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The procedure of noninvasive individual identifi�
cation of tigers by molecular�genetic methods was
developed within the framework of the Program of the
Amur Tiger Research in the Russian Far East. Using
this procedure, the number, sex, and relationships in a
group of tigers in Ussuri Nature Reserve, Far East
Branch, Russian Academy of Sciences was defined.
The comparison of the results of isolation, amplifica�
tion, and analysis of nuclear DNA fragments from dif�
ferent samples (blood, hair, and feces) showed their
significant similarity in the microsatellite fragment
lengths. This indicates the possibility to use feces and
hair collected in the Amur tiger habitats for noninva�
sive individual identification of these animals.

The range of the Amur tiger (P. tigris altaica) is the
most northern and most geographically remote from
the ranges of other mainland tiger subspecies. As a
result, it has been isolated for a long time [1]. The
long�term isolation and catastrophic drop in abun�
dance under the influence of anthropogenic factors
are believed to be the causes of a very low genetic
diversity of the modern Amur tiger population. The
analysis of variable fragments of mitochondrial and
microsatellite DNA revealed their lowest variability
among all tiger subspecies [2, 3].

At such a low genetic diversity and abundance of
the Amur tiger, it is important to determine the possi�
bility of using molecular�genetic methods for nonin�
vasive individual indentification of these predators in

nature. Feces, urine, and hair are successfully used in
molecular�genetic studies on wild animals [4–6]. The
presence in feces of predatory mammals of both their
own DNA and the DNA of their prey determines the
specifics of molecular�genetic analysis. To determine
the DNA of a test animals, only the colorectal epithe�
lial mucus is used, which is collected from the surface
of feces [7].

To develop the procedures for noninvasive individ�
ual identification of the Amur tiger in the Far East of
Russia, samples of blood, hair, and feces of animals
were collected. The material for analysis was collected
in the Zoological Center of the Institute of Biology
and Soil Sciences, Far East Branch of the Russian
Academy of Sciences (Gaivoron village, Spassk raion,
Primorskii krai); in the Sysoev Priamurskii Zoo (Kha�
barovsk krai); and in the Komarov Ussuri Nature
Reserve, Far East Branch of the Russian Academy of
Sciences. Blood and feces were conserved in 96% eth�
anol. Blood samples were collected in tubes contain�
ing K3EDTA. DNA was isolated from feces using the
QIAamp DNA Stool Mini Kit (Qiagen, United
States); from blood and hair, using the QIAamp
DNA Mini Kit (Qiagen, United States). The species
and sex were determined by the polymerase chain
reaction (PCR) with two pairs of primers—ZFX�PF
(5'�TACCGAGCGATATAGCTCCAG�3') and ZFX�PR
(5'�GTGTTCCTACGTTAAGCTATTG�3') for the
X chromosome and DBY7�PF (5'�CTCATGAAGC�
CCTATTTTTGGTTG�3') and DBY7�PR (5'�ACG�
GCGTCCGTATCTTCCA�3') for the Y chromosome
with subsequent visualization in 3% agarose gel [8]. To
perform species identification in an ABI 3130 auto�
matic genetic analyzer using the Big Dye kit (Applied
Biosystems, United States), the nucleotide sequence
of a fragment of one sex chromosome was determined.
Individual identification of animals was performed
using six most informative microsatellite loci with flu�
orescently labeled primers (D10, Fca43, Fca304,
E21B, 3e6f, and e7) [9, 10]. The lengths of microsat�
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ellite fragments were determined in an ABI 3130 auto�
matic genetic analyzer using the Liz 500 standard and
the GeneMapper 4.0 software (Applied Biosystems,
United States). To increase data significance,
PCR with DNA from feces was performed at least
four times.

As a result, we obtained sets of lengths of six micro�
satellite loci of three Amur tigers from the Zoological
Center (samples tn, tal, and tk), two tigers from the
Sysoev Priamurskii Zoo (samples ta and tb), and one
tiger from the Ussuri Nature Reserve (sample t002)
(Table 1).

It was found that the use of sets of lengths of
obtained microsatellite loci makes it possible to dis�
criminate between close relatives (samples tal, ta, tn,
and tk) (Table 2).

To select the storage procedure, we performed
analysis of samples collected at different time intervals
after defecation. Before being conserved in ethanol,
the samples were kept under natural weather condi�
tions at an ambient air temperature of approximately
20°C. Analysis of samples obtained from the same ani�
mal that were stored for different time before conser�
vation (tk, 30 min after collecting and tk2, 4 days after
collecting) showed that feces collected within 3 or
4 days after defecation are still suitable for genotyping.
However, in this case, the risk of loss of information
from certain microsatellite loci and sex chromosomes
significantly increases. For example, for this reason we
failed to obtain data for any microsatellite locus for
seven samples collected in the Ussuri Nature Reserve
(Table 3). For the remaining 28 samples, partial infor�
mation was obtained (for two to five loci), which in

most cases was suitable for animal identification
(Table 3).

The comparison of the results of genotyping of
different samples (blood, hair, and feces) and the
results of several PCR analyses of the same DNA
(Tables 2–4) showed their considerable similarity.

Thus, the developed method makes it possible to
perform noninvasive individual identification of Amur
tigers on the basis of feces left by them in natural con�
ditions.

As a result of genotyping of 35 samples of feces of
the Amur tiger, collected on the territory of the Ussuri
Nature Reserve during field research, we determined
the number and sex of the animals that use this terri�
tory all year round. These were an adult female tiger,
which was caught and tagged with a GPS Argos trans�
mitter collar, and its three offspring, which carried one
maternal allele in each microsatellite locus. In addi�
tion, we managed to genotype a male tiger, possibly
the father of these three cubs, which was seen in the
reserve in the period from the spring of 2008 to the
spring of 2009. We also identified one (possibly two)
tiger(s) that was not in kinship relationships with the
above�mentioned animals. In total, as a result of
molecular�genetic analysis of Amur tiger feces, we
have identified six or seven animals on the territory of
the reserve.

Thus, the results of this study demonstrate the
principal possibility of using molecular�genetic analy�
sis methods for noninvasive individual identification
of the Amur tiger by feces left by them. However,
because of a very small amount of nuclear DNA

Table 1. Characteristics of animals and samples used in molecular�genetic analysis

Tiger name Origin
Coded

notation
of animal

Sex
Analyzed sam�
ple type (coded

notation)

Sample collec�
tion date

Nyurka Zoological Center of the Institute
of Biology and Soil Sciences, Russian 
Academy of Sciences, Far East Branch

tn f Blood (b)
Hair (h)
Excrements (e)

Apr. 29, 2008, 
Nov. 5, 2008

Kucher Zoological Center of the Institute
of Biology and Soil Sciences, Russian 
Academy of Sciences, Far East Branch

tk, tk (30 
min),

tk (4 days)

m Blood (b)
Hair (h)
Excrements (e)

Apr. 29, 2008, 
Nov. 5, 2008

Almaz (the son of 
Kucher and Nyurka)

Zoological Center of the Institute
of Biology and Soil Sciences, Russian 
Academy of Sciences, Far East Branch

tal m Blood (b)
Hair (h)
Excrements (e)

 Apr. 29, 2008, 
Nov. 4, 2008

Araliya (the daughter
of Kucher and Nyurka)

Sysoev Priamurskii Zoo (Khabarovsk 
krai)

ta f Blood (b)  Aug. 26, 2008

Volya Sysoev Priamurskii Zoo (Khabarovsk 
krai) (caught in nature near Ino�
kent’evka village, Khabarovsk krai)

tb f Blood (b)
Hair (h)

 Aug. 26, 2008

Ser’ga Ussuri Nature Reserve (Russian Acad�
emy of Sciences, Far East Branch)

t002 f Blood (b)
Hair (h)
Excrements (e)

 Nov. 1, 2008
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obtained from feces, the processes of DNA isolation
and its analysis by PCR become largely stochastic and
may sometimes give erroneous results. To minimize
such errors, it is necessary to perform experiments in
several replicates. DNA preservation in collected sam�
ples is also of great importance. It is difficult to make
an unambiguous conclusion on the suitability of vari�
ous samples for analysis; however, it is advisable to use
feces left no longer than two or three days ago. In addi�

tion, our data testify to the unique possibility to use
molecular�genetic methods for determination of
paternity and kinship relationships in natural groups
of Amur tigers. The obtained data will be entered into
the general genetic database for the Amur tigers based
on noninvasive method of material collection in dif�
ferent areas.

In addition to solving ecological problems, the use
of these methods of analysis makes it possible to solve

Table 2. Allele length (bp) of microsatellite loci for different types of samples (b, blood; h, hair; and e, excrements) ob�
tained from the tigers from the Zoological Center of the Institute of Biology and Soil Sciences (Far East Branch, Russian
Academy of Sciences), Sysoev Priamurskii Zoo (Khabarovsk krai), and the Ussuri Nature Reserve (Far East Branch, Rus�
sian Academy of Sciences) in April 2008–May 2009

Sample

Locus, primer, dye

1, e7, tamra (yellow) 2, fca 304, rox (red) 3, fca 43, fam (blue)

b h e b h e b h e

tn 152/152 152/152 152/152 136/136 136/136 136/136 123/127 123/127 123/127

tn (repeated) – – 141/153 – – 136/136 – – 123/127

tal 152/156 152/156 153/157 136/136 136/136 136/136 127/127 127/127 127/127

tal (repeated) 152/156 * 152/156 136/136 * 136/136 * – 127/127

tk 152/156 152/156 152/156 134/136 * * 123/127 123/127 123/127

tk (repeated) 152/156 * 152/156 134/136 – 134/136 123/127 123/127

tk (30 min) – – 152/156 – – 134/134 – – 123/127

tk2 (4 days) – – 156/156 – – * – – 123/127

t002 152/152 152/152 152/152 128/136 128/136 128/136 119/123 119/123 119/123

tb 152/152 152/152 – 128/136 128/136 – 123/123 123/123 –

ta 152/156 – – 136/136 – – 123/123 – –

Sample

Locus, primer, dye

4, 3e6f, r6g (green) 5, e21b, r6g (green) 6, d10, tamra (yellow)

b h e b h e b h e

tn 153/153 153/153 153/153 160/160 160/160 160/160 149/151 149/151 149/151

tn (repeated) – – * – – 160/160 – – *

tal 153/153 153/153 153/153 160/160 – – 151/151 151/151 151/151

tal (repeated) * – 153/153 – – 160/160 151/151 – 151/151

tk 153/156 153/156 153/156 160/160 160/160 160/160 149/151 149/151 149/151

tk (repeated) 153/156 – * 160/160 – 160/160 149/151 – 149/151

tk (30 min) – – * – – 160/160 – – *

tk2 (4 days) – – * – – 160/160 – – *

t002 153/156 153/156 153/156 160/164 160/164 160/164 149/149 149/149 149/149

tb 153/156 * – 162/162 162/162 – 149/149 149/149 –

ta 153/153 – – 160/160 – – 149/149 – –

Note: Here and in Tables 3 and 4, asterisks mark the samples data for which were not obtained because of DNA degradation. Dash, not deter�
mined.
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Table 3. Allele length (bp) of microsatellite loci 1, 2, 3, 4, 5, and 6 (pooled data of several PCR procedures) for the tigers
from the Ussuri Nature Reserve (Far East Branch, Russian Academy of Sciences) obtained by analysis of feces

Sample no.
Microsatellite loci Sex chro�

mosomes Sex
1 2 3 4 5 6

4w 152/152 134/134 119/127 * 160/160 149/151 * *

Pt1 152/152 * 123/127 * * * 150/200 m

Pt4 152/152 134/134 123/127 * 160/160 149/149 * *

E004z 152/152 134/134 123/127 153/156 * 149/149 150/200 m

E057z 152/152 * 127/127 * * * *

E016z 152/152 * 123/127 * * * 150/200 m

E043l 152/152 134/134 * 153/156 * 149/149 150/200 m

E019n 152/152 134/134 123/127 153/156 160/160 * 150/200 m

T002 152/152 128/136 119/123 153/156 160/164 149/149 200/200 f

E008n 152/152 134/136 123/127 * 160/160 * 150/200 m

E009n 152/152 134/136 119/123 153/153 160/160 149/149 200/200 f

E011z 152/152 134/136 119/123 * 160/160 * 200/200 f

E021n 152/152 128/136 119/123 * 160/164 149/149 200/200 f

Teo4n 152/152 * 123/123 * * * 150/200 m

R003, E011n * * * * * * 200/200 f

E001h, t045l * * * * * * * *

E002n, E009z * * * * * * 150/0 m

E005h * * * * * * 150/200 m

E004z 152/152 134/134 123/127 153/156 * 149/149 150/200 m

E0157z 152/152 * 123/127 * * * 150/200 m

E016z 152/152 * 123/127 * * * 150/200 m

E043l 152/152 134/134 123/127 153/156 * 149/149 150/200 m

E001z * * 127/127 153/156 * * 150/200 m

T038n 152/152 128/128 127/127 * – 151/151 150/200 m

E32l * * 127/127 * * * 150/200 m

E032n 152/152 128/128 127/127 153/153 160/164 151/151 150/200 m

E005z * 134/136 123/127 * 160/164 * * *

E071l 152/152 128/134 119/123 * * 149/149 150/200 m

E017n * 128/134 127/127 * * * 200/200 f

E010z 152/152 128/134 123/123 153/156 * 149/149 150/200 m

E014z * 134/134 * * 160/160 149/149 150/200 f

T012n 152/152 128/136 * 153/156 160/164 149/149 150/200 f

Table 4. Sex determined for five studied tigers for different types of samples

Animal coded
notation Sex

Sample Animal sex determined 
by molecular�genetic 

analysisblood hair excrements

tn f 200 200 200 f

t002 f 200 200 200 f

tal m 150/200 150/200 150/200 m

tb f 200 200 – f

tk m 150/200 150/200 150/200 m
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forensic and nature�conservation problems regarding
the tiger, a species listed in the Red Data Book of the
Russian Federation. In particular, we performed such
analysis on the basis a request from the Ministry of
Internal Affairs of the Russian Federation for species
identification of samples collected as evidence as well
to confirm that different samples belonged to the same
animals. 
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