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Abstract 16 

The origin of human beings is one of the most important questions in 17 

science. A combination of numerous archaeological and genomic 18 

analyses has led to the widely accepted opinion that modern humans are 19 

the descendants of anatomically modern Homo sapiens that originated 20 

in Africa about 200 thousand years ago (KYA)1,2. In this study, we 21 

reanalysed the mitochondrial DNA and Y chromosome DNA of the 1000 22 

Genomes Project3, and found many minority-specific single-nucleotide 23 

polymorphisms. Using these polymorphisms, we recalculated the time 24 

taken for the evolution of modern humans. Analysis of mitochondrial 25 

DNA suggested that the most recent common female ancestor lived 26 

about 400 KYA and began to leave Africa about 180 KYA. In contrast, 27 

analysis of Y chromosome DNA revealed that the most recent common 28 

male ancestor lived about 3.67 million years ago (MYA) and began to 29 

migrate out of Africa about 2.05 MYA, a time which is consistent with 30 

the expansion time of Homo erectus identified by archaeological 31 

research. Based on the findings, we proposed a new migration routes 32 

and times of modern human, and speculated that anatomically modern 33 

Homo sapiens has been extensively interbred with local archaic human 34 

population during their dispersal across the globe. 35 

 36 

The origin of humans is a topic of a large amount of research and 37 

discussion. Data from archaeological sites have led to the widely accepted 38 

view that humans originated in Africa, and have migrated out of Africa at 39 

least three times4-7. About 2–1.7 million years ago (MYA), Homo erectus 40 

spread to other continents, shortly after emerging in Africa4,8,9. The second 41 

expansion, the migration of ancestors of Neanderthals into Europe, occurred 42 

around 0.8–0.6 MYA, and the third wave was the dispersal of anatomically 43 

modern Homo sapiens about 130–90 thousand years ago (KYA)10,11. With 44 

the development of molecular anthropology, mitochondrial DNA (mtDNA) 45 
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and Y chromosome DNA (Y-DNA), both of which are inherited in a haploid 46 

manner, have been extensively used to analyse the origins of modern 47 

humans1,2,12,13. Studies of mtDNA have shown that all human beings are 48 

descendants of a common female ancestor who lived about 200 KYA in 49 

Africa. Her descendants migrated out of Africa around 100 KYA2,8,14. 50 

Y-DNA can be used to trace the male linage. Early Y-DNA evidence 51 

suggested that the common male ancestor of modern humans lived in Africa 52 

about 150–60 KYA15-17. However, recent analyses of 1,244 Y chromosomes 53 

have led to speculation that the paternal ancestors lived about 190 KYA and 54 

left Africa about 100 KYA1,8. Combining archaeological and genetic studies, 55 

it is now widely accepted that anatomically modern humans left Africa 56 

about 130–90 KYA and then spread throughout the world, resulting in the 57 

global replacement and genetic extinction of pre-existing local archaic 58 

human populations8,18. 59 

Single-nucleotide polymorphisms (SNPs) are the most common type of 60 

polymorphism, involving variation of a single base pair. As the introduction 61 

of new SNPs occurs at a constant rate, common SNPs have been widely 62 

used to determine the time of common ancestor of different haplogroups 63 

over the course of human evolution2,17. However, until recently, only a very 64 

limited number of individuals had been sequenced and analysed. We 65 

speculated that each individual sequenced might contain a certain number of 66 

minority-specific variations, which will be classified as low-frequency SNPs 67 

(less than 1% or 5% of the population) and discarded in the study of 68 

population genetics and evolutionary biology19,20. To test this hypothesis, we 69 

reanalysed the highly accurate single nucleotide variants of 2,534 human 70 

individuals released by the 1000 Genomes Project1,3. We first analysed the 71 

SNPs present in mtDNA (about 14 kb, specific location: 489 bp–14,783 bp). 72 

There were 2,474 SNPs in the mtDNA of the 2,534 individuals. Of these 73 

SNPs, 2,037 (82%) were present in fewer than ten individuals (accounting 74 

for 0.36% of individuals analysed), and 926 (37%) SNPs were specific to a 75 
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single individual (Figure 1a). There were 48,226 SNPs found in Y-DNA 76 

(approximately 25 Mb, 2,762,077 bp–28,508,881 bp) from 1,233 male 77 

individuals. Of these SNPs, 40,576 (84%) were present in fewer than ten 78 

individuals (accounting for 0.73% of male individuals analysed), and 27,127 79 

(56%) occurred in a single individual (Figure 1a). These results indicate the 80 

existence of a large number of minority-specific SNP sites, which are not 81 

likely to be analysed in population genetics. 82 

Since new SNPs are introduced into the genome at a constant rate21, it can 83 

be inferred that each individual has a similar number of SNPs compared 84 

with the common ancestor. We further speculated that each individual also 85 

shares a similar number of SNP variations with a common out-group. To test 86 

the reliability of these minority-specific SNPs, we chose the genome of the 87 

chimpanzee as the common out-group because it was the closest living 88 

relatives of human beings and had similar mutation rate with human22. We 89 

found that each individual had a similar number of SNP differences with the 90 

chimpanzee analysed, with very limited variation in both mtDNA (541.36  91 

3.79) and in Y-DNA (2979.15  26.41) (Figure 1b). This observation 92 

indicates that the minority-specific SNPs are reliable. 93 

Next, we reanalysed mtDNA and Y-DNA using all SNPs, including the 94 

minority-specific SNPs, and calculated the time to the Most Recent 95 

Common Ancestor (MRCA) using a simple model (Figure 2). The principle 96 

underlying the model is as follows. The number of SNP differences between 97 

the out-group (O) and A/B individuals or groups (the SNP differences 98 

between each individual and outgroup are calculated and then take the 99 

average) is proportional to twice the divergence time (𝑇𝑚) between the 100 

out-group and A/B. Similarly, the number of SNP differences between A and 101 

B is proportional to twice the differentiation time (𝑇𝑛) between A and B. 102 

When the split time between the human and the out-group is known, the 103 

differentiation time between A and B can be determined. The time is 104 

calculated according to the following formula: 105 
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2𝑇𝑛

2𝑇𝑚
 = 

𝑁𝐴𝐵
𝑁𝐴𝑂 + 𝑁𝐵𝑂

2

 106 

To determine the time of major events affecting ancient humans, we first 107 

constructed a neighbour-joining tree using the mtDNA of one chimpanzee 108 

and all 2,534 individuals in the 1000 Genome Project3. The exact time of 109 

divergence between humans and chimpanzees remains subject to debate, and 110 

the most used time five million years was used in this study15. The 111 

evolutionary tree suggested that the common mtDNA ancestor of modern 112 

humans originated in Africa (Figure 3), which was in keeping with previous 113 

studies2,14. In the polygenetic tree, Node 1 represents the MRCA of all 114 

human individuals analysed. We calculated the time according to the above 115 

formula and found that the MRCA of modern humans lived about 400 KYA 116 

(Figure 3, Table 1 and Supplementary Table S1), which is about twice of the 117 

time deduced from previous haplogroup analysis2,14. From Node 2, we 118 

concluded that humans began to left Africa about 180 KYA, which is earlier 119 

than the widely accepted 130–90 KYA inferred from early archaeological 120 

and genomic studies8,23, but approximately coincides with recent 121 

archaeological findings of modern humans in the Misliya Cave in Israel, 122 

dated to ~180 KYA, and the Apidima Cave in Greece, dated to around 210 123 

KYA24,25. From Node 3, we inferred that the MRCA of all non-Africans also 124 

lived about 180 KYA, which is also earlier than the 90 KYA deduced from 125 

haplogroup analysis2. We also analysed the differentiation time of humans in 126 

other branches. We found that the mtDNA of Europeans began to split from 127 

that of West and South Asians (Node 12) at about 150 KYA, and their 128 

MRCA lived around 70–40 KYA (Node 15 and 16), which is close to the 45 129 

KYA discovered in archaeology26,27. We also found that the mtDNA of East 130 

Asians split from that of West and South Asians (Node 10) around 130 KYA, 131 

and their MRCA lived approximately 110–90 KYA (Node 7 and 11), which 132 

is in agreement with the earliest known modern humans discovered by 133 

archaeologists in southern China28, which have been dated to around 120–80 134 
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KYA. We found that mtDNA of Americans diverged from that of East 135 

Asians (Node 4, 6, 8 and 13) around 110–70 KYA, and their MRCA lived 136 

approximately 60–40 KYA (Node 5, 9 and 14), which is much earlier than 137 

the widely accepted date for human arrival in America of about 15 KYA29, 138 

but close to the 30 KYA deduced from a recently discovered Mexican 139 

cave30,31. 140 

We further constructed a neighbour-joining tree using the Y-DNA of 141 

1,233 individuals and the chimpanzee (Figure 4). Using the same calculation, 142 

we found that the common patrilineal ancestors of modern humans (Node 1) 143 

arose in Africa about 3.67 MYA (Figure 4, Table 2 and Supplementary Table 144 

S2), which is nearly 20 times earlier than the 190 KYA estimated from 145 

recent haplogroup analysis1, and even older than that deduced from the 146 

archaeological record of Homo habilis, which arose about 3 MYA32. From 147 

Node 2, we inferred that the Y-DNA of modern humans began to migrate 148 

out of Africa approximately 2.05 MYA, which coincides with the 149 

archaeological dispersal time (2–1.7 MYA) of Homo erectus8,9. We found 150 

that the MRCA of non-African lineages (Node 3) lived about 1.54 MYA, 151 

which is about 15 times earlier than the 76 KYA produced by previous 152 

haplogroup analysis1. It appeared that the Y-DNA of East Asians began to 153 

split from that of West and South Asians (Node 4) around 0.97 MYA, and 154 

their MRCA lived about 0.91 MYA (Node 5). According to our analysis, the 155 

Y-DNA of Europeans split from that of West and South Asians (Node 8) 156 

around 0.66 MYA, which approximately coincides with the arrival time 157 

(0.8–0.6 MYA) of ancestor of Neanderthals in Europe9. We also inferred that 158 

the American patrilineal ancestors separated from West and South Asians 159 

(Node 6) at about 0.43 MYA, and the MRCA of native Americans lived 160 

about 0.31 MYA (Node 7). 161 

Previous genomic evidence from mtDNA and Y-DNA suggested that the 162 

paternal and maternal ancestors of modern humans both lived within 200 163 

KYA, and migrated out of Africa about 100 KYA1,2,8. This time is roughly 164 
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consistent with the archaeologically determined time (130–90 KYA) of 165 

anatomically modern Homo sapiens10,33, but much later than that of archaic 166 

human populations, such as Homo erectus and archaic Homo sapiens4,34. 167 

Thus, it is now widely accepted that modern humans are the offspring of 168 

anatomically modern Homo sapiens, while pre-existing local archaic human 169 

populations became extinct with the arrival of modern Homo sapiens35. In 170 

this study, analysis of the mtDNA showed that the time of the female MRCA 171 

approximately corresponds with the rise of anatomically modern Homo 172 

sapiens, implying that the matrilineal ancestors of modern humans are likely 173 

to be anatomically modern Homo sapiens. However, analysis of the Y-DNA 174 

implied that the time of the male MRCA is even earlier than the time of 175 

Homo habilis. In addition, the time left Africa of male MRCA is consistent 176 

with that of Homo erectus. Based on the findings, we proposed a new 177 

migration routes and times of modern human (Figure 5). Furthermore, we 178 

speculated that anatomically modern Homo sapiens has been extensively 179 

interbred with local archaic human population during their dispersal across 180 

the globe. All modern humans inherited mtDNA from female anatomically 181 

modern Homo sapiens and Y-DNA from male archaic human population in 182 

different locations.  183 
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Methods 184 

Read mapping and SNP calling for out-group 185 

The sequencing of 24 chromosomes and the mitochondrial 186 

genome—chromosomes 2A and 2B merged into chromosome 2—of the 187 

chimpanzee (GCF_002880755.1_Clint_PTRv2_genomic.fna 188 

https://ftp.ncbi.nlm.nih.gov/genomes/all/GCF/002/880/755/GCF_00288075189 

5.1_Clint_PTRv2/GCF_002880755.1_Clint_PTRv2_genomic.fna.gz) was 190 

simulated using ART software with the parameters ‘–l 150’, ‘–f 60’, ‘–m 191 

500’, ‘–s 10’, ‘-p’, ‘-na’ and ‘–ef’36. The high quality paired-end reads were 192 

aligned to the hs37d5 reference genome using BWA (v0.7.17) with the 193 

parameters: ‘mem -t 16 -k 32–M’37. PCR duplicates were removed using 194 

Picard tools (http://broadinstitute.github.io/picard/). We performed SNP 195 

calling using a HaplotypeCaller approach as implemented in the package 196 

GATK38. A Perl programme was used to filter potentially false SNPs using 197 

the following criteria: a homozygous genotype; supporting reads for the 198 

reference or alternative allele greater than 30; and the ratio of them was 199 

greater than 3. 200 

Population genetic analysis 201 

Single-nucleotide polymorphism genotyping data available from the 202 

HapMap3 Project (Altshuler et al. 2010) was downloaded from the NCBI 203 

(ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/release/20130502/)3. The linkage 204 

disequilibrium (LD r2) of all SNPs in the mitochondrial genome within 205 

50,000 kb were calculated using the Haploview software39. For the Y 206 

chromosome, 200 SNPs were randomly selected from the SNP genotyping 207 

dataset to calculate the LD within 50,000 kb using Haploview. The final 208 

SNP dataset was formed by removing unmatched SNP positions between the 209 

chimpanzee and humans in the LD block. The IBS distance matrix of the 210 

mitochondrial genome and the Y-DNA was computed using PLINK on the 211 

SNP set which was located in the LD block40. The same distance matrix was 212 

used to construct a phylogenetic tree by the neighbour-joining method, 213 
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implementing in PHYLIP and visualised in R41,42. 214 

Analysis of SNP differences between different groups 215 

Individual-specific SNPs and the number of SNP differences between 216 

each individual and chimpanzee were calculated using a Perl script. When 217 

counting the number of SNP differences, genotypes designated ‘-’, were not 218 

counted. For branches with more than one individual, the average number of 219 

SNP differences over all individuals was calculated. 220 
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 336 

 337 

 338 

Figure 1: Analysis of the SNPs specificity and differences in mtDNA and 339 

Y-DNA 340 

a. Proportions of specific SNPs in mtDNA and Y-DNA. The X-axis 341 

represents the number of individuals sharing the same minority-specific SNP. 342 

The Y-axis represents the proportion of SNPs. b. SNP differences between 343 

all individuals and one chimpanzee. Black outlines are violin plots. Black 344 

rectangles indicate interquartile ranges, and black lines indicate the 95% 345 

confidence interval. Numbers represent mean SD.  346 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 4, 2021. ; https://doi.org/10.1101/2021.04.04.438302doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.04.438302


13 
 

 347 

 348 

 349 

Figure 2: Time calculation model used in this study 350 

A and B represent two different individuals or groups. Node I represents the 351 

Most Recent Common Ancestor (MRCA) of Out-group (O) and A/B. The 352 

corresponding time is represented as m. Node II represents the MRCA of A 353 

and B, and the corresponding time is indicated as n.  354 
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 355 

 356 

Figure 3: Evolutionary tree based on mtDNA 357 

Populations from Africa (AFR), America (AMR), East Asia (EAS), Europe 358 

(EUR), West and South Asia (WSA) were used to construct an evolutionary 359 

tree based on mtDNA. Dashed circles and corresponding numbers represent 360 

the differentiation nodes between the two groups.  361 
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 362 

 363 

Figure 4: Evolutionary tree based on Y-DNA 364 

Populations from Africa (AFR), America (AMR), East Asia (EAS), Europe 365 

(EUR), West and South Asia (WSA) were used to construct an evolutionary 366 

tree based on Y-DNA. Dashed circles and corresponding numbers represent 367 

the differentiation nodes between the two groups.  368 
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 369 

 370 

Figure 5: Migration routes and times of prehistoric human populations 371 

around the world, based on evidence from mtDNA and Y-DNA 372 

Red and black arrows indicate the putative migration routes of mtDNA and 373 

Y-DNA, respectively. The numbers at the end of each arrow indicate the 374 

time when the populations of the two regions began to diverge. The numbers 375 

on the arrows represent the time of the common ancestor of the arriving 376 

region’s population. Time unit: million years ago (MYA).  377 
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 378 

Table 1: A proposed migratory timeline for humans migrating across 379 

the world based on evidence from mtDNA 380 

 381 

Events Node NAO NBO NAB 
Corresponding 

time (MYA) 

Common ancestor of all 

modern humans 
1 541.35 542.60 43.06 0.40  

Human dispersal out of 

Africa 
2 540.68 542.38 19.23 0.18  

Common ancestor of all 

non-Africans 
3 539.78 542.57 19.65 0.18  

Americans split from East 

Asians 

4 543.26 541.00 7.87 0.07  

6 543.11 545.35 10.93 0.10  

8 541.14 543.00 9.27 0.09  

13 539.35 537.00 11.64 0.11  

Common ancestor of 

Americans 

5 543.23 544.00 6.91 0.06  

9 541.13 542.00 4.29 0.04  

14 540.00 539.06 5.69 0.05  

Common ancestor of East 

Asians 

7 537.85 539.00 10.07 0.09  

11 540.81 542.13 11.83 0.11  

East Asians split from West 

and South Asians 
10 541.31 540.33 13.53 0.13  

Europeans split from West 

and South Asians 
12 542.58 537.22 15.70 0.15  

Common ancestor of 

Europeans 

15 535.56 536.53 4.44 0.04  

16 536.23 539.50 7.24 0.07  

 382 

NAO: Mean number of SNPs differences between branch A and Outgroup 383 

(chimpanzee). 384 

NBO: Mean number of SNPs differences between branch B and Outgroup 385 

(chimpanzee). 386 

NAB: Mean number of SNPs differences between branch A and branch B.  387 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted April 4, 2021. ; https://doi.org/10.1101/2021.04.04.438302doi: bioRxiv preprint 

https://doi.org/10.1101/2021.04.04.438302


18 
 

Table 2: A proposed migratory time for prehistoric human migration 388 

across the world based on evidence from Y-DNA 389 

 390 

Events Node NAO NBO NAB 
Corresponding 

time (MYA) 

Common ancestor of all 

modern humans 
1 3000.50 2979.11 2197.19 3.67 

Human dispersal out of 

Africa 
2 2979.27 2954.75 1216.75 2.05 

Common ancestor of all 

non-Africans 
3 2972.42 2996.88 918.40 1.54 

East Asians split from 

West and South Asians 
4 2970.18 2951.00 575.35 0.97 

Common ancestor of East 

Asians 
5 2969.86 2972.22 538.49 0.91 

Americans split from 

West and South Asians 
6 2951.19 2958.00 255.26 0.43 

Common ancestor of 

Americans 
7 2950.74 2959.00 185.65 0.31 

Europeans split from 

West and South Asians 
8 2965.26 2984.72 391.14 0.66 

 391 

NAO: Mean number of SNPs differences between branch A and Outgroup 392 

(chimpanzee). 393 

NBO: Mean number of SNPs differences between branch B and Outgroup 394 

(chimpanzee). 395 

NAB: Mean number of SNPs differences between branch A and branch B. 396 
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