











Figure S6
Models for the distribution of HLA-B*73
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Parsi 4.90 91
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United Arab Emirates 2.00 373
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HLA-B*73:01 (Model 3) Algeria 0.50 1106
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Fig. S6. Models for the distribution of HLA-B*73. (A-D) Shown is the distribution of B*73 (A-C) and
the B*73:01 allele frequency of all populations with B*73 (D). Because of uncertainty in the ancient
geographical location of Parsis, the population with the highest B*73 frequency (12, 78) (D), we
considered three models for the distribution of B*73 (A-C). While some Parsis now live in Pakistan,
they represent a 'recent' migrant population from Persia (79) and are not included in model 1. Models
2 and 3 are based on two alternative hypotheses of Parsi origin. Model 2 uses the historical Greater
Khorasan region as the point of origin of their migration (city of Nishapur, 58.8E 36.2N), as this
region became a refuge for Zoroastrians following the fall of the Sasanian empire, and subsequent
migration to India originated from this region (79). The Khorasan region was only a refuge for
Zoroastrians who used to live in other regions of Persia however, so in Model 3 the Sasanian capital
Ctesiphon (present-day Iraq, 44.62E 33.15N) is the point of origin of the migration.



Figure S7
HLA-C characteristics of individuals with HLA-B*73

HLA-C characteristics of individuals with B*73
*
Origin of the data Ethnicit i suthpe
(individuals with HLA-B*73) mierty n Allele string | | Not
:05 | includes excludes 05 Cc*15
:05 :05 ’
Europe 2,158 | 1,271 853 6 4 24
Western Asia 64 28 35 1
Western Asia** 6 1 5
N/S/E Asia 39 12 27
USA-NMDP Africa 15 7 8
Africa* 49 12 36 1
Hispanic 228 73 154 1
Other/unknown| 470 198 268 4
Europe 98 95 3
N/S/E Asia 7 6 1
Western Asia 1 1
Canada Hispanic 1 1
Africa* 1 1
Other/unknown 12 11 1
Europe 32 2 30
N/S/E Asia 4 4
UK -Anthony Nolan Africa 5 1 4
Western Asia 7 1 6
Other/unknown 16 15 1
Italy (Europe) 90 5 82 3
Bone |UK-BBMR (Europe) 86 80 5 1
USA-Gift of Life (Europe) 65 19 44 2
Marrow France (Europe) 49 20 29
Registries [Cyprus BMDR (Europe) 21 6 14 1
Poland-DKMS (Europe) 19 19
UK-Wales (Europe) 17 9 6 2
Belgium (Europe) 7 6 1
Australia (Europe) 7 2 5
USA -UCLA (Europe) 6 1 5
Norway (Europe) 5 4 1
Spain (Europe) 3 3
Portugal (Europe) 3 2 1
Austria (Europe) 2 2
Switzerland (Europe) 2 1 1
Czechia-Central BMDR (Europe) 2 1 1
Poland-POLTransplant (Europe) 2 2
Ireland Europe 1 1
Lithuania (Europe) 1 1
Sweden (Europe) 1 1
Israel-Hadassah (Western Asia) 3 2 1
Israel-Ezer Mizion (Western Asia) 21 4 15 1 1
Turkev# (Western Asia) 8 8
Singapore N/S/E Asia 1 1
Western Asia 6 1 2 3
Africa 3 3
dbMHC N/S/E Asia 2 1 1
Hispanic 1 1
Uganda -ref. 1 Africa 1 1
Kenya/Tanzania -ref. 2 Africa 6 6
Published [Sudan -ref. 3 Africa 3 3
studies |African American -ref. 2 |Africa* 1 1
Rwanda -ref. 4 Africa 1 1
Cameroon Bamileke -ref. 5 |Africa 1 1
Cameroon Beti -ref. 5 Africa 4 4
Parsi -ref. 6 Western Asia 9 9
Iran Baloch -ref. 7 Western Asia 1 1
Oman -ref. 8 Western Asia 2 2

Fig. S7. HLA-C characteristics of individuals with HLA-B*73. To investigate how frequently the B*73
haplotypes also carry the HLA-C*15:05 allele, we summarized data available in the literature and obtained
genotype data from a large number of bone marrow donors with B*73. Parentheses in the 'Ethnicity’
column indicate that no ethnicity data were available: the region where the bone marrow registry is located
was used instead. 'Allele string', lower resolution HLA-typing data. * African-American(s). ** West Asia
ornorth African coast. # C*15:05 and C*15:22 could not be distinguished. References: dbMHC(50), ref. 1
(80), ref.2 (this study), ref. 3(12), ref. 4(81), ref. 5(82), ref. 6(78), ref. 7(83), ref. 8(84).



Figure S8
HLA-B allelic groups in the African populations that
diverged before the Out-of-Africa migration
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Fig. S8. HLA-B allelic groups in the African populations that diverged before the Out-of-
Africa migration. HLA-B content is summarized for two Khoisan-speaking (Hadza and
Khoisan) and three pygmy (Mbenzele, Bakolas and Baka) populations: separations
between these populations and others represent the earliest splits between modern human
populations (74, 85). Alleles groups colored green are present in more than one
population, while those colored blue are present in only one of the five populations.
References are: ref. 1 (86), ref. 2 (87) and ref. 3 (§2).




Figure S9

HLA-B*73 and HLA-C*15:05 frequencies used for simulations
A

Frequency Data Summary
Region [Population = T Database = ol BE
(individuals) | (alleles) (individuals) | (alleles) AF
Israel Ashkenazi and Non Ashkenazi Jews 109 5 Both
Israel Arab Druse 100 1 Both
West  |Jordan Amman 146 1 AFN
Asia Oman 121 2 Both 1232 27 1.09
Saudi Arabia pop 2 383 3 AFN
United Arab Emirates 373 15 AFN
Algeria pop 2 106 1 AFN
Burkina Faso Fulani 49 0 AFN
Burkina Faso Mossi 53 1 AFN
Burkina Faso Rimaibe 47 0 AFN
Cameroon Bamileke 77 1 AFN
Cameroon Beti 174 4 AFN
Cameroon Sawa 13 0 AFN
Kenya Luo 265 1 Both
Kenya Nairobi Sex workers 1481 8 |This study
Kenya Nairobi 143 0 dbMHC
Kenya Nandi 240 1 Both
. Mali Bandiagara 138 0 Both
Africa Morocco Casablanca 100 2 AFN 4,503 25 0.28
Morocco Nador Metalsa 68 0 Both
Morocco Settat 68 0 dbMHC
Rwanda 280 1 AFN
Senegal 94 0 dbMHC
South African Zulu 201 0 dbMHC
Sudanese 200 3 AFN
Tunisia 100 0 AFN
Uganda Kampala 161 0 Both
Uganda Kampala pop 2 175 1 AFN
Zambia Lusaka 44 0 Both
Zimbabwe Harare Shona 226 1 Both
B
Frequency Data Summary
Region [Population = C*15:05n Database = C*15:05 nl C*15:05
(individuals) | (alleles) (individuals) | (alleles) AF
Israel Ashkenazi and Non Ashkenazi Jews 94 5 Both
West  |Israel Arab Druse 100 10 Both
Asia Lebanon 97 1 AFN 504 2 2.88
Saudi Arabia Guraiat and Hail 213 13 AFN
Cameroon Bamileke 77 1 AFN
Cameroon Beti 174 8 AFN
Cameroon Sawa 13 0 AFN
Kenya 113 1 Both
Kenya Luo 265 3 Both
Kenya Nandi 240 4 Both
Mali Bandiagara 129 0 Both
. Morocco Nador Metalsa 73 2 AFN
Africa  |South African Zulu 9% 0 |dbmHc| 2254 39 |08
Senegal Niokholo Mandenka 165 0 AFN
Sudanese 200 11 AFN
Tunisia 100 3 AFN
Uganda Kampala 163 1 Both
Uganda Kampala pop 2 175 4 AFN
Zambia Lusaka 45 0 Both
Zimbabwe Harare Shona 226 1 Both

Fig. S9. HLA-B*73 and HLA-C*15:05 frequencies used for simulations. (A-B) HLA4-
B*73 (A) and C*15:05 (B) frequency data in African and west Asian populations were
obtained from the Allele Frequency Net (AFN) website (/2) or from dbMHC (50).



Figure S10
Haplotype data used for the B*73 population simulations

Haplotypes
. Model 4:|Model 5:|Model 6:|Model 7:|Model 8:|Model 9:
Region Model 1:[Model 2: |Model 3:
Type LD 100% |LD 95% |LD 90% LD 95% / |LD 100% |LD 90% / |LD 90% / |LD 100% |LD 95% /
100% / 95% 100% 95% /90% 90%
B*73-C*15:05 27 26 24 26 27 24 24 27 26
W Asia B*73-No C*15:05 0 1 3 1 0 3 3 0 1
No B*73-C*15:05 44 45 47 45 44 47 47 44 45
No B*73-No C*15:05 2,393 2,392 2,390 2,392 2,393 2,390 2,390 2,393 2,392
B*73-C*15:05 25 24 23 25 24 25 24 23 23
Africa B*73-No C*15:05 0 1 3 0 1 0 1 3 3
No B*73-C*15:05 53 54 55 53 54 53 54 55 55
No B*73-No C*15:05 8,928 8,927 8,926 8,928 8,927 8,928 8,927 8,926 8,926

Fig. S10. Haplotype data used for the B*73 population simulations. Haplotype data for
the population simulations were generated for nine different models of linkage
disequilibrium (LD) using the B*73 and C*15:05 allele frequencies of figure S9. For
models 1-3, LD is set at the same percentage for both regions (Africa and west Asia),
while for models 4-9, a different value is used for each region (west Asia/Africa).



Figure S11
Results of HLA-B*73 population simulations

A
. g Derived Fraction (DF) statistic (99% tolerance)
Models 8 serve(*f;(:)ameters Linkage Disequilibrium (LD) statistic (50% tolerance)
Double Accepts Runs Range tolerated (*100)
o
()
Name LPM), DF1 | DF2 | LD1 | LD2 |Number | Ratio | (/10°%) | (%) DF1 DF2 LD1 LD2
W.Asia/Africa
mi 100/100 | 1.10 | 0.28 |37.34|31.86| 4823|174 18 0.57| 0.01-2.18 |0.003-0.55 |18.67-53.27|15.93-47.79
Ma2 7,132 5
Mb2 95/95 1.06 | 0.27 | 34.55| 29.34; a4 162 5 0.61]| 0.01-2.10 |0.003-0.53 [17.27-49.22|14.67-44.01
mgg 90/90 0.97 ] 0.26 | 29.29| 25.87 6’122 139 g 0.72] 0.01-1.94 |0.003-0.51 [14.64-42.22|12.94-38.81
mj 95/100 |1.06|0.28 |34.55 3186 *>98| 200 18 0.50| 0.01-2.10 [0.003-0.55 |17.27-50.48|15.93-47.79
ng 100/ 95 1.10 | 0.27 | 37.34| 29.34 73??& 209 g 0.48| 0.01-2.18 |0.003-0.53 [18.67-52.01|14.67-44.01
mzz 90/ 100 0.97] 0.28 1 29.29| 31.86 7’223 173 g 0.58| 0.01-1.94 |0.003-0.55 [14.64-45.22|15.93-47.79
mz; 90/ 95 0.97] 0.27 | 29.29| 29.34 6’9582 120 g 0.82]| 0.01-1.94 |0.003-0.53 [14.64-43.96|14.67-44.01
mzz 100/ 90 1.10 | 0.26 | 37.34| 25.87 6’4211 156 2 0.64| 0.01-2.18 |0.003-0.51 [18.67-50.28]12.94-38.81
ng 95/90 1.06 | 0.26 | 34.55| 25.87 6’4—39? 173 g 0.57| 0.01-2.10 |0.003-0.51 [17.27-47.49|12.94-38.81
B
5 g Derived Fraction (DF) statistic (50% tolerance)
Models = serve(*foaor)ameters Linkage Disequilibrium (LD) statistic (25% tolerance)
Double Accepts R Range Tolerated (*100)
uns | o
0,
Name| 0 1 pe1 | pE2 | b1 | D2 | Number | Ratio | (/10%) | @0 |  DF1 DF2 LD1 LD2
W.Asia/Africa
Ma4 1,103 > 10
Mb4 95 /100 1.06 | 0.28 | 34.55(31.86 - 3,309| 30 <0.1] 0.53-1.58 | 0.14-0.42 [25.91-43.18(23.90-39.83
C
Simulation
Models
Double Accepts (o)
Runs o
Name LD (%) Number | Ratio | (/10° o
W Asia/Africa ( )
Mad 95/100 150081 500| 10 |0.497
Mb4 75 10 )
Ma4_H 1,660 0.09
Mba 95 /100 75 2,354 10 0.041

Fig. S11. Results of HLA-B*73 population simulations. (A-C) Comparison of two
competing models for the history of B*73: archaic admixture (model a) or African origin
(model b). Shown are the summary statistics obtained following simulations with both
models using the parameters indicated at the left. ‘LD’ is linkage disequilibrium between
the HLA-B and HLA-C alleles. Panel (A) shows simulations 1-9, the input data for which
are detailed in figure S10, the central columns show the result and the columns at the
right show the tolerated range. Panel (B) shows simulations with tolerance values halved.
(C) Simulations using a novel model ‘Ma4 H’, for which an already formed B*73-
C*15:05 haplotype is introduced by admixture. o: confidence level to reject model “b’.
(B-C) Because no significance difference was observed between the nine models of LD
in the analyses of panel (A), Model 4 was used in these analyses as it best represents the
observed B*73-C*15 LD in Africa and west Asia (Fig. 1).




Figure S12
Characterization of the two Denisovan HLA-B alleles

Model 1 Model 2 Model 3 Model 4
Modern Alleles |Differences|Modern Alleles [Differences|Modern Alleles [Differences|Modern Alleles |Differences
B*35:63 4 B*35:63 5 B*35:63 0 B*35:63 1
B*35:03:01 9 B*35:03:01 10 B*35:05:01 6 B*35:05:01 7
B*35:05:01 10 B*35:05:01 1" B*35:01:22 7 B*35:01:22 8
Denisova |B*35:01:22 11 B*52:01:01:01 11 B*35:03:01 7 B*35:03:01 8
Allele 1 |B*35:02:01 1 B*35:01:22 12 B*35:08:01 7 B*35:08:01 8
B*35:08:01 11 B*35:08:01 12 B*35:01:01:02 8 B*35:01:01:02 9
B*52:01:01:01 1 B*35:02:01 12
B*52:01:01:02 12
B*46:01:05 3 B*15:01:01:01 4 B*15:58 3 B*15:58 4
B*15:01:01:01 3 B*15:03:01 4 B*15:17:01:01 4 B*15:17:01:01 5
B*15:03:01 3 B*15:11:01 4 B*15:17:01:02 4 B*15:17:01:02 5
B*15:11:01 3 B*15:18:01 4 B*15:01:01:01 5 B*15:01:01:01 6
B*15:18:01 3 B*15:66 4 B*15:03:01 5 B*15:03:01 6
B*46:01:01 3 B*46:01:01 4 B*15:11:01 5 B*15:11:01 6
B*15:66 3 B*46:01:05 4 B*15:18:01 5 B*15:18:01 6
B*15:07:01 4 B*15:07:01 5 B*15:66 5 B*15:66 6
Denisova |B*56:03 4 B*56:03 5 B*46:01:01 5 B*46:01:01 6
Allele 2 |B*15:108 5 B*15:108 6 B*46:01:05 5 B*46:01:05 6
B*15:27:01 5 B*15:32 6 B*15:07:01 6 B*15:07:01 7
B*15:32 5 B*15:27:01 6 B*56:03 6 B*56:03 7
B*15:58 5 B*15:58 6 B*15:02:01 7 B*15:13 8
B*15:02:01 6 B*15:02:01 7 B*15:108 7 B*15:27:01 8
B*15:13 6 B*15:13 7 B*15:25:01 7 B*15:02:01 8
B*15:17:01:01 6 B*15:17:01:01 7 B*15:32 7 B*15:108 8
B*15:17:01:02 6 B*15:17:01:02 7 B*15:13 7 B*15:25:01 8
B*15:25:01 6 B*15:25:01 7 B*15:27:01 7 B*15:32 8
Mininum
differences 7 o 3 5

Fig. S12. Characterization of the two Denisovan HLA-B alleles. To analyze several
Denisovan HLA-B sequence reads that could belong to either of the two alleles, we
investigated all possible combinations and assessed the number of differences with
modern alleles. The combination that produced the lowest number of differences with
modern sequences (Model 3) is presented in the main text.




Figure S13
Putative Denisovan HLA-A-C haplotype frequencies in modern populations

Denisovan Modern populations with haplotypes resembling the Denisovan
HLA class | loci HLA class | haplotypes
HLA-A | HLA-C Name Haplotype HF n
Australia Kimberley aborigines A*02:01 |C*15:02 |B*40:02 | 8.3 24
Venezuela Sierra de Perija Yucpa A*02:04 |C*15:03 |B*52:01 | 5.8 73
Pakistan Sindhi A*02 C*15 B*40 4.3 103
Brazil Guarani-Nandewa A*02:01 |C*15:03 |B*51:01 | 2.9 51
Albania A*02 C*15 B*51 2.5 160
Australia Yuendumu Aborigines A*02:01 |C*15:02 |B*40:02 | 2.5 190
Venezuela Bari A*02:22 |C*15:02 |B*51:01 | 2.2 23]
Venezuela Bari A*02:22 |C*15:02 |B*51:04 | 2.2 23]
Venezuela Bari A*02:22 |C*15:07 |B*52:01 | 2.2 23]
China Yunnan Hani A*02:03 |C*15:02 |B*15:01 | 2.0 150
Israel Druze A*02:01 |C*15:05 |B*07:02 | 2.0 100
A*02 | Cc*15 Taiwan Paiwan A*02:01 |C*15:02 [B*40:01 | 2.0 51
Brazil Guarani-Nandewa A*02:01 |C*15:03 |B*51:04 | 2.0 51
India New Delhi A*02:01 |C*15:07 |B*40:06 | 1.9 53
Brazil Guarani-Nandewa A*02:04 |C*15:03 |B*51:04 | 1.8 51
Papua New Guinea Goroka A*02:06 |C*15:02 |B*40:02 | 1.6 32
Brazil Guarani-Kaiowa A*02:04 |C*15:03 |B*51:04 | 1.5/ 142
Brazil Guarani-Kaiowa A*02:01 |C*15:03 |B*51:04 | 1.2| 142
Finnish A*02:01 |C*15:02 |B*51:01 | 1.1 90|
American Samoa A*02:01 |C*15:05 [B*40:08 | 1.0 50)
Taiwan Rukai A*02:01 |C*15:02 |B*56:01 | 1.0 50
1 Israel Druze A*02:01 |C*15:05 |B*44:02 | 1.0 100
Irish A*02:01 |C*15:02 |B*51:01 | 0.6/ 1000
China Yunnan Hani A*11:01 |C*12:02 |B*15:07 | 9.0 150
Taiwan Pazeh A*11:02 |C*12:02 |B*27:04 | 8.2 55
India New Delhi A*11:01 |C*12:02 |B*52:01 | 5.7 53
. Papua New Guinea Haruai A*11:01 |C*12:02 |B*27:04 | 5.6 54
Putative Taiwan Atayal A*11:02 [C*12:02 (B*27:04 | 3.8| 106
Denisovan Papua New Guinea Madang A*11:01 |C*12:02 |B*27:04 | 3.7, 54
China Yunnan Han A*11:02 |C*12:02 |B*27:04 | 3.5 101
HLA-A-C Philippines Ivatan A*11:02 |C*12:02 |B*15:25 | 3.00 50
haplotypes Taiwan Yami A*11:02 |C*12:02 |B*27:04 | 3.0 50
A*11 | c*12:02 |Israeli Jews A*11:01 |C*12:02 [B*52:01 | 3.0 67|
Taiwan Siraya A*11:02 |C*12:02 |B*27:04 | 2.9 51
Taiwan Siraya A*11:02 |C*12:02 |B*40:02 | 2.9 51
Taiwan Puyuma A*11:02 |C*12:02 |B*27:04 | 2.7, 50
China Yunnan Bulang A*11:01 |C*12:02 |B*15:07 | 2.5 11§
Papua New Guinea Wosera A*11:01 |C*12:02 |B*27:04 | 1.6 95
Russia Tuva A*11:01 |C*12:02 |B*52:01 | 1.5/ 166
Papua New Guinea Wosera A*11:01 |C*12:02 |B*39:01 | 1.1 95
Taiwan Ami A*11:02 |C*12:02 |B*27:04 | 1.0 98|
Philippines lvatan A*11:02 |C*12:02 |B*27:04 | 1.0 50
A*02 | C*12:02 |Taiwan Puyuma A*02:06 |C*12:02 [B*27:04 | 2.8 50
Papua New Guinea Wosera A*11:01 |C*15:02 |B*40:02 [20.5 95|
Australia Groote Eylandt aborigines A*11:01 |C*15:02 |B*40:02 | 7.5 73
Papua New Guinea Haruai A*11:01 |C*15:02 |B*40:02 | 7.4 54
Australia Yuendumu aborigines A*11:01 |C*15:02 |B*40:02 | 6.2| 190
Pakistan Brahui A*11 C*15 B*40 6.0 104
Pakistan Baloch A*11 C*15 B*40 5.4 66}
2 India New Delhi A*11:01 |C*15:07 |B*40:06 | 4.7, 53
A*11 |c*15  [lran Baloch A*11:01 |C*15:02 [B*40:06 | 3.4/ 100
Israel Druze A*11:01 |C*15:02 |B*51:01 | 3.0 100
Pakistan Sindhi A*11 C*15 B*40 2.6 101
New Caledonia A*11:01 |C*15:02 |B*40:02 | 2.6 39
Australia Kimberley aborigines A*11:01 |C*15:02 |B*40:02 | 2.1 24
Papua New Guinea Goroka A*11:01 |C*15:02 |B*40:02 | 1.6 32
Taiwan Pazeh A*11:01 |C*15:02 |B*40:01 | 1.1 55
Papua New Guinea Haruai A*11:01 [C*15:02 [B*15:06 | 0.9 54]

Fig. S13. Putative Denisovan HLA-A-C haplotype frequencies in modern populations.
Shown are the frequencies in modern humans of haplotypes carried by the Denisovan
individual. Although phase could not be unambiguously determined, there are only two
possible combinations (1 and 2, left column), and thus four possible haplotypes of the
Denisovan HLA-A and -C. All four haplotypes exist in modern human populations. They
are shown together with the specific HLA-B allele associated with that haplotype in each
population. HF gives the allele frequency of the haplotype. Some populations shown here
were too small (n<40) to be included in the distribution maps.



Figure S14
Distribution of the Denisovan HLA class | alleles

A

Allele Population Freq. (%)
Papua New Guinea Madang 63.6
China Yunnan Province Hani 61.3
China Yunnan Province Wa 58.4
Papua New Guinea West Schrader £6.0
Ranges Haruai

A*11 China Yunnan Province Bulang 54.3
China Yunnan Province Nu 51.9
China Yunnan Province Lisu 51.2
China Guangdong Province Meizhou 48.6
Han
China Southwest Dai 41.9
China Guizhou Province Miao 41.8
Australia Kimberly Aborigine 28.6
Papua New Guinea Wosera Abelam 23.2
Australia Yuendumu Aborigine 20.3
Pakistan Baloch 18.9

c*15 Pakistan Brahui 18.3
Iran Baloch 17.7
India Kerala Hindu Namboothiri 16.3
India Khandesh Region Pawra 16.0
India Kerala Hindu Nair 14.6
India New Delhi 14.3
India Khandesh Region Pawra 15.0
India West Bhil 14.0
Japan (4 pops) 10.4-12.1]
Papua New Guinea Wosera Abelam 11.6
Taiwan Pazeh 10.9

C*12:02 - - -
China Yunnan Province Hani 10.3
Pakistan Sindhi 10.2
Pakistan Burusho 10.2
Italy Sardinia 10.0
Iran Tehran 9.8

B

Denisovan Observations (IMGT/HLA)
allele Number| Country
B*15:58-like 4 China (3), Korea (1)
B*35:63 1 Korea

Fig. S14. Distribution of the Denisovan HLA class I alleles. (A) Denisovan 4*11, C*15
and C*/2:02 are common in modern humans. Ten populations with the highest allele
frequencies are shown. (B) While Denisovan HLA-B alleles are absent or rare in modern
humans, their closest modern genomic relatives are characteristically Asian. Number in
parentheses indicate the number of observations reported in the IMGT-HLA Database
(10). B*35:63 is a recombinant with B *40.01-like exon 2 and B*35:01 background.



Figure S15
Emergence of A*11, C*15 and C*12:02
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Patr-C*17:01
C*12:22
[6.5-10 MYA] C*12:02:02
C*12:08
3.74 [1.03-7.31] MYA =" 52 *01 *21:2-31:81
2.63[0.66-5.81] MYA == 54 '

C*06:24
1.21[0.23-3.17] MYA

[10-18 MYA]

0.001

C*06:02:01

Fig. S15. Emergence of A*/1, C*15 and C*/2:02. (A-C) Divergence time estimates for
the emergence of 4*/1 (A), C*15 (B) and C*/2:02 (C). Phylogenetic analyses and
display are as described in the legend to figure S3. At nodes, red characters indicate the
fossil calibrations used for these analyses, while blue characters give the estimated age of
the nodes (mean and 95% credibility interval). MYA, million years ago.



Figure S16
Haplotype diversity of A*11, C*15 and C*12:02

A
. Haplotypes Pops [ Max
Region
HLA-A HLA-C n HF
A*11[:01] C*01[:02] 12 [ 7.5
A*11[:01/02] C*03[:02/03/04] 14 112.0
A*11[:01/02] C*04[:01/03] 25 [33.8
Asia A*11[:01/02] C*07[:01/02/04] 19 |20.2
A*11[:01/02/04] |C*08[:01] 17 |22.9
A*11[:01/02] C*12[:02/03] 16 [14.0
A*11[:01] C*14[:02] 5 |39
A*11[:01] C*15[:02/07] 7 | 6.0
A*11[:01] C*01[:02] 7 |13.9
" . A*11[:01] C*03[:03/04] 6 |93
AT11 Pacific  |A*11[:01] C*04[:01/03] 8 |325
Islanders / |A*11[:01] C*07[:01/02] 5 [14.8
Australia  |A*11[:01] c*08[:01] 2 |25
A*11[:01] C*12[:02/03] 4 |56
A*11[:01] C*15[:02] 4 [20.5
A*11[:01] C*03[:03/04] 2 |22
. A*11[:01] C*04[:01] 3 | 4.0
Urope 1a*11[:01] C*05[:01] 1 |04
A*11[:01] C*07[:01/02] 1 ]21
N.Africa |A*11[:01] C*01 1 1]20
B
Region Haplotypes Pops | Max
& HLA-C HLA-B n | HF
C*15[:05] B*07[:02/05] 3 | 47
C*15[:02/03] B*15[:01/04] 3 6.0
C*15[:02] B*27[:07] 1 2.5
C*15[:04/05] B*35[:01] 2 1.5
Asia/Americas C*15[:02/07] B*40[:01/02/06]| 13 | 11.1
C*15[:05] B*44[:02] 1 | 1.0
C*15[:02/03/05]|B*51[:01/04] 12 | 9.5
C*15 C*15[:03] B*52[:01] 1 12.8
C*15[:02] B*56[:01] 3 5.0
i . |C*15[:02] B*15[:06/25] 2 3.2
Pacific Islanders/ Australia |cx351.02/05/07](*40[:02/08/12]| 6 |20.5
Europe C*15[:02] B*51:[01] 3 2.5
N. Africa C*15[:02] B*51[:01] 1 2.5
. . C*15[:05 B*07[:02 1 1.1
African American C*15E:02} 3*51E:01% 1 0.4
C*12[:02] B*15[:07/25] 3 9.0
C*12[:02] B*27[:04] 9 10.9
C*12[:02] B*40[:02/06] 2 | 49
Asia C*12[:02] B*44[:04] 1 1.4
C*12[:02] B*52[:01] 7 10.7
. C*12[:02] B*53[:03] 1 5.8
€*12:02 C*12[:02] B*56[:01] 1 |10
o . |c*12[:02 B*27[:04 3 5.6
Pacific Islanders/ Australia C*IZE:OZ} 3*39{:01% 1 11
N. Africa C*12[:02] B*52[:01] 1 2.0
African American C*12[:02] B*52[:01] 1 0.1

Fig. S16. Haplotype diversity of A*/1, C*15 and C*[2:02. Shown are all of the
haplotypes in modern populations that contain one of the three HLA alleles, A*11, C*15
or C*12:02, identified in the Denisovan individual (A) HLA-A/C. (B) HLA-B/C: C*15
and C*/2:02 are found at low frequencies in Africa but because their haplotype
frequencies are <1%, their haplotype structures in Africa are not reported in databases.
To investigate HLA-B/C haplotype structures for these two alleles in Africa, we used data
from a study of ~2,400 African-American donors, in which all the haplotypes were
defined and reported (62). Allele subtypes listed in brackets were all observed.



Figure S17
HLA-A, B, and C alleles of three Neandertals

Neandertal HLA class | loci | Most closely related
modern allele group
Individuals Specific gene
Name [Reads coverage
Allele(s)
Allele # |Reads
HLA-A 49 1 25 |AT02
2 5 |A*26/*66
1 14 |B*07/*48
SLVi33.16 |HLA-B 57
' 2 | 21 |B*51/*52/*78
HLA-C 75 1 30 |C*07:02
2 19 [C*16:02
HLA-A 35 L 7_|AT02
2 A*26/*66
1 5 |[B*07/*48
SLVi33.25 |HLA-B 28
' 2 | 10 |B*51/*53
* .
HLA-C 2 1 10 |C*07:02
2 5 |C*16
1 A*02
HLA-A 28
2 3 [A*26/*31/*34/*66
1 10 |B*07/*48
SLVi33.26 |HLA-B 45
! 2 | 12 |B*51/*52/*78
1 12 [C*07:02
HLA-C
3 2 7 |c*16

Fig. S17. HLA-A, B, and C alleles of three Neandertals. HLA-A, B, and C types were
investigated for each of the three Neandertal individuals whose genome was sequenced
(3). For each individual a precise type was obtained for two HLA-C alleles and one HLA-
A allele. For the other alleles, the type is given as a string, listing all possible types.



Figure S18
Modern populations with two high-frequency HLA-C alleles

p of having three
Population HLA-C alleles individuals with the
same two alleles

Name n |Name [Frequency | Two related [All unrelated
India Kerala Kattunaikka 17 g:cl)j 8:5 0.0475 0.0391
Central African Republic Mbenzele Pygmy 36 g:gg 82;8 0.0365 0.0272
India Kerala Paniya 10 2:1421 8288 0.0360 0.0270
Venezuela Perja Mountain Bari 55 2:83 8382 0.0219 0.0152
Mexico Oaxaca Mixtec 103 E:g;‘ 0313 00218 | 00153
India Kerala Kuruma 15 E:cl)i 8288 0.0202 0.0138
Papua New Guinea Eastern Highlands Goroka Asaro | 57 2:8}‘ 8:8(25 0.0200 0.0137
Taiwan Tao 50 g:gi 8‘2‘28 0.0198 0.0134
Mexico Oaxaca Zapotec 90 2:8‘7‘ gggi 0.0187 0.0127
Taiwan Tsou 51 g:g; 8;35 0.0165 0.0108
Australia Kimberly Aborigine 41 2:22 83;2 0.0152 0.0099
Malaysia Negeri Sembilan Minangkabau 34 2:8‘71 834118 0.0144 0.0094
Papua New Guinea Madang 65 2:8‘71 gggg 0.0140 0.0090
Taiwan Taroko 55 2:83 g:i; 0.0139 0.0090
Mexico Oaxaca Mixe 55 2:8‘7‘ 23718 00139 0.0088
Australia Groote Eylandt Aborigine 75 2:8111 8;3; 0.0131 0.0082
Cameroon Baka Pygmy 10 2:85 842138 0.0130 0.0080
Taiwan Puyuma 50 g:gg 8:38 0.0114 0.0071
Malaysia Kelantan 25 2:8‘7‘ 8;?8 0.0096 0.0058
India Kerala Malapandaram 10 g:(l)z gggg 0.0092 0.0054
Sudan East Rashaida 27 g:gs 8;22 0.0086 0.0050
Norway Sami 200 2:83 gggé 0.0080 0.0045
Taiwan Atayal 106 g:g; gggz 0.0076 0.0043
Sudan South Nuba 46 2:8‘7‘ 2229 00076 | 00043

Fig. S18. Modern populations with two high-frequency HLA-C alleles. For modern human
populations, the probability of three randomly selected, unrelated individuals having the same two
HLA-C alleles is small. Displayed are the 24 populations (out of ~250) with the highest probabilities
of producing three individuals with the same two HLA-C allotypes as they have two high frequency
HLA-C alleles. Of these the top 10 have probabilities of 1-5%. Even if two of the three individuals
are maternally-related (3), this number would only increase from 10 to 18. The probability
calculation was made as follows: one individual randomly selected from a population having two
alleles of frequencies x and y will have a probability p=2*(x*y) to have one copy of each allele. The
probability of three unrelated individuals having the same allelic content is (2*(x*y))’.



Figure S19
Putative Neandertal HLA-A-C haplotype
frequencies in modern populations

HLA-A-C haplotype Population HF n

HLA-A HLA-C
Venezuela Yucpa 26.9 73
USA Canoncito Navajo 13.1] 41
China Yunnan Lisu 104 111
Ireland Northern 5.1 1,000
Philippines Ivatan 4.7 50
China Yunnan Bulang 4.3 116
China Yunnan Nu 4.1 107
Finn 3.9 90
China Guizhou Bouyei 3.3] 109
China Yunnan Hani pop 2 3.0 150
Russia Bering Island Aleut 2.8 85
Taiwan Pazeh 2.7, 55
China Southwest Dai 26| 124
Taiwan Saisiat 2.6 51

¥ £A. Taiwan Paiwan 2.0 51

AT02 ¢¥07.:02 Brazil Guarani-Nandewa 2.0 51
Georgian 1.9] 104
India New Delhi 1.9 53
Taiwan Siraya 1.8 51
Taiwan Ami 1.5 98
Vietnam Hanoi Kinh pop 2 1.5 170
Czech 1.4( 104
Russia Tuva 1.4 166
Poland 1.3 200
Australia Yuendumu 1.2| 190
Zambian 1.2 43
Iran Baloch 1.1 100
American Samoa 1.0 50
Taiwan Puyuma 1.0 50
Taiwan Rukai 1.0 50

A*26 | C*16:02 |Europe, Asia Rare”

% . Pakistan Pathan 3.4 100

A%02 ¢716:02 Georgian 1.4 104
Taiwan Taroko 10.8 55
Pakistan Burusho 6.0 92
Taiwan Rukai 5.4 50
Taiwan Bunun 5.3 101
Pakistan Sindhi 5.00 101
Taiwan Atayal 4.3 106

A*26 C*07:02 |Pakistan Pathan 3.8 100
India New Delhi 3.8 53
Taiwan Siraya 2.0 51
Taiwan Saisiat 1.2 51
Iran Baloch 1.1 100
Filipino 1.1 94
American Samoa 1.0 50

Fig. S19. Putative Neandertal HLA-A-C haplotype frequencies in modern populations.
The two HLA-A and two HLA-C alleles of the three Neandertals can form four possible
haplotypes: their frequencies (HF) in modern human populations are shown. #, haplotype
was observed in large cohorts of registry donors (62) but not in anthropology studies with
HF>1%.



Figure S20
Allele frequency distributions for HLA-A*02 and A*26/*66

HLA-A*26 v 4 HLA-A*66 v

Fig. S20. Allele frequency distributions for HLA-A*02 and A4*26/*66. (A-C) In addition
to A*02, a common allele group worldwide (A), the HLA-A genotype of one Neandertal
allele could not be determined precisely enough for careful distribution analyses: the
genotype of this HLA-A allele was narrowed down to two possibilities (4 *26/%66) but
while 4*26 is most common in Eurasia (B), 4*66 is more common in Aftrica (C).



Figure S21
Distribution of Neandertal HLA class [ alleles

Allele Population Freq. (%) Allele Population Freq. (%)
A*26 Taiwan Aborigines (3 pops) 14-21.8 A*66 Cameroon Bakola Pygmy 14.5
Japan (8 pops) 10.8-19 Kenya Luo 7.7
Israel Ashkenazi Jews 15.4 Uganda Kampala pop 2 7.5
Turkey 13.5 Cameroon Yaounde 7.1
Pakistan Baloch 10.3 Cameroon Beti 5.5
Oman 10.2 Kenya Nandi 5.4
Pakistan Burusho 9.8 Cameroon Bamileke 5.1
China Yunnan Province Jinuo 9.6 Tunisia Ghannouch 4.3
Mongolia Hoton 9.4 Zimbabwe Harare Shona 4.2
Mongolia Tarialan Khoton 9.4 India West Bhil 4.0
B*07:02/03/06 |Sweden Northern Sami 19.0 B*51:01/08 |Bulgaria 20.9
Sweden Southern Sami 18.6 Japan Hokkaido Ainu 19.0
Ireland Northern 17.3 Oman 17.8
England North West 15.3 China Tibet Region Tibetan 16.8
Finland 14.4 Georgia Tibilisi 16.7
Austria 12.9 China North Han 15.8
Poland 12.1 Georgia Svaneti Region Svan 15.6
Russia Bering Island Aleut 10.0 India Tamil Nadu Nadar 15.6
Croatia 9.7 Saudi Arabia Guraiat and Hail 15.6
Azores Santa Maria and Sao Miguel 9.0 India Andhra Pradesh Golla 14.4
C*07:02 Venezuela Sierra de Perija Yucpa 71.4 C*16:02 Pakistan Pathan 5.5
Taiwan Saisiat 66.7 Iran Tehran 4.9
Papua New Guinea East New Britain Rabaul 57.1 Georgia Tibilisi 4.2
Mexico Oaxaca Mixtec 33.3 Spain Andalusia 3.7
China Yunnan Province Lisu 32.9 Tunisia 3.0
Taiwan Taroko 31.8 Pakistan Kalash 2.9
China Yunnan Province Nu 30.7 Iran Baloch 2.6
Venezuela Perja Mountain Bari 30.3 India Delhi 2.5
Papua New Guinea Madang 30.2 Italy North 2.3
Taiwan Atayal 28.8 Jordan Amman 2.1

Fig. S21. Distribution of Neandertal HLA class I alleles. Neandertal alleles are common
in modern humans. For each assigned allele or candidate allele the 10 populations with
the highest allele frequencies are given.




Figure S22

Haplotype diversity of B*07:02/03/06, B*51:01/08, C*07:02 and C*16:02

) Haplotypes Pops| Max
Region

HLA-C HLA-B n | HF
C*03[:04] B*51[:01] 2 | 9.0
C*04[:03] B*51[:01] 1| 20
Asia / Americas  |C*07[:01] B*51[:01] 1|28
C*14[:02] B*51[:01] 12 | 9.1
C*15[:02/03/05] B*51[:01] 10 | 4.9
C*16[:02] B*51[:01/08] 2 | 14
B*51:01/08 C*01[:02] B*51[:01] 1| 28
Europe C*14[:02] B*51[:01] 1|18
C*15[:02] B*51[:01] 2 | 11
) C*15[:02] B*51[:01] 1|25
N-Africa C*16[:02] B*51[:01] 1| 20
Sub-Saharan Africa |C*16[:01/02] B*51[:01] 4 | 4.0
Asia / Americas |C*04[:01] B*07[:02] 1| 1.6
JOceania C*07[:02/04] B*07[:02] 16 | 6.5

* . * N
B*07:02/03/06 C*15[:05] B*07[:02] 1|20
Europe C*07[:02] B*07[:02] 4 | 17.0
Sub-Saharan Africa |C*07[:01/02] B*07[:02] 8 4.3
C*07[:02] B*07[:02/05] 19 | 6.5
C*07[:02] B*08[:01] 6 |14.8
C*07[:02] B*13[:01] 3 |16
C*07[:02] B*15[:03/25/32/35/36] 7 | 5.9
C*07[:02] B*18[:01] 1| 09
C*07[:02] B*27[:04] 1| 09
C*07[:02] B*35[:01] 2 | 6.0
Asia / Americas  |€*07[:02] B*38[:01/02] 14 | 14.9
/Oceani C*07[:02] B*39[:01/02/03/05/06/08/09/11] | 26 | 71.1
ceania C*07[:02] B*40[:01/02/06] 20 | 11.8
C*07[:02] B*46[:01] 3 |18
C*07:02 C*07[:02] B*48[:01/03] 2 | 15
C*07[:02] B*52[:01] 4 |176
C*07[:02] B*55[:02] 2 | 30
C*07[:02] B*56[:01/02] 7 | 222
C*07[:02] B*58[:01] 2 | 27
C*07[:02] B*67[:01] 1| 1.1
. C*07[:02] B*07[:02] 4 |17.0
SO C*07[:02] B*39[:01] 1| 11
N.Africa C*07[:02] B*08[:01] 1|20
e » C*07[:02] B*07[:02] 8 | 43
Sub-Saharan Africa | -x71.02] B*08[:01] 2 | 16
o C*16[:02] B*40[:06] 1| 1.1
C*16[:02] B*51:[01/08] 5 | 59

C*16:02 : S —
N.Africa C*16[:02] B*51[:01] 1|20
Sub-Saharan Africa [C*16[:02] B*51[:01] 1 1.3

Fig. S22. Haplotype diversity of B*07:02/03/06, B*51:01/08, C*07:02, and C*16:02.
Diversity of the HLA-B-C haplotypes carrying B*07:02/03/06, B*51:01/08, C*07:02, and
C*16:02 in modern populations. Allele subtypes listed in brackets were all observed.



Figure S23
Enhanced HLA class | LD decay significantly correlates with archaic ancestry

A

Population
HLA-B " )
African [ European |Chinese |Japanese
Distinct alleles 27 29 28 22
Number 3 4 3 6
15:01
18:01
35:01
Allele-specific - 37:01
- 39:05
haplotypes Defining [——— 20:02
with allele - - 20:06
enhanced name 51:01 51:01 51:01
LD decay (B*) 53:01 - - -
54:01
56:01
59:01
67:01
81:01
B
Population
HLA-C African [European | Chinese |Japanese
Distinct alleles 16 17 13 15
Number 5 6 3 6
01:02 01:02 01:02
02:02 | 02:02
03:02 -
Allele-specific 03:03 03:03
haplotypes Defining]__——- 03:04
with allele | -04:01
07:01
enhanced name 07:02 07:02
LD decay (€*) 07:04
08:01 08:01
14:02 14:02
15:02
16:01

Fig. S23. Enhanced HLA class I LD decay significantly correlates with archaic ancestry.
(A-B) Shown for each HapMap population are (top row) the number of distinct HLA-B or
HLA-C alleles present and (second row) the number exhibiting enhanced LD decay (all
allele-defining SNPs (r2>0.2) are within 500kb of HLA-A (31)). The allele names are
listed (rows 3-14) and colored green when observed in archaic humans (Figs 2-3) or
associated with archaic-origin haplotypes (fig. S25). HLA-A is shown in Fig. 4. ---, absent
in the population.



Figure S24
HLA-C alleles linked to B*73 when C*15 is absent

Frequency: all haplotypes| Frequency: B*73 haplotypes

HLA-CB + SE (%) +SE (%)

haplotype (n=92) (n=47)
C*12:02- B*73:01 14.9+3.7 29.247.3
C*02:02- B*73:01 9.8+43.1 19.1+6.1
C*06:02- B*73:01 5.4+2.4 10.6+4.6
C*16:01- B*73:01 3.3+1.9 6.4+3.6
C*04:01- B*73:01 3.1+1.8 6.1+3.6
C*07:01- B*73:01 2.8+1.7 5.4+43.3

Fig. S24. HLA-C alleles linked to B*73 when C*I5 is absent. HLA-C-B haplotype
structures were determined for 46 B*73" individuals lacking C*I5 (fig. S7), and B*73
haplotypes observed at least twice are listed with their estimated frequency (n=92, all
haplotypes; n=47, B *73 haplotypes only). SE, standard error.



Figure S25
Alleles associated with Denisovan/Neandertal-like haplotypes

Main haplotype Archaic human-like haplotypes
2-locus haplotype |Denisovan HLA-A-C |Neandertal HLA-A-B [Neandertal HLA-A-C
Third locus HLA-B HLA-C HLA-B
*07:02 *01:02 *07:02/05
*15:01/06/07/25 *02:02 *08:01
*27:04 *04:01 *15:01/03/25
*39:01 *07:01/02 *18:01
Alleles of the *40:01/02/06/08 _|*14:02 *35:01
third locus *44:02 *15:02/03/05 *38:01/02
present on *51:01/04 *16:01/02 *39:01/03/05/06
modern human  |752:01 *40:01/06
*56:01 *48:01
haplotypes F51:01
*¥52:01
*56:01
*67.01

Fig. S25. Alleles associated with Denisovan/Neandertal-like haplotypes. Shown is each
category of two-locus archaic haplotypes we inferred, together with the allele at the third
locus that is present on the equivalent modern-human haplotype. Every HLA4-B allele that
is found in modern humans on at least one of the four Denisovan-like HLA-A-C
haplotypes is shown in column 3. The third and fourth columns give the HLA-C and
HLA-B alleles found on the Neandertal-like HLA-A-B and HLA-A-C haplotypes,
respectively.



Figure S26
Population recombination rates for the HLA class | region

Genomic . p (*10%
. Population
region Mean SD
African 1.00 | 0.06

HLA-A-B |European 0.70 | 0.06
(~1.4Mb) [Japanese 1.21 0.13
Chinese 1.33 ]0.13
African 0.96 | 0.08
HLA-A-C |European 0.70 | 0.07
(~1.3Mb) |Japanese 1.14 | 0.11
Chinese 1.18 [ 0.12
African 1.54 |0.31
HLA-C-B |European 2.13 [ 0.48
(~85kb) [Japanese 3.12 0.64
Chinese 4.88 | 1.00

Fig. S26. Population recombination rates for the HLA class I region. Population
recombination rates (p) for four populations and three HLA class I intervals.





