
Table S1. Pairwise comparisons in overall TCAF copy number between continental population groups.  

See accompanying Excel sheet. 

 

Table S2. Summary of TCAF contigs from four recently published long-read assembly studies. TCAF contigs were identified for each 

individual assembly by mapping contigs to the human reference genome GRCh38 using minimap2 (v2.17-r941). Despite some contigs spanning 

over the TCAF segmental duplications (SDs), in all cases the diploid assemblies fail to create contiguous sequences for both haplotypes. 

Sample Type Method Aligned bases 

(kbp) 

Average length 

(kbp) 

# of 

contigs 

Spanning 

TCAF SDs 

Haplotype 

resolved 

HG002 1 ALT HiCanu 125.181 125.181 1 FALSE FALSE 

HG002 1 PRIMARY HiCanu 374.957 374.957 1 TRUE FALSE 

HG00733 1 ALT HiCanu 363.418 72.6836 5 FALSE FALSE 

HG00733 1 PRIMARY HiCanu 374.957 374.957 1 TRUE FALSE 

NA12878 2 H1 Phased with HiC 148.97 74.485 2 FALSE FALSE 

NA12878 2 H2 Phased with HiC 205.26 205.26 1 TRUE TRUE 

HG00733 3 H1 Phased with Strand-seq 125.895 125.895 1 FALSE FALSE 

HG00733 3 H2 Phased with Strand-seq 42.852 42.852 1 FALSE FALSE 

1. Nurk et al. (2020) HiCanu: accurate assembly of segmental duplications, satellites, and allelic variants from high-fidelity long reads. bioRxiv. 

doi:10.1101/2020.03.14.992248 

2. Garg et al. (2020) Efficient chromosome-scale haplotype-resolved assembly of human genomes. bioRxiv. doi:10.1101/810341 

3. Porubsky et al. (2019) A fully phased accurate assembly of an individual human genome. bioRxiv. doi:10.1101/855049 

  



Table S3. Recurrent structural mutation events facilitating haplotype diversity in modern humans at the TCAF locus on Chromosome 7. 

Six different mutation events contribute to the diversity of the sequence structure at the TCAF locus illustrated in Figure 2 (see also Figure S5). 

Breakpoints were inferred using pairwise sequence alignment-based smoothing to identify sudden disruptions in sequence identity (Figure 2). 

Also reported are the length and sequence identity for the longest, high-identity sequences around the inferred breakpoints, which likely gave rise 

to non-allelic homologous recombination-mediated structural rearrangement events. Repeatmasker (v4.0.8) identifies repeat and/or transposable 

elements within the putative breakpoint locations. 

 

Variant 

type 

(w.r.t. the 

larger 

haplogroup) 

Size of 

variant 

(bp) 

Estimated 

breakpoint 

Longest, 

perfect-identity 

(LPI) track at 

breakpoint 

(orientation) 

Length 

and 

identity of 

LPI 

sequence 

Longest, high-

identity (LHI) 

track at 

breakpoint 

(orientation) 

Length and 

identity of 

LHI 

sequence 

Distance to 

the closest 

CTAGE 

(bp) 

Repeat name (type, 

size, strand) at 

breakpoint 

Haplogroup 5 

Deletion 129,722 

87500-88720 87628-87699 ~72 bp, 

100% 

87628-128000 (+) ~40374 bp, 

99.87% 

48903  
(AAAT)n, L2a, 

MIRc 

215721-217221 215829-215900 215829-256202 (+) 48604  MIRc 

Haplogroup 2-1 42480-43038 n.a. n.a. n.a. n.a. 49341  
(AAAT)n, L2a, 

MIRc 

Haplogroup 5 

Deletion 130,674 

166800-169375 166818-167012 

~200 bp, 

100% 

152981-176851 (-) 

~56319 bp, 

99.50% 

26571  
L1PA10, [AT]n, 

MIRb 

295020-297473 295002-295214 281184-337503 (-) 26589  

L1PA10, 

[ATATTAT]n, 

MIRb 

Haplogroup 2-2 91032-93459 n.a. n.a. n.a. n.a. 26590  
L1PA10, [AT]n, 

MIRb 

Haplogroup 4 
Deletion 131,147 

52117-54988 52989-53592 ~604 bp, 

100% 

1-64515 (+) ~64515 bp, 

99.75% 

362  L1MDa, Tigger3c 

181264-183263 181264-181867 128268-192806 (+) 1234  L1MDa, Tigger3c 

Haplogroup 3-1 63450-65450 n.a. n.a. n.a. n.a. 1234  L1MDa, Tigger3c 

Haplogroup 4 
Deletion 134,415 

182143-184140 182143-182289 ~147 bp, 

100% 

127407-192785 (+) ~65378 bp, 

99.77% 

2113  Tigger3c, L1P2 

314557-316557 314557-314703 259823-325220 (+) 2112  Tigger3c, L1P2 

Haplogroup 3-2 244895-246895 n.a. n.a. n.a. n.a. 2112  Tigger3c, L1P2 

Haplogroup 3-2 
Deletion 130,089 

102455-104455 102455-102783 ~329 bp, 

100% 

62074-127450 (+) ~65376 bp, 

99.71% 

7634  L2, L1MC 

230551-232543 230551-230879 190179-255581 (+) 7634  L2, L1MC 

Haplogroup 1 93975-95972 n.a. n.a. n.a. n.a. 7667  L2, L1MC 

Haplogroup 4 

Inversion 103,261 

247529-248811 247933-248108 ~176 bp, 

100% 

209482-249110 (-) ~39600 bp, 

99.88% 

61028  L1ME3G, L1ME3G 

349306-350789 349075-349251 349075-388705 (+) 36861  L1ME3G, L1ME3G 

Haplogroup 5 335706-337305 335367-337493 ~2127 bp, 

100% 

297875-337494 (-) ~39600 bp, 

99.96% 

36861  L1ME3G, L1ME3G 

 437635-439188 437479-439605 437479-477101 (+) 60863  L1ME3G, L1ME3G 

  



Table S4. Summary of unique full-length non-chimeric (FLNC) reads from seven tissue types using the PacBio Iso-Seq technology. For any 

given tissue, the number of FLNC reads per haplogroup is the count of transcripts that are the best and also uniquely aligned. Note that this is 

different from the later analysis of gene model discovery, where we allowed FLNC reads mapped to multiple haplotypes as long as the sequence 

identity differences for those secondary alignments is within 0.1% compared to the primary alignments. 

Haplogroup Dorsal root 

ganglion 

(n=47,096) 

Esophagus 

(n=43,903) 

Fibroblast 

(n=49,161) 

Skin 

(n=14,053) 

Fetal brain 

(n=140,158) 

Testis 

(n=186,329) 

Lymphoblast 

(Pan Troglodytes; 

n=50,885) 

#FLNC reads 

Haplogroup 1 
198 116 1,075 27 150 466 0 

#FLNC reads 

Haplogroup 2-1 
233 416 3 79 137 225 17 

#FLNC reads 

Haplogroup 2-2 
3,514 2,309 12 438 5,627 253 27 

#FLNC reads 

Haplogroup 3-1 
281 160 212 136 1,022 1,378 44 

#FLNC reads 

Haplogroup 3-2 
49 71 1,823 26 55 348 905 

#FLNC reads 

Haplogroup 4 
1,215 712 32 130 1,313 676 2 

#FLNC reads 

Haplogroup 5 
458 651 59 174 1,829 755 6 

#FLNC reads 

Pan Troglodytes 
1 0 1 0 1 0 6,861 

Subtotal 5,949 4,435 3,217 1,010 10,134 4,101 7,862 

%FLNC on-target 

for TCAF 
12.6% 10.1% 6.5% 7.2% 7.2% 2.2% 15.5% 

  



Table S5. Classification of TCAF gene models and isoforms across the eight haplogroups using FLNC transcripts. FLNC reads from one 

chimpanzee (Pan troglodytes) and six human tissues were generated using the PacBio Iso-Seq technology and used for the discovery of gene 

models and isoforms in each haplogroup. Only transcripts that can be mapped with high confidence (>99% sequence identity and more than 10 

reads) and have an open reading frame with more than 200 amino acid (aa) were reported. Bolded isoform IDs are haplogroup-specific. 

Haplogroup 

(supergroup) 
Gene name 

Isoform  

(amino acid [aa]) 

Dorsal root 

ganglion 
Esophagus Fibroblast Skin 

Fetal 

brain 
Testis 

Lymphoblast 

(Pan troglodytes) 

Haplogroup 1 

(H4) 

TCAF2A Isoform1 (230 aa) 13 11 - - - 49 - 

 Isoform3 (367 aa) - - 10 - - - - 

 Isoform4 (565 aa) - - 16 - - 68 - 

 Isoform5 (639 aa) 28 - - - - 31 - 

 Isoform8 (846 aa) - - 37 - - 10 - 

 Isoform9 (920 aa) - - 485 - - - - 

 Isoform10 (980 aa) - - 17 - - - - 

TCAF1B - (922 aa) 52 11 834 - - 47 - 

Haplogroup 2-1 

(H5) 

TCAF1A2 - (738 aa) 170 89 - 23 1304 37 - 

TCAF2A Isoform2 (338 aa) - 18 - - - - - 

 Isoform4 (565 aa) - 14 - 19 - 16 - 

 Isoform5 (639 aa) 14 13 - 18 - 14 - 

 Isoform6 (682 aa) 26 - - - 10 19 - 

 Isoform7 (756 aa) 42 - - - - - - 

 Isoform8 (846 aa) - 53 - 10 - - - 

 Isoform9 (920 aa) - 79 - 19 - - - 

TCAF2C2 Isoform1 (217 aa) 19 - - - 11 - - 

 Isoform2 (230 aa) 25 14 - - - 82 - 

 Isoform3 (260 aa) 86 957 - 163 - 19 - 

 Isoform4 (278 aa) 10 - - - - - - 

TCAF1B - (922 aa) 39 13 - - 83 10 - 

  



(Cont.) Table S5. Classification of TCAF gene models and isoforms in the eight haplogroups using FLNC transcripts. 

Haplogroup Gene name 
Isoform  

(amino acid [aa]) 

Dorsal root 

ganglion 
Esophagus Fibroblast Skin 

Fetal 

brain 
Testis 

Lymphoblast 

(Pan Troglodytes) 

Haplogroup 2-2 

(H5) 

TCAF1A1 - (736 aa) 19 85 - - 14 - - 

TCAF2A Isoform1 (230 aa) 10 19 - - - - - 

 Isoform3 (367 aa) - 20 - - 18 - - 

 Isoform5 (639 aa) 10 13 - - - - - 

 Isoform7 (756 aa) 22 - - - - - - 

 Isoform8 (846 aa) - 23 - - - - - 

 Isoform9 (920 aa) - 29 - - - - - 

TCAF2C2 Isoform2 (230 aa) 30 25 - 18 - 87 - 

 Isoform3 (260 aa) 86 956 - 163 - 19 - 

 Isoform4 (278 aa) 12 - - - - - - 

TCAF1B - (922 aa) 667 277 - 37 39 32 - 

Haplogroup 3-1 

(H4) 

TCAF1A2 - (738 aa) 43 12 - - 35 28 - 

TCAF2A Isoform1 (230 aa) 18 10 11 - - 70 - 

 Isoform3 (367 aa) - 11 10 - - 20 - 

 Isoform5 (639 aa) - - - - - 14 - 

 Isoform8 (846 aa) - - - - - 20 - 

 Isoform9 (920 aa) - - - - - 22 - 

TCAF2C2 Isoform2 (230 aa) - - - - - 139 - 

 Isoform3 (260 aa) 18 42 - 18 - 57 - 

TCAF1B - (922 aa) 101 18 - - 19 83 - 

Haplogroup 3-2 

(H4) 

TCAF1A1 - (738 aa) 13 16 - - 601 19 - 

TCAF2C1 Isoform2 (260 aa) 16 145 - 27 12 - - 

TCAF2A Isoform1 (230 aa) 18 - 11 - 19 80 - 

 Isoform4 (367 aa) - 11 10 - - 20 - 

 Isoform5 (565 aa) - - 16 - - 27 - 

 Isoform6 (639 aa) - - 28 - - 20 - 

 Isoform8 (846 aa) - - 37 - - 10 - 

 Isoform9 (920 aa) - - 153 - - - - 

TCAF1B - (922 aa) 21 - - - 38 83 - 

  



(Cont.) Table S5. Classification of TCAF gene models and isoforms across the eight haplogroups using FLNC transcripts. 

Haplogroup Gene name 
Isoform  

(amino acid [aa]) 

Dorsal root 

ganglion 
Esophagus Fibroblast Skin 

Fetal 

brain 
Testis 

Lymphoblast 

(Pan Troglodytes) 

Haplogroup 4 

(H4) 

TCAF1A1 Isoform1 (738 aa) - 10 - - 163 12 - 

TCAF2C1 Isoform1 (230 aa) 19 15 - - 23 - - 

 Isoform2 (260 aa) - 107 - 19 16 - - 

TCAF1A2 - (738 aa) - - - - - 137 - 

TCAF2A Isoform1 (230 aa) 19 11 - - - 19 - 

 Isoform3 (367 aa) - 18 - - 18 - - 

 Isoform5 (639 aa) 10 13 - - - - - 

 Isoform7 (756 aa) 24 - - - - - - 

 Isoform9 (920 aa) - - 35 - - 12 - 

TCAF2C2 Isoform3 (260 aa) 13 23 - - - - - 

TCAF1B - (922 aa) 256 66 - - 12 - - 

Haplogroup 5 

(H5) 

TCAF1A1 - (738 aa) - 16 - - 165 12 - 

TCAF2C1 Isoform1 (230 aa) 19 15 - - 23 - - 

 Isoform2 (260 aa) - 107 - 19 16 - - 

TCAF1A2 - (738 aa) - - - - 119 - - 

TCAF2A Isoform2 (338 aa) - 15 - - - 10 - 

 Isoform4 (565 aa) - - - - - 15 - 

 Isoform5 (639 aa) - - - - - 14 - 

 Isoform6 (682 aa) 16 - - - 10 19 - 

 Isoform8 (846 aa) - 10 - - - - - 

 Isoform9 (920 aa) - 41 - - - - - 

TCAF2C2 Isoform3 (260 aa) 18 191 - - 18 - - 

TCAF1B - (922 aa) 42 30 - - 32 14 - 

Pan 

Troglodytes 

TCAF2A Isoform1 (230 aa) - - - - - - 19 

 Isoform3 (338 aa) - - - - - - 18 

 Isoform5 (639 aa) - - - - - - 22 

 Isoform8 (846 aa) - - - - - - 20 

 Isoform9 (920 aa) - - - - - - 22 

TCAF1B - (922 aa) - - - - - - 639 

  



Table S6. Coordinates of TCAF SDs on the long-read assembled BAC haplogroups. 

TCAF_DupA TCAF_DupB TCAF_DupC 

Macaque:71845-153820 Macaque:164486-174828 Macaque: 174030-225896 

Gorilla:59205-141312 Gorilla:151979-161258 Gorilla: 160326-217246 

Chimpanzee: 78679-147608 Chimpanzee:157052-167631 Chimpanzee: 166701-225070 

Haplogroup1:53588-119003 Haplogroup1:133217-143807 Haplogroup1:142877-199016 

Haplogroup2-1_1:42388-107750 Haplogroup2-1_1:163047-173669 Haplogroup2-1_1:107746-163976 

Haplogroup2-1_2:187885-253240 Haplogroup2-1_2:253363-263961 Haplogroup2-1_2:263962-320195 

Haplogroup2-2_1:11833-77202 Haplogroup2-2_1:132541-143132 Haplogroup2-2_1:77198-133470 

Haplogroup2-2_2:157345-222718 Haplogroup2-2_2:222841-233439 Haplogroup2-2_2:233440-289741 

Haplogroup3-1_1:9597-74971 Haplogroup3-1_1:131268-141854 Haplogroup3-1_1:74967-131266 

Haplogroup3-1_2:141976-207297 Haplogroup3-1_2:221509-232099 Haplogroup3-1_2:231169-287310 

Haplogroup3-2_1:62075-127450 Haplogroup3-2_1:179466-190057 Haplogroup3-2_1:127446-179464 

Haplogroup3-2_2:190179-255541 Haplogroup3-2_2:269762-280352 Haplogroup3-2_2:279422-335559 

Haplogroup4_1: 0-64515 Haplogroup4_1:116686-127286 Haplogroup4_1:64511-116684 

Haplogroup4_2:127408-192785 Haplogroup4_2:249112-259702 Haplogroup4_2:192781-249110 

Haplogroup4_3:259824-325202 Haplogroup4_3:339418-350005 Haplogroup4_3:349075-405366 

Haplogroup5_1:87628-152987 Haplogroup5_1:205107-215707 Haplogroup5_1:152983-205105 

Haplogroup5_2:215829-281189 Haplogroup5_2:336565-347191 Haplogroup5_2:281185-337494 

Haplogroup5_3:361407-426756 Haplogroup5_3:426880-437478 Haplogroup5_3:437479-493760 

 

 

Table S7. Interlocus gene conversion (IGC) segments identified between TCAF SDs from BAC-assembled haplotypes using GENECONV 

(v.1.81a). 

See accompanying Excel sheet. 

 

 

Table S8. Geographic coordinates of the HGDP populations and summary statistics for the overall TCAF SD CN estimates. 

See accompanying Excel sheet. 

 



 

Figure S1. Pairwise joint distributions among copy number (CN) estimates of SD-DupA, SD-DupB, 

and SD-DupC variants for all human and nonhuman samples. Each symbol is the data from an 

individual. Linear regression lines and their 95% C.I. region were drawn for individual populations.  

  



 

Figure S2. No evidence showing archaic introgression at the TCAF locus. Haplotypes from both 

archaic (bottom rows indicated by the red bars on the left) and modern human samples were constructed 

using single-nucleotide variants (SNVs) from the 20 kbp unique diploid sequences flanking the two sides 

of the TCAF SD regions (black arrow; chr7:143521769- 143874696, GRCh38) and phased 

computationally using BEAGLE (v5.1). Population IDs: EUR (European), ME (Middle Eastern), SIB 

(Siberian), SA (South Asian), EA (East Asian), AMR (American), AFR (African), MEL (Melanesian), 

ARC (archaic hominin). 

  

https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=844103559_TuxPalQMXsLusKlrIx5lYAT2K5M8&db=hg38&position=chr7%3A143806841-143874696


 

Figure S3. Difficulty of assembling TCAF SD haplotypes using publically avaiable PacBio high-

fidelity (HiFi) long-read data and out-of-box assembly pipelines. Contigs from four recently published 

long-read assemblies (Table S2) were mapped to the human reference genome GRCh38 using minimap2 

(v2.17-r941). In three of the four assemblies, there is one contig in each case mapped across the TCAF 

region of GRCh38, but all four diploid assemblies fail to create haplotype resolved, contiguous 

sequences. Black horizontal solid lines indicate missing sequences in the GRCh38, while the black 

dashed line indicates a putative deletion event with respect to the GRCh38.  

  



 

Figure S4. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF locus 

between Haplogroup 5 and the chimpanzee haplotype. Colored arrows are annotated TCAF SDs and 

lines connecting the sequences show regions of homology. Additional annotations include segmental 

duplication (SegDup) tracks and the predicted gene models using FLNC transcripts from the chimpanzee 

lymphoblast cells and six human tissues for the chimpanzee and Haplogroup 5 sequences, respectively 

(Methods). Note that the numbers above overlapping between two BAC clones indicate the percent 

sequence identity (#identical bases/total bases). 

  



 

Figure S5. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF locus 

between Haplogroups 4 and 5. Colored arrows are annotated TCAF SDs and lines connecting the 

sequences show regions of homology. The yellow bar indicates the location of a 100 kbp inversion 

between these two haplogroups. Additional annotations include segmental duplication (SegDup) tracks 

and the predicted gene models using FLNC transcripts from six human tissues for both haplotypes 

(Methods). Note that the numbers above overlapping between two BAC clones indicate the percent 

sequence identity (#identical bases/total bases). 



 

Figure S6. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF locus 

between Haplogroups 2-1 and 5. Colored arrows are annotated TCAF SDs and lines connecting the 

sequences show regions of homology. The vertical black bars indicate the putative breakpoints for a 129 

kbp deletion event in Haplogroup 2-1 with respect to Haplogroup 5. Additional annotations include 

segmental duplication (SegDup) tracks and the predicted gene models using FLNC transcripts from six 

human tissues for both haplotypes (Methods). Note that the numbers above overlapping between two 

BAC clones indicate the percent sequence identity (#identical bases/total bases). 



 

Figure S7. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF locus 

between Haplogroups 2-2 and 5. Colored arrows are annotated TCAF SDs and lines connecting the 

sequences show regions of homology. The vertical black bars indicate the putative breakpoints for a 

>130 kbp deletion event in Haplogroup 2-2 with respect to Haplogroup 5. The right panel shows that the 

TCAF1A1 copy in Haplogroup 2-2 is a fusion of the TCAF1A1 and TCAF1A2 copies in Haplogroup5. 

Additional annotations include segmental duplication (SegDup) tracks and the predicted gene models 

using FLNC transcripts from six human tissues for both haplotypes (Methods). Note that the numbers 

above overlapping between two BAC clones indicate the percent sequence identity (#identical bases/total 

bases). 



 

Figure S8. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF locus 

between Haplogroups 3-1 and 4. Colored arrows are annotated TCAF SDs and lines connecting the 

sequences show regions of homology. The vertical black bars indicate the putative breakpoints for a 

~131 kbp deletion event in Haplogroup 3-1 with respect to Haplogroup 4. Note that the two inferred 

breakpoints on Haplogroup 4 intersect with two identical (100%) CTAGE sequences. Additional 

annotations include segmental duplication (SegDup) tracks and the predicted gene models using FLNC 

transcripts from six human tissues for both haplotypes (Methods). Note that the numbers above 

overlapping between two BAC clones indicate the percent sequence identity (#identical bases/total bases). 



 

Figure S9. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF locus 

between Haplogroups 3-2 and 4. Colored arrows are annotated TCAF SDs and lines connecting the 

sequences show regions of homology. The vertical black bars indicate the putative breakpoints for a 

>134 kbp deletion event in Haplogroup 3-2 with respect to Haplogroup 4. Additional annotations include 

segmental duplication (SegDup) tracks and the predicted gene models using FLNC transcripts from six 

human tissues for both haplotypes (Methods). Note that the numbers above overlapping between two 

BAC clones indicate the percent sequence identity (#identical bases/total bases). 



 

Figure S10. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF 

locus between Haplogroups 1 and 3-2. Colored arrows are annotated TCAF SDs and lines connecting 

the sequences show regions of homology. The vertical black bars indicate the putative breakpoints for a 

~130 kbp deletion event in Haplogroup 1 with respect to Haplogroup 3-2. Additional annotations include 

segmental duplication (SegDup) tracks and the predicted gene models using FLNC transcripts from six 

human tissues for both haplotypes (Methods). Note that the numbers above overlapping between two 

BAC clones indicate the percent sequence identity (#identical bases/total bases). 



 

Figure S11. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF 

locus between the chimpanzee and gorilla haplotypes. Colored arrows are annotated TCAF SDs and 

lines connecting the sequences show regions of homology. Additional annotations include segmental 

duplication (SegDup) tracks and the predicted gene models using FLNC transcripts from the chimpanzee 

lymphoblast cells for the chimpanzee haplotype (Methods).  



 

Figure S12. Miropeats analysis reveals structure similarity and dissimilarity at the 7q35 TCAF 

locus between the chimpanzee and macaque haplotypes. Colored arrows are annotated TCAF SDs and 

lines connecting the sequences show regions of homology. Additional annotations include segmental 

duplication (SegDup) tracks and the predicted gene models using FLNC transcripts from the chimpanzee 

lymphoblast cells for the chimpanzee haplotype (Methods).  



 

Figure S13. Sequence alignment between Haplogroups 4 and 5 TCAF2A amino acid sequences. 

Only two variants were found between the coding sequences. The blue dashed box indicates the 

synonymous difference at exon 2, while the red dashed box shows the nonsynonymous change at exon 3, 

which is beyond the putative inversion breakpoints (Figure S6). The green lightning bolt represents the 

inversion breakpoints at the 3rd intron between the 2nd and 3rd exons. 



 

Figure S14. Evidence of interlocus gene conversion (IGC) between TCAF SD paralogs. Each panel 

shows pairwise sequence identities (blue curves) over 500 bp windows (sliding by 100 bp) between 

individual TCAF SDs from BAC haplotypes. Dashed lines indicate 99.8% in sequence identity. Sudden 

increases to 100% sequence identity between pairs of TCAF SDs were used to support the observations of 

IGC incidents. (A) TCAF DupA segments. (B) TCAF DupB segments. (C) TCAF DupC segments. The 

yellow rectangle highlights a putative IGC segment corresponding to the latitude-correlated IGC locus 

described in the main text and Figures S15-S17. 



 

Figure S15. Heat maps for overall and paralog-specific CN trajectories across human populations. 

CN estimated using read-depth-based genotyping method. Each row of the CN heat maps represents the 

CN of a sample over the TCAF locus (left: overall CN; right: paralog-specific CN, which is estimated 

using singly unique nucleotide k-mers [SUNKs]). The colored arrows (A, B, and C) represent the three 

major TCAF SD blocks in this region. The white area in the middle represents the gap present in the 

human reference genome (GRCh38). The two white boxes in both panels show the putative IGC event 

that correlates with latitudinal locations of global populations. The left white box shows the acceptor site 

(chr7:143,615,002−143,624,482), while the right one indicates the donor locus 

(chr7:143,833,163−143,842,658). Note that the gap present in the reference distorts the CN trajectories 

around it in the heat map. 

  



 

Figure S16. Significant negative correlations in paralog-specific CN estimates between the putative 

IGC donor and acceptor sites across multiple continental populations. Each dot represents the 

paralog-specific CN estimates of the donor (y-axis) and acceptor (x-axis) sites for a given sample using a 

read-depth-based approach and the information from SUNKs. Correlation coefficients and p values were 

computed using Person’s correlation test.  

  



 

Figure S17. Significant correlation between paralog-specific CN at the putative IGC loci and 

latitudinal locations of human populations. The right panel shows a significant positive correlation 

between the paralog-specific CN estimates at the IGC acceptor site and latitudinal locations of 54 human 

populations, while the opposite trend is observed for the IGC donor site. The latitudes of these 54 

populations can be found in Table S8. 

  



 

Figure S18. Pairwise sequence identity of TCAF SDs from the 15 BAC-assembled haplotypes 

reported in this study. Sequence identity was computed based on single base changes between two 

sequences and colored accordingly. For convenience, SDs on individual haplotypes were named from the 

centromeric to telomeric sides indicating by the last number after the underscore in the SD IDs. The 

coordinates of the SDs can be found in Table S6. 



 

Figure S19. Phylogenetic reconstruction of the evolutionary history of TCAF SD DupA using BAC-

assembled haplogroups. Phylogeny of the TCAF DupA sequences among haplogroups was inferred 

using BEAST (v.2.6.2) and five independent runs of 10 million iterations of Markov Chain Monte Carlo 

(Methods). Each number and horizontal bar at an internal node indicate the point estimate for the 

divergence (in million years, Myr) and its 95% highest posterior density interval, respectively. The inset 

shows the putative relationships among TCAF DupA sequences, where different types of circles 

correspond to groups annotated on the inferred phylogeny.  

  



 

Figure S20. Phylogenetic reconstruction of the evolutionary history of TCAF SD DupB using BAC-

assembled haplogroups. Phylogeny of the TCAF DupB sequences among haplogroups was inferred 

using BEAST (v.2.6.2) and five independent runs of 10 million iterations of Markov Chain Monte Carlo 

(Methods). Each number and horizontal bar at an internal node indicate the point estimate for the 

divergence (in million years) and its 95% highest posterior density interval, respectively. Branches with 

posterior probabilities <90% are colored in red. The inset shows the putative relationships among TCAF 

DupB sequences, where different types of circles correspond to groups annotated on the inferred 

phylogeny.  

  



 

Figure S21. Phylogenetic reconstruction of the evolutionary history of TCAF SD DupC using BAC-

assembled haplogroups. Phylogeny of the TCAF DupC sequences among haplogroups was inferred 

using BEAST (v.2.6.2) and five independent runs of 10 million iterations of Markov Chain Monte Carlo 

(Methods). Each number and horizontal bar at an internal node indicate the point estimate for the 

divergence (in million years) and its 95% highest posterior density interval, respectively. The inset shows 

the putative relationships among TCAF DupC sequences, where different types of circles correspond to 

groups annotated on the inferred phylogeny.  

  



 

Figure S22. Reconstruction of phylogeny for the TCAF haplotypes using the 12.3 kbp single-copy 

unique sequences embedded within the TCAF SD region (Figure 2). Phylogenetic inferences were 

performed using BEAST (v2.5; Methods). (A) Sequences from two nonhuman primate and seven human 

haplotypes. (B) The same sequences from the top panel and the archaic hominin haplotypes. The numbers 

are the point estimates for the branch times, while the purple bars show their 95% highest probability 

densities. Branches colored red have <90% posterior probability supports. 

  



 

Figure S23. Haplotypes of the HGDP panel, four archaic hominins, and eight chimpanzee samples 

using the 428 SNVs from the single-copy unique region embedded with the TCAF SD region. The 

rows and columns are haplotypes and SNVs, respectively. A hierarchical clustering based on Ward’s 

minimum variance method were performed. Note that the colors for all HGDP haplotypes were 

transparent, while those for the archaic and chimpanzee samples are solid. 

  



 

Figure S24. Haplotype-based principle component analysis (PCA) based on 1,275 SNVs in the three 

single-copy unique loci at the TCAF SD region. Haplotypes were inferred computationally for the 

HGDP panel as well as the four archaic genomes (Methods). Each dot is a modern-day human haplotype, 

colored according to its population origin. Black and blue triangles are the Neanderthal and Denisovan 

haplotypes. Haplotype clusters were formed using an iterative approach based on the k-mean clustering 

technique. The best K (K=12) was determined by minimizing the sum of squares of within-groups 

distance (the bottom panel). 



 

Figure S25. Haplotype-based PCA based on 428 SNVs in the 12.3 kbp unique diploid sequence 

embedded in the TCAF SD region. Haplotypes were inferred computationally for the HGDP panel as 

well as the four archaic genomes (Methods). Each dot/triangle is a haplotype and colored according to its 

population origin.  

  



 

Figure S26. Rich haplotype diversity in humans at the 7q35 TCAF SD region using dimension-

reduction and phylogenetic techniques. Haplotypes were inferred using 428 SNVs in the single-copy 

unique sequences embedded within the TCAF SD region (Figures 1 and 2). Haplotype-based PCA was 

performed, followed by haplotype clustering and cluster visualization using the dimension-reduction 

technique, t-SNE (Methods). On the t-SNE plots, each dot/triangle is a haplotype and colored according 

to population origin. Numbers and ellipses in the 3D t-SNE plots indicate individual clusters. Sequences 

from the same region in the seven haplogroups are projected onto the plot and labelled. The maximum 

likelihood phylogeny was constructed using 10 randomly selected haplotypes from the 12 inferred 

clusters, in addition to eight archaic and one chimpanzee haplotypes. Note that the branch length of 

chimpanzee (dashed line) is truncated by 90% of its actual length for the purpose of illustration. 



 

Figure S27. Rich haplotype diversity in humans at the 7q35 TCAF SD region using dimension-

reduction and phylogenetic techniques. Haplotypes were inferred using 847 SNVs in the two single-

copy unique sequences flanking the TCAF SD region (Figure 1). Haplotype-based PCA was performed, 

followed by haplotype clustering and cluster visualization using the dimension-reduction technique, t-

SNE (Methods). On the t-SNE plots, each dot/triangle is a haplotype and colored according to population 

origin. Numbers and ellipses in the 3D t-SNE plots indicate individual clusters. The maximum likelihood 

phylogeny was constructed using 10 randomly selected haplotypes from the 12 inferred clusters, in 

addition to eight archaic and one chimpanzee haplotypes. Note that the branch length of chimpanzee 

(dashed line) is truncated by 90% of its actual length for the purpose of illustration. 

 



 

Figure S28. Population composition of TCAF haplotype clusters. Haplotypes of the modern (HGDP) 

and archaic (Neanderthal/NDL and Denisovan/DNS) samples were inferred using 1,275 SNVs from the 

52.3 kbp sequences of the three unique diploid-copy regions (Figures 1 and 2). Note that all archaic 

human haplotypes are assigned to cluster 1. 

 



 

Figure S29. Significant difference in the per-sample mean-haploid TCAF CN among haplotype 

clusters. Haplotypes of the modern (HGDP) and archaic (Neanderthal/NDL and Denisovan/DNS) 

samples were inferred using 1,275 SNVs from the 52.3 kbp sequences of the three unique diploid-copy 

regions (Figures 1 and 2). For each haplotype, the per-sample mean-haploid CN is the half of the overall 

diploid CN for a given sample. Significance levels were computed using the Mann-Whitney U test for 

pairs of clusters, and only p values that survive Bonferroni correction are listed on the plot.  

 



 

Figure S30. Marked effect of the inversion polymorphism between super haplogroups H4 and H5 

on linkage disequilibrium patterns in hominins. Top panel: the browser shot at TCAF locus with SD, 

gene, and CN annotations (see Figure 1 for more details). Bottom panel: patterns of linkage 

disequilibrium among the three unique diploid regions (dark green boxes) around the TCAF locus were 

inferred using D´ (blue) and R2 (red) and 263 SNVs that have minor allele frequency > 1%.  

 



 

Figure S31. Examples for putative traits associated with TCAF haplotypes using the Pan-UK 

Biobank genetic association analysis data. Uncorrected p values and effect sizes (beta) were 

downloaded from https://pan.ukbb.broadinstitute.org/ for single-nucleotide polymorphisms within the 

three unique diploid regions (GRCh37; chr7:143158093-143218093 (left), chr7:143426618-143438618 

(middle), chr7:143572093-143632093 (right)). The dashed lines represent p value = 0.05, while the four 

triangles are the four eQTLs for TCAF2 gene expression (Figure 6C). Population ancestry IDs: African 

(AFR), Central/South Asian (CSA), East Asian (EAS), and European (EUR). (A) Prescriptions of 

glimepiride (oral diabetes drug; 288 cases vs. 420,243 controls). (B) Compressed nerve (1,239 cases vs. 

419,234 controls). (C) Hypothyroidism (18,404 cases vs. 399,034 controls). 


