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Electronic Appendix A 

DNA Methods: 

Modern DNA was extracted from hair, blood, and tissue samples using a QIAGEN 

DNeasy™ DNA extraction kit following manufacturer’s protocol (Qiagen, Valencia, 

CA).  Ancient DNA was extracted from samples taken from museum specimens that 

included 22 bone samples and one skin sample.  These were obtained from the Natural 

History Museum, South Kensington, UK (BM; n=14), the National Museum of Natural 

History, Washington, DC, USA (NMNH; n= 8), and the Field Museum of Natural 

History, Chicago, IL, USA (FMNH; n =1).  Specimens had been collected in current-day 

Nepal, Tibet, India and Pakistan.  In some cases, exact locality data were not available; 

these are noted in online appendix B.  DNA extractions were performed as in Fleischer et 

al. (2000) and all but two specimens yielded sequence.  BM samples were analyzed in an 

ancient DNA lab at the University of Durham in the UK, while FMNH and USNM 

samples were analyzed at the Smithsonian Genetics Program ancient DNA laboratory in 

the U.S. 

We amplified two regions of mitochondrial DNA from modern samples:  an 

approximately 440 base pair (bp) fragment of the control region I (CR) using universal 

primers ThrL 15926 and DL-H 16340 as in Vilà et al. (1999); and a 412 bp fragment of 

the cytochrome b gene using a canid specific light primer (Canid L1, Paxinos et al. 1997) 

and a universal heavy primer (H15915, Kocher et al. 1989). 



Each PCR reaction was carried out in a 25µl volume including 0.5 units of 

AmpliTaq Gold (Perkin-Elmer), 2.5 mM MgCl2, 1X reaction buffer (Perkin-Elmer) 

200µM each dNTP, and 1µM each primer. Mineral oil was added.  Reactions were run 

for 5 minutes at 94oC and subsequently for 35 cycles of  1 minute denaturing at 92oC, 1.5 

minute annealing at 48-50oC and 1.5 minutes extension at 72oC and a final extension 

cycle at 72oC for 7 minutes in a 480 PE thermocycler (Perkin-Elmer). All DNA 

extractions and PCR amplification from modern Indian wolves were performed at the 

Conservation Genetics Laboratory at the WII.  Gel purified PCR products were directly 

sequenced with the Big Dye terminator chemistry and resolved on an ABI 377 automated 

sequencer (Perkin–Elmer) at the Smithsonian Institution Genetics Program. 

For "ancient" samples we designed internal primer sequences to amplify shorter 

fragments of the CR:  IWDL220R (5'-GTTTCTCGAGGCATGGTGAT-3'); IWDL220F 

(5'-TGAATCACCCCTACTGTGCTAT-3'); IWDL150F (5'-

GGTTTGCCCCATGCATATAA-3') and IWDL206R (5'-

AAGCCCTTATTGGACTAGGTGA-3').  PCR amplifications used AmpliTaq gold 

(Perkin–Elmer) and reaction conditions as in Fleischer et al. (2000).  PCR products were 

directly sequenced as described above.  Sequence data were aligned using the program 

SEQUENCHER 4.12 (Gene Codes Corp.). 

 

Nuclear Transpositions: 

We do not feel that the three different clades of wolves found in our study were an 

artifact of nuclear transpositions of mitochondrial DNA for the following reasons: 

1. We cloned PCR products from three individuals used in this study – one 



Himalayan wolf (D192 from Himachal Pradesh), one Indian wolf (D107 from 

Bhal) and one Indian dog (D9P, Bhutia dog from Himachal Pradesh).  We 

sequenced from five clones per individual.  In all cases, the clone sequences 

matched those expected based on the earlier direct sequence, with the exception 

of a small number of single base changes (0.43 mutations per sequence on 

average) expected from such cloning experiments.  In no case did a sequence arise 

that matched one from a different clade. 

2. It is not likely that two separate amplifications of different gene regions (Cytb and 

CR) would both result in nuclear copies.  Both pieces show the same pattern and 

relative levels of divergence. 

3. It is unlikely that all of the smaller, often overlapping pieces of sequence 

amplified from museum specimens with different primers would be nuclear 

copies.  We did not detect sequences from one clade that matched those of 

another among these pieces, something that would suggest nuclear copies. 

4. We did not see any consistent double sequence. 

5. In the Cytb sequences, we did not find stop codons, insertions or deletions, or 

other unusual patterns often suggestive of nuclear copies. 

 

Wolf and Dog Hybridization: 

Although there is some indication that Indian C. l. pallipes can breed with dogs in 

captivity, we found no evidence of natural hybridization (i.e., wolf haplotypes in Indian 

dogs, or vice-versa) unlike that occasionally observed in Europe (Randi & Lucchini 

2002).  However, our sample sizes are relatively small for this type of analysis, and a 



frequency of 6.4% of dog haplotypes would have to be present in the wolf population in 

order to be detected in our sample of 45 wolves (95% CI from a binomial sampling 

distribution).  In addition, all of our wolf sequences that fall within the dog-wolf clade 

have haplotypes identical or very closely related to previously published wolf sequences 

from China and Saudi Arabia, are nested within a clade only containing wolf haplotypes  

(Fig 1b), and do not fall in any of the major dog clades (A, B, C, D and E) (Tsuda et al, 

Vila et al Savoleinen et al).  All of our Indian dog sequences, however, fall in several of 

the four major dog clades reported in Savolainen et al (2002), but not in the wolf clade. 
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	Each PCR reaction was carried out in a 25µl volu�



