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Supplementary Figure 1
Nuclear tree

Supplementary Figure 1: Nuclear phylogene�c tree. 
Maximum likelihood phylogene�c tree constructed using 148,030 nuclear CTVT soma�c muta�ons genotyped across 539 CTVTs (coloured) and 494 CTVT host dogs (black) 1. Samples are labelled with 
iden�fier, country and, in the case of tumours, horizontal transfer (HT) group coloured by donor haplotype (Supplementary Data 1). Heteroplasmic horizontal transfer events are indicated by asterisks 
(*) (Table 1). Branch lengths are roughly propor�onal to the number of soma�c muta�ons per branch and bootstrap support for each node is indicated in red.
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Supplementary Figure 2
mtDNA tree

Supplementary Figure 2: mtDNA phylogene�c tree.
Maximum likelihood phylogene�c tree constructed with mtDNAs from the same set of 539 CTVTs and 494 host dogs shown in Supplementary Figure 1. Dis�nct haplotypes present in heteroplasmic 
samples (see Table 1, Supplementary Data 1 and 2) are placed individually on the tree and marked by asterisks (*). Samples are labelled with iden�fier and country and, in the case of tumours, horizontal 
transfer (HT) group coloured by donor haplotype (Supplementary Data 1).  Tree is presented as a cladogram and branch lengths are not informa�ve.
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Supplementary Figure 3

Supplementary Figure 3: Dog haplotypes mtDNA phylogene�c tree.
Maximum likelihood phylogene�c tree constructed with mtDNAs from the same set of 494 CTVT host dogs shown in Supplementary Figures 1 and 2. Samples are labelled with iden�fier 
(Supplementary Data 1). Haplotypes are indicated using red lines (haplotype naming based on 2). Branch lengths are propor�onal to the number of mitochondrial variants per branch, with scale 
expressed in base subs�tu�ons per site. Branches leading to the coyote outgroup have been shortened in order to aid visualisa�on (indicated by double forward slash, //).
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Supplementary Figure 4: A1d1a CTVT and dog geographical distribu�on.
Geographical loca�ons of 539 CTVT tumours and 495 CTVT host dogs included in this study. Each dot represents 
the loca�on of (A) a dog or (B) a CTVT tumour. Dogs and CTVTs with A1d1a haplotypes are indicated in colour (see 
Supplementary Data 1 and 2).
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Supplementary Figure 5

Supplementary Figure 5: A1d1a mtDNA copy number.
(A) MtDNA copy number of the A1d1a haplotype and other haplotypes in normal canine ovarian (n=42) and 
tes�cular (n=41) �ssue. Each individual is represented by a dot. Boxes represent the first and third quar�les 
(inter-quar�le range, IQR). Middle lines within each box represent the median. Error bars indicate values within 
1.5 �mes the IQR from the first and third quar�les. P-values were calculated using an unpaired two-tailed 
Student’s t-test. (B) MtDNA copy number in A1d1a CTVT tumours (n=22) and in tumours with other mtDNA 
haplotypes (n=315). Each tumour is represented by a dot. Data and p-values are calculated and displayed as in (A).



15Ha − A1a1 − Italy

17H2 − A1a1 − Italy

18H2 − A1a1 − Italy

22H − A1d1a − Australia

23H − A1d1a − Australia

25H − A1f − Australia

26H − B1 − Australia

28H − A1a1 − Australia

29H − A1f − Australia

32H2 − B1 − Portugal

33H2 − C1 − Cape Verde
35H − C1 − Cape Verde

37H − C2 − Australia

39H − C2 − Australia

40H − B1 − Australia

41H − B1 − Australia

43H − A1f − Australia

44H − B1 − Australia

45H1 − A1f − Australia

47H − A1d1a − Australia
48H − A1d1a − Australia

52H − A1d1a − Samoa

55H − A1f − Mexico

80H1 − A1a1 − Brazil

82H1 − B1 − Brazil

83H1 − B1 − Brazil

84H1 − A1d1a − Brazil

86H1 − B1 − Brazil

89H − A1d1a − Australia

90H − B1 − Australia

92H − A1a1 − Nicaragua

93H1 − C1 − Nicaragua

94H − A1a1 − Nicaragua

95H1 − A1f − Nicaragua

96H1 − B1 − Nicaragua

98H1 − A1a1 − Nicaragua

99H − A4 − Nicaragua
100H1 − A1d1a − Nicaragua

101H − A6 − India

102H − A6 − India

103H − A6 − India

104H − A6 − India

106H − A6 − India
108H − B1 − India

109H − C1 − India

120H1 − A1a1 − Kenya

124H − A1d1a − Grenada

126H − A1a1 − Grenada

128H − A4 − Grenada

130H − B1 − Grenada

131H − A1a1 − Grenada

134H − A1a1 − Grenada

135H − B1 − Australia

136H − C2 − Australia

137H − B1 − Australia

139H − B1 − Australia

140H − A1d1a − Australia

142H − A1e − Australia

143H − A1d1a − Australia

146H − A6 − India

148H − A6 − India

149H − C1 − India

151H − C2 − India

152H − A2 − India
153H − A1e − India

154H − A1a1 − India

170H − A1d1a − Mexico

171H − B1 − Mexico

175H2 − A4 − Mexico

176H2 − A1a1 − Mexico

180H − A1d1a − Mexico

196H − A1a1 − Grenada

209H − A1a1 − Kenya

226H − B1 − India

234H − A1a1 − India

265H − A1d1a − Australia

267H − A1d1a − Australia

270H − A1a1 − India

275H − A2 − India

279H − A1b − India

281H − C1 − India

285H − A1f − Australia

286H − A1d1a − Australia

308H − A1b − India
309H − A1d2 − India

310H − A1d2 − India

313H − C1 − India

315H − A1a1 − India

317H − A1a1 − India

319H4 − A1f − Colombia

321H6 − A1b − Tanzania
324H5 − C2 − Tanzania

326H − A1a1 − Ecuador

331H − A6 − India

335H − B1 − Grenada

338H − A1a1 − Grenada

339H − A1d1a − Grenada

341H − B1 − Grenada

342H − A1a1 − Grenada
343H − A1f − Grenada

344H − A1d1a − Grenada

345H − A1a1 − Grenada

349H4 − C2 − Nicaragua

350H3 − A1d1a − Nicaragua

351H4 − A1e − Mauritius

352H4 − B1 − Mauritius

353H4 − B1 − Mauritius
354H3 − A1f − Mauritius

355H3 − A1e − Mauritius

356H3 − A1d1a − Mauritius

357H4 − A1a1 − Mauritius

360H − A1d1a − Paraguay

361H − B1 − Paraguay

363H − B1 − Paraguay

364H − A1a1 − Paraguay

365H − C1 − Paraguay

366H − A1d1a − Paraguay

367H − C2 − Paraguay

377H − A1d1a − Ecuador

379H − A1a1 − Ecuador

382H − A1a1 − Suriname

383H − C1 − Suriname

385H − A1a1 − Suriname

386H − A1a1 − Suriname

387H − A1a1 − Suriname

388H − A1a1 − Suriname

390H − A1h − Suriname

391H − A1d1a − Suriname

393H − A1d1a − Suriname

396H − A1b − India

399H − A1c − India

400H − A1a1 − India

401H − A2 − India

402H − B2 − India

404H − C1 − India

406H − A1a1 − India

407H − A1d2 − India

409H − A1d1a − India

410H − A1a1 − India

411H − A1a1 − India

415H − A1a1 − Greece

416H − A1a1 − Greece

421H − C1 − Ecuador

422H − A1a1 − Ecuador

423H − B1 − Ecuador

425H1 − C1 − Ecuador

432H − A1a1 − United States (imported from Guatemala)

435H − A6 − India

437H − A1a1 − India

438H − A1h − India

439H − A1a1 − India
441H − C1 − India

443H − A1d1a − India

446H − B1 − Ukraine

450H − A1a1 − Ukraine

452H1 − A1a1 − Belize

453H − A1d1a − Belize

459H − A1a1 − Belize

460H − A1f − Ukraine

462H1 − A1a1 − France − Reunion

463H − A1a1 − Panama

464H − A1a1 − Belize

468H − A1d1a − The Gambia

469H − B1 − The Gambia

475H − C1 − India

481H − A1a1 − India

482H − A1a1 − India

484H − A1d1a − India

485H − C2 − India

490H − B1 − Ukraine

491H − A1d1a − Ukraine

492H2 − A1a1 − Ukraine

499H − A1c − Suriname

500H − A1a1 − Suriname

501H − C1 − Suriname

502H − A1a1 − Suriname

504H − B1 − Suriname

505H − A1a1 − Suriname

506H − A1h − Suriname

507H − A1e − Suriname

509H − A1d1a − Suriname

511H − A1a1 − Belize

512H − B1 − Australia

513H − B1 − Australia

514H − B1 − Australia

515H − A1d1a − Australia

516H1 − A1d1a − Australia

523H − B1 − Guatemala

525H − A1d1a − Guatemala

527H − A1d1a − Guatemala

530H1 − B1 − Guatemala

534H − A1a1 − Nicaragua

540H − A1a1 − Nicaragua

550H − A1d1a − Nicaragua

551H − A1a1 − Nicaragua

555H − C1 − Nicaragua

556H − C1 − Nicaragua

558H − A1d1a − Nicaragua

559H − B1 − Nicaragua

560H − A1a1 − Nicaragua

571H − A1a1 − Nicaragua

572H − B1 − Nicaragua

575H − A1d1a − Nicaragua

582H − A1d1a − Chile

584H − A1d1a − Venezuela

585H − B1 − Venezuela

586H − B1 − Venezuela

587H − A1d1a − Venezuela

590H − B1 − Venezuela

591H − C1 − Venezuela

594H − A5 − Venezuela

595H − B1 − Venezuela

596H − B1 − Venezuela

597H − B1 − Venezuela

598H − A1d1a − Venezuela

602H − A1a1 − Russia

604H − A1d1a − Greece

605H − C1 − Greece

608H − B1 − The Gambia

609H − B1 − The Gambia

616H − A1a1 − Ukraine

621H − C2 − Ecuador

622H − A1d1a − Ecuador

623H − C1 − Ecuador

624H − B1 − Ecuador

625H − A1a1 − Ecuador

629H − A1d1a − Ukraine

635H − B1 − The Gambia

638H − B1 − Uruguay

639H − B1 − The Gambia

644H − A1d1a − Honduras

645H − C1 − Honduras

647H − B1 − Honduras

649H − B1 − Honduras

650H − B1 − Honduras

656H − A1a1 − Malawi

660H − A1c − Ukraine

666H − B1 − The Gambia

667H − B1 − The Gambia

680H − C1 − South Africa

681H − A1d1a − South Africa

682H − C2 − South Africa

683H − A1a1 − South Africa

684H − C2 − South Africa

687H − C2 − South Africa

691H − A1d1a − South Africa

693H − A1h − South Africa

694H − B1 − South Africa

704H1 − A1h − Pakistan

706H1 − A1a1 − Pakistan

710H − A1d1a − Pakistan

711H − A1d1a − Pakistan

714H − A1a1 − Pakistan

738H − C1 − Belize

739H − B1 − Belize

740H − B1 − Belize

756H − C2 − Brazil

757H − B1 − Brazil

758H − A1d1a − Brazil

759H − A1e − Brazil

761H − A1d1a − Brazil

763H − A1a1 − Brazil

764H − B1 − Brazil
766H − A1a1 − Brazil

769H − A1a1 − Brazil

770H − A1d1a − Brazil

771H − C1 − Brazil

772H − A1a1 − Brazil

773H − A1a1 − Brazil

774H − A1d1a − Brazil

775H − C2 − Brazil

782H − A1c − Belize

790H − B1 − South Africa

791H − A1d1a − South Africa

792H − A1a1 − South Africa

793H − A2 − South Africa

795H − A1a1 − South Africa

796H − A1e − South Africa

798H − A1d1a − South Africa

806H − A1a1 − Ukraine

808H − C2 − Ukraine

809H − A1d1a − Ukraine

812H − A1d1 − The Gambia

813H − B1 − The Gambia

814H − A1a1 − Belize

815H − A1d1a − Belize

816H − A1a1 − Belize

817H − B1 − Belize

819H − A1d1a − Belize

820H − C1 − Belize

821H − C1 − Belize

823H − A1d1a − Belize
824H − A1d1a − Belize

827H − A1h − India

828H − A1a1 − India

829H − A1a1 − India

830H − A1a1 − India

831H − A1b − India

832H − C2 − India

833H − B1 − The Netherlands (imported from Romania)

834H2 − A1d1a − Russia

835H − B1 − Russia

839Ha − B1 − Belize

847H1 − A1d1a − Grenada

849H − A1a1 − Grenada

850H − B1 − Grenada

851H − A1d1a − Grenada
853H − A1d1a − Grenada

854H − A1a1 − Grenada

855H − A1d1a − Grenada

856H − B1 − Grenada

857H − A1a1 − Grenada

858H − A1a1 − Grenada

859H − B1 − Grenada

860H − A1a1 − Grenada

861H − A1a1 − Grenada

862H − A1a1 − Grenada

866H − C2 − South Africa

867H − B1 − South Africa

873H − A1a1 − South Africa

874H − B1 − South Africa

875H − A1a1 − South Africa

928H1 − A1a1 − Mexico

933H − C2 − South Africa

934H − A1a1 − South Africa

937H − A1e − South Africa

939H − A1a1 − South Africa

974H − A1a1 − India
975H − A1a1 − India

976H − A2 − India

977H − B1 − India

980H − A1a1 − India

981H − C2 − India

982H − A1c − India

985H − A1a1 − India

986H − A1a1 − India

996H2 − A1a1 − Senegal

1000H − B1 − Australia

1001H − B1 − Australia

1002H1 − B1 − Australia

1023H − A1d1a − The Gambia
1024H − A1a1 − The Gambia

1026H − B1 − Australia

1040H − A1a1 − Australia

1041H − B1 − Australia

1042H − A1a1 − Australia

1047H − B1 − Brazil

1048H − B1 − Brazil

1049H − B1 − Brazil

1050H − B1 − Brazil

1051H − B1 − Brazil

1077H1 − A1a1 − Brazil

1080H1 − A1d1a − South Africa

1082H − A1a1 − South Africa

1083H − A1a1 − South Africa

1084H − B1 − South Africa

1086H − B1 − South Africa

1088H − A1c − South Africa

1089H − A1a1 − South Africa

1090H − A1a1 − South Africa

1094H − A1d1a − South Africa

1099H − A1d1a − South Africa

1104H − A1a1 − Ecuador

1106H − B1 − Ecuador

1159H − A1a1 − Chile

1160H − A2 − Chile

1161H − A1d1a − Chile

1167H − A1a1 − United Kingdom (imported from Romania)

1168H − A1d1a − Russia

1172H − A1d1 − The Gambia

1173H − A1d1 − The Gambia

1178H − A1a1 − India

1190H − A1a1 − South Africa

1195H − A1d1a − South Africa

1206H − A1a1 − South Africa

1207H − A1a1 − South Africa

1208H − A1d1a − United States

1210H − A1d1a − Nicaragua

1213H − A1d1a − Nicaragua

1215H − B1 − Nicaragua
1216H − A1d1a − Nicaragua

1217H − A1d1a − Nicaragua

1218H − A1d1a − Nicaragua

1224H − A1a1 − Thailand
1225H − C2 − Thailand

1230H − A2 − South Africa

1235H − B1 − South Africa

1240H − C2 − South Africa

1245H − B1 − Uruguay

1246H1 − C2 − Uruguay

1247H − A1d1a − Uruguay

1250H − C1 − Colombia

1251H − A1d1a − Colombia

1259H − A2 − Thailand
1260H − A1d1a − Thailand

1261H − A1h − Thailand

1272H − B2 − Nicaragua

1273H − A1a1 − Nicaragua

1274H − C1 − Nicaragua

1275H − A1d1a − Nicaragua

1277H − C1 − Nicaragua

1280H − A1d1a − Nicaragua

1281H − C2 − Nicaragua

1283H − A1a1 − Nicaragua

1284H − A1d1a − Nicaragua

1288H − A1h − Nicaragua

1290H − A1d1a − Nicaragua

1297H − B1 − Nicaragua

1298H − A1a1 − Nicaragua

1299H − A1a1 − Nicaragua

1300H − A1d1a − Nicaragua

1304H − C1 − Nicaragua

1311H − C1 − Nicaragua

1312H − B1 − Nicaragua

1314H − A1d1a − Nicaragua

1315H − A1a1 − Nicaragua

1318H − C1 − India

1322H − B1 − India
1324H − A2 − India

1326H − A1a1 − Turkey

1332H1 − A1a1 − Turkey

1340H − A1h − Belize

1351H − A1a1 − Colombia

1353H − C1 − Colombia

1354H − A2 − South Africa

1358H − A1d1a − South Africa

1359H − A1d1a − South Africa

1362H − B1 − South Africa

1365H − A1a1 − South Africa

1379H − A1d1a − United Kingdom (imported from Romania)

1385H − A5 − United States

1387H − A1h − United States

1389H − A1d1a − United States

1391H − C1 − United States

1393H − A1d2 − India

1394H − A1a1 − India

1395H − A1b − India
1396H − A1a1 − India

1397H − A1a1 − India

1398H − A1f − India

1399H − A1d2 − India

1421H − B1 − South Africa

1422H − A1h − South Africa

1423H − A1a1 − South Africa

1424H − A1a1 − South Africa

1426H − A1d1a − South Africa

1430H − C2 − South Africa

1438H − A1a1 − South Africa

1439H − C1 − South Africa

1443H − C1 − South Africa

1444H − C1 − South Africa

1445H − A1d1a − South Africa

1447H − A1a1 − South Africa

1448H − A1a1 − South Africa

1468H − B1 − Australia
1469H − A1f − Australia

1470H − A1a1 − Australia

1471H − A1f − Australia

1478H − A1a1 − Ukraine

1479H − A1a1 − Ukraine

1482H − A1f − Ukraine

1485H − B1 − Mexico

1496H − A1a1 − South Africa

1500H − B1 − South Africa

1503H − A1a1 − South Africa

1504H − B1 − South Africa

1508H − A1h − South Africa

1509H − A1a1 − South Africa

1510H − A1h − South Africa

1511H − C1 − South Africa

1512H − C2 − South Africa

1513H − B1 − South Africa

1515H − A1e − South Africa

1517H − A2 − South Africa

1518H − B1 − Ukraine

1519H − A1a1 − United States

1522H − A1 − India
1523H − A1a1 − India

1525H − A1h − Armenia

1528H2 − A1h − Colombia

1529H2 − A1e − Colombia

1530H2 − A1f − Colombia

1531H2 − A1f − Colombia

1532H2 − A1a1 − Colombia

1533H2 − B1 − Colombia

1534H2 − B1 − Colombia

1535H2 − A1f − Colombia

1536H2 − A1a1 − Colombia

1537H2 − A1d1a − Colombia

1538H2 − A1a1 − Colombia

1539H2 − C1 − Colombia

1718H1 − A1a1 − Colombia

1719H1 − A1d1a − Colombia
1719H2 − A1d1a − Colombia

1718H2 − A1a1 − Colombia

1719H3 − A1d1a − Colombia

1719H4 − A1d1a − Colombia

1718H3 − A1a1 − Colombia
1718H4 − A1a1 − Colombia

1719H5 − A1d1a − Colombia

1718H5 − A1a1 − Colombia
1718H6 − A1a1 − Colombia

1719H6 − A1d1a − Colombia

1771H − C2 − Nicaragua

1796H − A1a1 − Colombia

CHW −  − 

CRW −  − 

ISW −  − 

LUPWCHN00001 −  − 

LUPWRUS00001 −  − 
LUPWRUS00002 −  − 

LUPWRUS00003 −  − 

15Ha

17H2

18H2

22H

23H

25H

26H

28H

29H

32H2

33H2
35H

37H

39H

40H

41H

43H

44H

45H1

47H
48H

52H

55H

80H1

82H1

83H1

84H1

86H1

89H

90H

92H

93H1

94H

95H1

96H1

98H1

99H
100H1

101H

102H

103H

104H

106H
108H

109H

120H1

124H

126H

128H

130H

131H

134H

135H

136H

137H

139H

140H

142H

143H

146H

148H

149H

151H

152H
153H

154H

170H

171H

175H2

176H2

180H

196H

209H

226H

234H

265H

267H

270H

275H

279H

281H

285H

286H

308H
309H

310H

313H

315H

317H

319H4

321H6
324H5

326H

331H

335H

338H

339H

341H

342H
343H

344H

345H

349H4

350H3

351H4

352H4

353H4
354H3

355H3

356H3

357H4

360H

361H

363H

364H

365H

366H

367H

377H

379H

382H

383H

385H

386H

387H

388H

390H

391H

393H

396H

399H

400H

401H

402H

404H

406H

407H

409H

410H

411H

415H

416H

421H

422H

423H

425H1

432H

435H

437H

438H

439H
441H

443H

446H

450H

452H1

453H

459H

460H

462H1

463H

464H

468H

469H

475H

481H

482H

484H

485H

490H

491H

492H2

499H

500H

501H

502H

504H

505H

506H

507H

509H

511H

512H

513H

514H

515H

516H1

523H

525H

527H

530H1

534H

540H

550H

551H

555H

556H

558H

559H

560H

571H

572H

575H

582H

584H

585H

586H

587H

590H

591H

594H

595H

596H

597H

598H

602H

604H

605H

608H

609H

616H

621H

622H

623H

624H

625H

629H

635H

638H

639H

644H

645H

647H

649H

650H

656H

660H

666H

667H

680H

681H

682H

683H

684H

687H

691H

693H

694H

704H1

706H1

710H

711H

714H

738H

739H

740H

756H

757H

758H

759H

761H

763H

764H
766H

769H

770H

771H

772H

773H

774H

775H

782H

790H

791H

792H

793H

795H

796H

798H

806H

808H

809H

812H

813H

814H

815H

816H

817H

819H

820H

821H

823H
824H

827H

828H

829H

830H

831H

832H

833H

834H2

835H

839Ha

847H1

849H

850H

851H
853H

854H

855H

856H

857H

858H

859H

860H

861H

862H

866H

867H

873H

874H

875H

928H1

933H

934H

937H

939H

974H
975H

976H

977H

980H

981H

982H

985H

986H

996H2

1000H

1001H

1002H1

1023H
1024H

1026H

1040H

1041H

1042H

1047H

1048H

1049H

1050H

1051H

1077H1

1080H1

1082H

1083H

1084H

1086H

1088H

1089H

1090H

1094H

1099H

1104H

1106H

1159H

1160H

1161H

1167H

1168H

1172H

1173H

1178H

1190H

1195H

1206H

1207H

1208H

1210H

1213H

1215H
1216H

1217H

1218H

1224H
1225H

1230H

1235H

1240H

1245H

1246H1

1247H

1250H

1251H

1259H
1260H

1261H

1272H

1273H

1274H

1275H

1277H

1280H

1281H

1283H

1284H

1288H

1290H

1297H

1298H

1299H

1300H

1304H

1311H

1312H

1314H

1315H

1318H

1322H
1324H

1326H

1332H1

1340H

1351H

1353H

1354H

1358H

1359H

1362H

1365H

1379H

1385H

1387H

1389H

1391H

1393H

1394H

1395H
1396H

1397H

1398H

1399H

1421H

1422H

1423H

1424H

1426H

1430H

1438H

1439H

1443H

1444H

1445H

1447H

1448H

1468H
1469H

1470H

1471H

1478H

1479H

1482H

1485H

1496H

1500H

1503H

1504H

1508H

1509H

1510H

1511H

1512H

1513H

1515H

1517H

1518H

1519H

1522H
1523H

1525H

1528H2

1529H2

1530H2

1531H2

1532H2

1533H2

1534H2

1535H2

1536H2

1537H2

1538H2

1539H2

1718H1

1719H1
1719H2

1718H2

1719H3

1719H4

1718H3
1718H4

1719H5

1718H5
1718H6

1719H6

1771H

1796H

CHW

CRW

ISW

LUPWCHN00001

LUPWRUS00001
LUPWRUS00002

LUPWRUS00003

A1a1

A1a1

A1a1

A1d1a

A1d1a

A1f

B1

A1a1

A1f

B1

C1
C1

C2

C2

B1

B1

A1f

B1

A1f

A1d1a
A1d1a

A1d1a

A1f

A1a1

B1

B1

A1d1a

B1

A1d1a

B1

A1a1

C1

A1a1

A1f

B1

A1a1

A4
A1d1a

A6

A6

A6

A6

A6
B1

C1

A1a1

A1d1a

A1a1

A4

B1

A1a1

A1a1

B1

C2

B1

B1

A1d1a

A1e

A1d1a

A6

A6

C1

C2

A2
A1e

A1a1

A1d1a

B1

A4

A1a1

A1d1a

A1a1

A1a1

B1

A1a1

A1d1a

A1d1a

A1a1

A2

A1b

C1

A1f

A1d1a

A1b
A1d2

A1d2

C1

A1a1

A1a1

A1f

A1b
C2

A1a1

A6

B1

A1a1

A1d1a

B1

A1a1
A1f

A1d1a

A1a1

C2

A1d1a

A1e

B1

B1
A1f

A1e

A1d1a

A1a1

A1d1a

B1

B1

A1a1

C1

A1d1a

C2

A1d1a

A1a1

A1a1

C1

A1a1

A1a1

A1a1

A1a1

A1h

A1d1a

A1d1a

A1b

A1c

A1a1

A2

B2

C1

A1a1

A1d2

A1d1a

A1a1

A1a1

A1a1

A1a1

C1

A1a1

B1

C1

A1a1

A6

A1a1

A1h

A1a1
C1

A1d1a

B1

A1a1

A1a1

A1d1a

A1a1

A1f

A1a1

A1a1

A1a1

A1d1a

B1

C1

A1a1

A1a1

A1d1a

C2

B1

A1d1a

A1a1

A1c

A1a1

C1

A1a1

B1

A1a1

A1h

A1e

A1d1a

A1a1

B1

B1

B1

A1d1a

A1d1a

B1

A1d1a

A1d1a

B1

A1a1

A1a1

A1d1a

A1a1

C1

C1

A1d1a

B1

A1a1

A1a1

B1

A1d1a

A1d1a

A1d1a

B1

B1

A1d1a

B1

C1

A5

B1

B1

B1

A1d1a

A1a1

A1d1a

C1

B1

B1

A1a1

C2

A1d1a

C1

B1

A1a1

A1d1a

B1

B1

B1

A1d1a

C1

B1

B1

B1

A1a1

A1c

B1

B1

C1

A1d1a

C2

A1a1

C2

C2

A1d1a

A1h

B1

A1h

A1a1

A1d1a

A1d1a

A1a1

C1

B1

B1

C2

B1

A1d1a

A1e

A1d1a

A1a1

B1
A1a1

A1a1

A1d1a

C1

A1a1

A1a1

A1d1a

C2

A1c

B1

A1d1a

A1a1

A2

A1a1

A1e

A1d1a

A1a1

C2

A1d1a

A1d1

B1

A1a1

A1d1a

A1a1

B1

A1d1a

C1

C1

A1d1a
A1d1a

A1h

A1a1

A1a1

A1a1

A1b

C2

B1

A1d1a

B1

B1

A1d1a

A1a1

B1

A1d1a
A1d1a

A1a1

A1d1a

B1

A1a1

A1a1

B1

A1a1

A1a1

A1a1

C2

B1

A1a1

B1

A1a1

A1a1

C2

A1a1

A1e

A1a1

A1a1
A1a1

A2

B1

A1a1

C2

A1c

A1a1

A1a1

A1a1

B1

B1

B1

A1d1a
A1a1

B1

A1a1

B1

A1a1

B1

B1

B1

B1

B1

A1a1

A1d1a

A1a1

A1a1

B1

B1

A1c

A1a1

A1a1

A1d1a

A1d1a

A1a1

B1

A1a1

A2

A1d1a

A1a1

A1d1a

A1d1

A1d1

A1a1

A1a1

A1d1a

A1a1

A1a1

A1d1a

A1d1a

A1d1a

B1
A1d1a

A1d1a

A1d1a

A1a1
C2

A2

B1

C2

B1

C2

A1d1a

C1

A1d1a

A2
A1d1a

A1h

B2

A1a1

C1

A1d1a

C1

A1d1a

C2

A1a1

A1d1a

A1h

A1d1a

B1

A1a1

A1a1

A1d1a

C1

C1

B1

A1d1a

A1a1

C1

B1
A2

A1a1

A1a1

A1h

A1a1

C1

A2

A1d1a

A1d1a

B1

A1a1

A1d1a

A5

A1h

A1d1a

C1

A1d2

A1a1

A1b
A1a1

A1a1

A1f

A1d2

B1

A1h

A1a1

A1a1

A1d1a

C2

A1a1

C1

C1

C1

A1d1a

A1a1

A1a1

B1
A1f

A1a1

A1f

A1a1

A1a1

A1f

B1

A1a1

B1

A1a1

B1

A1h

A1a1

A1h

C1

C2

B1

A1e

A2

B1

A1a1

A1
A1a1

A1h

A1h

A1e

A1f

A1f

A1a1

B1

B1

A1f

A1a1

A1d1a

A1a1

C1

A1a1

A1d1a
A1d1a

A1a1

A1d1a

A1d1a

A1a1
A1a1

A1d1a

A1a1
A1a1

A1d1a

C2

A1a1

Italy

Italy

Italy

Australia

Australia

Australia

Australia

Australia

Australia

Portugal

Cape Verde
Cape Verde

Australia

Australia

Australia

Australia

Australia

Australia

Australia

Australia
Australia

Samoa

Mexico

Brazil

Brazil

Brazil

Brazil

Brazil

Australia

Australia

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua
Nicaragua

India

India

India

India

India
India

India

Kenya

Grenada

Grenada

Grenada

Grenada

Grenada

Grenada

Australia

Australia

Australia

Australia

Australia

Australia

Australia

India

India

India

India

India
India

India

Mexico

Mexico

Mexico

Mexico

Mexico

Grenada

Kenya

India

India

Australia

Australia

India

India

India

India

Australia

Australia

India
India

India

India

India

India

Colombia

Tanzania
Tanzania

Ecuador

India

Grenada

Grenada

Grenada

Grenada

Grenada
Grenada

Grenada

Grenada

Nicaragua

Nicaragua

Mauritius

Mauritius

Mauritius
Mauritius

Mauritius

Mauritius

Mauritius

Paraguay

Paraguay

Paraguay

Paraguay

Paraguay

Paraguay

Paraguay

Ecuador

Ecuador

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

India

India

India

India

India

India

India

India

India

India

India

Greece

Greece

Ecuador

Ecuador

Ecuador

Ecuador

United States (imported from Guatemala)

India

India

India

India
India

India

Ukraine

Ukraine

Belize

Belize

Belize

Ukraine

France − Reunion

Panama

Belize

The Gambia

The Gambia

India

India

India

India

India

Ukraine

Ukraine

Ukraine

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Suriname

Belize

Australia

Australia

Australia

Australia

Australia

Guatemala

Guatemala

Guatemala

Guatemala

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Chile

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Venezuela

Russia

Greece

Greece

The Gambia

The Gambia

Ukraine

Ecuador

Ecuador

Ecuador

Ecuador

Ecuador

Ukraine

The Gambia

Uruguay

The Gambia

Honduras

Honduras

Honduras

Honduras

Honduras

Malawi

Ukraine

The Gambia

The Gambia

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

Pakistan

Pakistan

Pakistan

Pakistan

Pakistan

Belize

Belize

Belize

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil
Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

Belize

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

Ukraine

Ukraine

Ukraine

The Gambia

The Gambia

Belize

Belize

Belize

Belize

Belize

Belize

Belize

Belize
Belize

India

India

India

India

India

India

The Netherlands (imported from Romania)

Russia

Russia

Belize

Grenada

Grenada

Grenada

Grenada
Grenada

Grenada

Grenada

Grenada

Grenada

Grenada

Grenada

Grenada

Grenada

Grenada

South Africa

South Africa

South Africa

South Africa

South Africa

Mexico

South Africa

South Africa

South Africa

South Africa

India
India

India

India

India

India

India

India

India

Senegal

Australia

Australia

Australia

The Gambia
The Gambia

Australia

Australia

Australia

Australia

Brazil

Brazil

Brazil

Brazil

Brazil

Brazil

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

Ecuador

Ecuador

Chile

Chile

Chile

United Kingdom (imported from Romania)

Russia

The Gambia

The Gambia

India

South Africa

South Africa

South Africa

South Africa

United States

Nicaragua

Nicaragua

Nicaragua
Nicaragua

Nicaragua

Nicaragua

Thailand
Thailand

South Africa

South Africa

South Africa

Uruguay

Uruguay

Uruguay

Colombia

Colombia

Thailand
Thailand

Thailand

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

Nicaragua

India

India
India

Turkey

Turkey

Belize

Colombia

Colombia

South Africa

South Africa

South Africa

South Africa

South Africa

United Kingdom (imported from Romania)

United States

United States

United States

United States

India

India

India
India

India

India

India

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

Australia
Australia

Australia

Australia

Ukraine

Ukraine

Ukraine

Mexico

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

South Africa

Ukraine

United States

India
India

Armenia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia

Colombia
Colombia

Colombia

Colombia

Colombia

Colombia
Colombia

Colombia

Colombia
Colombia

Colombia

Nicaragua

Colombia

Supplementary Figure 6

Supplementary Figure 6: Dog nuclear genome phylogene�c tree.
Neighbour-joining cladogram constructed using 136,880 canine germline variants genotyped across 495 CTVT host dogs and seven 
wolves. Each sample is labelled with an iden�fier, mtDNA haplotype and country (Supplementary Data 1). A1d1a dogs are indicated 
in green. Branch-lengths are not informa�ve.
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Supplementary Figure 7

Supplementary Figure 7: MtDNA transcrip�on assays. 
MtDNA in vitro transcrip�on assays using a human template with muta�ons introduced at an equivalent region to canine 16660insCC. (A) Sequence of human LSP, indica�ng transcrip�on start 
site (TSS) and regions contacted by TFAM, POLRMT and TF2BM proteins (coloured boxes). Yellow box indicates site of inserted residues to create LSP +CC and LSP +TT constructs, whose transcrip-
�onal ac�vity was compared with that of the wild type (WT) construct. (B) Transcrip�on reac�ons using LSP templates (WT, +CC and +TT). Reac�ons contain 90 fmol BamHI-linearised template 
DNA, 500 fmol POLRMT, 500 fmol TFB2M, and varying amounts of TFAM (0, 0.1, 1, 2.5, 5 and 10 pmol). ‘LSP RO’ indicates the runoff transcript, and ‘LSP PT’ indicates pretermina�on of transcrip-
�on at CSB2. Transcrip�on reac�ons in (B)-(D) were repeated at least twice independently. (C) Transcrip�on reac�ons as in (B) with the addi�on of 1 pmol TEFM. (D) Transcrip�on reac�ons as in 
(B) using a template that contains the en�re promoter region, spanning both LSP and HSP. (E) Transcrip�on reac�ons as in (D) but using templates linearised using HindIII to generate a shorter 
runoff product from transcrip�on ini�ated at HSP.
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Supplementary Figure 8

Supplementary Figure 8: Analysis of possible A1d1a adap�ve phenotypes.
(A) Number of mito�c figures per 10 high-power fields (HPFs) in A1d1a CTVTs (n=28) and CTVT_HT1 and 
CTVT_HT2 CTVTs (n=31) (Materials and Methods). The 28 A1d1a CTVTs belong to 8 horizontal transfer groups 
(HT3, 2 tumours; HT8, 6 tumours; HT9, 13 tumours; HT10, 1 tumour; HT13, 1 tumour; HT14, 1 tumour; HT16, 
1 tumour; HT17, 3 tumours). Each dot represents a single tumour. Boxes represent the first and third quar�les 
(inter-quar�le range, IQR). Middle lines within each box represent the median. Error bars indicate values 
within 1.5 �mes the IQR from the first and third quar�les. P-value was calculated using an unpaired two-tailed 
Student’s t-test. (B) CTVT response to vincris�ne chemotherapy treatment. Four A1d1a CTVTs and 48 
CTVT_HT1 and CTVT_HT2 CTVTs were treated with intravenous vincris�ne sulfate (0.02-0.025mg/kg or 
0.5mg/m2) and the �me taken (days) for the tumour to reduce to 50% of its original volume was measured. 
Each dot represents a single tumour. Data are displayed and p-values calculated as in (A). A single tumour 
belonging to the CTVT_HT1 and CTVT_HT2 group that did not reach 50% of its original volume within the study 
period was excluded from this analysis.
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