus was amplified using prim-
ers SRY476_seal_F1 and SRY991_seal_R1 (Table  2). 
DNA was amplified using a 25  µl reaction of 1  µl DNA 
(5–20  ng), 1× ThermoPol Reaction Buffer [20  mM 
Tris–HCl, 10 mM (NH4)2SO4, 10 mM KCl, 2 mM MgSO4, 
0.1% Triton®-X-100, pH 8.8; NEB, Ipswich, MA, USA], 
150 µM each dNTP, 300 nM of each primer, and 0.05 U/
µl Taq DNA polymerase. The PCR cycling profile con-
sisted of 94 °C for 2.5  min, followed by 35 cycles of 94 °C 
for 45  s, an annealing temperature of 60 °C for 1  min, 
and 72 °C for 1.5 min, then a final extension of 72 °C for 
5 min. Sequencing of the PCR product in both directions 
was performed with the same primers on an ABI 3130XL 

Table 3   Accession numbers 
for sequences used to design 
conserved DNA primers to 
amplify pinniped ZFX/ZFY and 
SRY loci

Common name Species name Gene Accession

American black bear Ursus americanus ZFX AB261817
California sea lion Zalophus californianus ZFX DQ811094
Crabeater seal Lobodon carcinophaga ZFX DQ811091
Northern elephant seal Mirounga angustirostris ZFX DQ811095
Ross Seal Ommatophoca rossii ZFX DQ811092
Weddell seal Leptonychotes weddellii ZFX DQ811093
Gray seal Halichoerus grypus ZFX JN603636
Harbor seal Phoca vitulina ZFX JN603634
American black bear Ursus americanus ZFY AB261809
California sea lion Zalophus californianus ZFY DQ493905
Crabeater seal Lobodon carcinophaga ZFY DQ493902
Northern elephant seal Mirounga angustirostris ZFY DQ493906
Ross seal Ommatophoca rossii ZFY DQ493903
Weddell seal Leptonychotes weddellii ZFY DQ493904
Gray seal Halichoerus grypus ZFY JN603637
Harbor seal Phoca vitulina ZFY JN603635
Ringed seal Phoca hispida SRY AY424663
Leopard seal Hydrurga leptonyx SRY AY424655
Hooded seal Cystophora cristata SRY AY424658
Gray seal Halichoerus grypus SRY AY424660
Northern elephant seal Mirounga angustirostris SRY AY424656
Harbor seal Phoca vitulina SRY AY424662
Caspian seal Phoca caspica SRY AY424661
Bearded seal Erignathus barbatus SRY AY424665
Spotted seal Phoca largha SRY AY424664
Southern elephant seal Mirounga leonina SRY AY424657
Harp seal Phoca groenlandica SRY AY424659
Hawaiian monk seal Monachus schauinslandi SRY AY424654
Gray seal (partial sequence) Halichoerus grypus SRY Unpublished



216	 Conservation Genet Resour (2018) 10:213–218

1 3

Automated Sequencer (Applied Biosystems Inc., Foster 
City, CA). All sequences were aligned using Sequencher 
v4.8 software (Gene Codes Co, Ann Arbor, MI), resulting 
in 450 bp sequences after trimming primers and poor qual-
ity regions.

Initial sequencing was performed on 9 samples from 4 
species (3 male and 2 female bearded seals, 2 male ringed 
seal, 1 male harp seal and 1 male gray seal). An additional 
15 female bearded seals were used to try to amplify SRY 
product, with 2 of the 7 males used as positive controls.

Results

The melting point temperatures (Tm) of the two amplicons 
demonstrated clear separation with two peaks in the melt 
curve for a male (Tm 84°, 88°) and one peak for a female 
(Tm 84°). Figure  1 shows examples of the Dissociation 
Curve graphs with the Tm peaks for (a) a male, (b) a female 
and (c) a single run of 7 samples and 1 PCR negative con-
trol. Variation in peak height is observed due to variation in 
sample quality and amount of template DNA.

We were able to confirm morphologically identified sex 
of 109 of 122 samples representing 14 of 15 species tested. 
Five (4%) of the 122 samples failed to amplify: 2 bearded 
seals, 1 ringed seal, 1 leopard seal and the single Guada-
lupe fur seal. These failures are likely due to DNA quality 
issues and not a species-specific issue, as the same samples 
also failed the gel based assay. Overall, the qPCR assay was 
observed to be more robust than the gel based assay as 21 
(17.2%) of the samples failed the gel based assay including 
the same 5 samples as above.

Discrepancies in the genetic sexing results vs the field 
observation data were found in 8 (7.3%) of the 109 sam-
ples, involving 6 different species and both types of errors 
(male to female, female to male). The qPCR assay and the 
gel based assay results agreed for all 8 samples, indicating 
either data entry issues, tissue sample mix up, or mis-iden-
tification of sex in the field. No correlation was found in 
the 8 samples to indicate single species differences or more 
errors within a particular sex. We were able to confirm that 
one discrepancy was a data entry error in our database. 
For the remaining seven samples, no reproductive organs 
were observed. Only visual external exams were completed 
to determine sex, leading to the possibility of a mis-iden-
tification of sex in the field, or the presence of previously 
undocumented sex-reversal in pinnipeds.

SRY sequencing was conducted because we observed 
some morphologically identified female samples to have 
a small peak in the SRY position in the melt curve. The 
peak was consistently much smaller than observed in con-
firmed males, but we were concerned that it could be due 
to polymorphism in the SRY sequences that resulted in 

poor amplification in some mis-identified males that could 
lead to incorrect sexing. No polymorphisms or variants 
were found in seven male sequences (3 bearded seals, 2 
ringed seals, 1 harp seal, 1 Gy seal) when compared to the 
published sequences for these species (Table  3), and two 

(a)

(b)

(c)

Fig. 1   The melting point temperatures (Tm) of the two amplicons 
viewed graphically as dissociation curve peaks, two peaks for a male 
(Tm 84°, 88°) and b one peak for a female (Tm 84°). Variation in 
peak height is demonstrated in c with a single qPCR run showing 7 
samples and 1 negative control



217Conservation Genet Resour (2018) 10:213–218	

1 3

female samples that exhibited small SRY melt-curve peaks 
did not amplify the larger SRY product. The additional 
15 morphologically identified females that were tested (8 
showing the small SRY peak and 7 not showing the small 
SRY peak) also did not amplify. The two male controls 
amplified as expected.

Discussion

With the development of this assay, we are able to reduce 
costs and obtain sexing results more quickly and with 
greater sensitivity than with a gel-based assay. We estimate 
the qPCR based assay is roughly 60% of the cost of the gel 
based sexing assay, mostly due to saved laboratory time 
for gel loading and processing. We estimate about 1.5 h/20 
samples in time savings. This includes gel pouring, load-
ing, photographing, and scoring estimated at 2 h per batch 
of 20 samples vs ≤30  min for data processing for the 
qPCR assay. Additionally, samples can be processed in a 
high-throughput (Chang et al. 2008) fashion using a qPCR 
instrument that can accommodate a 96-well plate.

Sex determination was unambiguous for more than 95% 
of the samples we tested. We observed a small melt curve 
peak for the SRY gene for a small portion of the female 
samples, but did not find polymorphism in the SRY gene 
fragment of multiple males (that could reduce or prevent 
fragment amplification in males) or amplification of the 
larger SRY fragment from these females. Some possible 
explanations for the presence of this weak SRY amplifica-
tion include sample contamination, presence of DNA from 
male fetuses or past offspring in females’ blood or tissue 
(Bischoff et  al. 2005), or presence of a SRY paralog in 
the pinniped genome that amplifies weakly with our assay 
primers. We observed unambiguous differences in the 
relative sizes of the SRY peak between these females and 
males, but conservative analysis would require independent 
verification of sex for samples that exhibit low SRY peak 
height.

Because the assay was designed for small fragment 
amplification (168, 224  bp), we experienced greater suc-
cess amplifying low quality samples. Degraded DNA sam-
ples may not amplify the larger fragments, 868–1287  bp, 
required in some protocols (Shaw et al. 2003; Curtis et al. 
2007). This would suggest that the assay may work on 
much lower quality DNA samples extracted from fecal 
material or bone. In a recent application of the assay, we 
were able to determine sex of 73% (47 of 64) of harbor 
seals from DNA extracted from fecal samples (unpublished 
data).

DNA-specific dyes have become increasingly sensitive 
and specific to detecting double-stranded DNA, allowing 
quantitative detection of DNA at orders of magnitude below 

what can be detected visually in stained gels. Although 
fragment analysis using a sequencer has proven successful 
(Fischbach et al. 2008), the process involves multiple steps 
and can be expensive due to use of size standards and capil-
lary reagents. Real-time qPCR-HRM is a combined process 
requiring no additional materials beyond the PCR reaction 
with fluorescent dye, and as such requires less manipula-
tion of samples and is more cost effective.

Although we were not able to test all species of pin-
niped, we expect that the assay will be successful for all 
pinniped species, given the families tested. Accurate sex 
determination of animals is critical to life history and popu-
lation health studies, specifically aiding in sex ratios, dis-
persal patterns, behavioral traits and conservation of endan-
gered species. Use of our assay will help provide critical 
information to studies of the life history and population 
health of pinnipeds.
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