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Benefits of the genetic tools for population 

monitoring 

1. Reliability and reproducibility 

2. Complement traditional methods (camera trapping etc.) 

3. Provides additional information for conservation (Genetic 

diversity, population structure, gene flow, reintroduction 

& geographic assignment of confiscated articles, 

management of captive populations) 



Asian Big Cats  

1. Tiger (Panthera tigris) – Endangered  호랑이 

2. Leopard (Panthera piardus) – Vulnerable (P. p. orientalis – 

Critically endangerd)  표범 

3. Lion (Panthera leo) – Endangered (only l population in wild) 

사자 

4. Snow leopard (Panthera uncia) – Vulnerable  눈표범 

5. Clouded leopard (Neofelis nebulosa) – Vulnerable  구름표범 



Historical distribution of tiger subspecies 
Luo et al 2004 

https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiUq5PswLDWAhUMr48KHWpoCIwQjRwIBw&url=http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0020442&psig=AFQjCNFnxwI4CMgTLUaISqd-Mk7r9AwfbQ&ust=1505884945424968


Panthera pardus leopard 



Panthera leo lion 

Panthera leo persica 
(Gir National Park, 

India) 



Panthera uncia snow leopard 



Neofelis nebulosi clouded leopard 



Microsatellite markers: Ultimate solution to 

Wildlife Managers  

1. Individual identification and population monitoring 

2. Genetic diversity Assessment 

3. Examination of extent of gene flow between populations 

4. Selection of potential candidates for restoring wild 

populations in lost ranges 

5. Inferring source of origin of wildlife seizures to strengthen 

law enforcement 



Challenges in Adopting Microsatellites based 

techniques for the management of Asian Big Cats  

1. Rather complicated technology and high cost 

2. Lack of sufficient genetic labs and expertise  

3. Lack of consensus on the adoption of standardized markers 



 AIWS, SNU, WII, & UNIST have worked in collaboration to 

develop novel microsatellite markers by screening the whole 

genome sequences of tiger, leopard, lion, and snow leopard. 

 Developed microsatellites (n = 32) are uniformly distributed 

in genome and have showed uniformity in variability across 

the Asian Big Cats species (n = 90). 

 Developed microsatellites are optimized in multiplex PCRs to 

achieve simplification of technique and cost effectiveness 

Work accomplished  
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Fluorescently labeled microsatellite primers  

Primer name Primer type Orientation Seq Dye Label Prod size Motif Motif Len 

Pan1_C2_F SSR FORWARD CCTCAAGGTAACAGCAACA 6FAM 173 CA 2 

Pan1_D1_F SSR FORWARD CCTACATCAACATAAACACACC NED 200 TG 2 

Pan1_D2_F SSR FORWARD AAAGGCATGGATACAGTCAG NED 218 AG 2 

Pan10_C2_F SSR FORWARD ACTCCACTTGTCATCATTTGC NED 160 TG 2 

Pan14_C2_F SSR FORWARD GCAAGAACTAAGACTCCAACC VIC 206 CA 2 

Pan15_C2_F SSR FORWARD TTCTGTAGGGTGTGGGTTC PET 198 CAA 3 

Pan16_C2_F SSR FORWARD AAGTCAGGAGAAGATGGATG PET 204 TTG 3 

Pan1A1_F SSR FORWARD CTCCTTATTGTGACCCTGATT PET 243 TC 2 

Pan1A2_F SSR FORWARD GCAGAGGAGGAGAGTATAGATTAG PET 176 AC 2 

Pan1C1_F SSR FORWARD CTTTCTCTCCCTCTTTCTCTCTCT NED 169 ATC 3 

Pan2_D1_F SSR FORWARD TCTTGGTTCCTTCCTCTGT VIC 165 GAAT 4 

Pan2_D2_F SSR FORWARD ACCCACAGACAACCACAC 6FAM 193 TG 2 

Pan2A1_F SSR FORWARD AACCCAGAGCCCAACACA NED 239 TAT 3 

Pan2C1_F SSR FORWARD CTCCCATACCCTCACACA VIC 99 CT 2 



Pan3_C2_F SSR FORWARD ATCTGACCCTTATGAGTATGTGAG 6FAM 116 CT 2 

Pan3_D1_F SSR FORWARD TCTTGTGGTTCGTGATTTG VIC 230 CT 2 

Pan3_D2_F SSR FORWARD GTGCGTGTGTGTATCTGTG VIC 171 TG 2 

Pan3A1_F SSR FORWARD CTTGCTAATCCTGTGTTTGTC NED 205 AC 2 

Pan3A2_F SSR FORWARD TTTCTGATTCGGCCCTTT PET 225 AGAC 4 

Pan4_D1_F SSR FORWARD CTGTGTCTCCCTGTCTTTGT PET 167 TC 2 

Pan4A1_F SSR FORWARD TTTGGATTTCGTGTAGTGTG VIC 185 TG 2 

Pan4A2_F SSR FORWARD GAGAAGCATTACAAGAAGCA VIC 151 AACA 4 

Pan5_D1_F SSR FORWARD CTTTGTCTCTCAGCTCTTTGT 6FAM 158 AG 2 

Pan5A1_F SSR FORWARD CTTCCTCATTCTCTTTGCTCTT 6FAM 204 ATG 3 

Pan6_C2_F SSR FORWARD AGAGAAGCCAACCACAAA 6FAM 213 GA 2 

Pan6A1_F SSR FORWARD CCAAGTGTCCATCCAAAG 6FAM 166 CA 2 

Pan6A2_F SSR FORWARD ATTCTGTCTCTCTGCTCCTC NED 143 TC 2 

Pan7_C2_F SSR FORWARD GGCTCTATTCTATCCCTACACA VIC 202 TGA 3 

Pan7A1_F SSR FORWARD TACATCCCTCCTTCCATCT NED 177 ATCT 4 

Pan8_C2_F SSR FORWARD GATTGTCTCTTTCTCTCCCTCT PET 134 AAT 3 

Pan8A1_F SSR FORWARD GGGTGAAGATGGTGTTGATAG PET 159 AG 2 

Pan9_C2_F SSR FORWARD GGTAGGAGGTGGGAACAT 6FAM 233 AAC 3 



Locus/Species 
Number of Alleles Effective number of Alleles 

Leopard Lion  Snow Leopard Tiger Leopard Lion  Snow Leopard Tiger 

Pan6A1 9 5 5 8 5.8 1.5 3.1 5.2 

Pan2D2 11 7 4 10 4.8 4.8 1.7 3.5 

Pan5A1 6 3 5 4 2.5 2.1 1.7 1.4 

Pan9C2 4 3 3 4 1.3 2.4 1.9 1.5 

Pan6C2 5 3 3 5 1.5 1.1 1.3 2.4 

Pan3C2 5 2 4 4 2.3 1.2 1.5 2.2 

Pan1C2 8 4 4 9 6.8 2.3 1.7 2.3 

Pan5D1 6 4 6 7 1.9 2.3 3.3 2.6 

Pan14C2 7 1 4 5 3.0 1.0 2.8 2.5 

Pan7C2 4 2 3 6 1.5 1.5 1.4 2.6 

Pan4A1 7 6 7 10 2.6 3.5 5.8 4.3 

Pan4A2 4 1 3 3 2.1 1.0 1.5 1.1 

Pan2D1 4 2 2 3 1.6 1.5 1.3 1.2 

Pan3D2 6 1 1 11 1.9 1.0 1.0 5.5 

Pan2C1 3 3 1 4 1.9 1.4 1.0 1.3 

Pan3D1 4 2 4 9 1.3 1.1 2.0 4.1 

Genotyping Results (Initial): Species wise (Na and Ne) 

Na= observed number of alleles, Ne= expected number of alleles 



Locus/Species 
Number of Alleles Effective number of Alleles 

Leopard Lion  Snow Leopard Tiger Leopard Lion  Snow Leopard Tiger 

Pan1C1 7 2 3 7 2.7 1.6 1.7 2.7 

Pan2A1 5 4 4 5 4.3 2.9 1.9 2.4 

Pan1D2 3 3 3 5 2.1 2.9 2.0 1.2 

Pan3A1 5 2 5 4 1.9 1.6 3.8 2.2 

Pan6A2 5 4 3 6 2.2 2.3 1.3 2.7 

Pan7A1 6 2 3 10 2.9 1.1 1.7 6.0 

Pan10C2 4 2 6 4 1.5 1.9 3.8 1.3 

Pan1D1 2 2 3 3 1.3 1.9 1.7 1.3 

Pan1A1 4 2 7 4 2.0 1.9 2.8 2.6 

Pan4D1 8 4 2 7 4.8 1.9 1.2 3.1 

Pan15C2 7 5 3 6 3.7 3.7 1.3 1.6 

Pan16C2 4 4 5 7 2.3 3.0 3.1 3.1 

Pan8C2 3 3 4 7 1.1 2.2 1.8 3.2 

Pan8A1 3 1 2 3 1.2 1.0 2.0 1.2 

Pan3A2 3 3 1 4 1.5 1.3 1.0 1.7 

Pan1A2 8 1 4 3 7.0 1.0 1.7 1.5 

Mean 5.31 2.91 3.66 5.84 2.66 1.93 2.06 2.55 

S.E. 0.366 0.263 0.275 0.426 0.282 0.162 0.182 0.231 



Locus 
Leopard Lion Snow leopard Tiger 

Ho He Ho He Ho He Ho He 

6A1 0.5 0.8 0.4 0.3 0.3 0.7 0.6 0.8 

2D2 0.6 0.8 0.7 0.8 0.1 0.4 0.4 0.7 

5A1 0.4 0.6 0.2 0.5 0.3 0.4 0.1 0.3 

9C2 0.0 0.2 0.3 0.6 0.4 0.5 0.1 0.3 

6C2 0.0 0.3 0.1 0.1 0.1 0.2 0.3 0.6 

3C2 0.3 0.6 0.0 0.1 0.3 0.3 0.3 0.5 

1C2 0.5 0.9 0.4 0.6 0.1 0.4 0.2 0.6 

5D1 0.4 0.5 0.3 0.6 0.3 0.7 0.4 0.6 

14C2 0.4 0.7 0.0 0.0 0.4 0.6 0.4 0.6 

7C2 0.3 0.3 0.0 0.3 0.3 0.3 0.5 0.6 

4A1 0.5 0.6 0.8 0.7 0.7 0.8 0.6 0.8 

4A2 0.5 0.5 0.0 0.0 0.1 0.3 0.1 0.1 

2D1 0.0 0.4 0.4 0.3 0.0 0.2 0.1 0.2 

3D2 0.3 0.5 0.0 0.0 0.0 0.0 0.8 0.8 

2C1 0.3 0.5 0.1 0.3 0.0 0.0 0.0 0.2 

3D1 0.0 0.2 0.1 0.1 0.1 0.5 0.7 0.8 

Genotyping Results (Initial): Species wise (Ho and He) 

Ho= observed heterozygosity, He= expected heterozygosity 



Locus 
Leopard Lion Snow leopard Tiger 

Ho He Ho He Ho He Ho He 

6A1 0.5 0.8 0.4 0.3 0.3 0.7 0.6 0.8 

1C1 0.3 0.6 0.5 0.4 0.0 0.4 0.1 0.6 

2A1 0.4 0.8 0.6 0.7 0.3 0.5 0.3 0.6 

1D2 0.2 0.5 0.6 0.7 0.0 0.5 0.1 0.2 

3A1 0.1 0.5 0.0 0.4 0.9 0.7 0.1 0.6 

6A2 0.3 0.5 0.3 0.6 0.1 0.2 0.4 0.6 

7A1 0.6 0.7 0.1 0.1 0.1 0.4 0.7 0.8 

10C2 0.0 0.3 0.4 0.5 0.3 0.7 0.0 0.2 

1D1 0.1 0.3 0.6 0.5 0.0 0.4 0.1 0.2 

1A1 0.2 0.5 0.4 0.5 0.5 0.6 0.5 0.6 

4D1 0.8 0.8 0.5 0.5 0.2 0.2 0.6 0.7 

15C2 0.7 0.7 0.6 0.7 0.1 0.3 0.3 0.4 

16C2 0.6 0.6 0.7 0.7 0.4 0.7 0.5 0.7 

8C2 0.0 0.1 0.5 0.5 0.1 0.5 0.4 0.7 

8A1 0.0 0.2 0.0 0.0 0.0 0.5 0.0 0.2 

3A2 0.2 0.3 0.1 0.2 0.0 0.0 0.2 0.4 

1A2 0.6 0.9 0.0 0.0 0.1 0.4 0.0 0.4 

Mean 0.32 0.52 0.30 0.38 0.21 0.42 0.32 0.51 

S.E. 0.04 0.04 0.05 0.04 0.04 0.04 0.04 0.04 



Locus Leopard Lion 
Snow 

leopard 
Tiger Locus Leopard Lion 

Snow 

leopard 
Tiger 

6A1 0.80 0.30 0.63 0.78 1C1 0.60 0.31 0.37 0.59 

2D2 0.77 0.76 0.39 0.69 2A1 0.73 0.60 0.44 0.51 

5A1 0.54 0.44 0.40 0.25 1D2 0.43 0.58 0.45 0.19 

9C2 0.21 0.49 0.43 0.32 3A1 0.42 0.29 0.69 0.47 

6C2 0.31 0.12 0.22 0.53 6A2 0.50 0.51 0.22 0.57 

3C2 0.52 0.13 0.31 0.49 7A1 0.62 0.07 0.35 0.81 

1C2 0.84 0.50 0.39 0.54 10C2 0.31 0.36 0.70 0.21 

5D1 0.43 0.52 0.66 0.59 1D1 0.22 0.37 0.37 0.23 

14C2 0.61 0.00 0.59 0.51 1A1 0.45 0.36 0.63 0.56 

7C2 0.30 0.27 0.27 0.54 4D1 0.77 0.45 0.16 0.64 

4A1 0.58 0.68 0.80 0.73 15C2 0.70 0.68 0.24 0.37 

4A2 0.42 0.00 0.29 0.05 16C2 0.54 0.60 0.64 0.66 

2D1 0.34 0.27 0.20 0.15 8C2 0.09 0.44 0.43 0.65 

3D2 0.44 0.00 0.00 0.79 8A1 0.17 0.00 0.38 0.16 

2C1 0.42 0.27 0.00 0.20 3A2 0.29 0.21 0.00 0.38 

3D1 0.20 0.07 0.46 0.72 1A2 0.84 0.00 0.39 0.32 

Genotyping Results (Initial): Polymorphic Information Content 



Thank you for listening! 

Questions? 



Tiger and Leopard Conservation 
Campaign: 

Children’s Tiger Drawing Contest 










