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The successful retrieval of ancient mitochondrial DNA (mtDNA) from Neanderthals provides
powerful  experimental  evidence  that  clarifies  the  arguments  between  the  out-of-Africa  and
multiregional  models  of  evolution.  However,  the  lack  of  nuclear  DNA  from  Neanderthal
fossils and mtDNA of early modern human fossils dating back to approximately the same time
in  the  Pleistocene  constitutes  a  limitation  that  may  compromise  the  significance  of  mtDNA
phylogenetic analysis. In this report, we introduce a mitochromic analysis using Neanderthal
mtDNA as a foreign transgene and humans as a naturally occurring transgenic species. Forty
Neanderthal mtDNA  retrievable  nuclear  fragments  were  identified  by  blasting  human  gen-
ome  data  with  Neanderthal  mtDNA.  Five  of  the  40  fragments  exhibited  higher  correlation
with  Neanderthal  mtDNA  than  those  with  modern  human  mtDNA.  Furthermore,  these  five
nuclear fragments harbor Neanderthal mtDNA-unique haplotypes. Based on the 98% +  iden-
tity between Neanderthal and modern human mtDNA when compared by groups, we suggest
that some of the modern human nuclear fragments retrieved using Neanderthal mtDNA may
aid in decoding Neanderthal genetic information, and also may simultaneously demonstrate
a close genetic evolutionary relationship between modern humans and Neanderthals.

 
 

1 Introduction

The  successful  retrieval  of  Neanderthal  mitochondrial

DNA (mtDNA) by PÄÄBO et al. in 1997 was a milestone in

the genetic study of early human history [1-5]. The authen-

ticity of  these  potential  mtDNA  sequences  of  Neander-

thals  has  been  independently  confirmed  by  different

groups  using  different  fossils [6-8].  These  Neanderthal

mtDNA sequences  enable  the  analysis  of  genetic  di-

versity as early as 300 000 years ago [8].  The availability of

ancient mtDNA sequences has promoted the anthropolo-

gical study  of  modern  human  evolution.  However,  com-

paring the mtDNA of modern humans and Neanderthals

does  not  solve  the  argument  regarding  the  evolutionary

relationship  between  the  two.  Whether  Neanderthals

contribute to the gene pools of modern humans is an im-

portant question, and is complicated by difficulties in the

retrieval of chromosomal DNA from ancient fossils [9-13].

Considering  endosymbiotic  mitochondria  as  foreign

invaders,  human  beings  are  a  naturally  occurring
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transgenic  species.  Based  on  this  recognition,  blasting

human genome  data  against  mtDNA  provides  a  simpli-

fied transgenic  human  analysis,  which  we  term  mito-

chromics. Human  mtDNA  has  migrated  into  chromo-

somes  throughout  evolution [14-18]. Once  integrated,  frag-

ments of mitochondrial origin (mtDNA-like) may experi-

ence a slower mutation rate than their counterparts in the

mitochondria. As  a  reverse  assay,  chromosomal  se-

quences are  a  useful  tool  for  tracing  certain  genetic  re-

cords  of  mtDNA-origin  fragments.  If  Neanderthals  were

the  ancestors  of  modern  humans,  or  if  they  interbred  to

produce fertile offspring, it is possible to decode some an-

cient  information  from  the  chromosomal  sequences  of

modern  humans.  We  hypothesize  that  the  presence  of

Neanderthal  mtDNA-like  DNA  fragments  residing  in

chromosomes with high identity can provide evidence for

solving  the  argument  of  whether  Neanderthals  passed

any genes onto modern humans. 

2 Nuclear (Nuc)-mtDNA fragmenting in modern hu-
man genome retrieved with Neanderthal mtDNA

A total of 40 Homo sapiens chromosomal fragments were

retrieved. The  shortest  fragments  consisted  of  20  nucle-

otides, and  the  longest  fragment  comprised  250  nucle-

otides.  Statistically,  a  DNA  fragment  of  20  nucleotides

with specific  sequences can be found randomly within a

pool of 1.1 ×  1012 nucleotides, which is 300 larger than the

modern  human  genome.  Therefore,  it  is  reasonable  to

believe  that  a  genetic  relationship  exists  between  the

modern  human  nuclear  mtDNA-like  elements  and  the

neanderthal cytoplasmic mtDNA. Recently, we identified

more  than  1  000  mtDNA-like  fragments  in  the  human

genome  by  blasting  human  chromosomal  sequences

against  modern  human  mtDNA.  It  is  possible  that  the

majority of these Nuc-mtDNA fragments may have resul-

ted from recombination in the late stages of human evol-

ution,  which  is  supported  by  the  observation  that  our

older rodent counterparts, rats and mice, contain several-

fold less Nuc-mtDNA elements in their genome. One cru-

cial issue is whether the Neanderthal mtDNA-retrievable

nuclear  fragments  are  simply  inserts  that  migrated  from

the mtDNA of modern humans or whether some of these

inserts are potentially from Neanderthal mtDNA. 

3 Neanderthal  mtDNA-origin  fragments  existing  in
modern human genome

The  40  Neanderthal  mtDNA  retrievable  fragments  were

further  analyzed  to  determine  their  correlation  with

Neanderthal mtDNA sequences and the relevant regions

of mtDNA from modern humans and gorillas. The overall

consensus  rate  of  these  fragments  with  Neanderthal
mtDNA was higher than that of modern humans, with the
lowest  consensus  rate  being  observed  for  gorilla  mtDNA
(Figure  1A and 1B).  Among  the  40  nuclear  mtDNA-like
fragments,  16  showed  higher  identities  to  Neanderthal
mtDNA  than  the  mtDNA  reference  sequence  of  modern
living  humans  (NC_001807).  With  the  exception  of  two
fragments,  the  remainder  had  the  same  consensus  rates
as the mtDNA of Neanderthals and modern humans did.
Figure  1C shows the  consensus  rates  of  these  16  frag-
ments when compared with the mtDNA of Neanderthals,
modern  humans,  and  gorillas.  The  number  of  nuclear
DNA fragments with a higher consensus rate to Neander-
thal  mtDNA  varied  depending  on  the  haplotype  of  the
modern  human  mtDNA  used  in  the  comparison.
However, five chromosomal fragments showed consider-
ably  higher  consensus  rates  with  Neanderthal  mtDNA
than all mtDNA haplotypes of modern humans, as well as
all  mtDNA  sequences  searchable  in  GenBank.  The  five
nuclear  mtDNA-like  inserts  are  highlighted  in  green  in
Table 1. 
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Figure  1    Consensus  rate  comparison  of  Neanderthal
mtDNA  retrievable  genomic  fragments  with  mtDNA  of
different species
A,  Nuc-mtDNA  retrieved  by  Neanderthal  mtDNA  vs  two
mtDNAs.  The  40  fragments  retrieved  by  Neanderthal  mtDNA
has  a  consensus  rate  with  Neanderthal  mtDNA  that  is  higher
than that with modern humans. B, Nuc-mtDNA retrieved by hu-
man mtDNA vs two mtDNAs. The 27 sequences retrieved using
the  relevant  region  of  NC_001807  have  a  consensus  rate  with
modern human mtDNA that  is  higher than that  with Neander-
thal.  C,  Nuc-mtDNA retrieved by Neanderthal  mtDNA vs three
mtDNAs. Chromosomal  DNA  fragments  having  higher  con-
sensus rates with Neanderthal mtDNA as compared with that of
modern  humans  and  gorillas.  Green  bar:  with  Neanderthal
mtDNA;  purple  bar:  with  modern  human  mtDNA;  blue  bar:
with gorilla mtDNA.
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4 Possible Neanderthal  characteristic  mtDNA  hap-
lotype identified

We aimed  to  further  characterize  the  haplotype  differ-

ences between the mtDNAs of Neanderthals and modern

humans.  The mtDNA haplotyping has been approved as

a useful tool for molecular confirmation of the extinction

of  Lake  Mungo  3.  We  compared  Neanderthal  mtDNA

with all  searchable  mtDNA  sequences  within  the  Gen-

bank, instead of directly sequencing mtDNA from a small

group of modern humans. As shown in Table 2, the nuc-

leotide substitution variances between Neanderthals and

modern humans  have  overlapping  ranges,  with  the  ex-

ception of one Neanderthal mtDNA fragment sequenced

to  date.  The  minimal  variation  between  Neanderthals

and modern humans and the maximal variation between

modern humans  were  approximately  the  same.  Further-

more, we performed a search to detect subspecies-specif-

ic  mtDNA variations between Neanderthals  and modern

humans.  When  taking  Neanderthals  as  one  group  and

modern humans as  the other group,  the nucleotide sub-

stitutions in the two comparable mtDNA regions dramat-

ically  decreased  to  4  and  5  (with  one  gap).  These  small

variations are frequently observed between two individu-

al modern humans.

The  maximum  variance  among  human  mtDNA  was

determined using short  regions that were highly consist-

ent  with  the  Neanderthal  sequences.  The  average  value

for variance was not calculated, as the sample number for

Neanderthal mtDNA  is  very  small,  and  the  subpopula-

tion of  contemporary  humans  is  not  necessarily  repres-

entative of the modern human mtDNA collection.
Comparisons  between  mtDNAs  of  Neanderthals  and

modern humans  revealed  some  characteristic  Neander-
thal haplotypes that could be used as another standard to
identify  the  origin  of  nuclear  mtDNA-like  elements.  As
shown  in Figure  2,  the  five  Nuc-mtDNA  elements  with
greater identities to Neanderthal mtDNA than to modern
living humans contain some of these unique Neanderth-
al  haplotypes.  None  of  the 15 000 +  mtDNA  sequences

Table  1   Forty Neanderthal  mtDNA  retrievable  homo-
logues in the modern human genome (5'→3')

No. Nucleotide sequence

  1 tctggggggtgtgcacgcgatagcattgtgaaacgctggccccagagcaccct
atgtcgcagtgtctgtctttgattcctgccccatcccattattgatcacacctacat
tcaatatcccaggcgagcatacctatcacaaggtgttaattaattaatgcttgta
ggacataa

  2 acatctttgccaaaccccaaaaacaaa

  3 ctgctagccaccatgaatattatatagtactataatt

  4 ccttgatagtacatagcacatatagtcattcatcgtacatagcacattatagtca
aatcatttctcgtccccacggatatccccctcagata

  5 aaaccccaaaaacaaagaac

  6 atctctgccaaaccccaaaaacaaagagccctaacatcagcctaaccagattt
caaat

  7 ctttcatggggaagcaaatttgagtaccacccaagtattgacccaccccatcaa
tggccaccatgtatatcgtgcattactgccagccaccatgaatatt

  8 gtgttaattaattcatgcttgtaggacataataa

  9 tgccaaaccccaaaaacaaa

10 catagcacattatagtcaaa

11 ccatgtatatcgtgcattactgctagccaccatgaatattacatagtactataatt
gcttga

12 deleted

13 gccaccatgaatattgtatagtactataa

14 cccccatgcttacaagcaag

15 gtgttaattaattcatgcttgtaggacataacaataa

16 gaagtgtgttaattaattaat

17 tgccaaaccccaaaaacaaa

18 acatagcacatttcagtcaaatcc

19 gtgttaattaattcatgcttgaaggacataataat

20 tatgtacttcgtgcattactgctagtccccatgaataatatatagtactataattac
tt

21 catagcacattatagtcaaat

22 atccacaccaacccccccccccca

23 cgtacatagcacattacagtcaaat

24 ttactgctagccaccatgaatattatatagtactataa

25 tatgtacttcgtgcattactgctagtccccatgaataatatacagtactataatt

26 gtgttaattaattcatgcttgaaggacataa

27 aattaattaatgcttgaaggacataa

28 tgccaaaccccaaaaacaaaga

29 actgctagccaccatgaatattatatagtactataaatgcttgact

30 acataaaaacctaatccaaatcaaa

31 tgttaattaattcatgcttgaaggacataa

32 tatgtacttcgtgcattactgctagcccccatgaata

33 gtgttaattaattaatgctt

34 catagcacattacagtcaaa

35 ttaattcatgcttgaaggacataataat

36 ctgccaaaccccaaaaacaa

37 ttaattaattcatgcttgaaggacataa

38 catagcacattatagtcaaat

39 catagcacattacagtcaaa

40 acatagcacatttcagtcaaatcc

These DNA fragments were arranged in the same sequences
as those listed in the blasting results.  All  green highlighted
fragments  have consensus  rates  with  Neanderthal  mtDNA
higher  than  the  reference  NC_001807.  The  five  blue-
highlighted fragments had consensus rates with Neanderthal
mtDNA that were higher than all 34 types of modern human
mtDNA haplotypes analyzed in this study.

Table  2   Variance  range  of  nucleotide  substitution
between Neanderthal mtDNA and Homo sapiens mtDNA
sequence collection of AF381992-AF382113 in GenBank

Sequence
Neanderthal vs Human Human vs Human

Minimum Maximum Maximum

AF282971 11 17 11

AF149291 18 29 18

AF254446 18 29 18

AF142095 11 17 11

AF011222 24 35 19
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searchable  in  GenBank  harbor  these  characteristic

Neanderthal  haplotypes.  Blasting  the  human  genome

against Neanderthal mtDNA sequences revealed five out

of  40  mtDNA-original  fragments  in  our  chromosomes

that  not  only  have  relatively  high  consensus  rates  with

Neanderthal  mtDNA  but  also  harbor  characteristic

Neanderthal  mtDNA  haplotypes.  Neanderthal-unique

mtDNA  haplotypes  offer  strong  evidence  to  support  the

authenticity of the Neanderthal mtDNA used in our mito-

chromics assay. These haplotype data also indicate that a

small  part  of  the  40  chromosomal  fragments  may  have

originated from Neanderthal mtDNA.
 

 

A
Seq 1 gi 4927255 Homo sapiens Neanderthal mitochondrial hypervariable region II Length 345
Seq 2 gi 17985571 Homo sapiens haplotype U21 mitochondrion, matched region: 57-399
Identities = 334/345 (96.81%), species identities = 340/345 (98.55%)

ttttcgtctggggggtgtgcacgcgatagcattgcgagacgctggagccggagcacccta 60

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

ttttcgtctggggggtgtgcacgcgatagcattgcgagacgctggagccggagcacccta 116

tgtcgcagtatctgtctttgattcctgccccattccattatttatcgcacctacgttcaa 120

||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||

tgtcgcagtatctgtctttgattcctgcctcattccattatttatcgcacctacgttcaa 176

tattacaggcgagcatacttactaaagtgtgttaattaattaatgcttgtaggacataat 180

|||||||||||| |||||||||||||||||||||||||||||||||||||||||||||||

tattacaggcgaacatacttactaaagtgtgttaattaattaatgcttgtaggacataat 236

aataacgactaaatgtctgcacagctgctttccacacagacatcataacaaaaaatttcc 240

|||||| | | |||||||||||||| ||||||||||||||||||||||||||||||||||

aataacaattgaatgtctgcacagccgctttccacacagacatcataacaaaaaatttcc 296

accaaaccccctttcctcccccgcttctggccacagcacttaaacacatctctgccaaac 300

|||||||||||  ||  |||||||||||||||||||||||||||||||||||||||||||

accaaaccccccctc--cccccgcttctggccacagcacttaaacacatctctgccaaac 354

cccaaaaacaaagaaccctaacaccagcctaaccagacttcaaat 345

||||||||||||||||||||||||||||||||||||| |||||||

cccaaaaacaaagaaccctaacaccagcctaaccagatttcaaat 399

B
Seq 1 gi 17985473 Homo sapiens haplotype L1a mitochondrion 
Seq 2 gi 29294531 Homo sapiens haplotype L1c mitochondrion  
Identities = 332/343 (96.80%) 

ttttcgtctggggggtatgcacgcgatagcattgcgggccgctggagccggagcacccta 116

|||||||||||||||| ||||||||||||||||||| | |||||||||||||||||||||

ttttcgtctggggggtgtgcacgcgatagcattgcgagacgctggagccggagcacccta 116

tgtcgcagtatctgtctttgattcctgcctcatcctattatttatcgcacctacgttcaa 176

||||||||||||||||||||||||||||||||||  ||||||||||||||||||||||||

tgtcgcagtatctgtctttgattcctgcctcatctcattatttatcgcacctacgttcaa 176

tattacagacgagcatacttactaaagtgtgttaattaattaatgcttgtaggacataac 236

||||| ||  || |||||||||||||||||||||||||||||||||||||||||||||| 

tattataggagaccatacttactaaagtgtgttaattaattaatgcttgtaggacataat 236

aataacaattaaatgtctgcacagccgctttccacacagacatcataacaaaaaatttcc 296

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

aataacaattaaatgtctgcacagccgctttccacacagacatcataacaaaaaatttcc 296

accaaaccccccctccccccgcttctggccacagcacttaaacacatctctgccaaaccc 356

|||||||||||||||||||| |||||||||||||||||||||||||||||||||||||||

accaaaccccccctccccccacttctggccacagcacttaaacacatctctgccaaaccc 356

caaaaacaaagaaccctaacaccagcctaaccagatttcaaat 399

|||||||||||||||||||||||||||||||||||||||||||

caaaaacaaagaaccctaacaccagcctaaccagatttcaaat 399

C
Seq 1 gi 7769684 Neanderthal mitochondrial D-loop, hypervariable region I Length 345 
Seq2 gi 17985417 Homo sapiens haplotype M11 mitochondrion, matched region: 16057-16400 
Identities = 327/345 (94.78%), species identities = 340/345 (98.55%)

ccaagtattgactcacccatcaacaaccgccatgtatttcgtacattactgccagccacc 60

|||||||||||||||||||||||||||||| |||||||||||||||||||||||||||||

ccaagtattgactcacccatcaacaaccgctatgtatttcgtacattactgccagccacc 16116

atgaatattgtacagtaccataattacttgactacctgtaatacataaaaacctaatcca 120

||||||||||||||||||||||| |||||||| ||||||| |||||||||||| ||||||

atgaatattgtacagtaccataaatacttgaccacctgtagtacataaaaacccaatcca 16176

catcaaccccccccccccatgcttacaagcaagcacagcaatcaaccttcaactgtcata 180

||||||||||||||||||||||||||||||||| |||||||||||||||||||| ||| |

catcaaccccccccccccatgcttacaagcaagtacagcaatcaaccttcaactatcaca 16236

catcaactacaactccaaagacacccttacacccactaggatatcaacaaacctacccac 240

|||||||| |||| |||||| ||||| | |||||||||||||| ||||||||||||||||

catcaactgcaaccccaaagccacccct-cacccactaggataccaacaaacctacccac 16295

ccttgacagtacatagcacataaagtcatttaccgtacatagcacattatagtcaaatcc 300

|||| |||||||||||||||||||| ||||||||||||||||||||||| ||||||||||

ccttaacagtacatagcacataaagccatttaccgtacatagcacattacagtcaaatcc 16355

cttctcgcccccatggatgacccccctcagataggggtcccttga 345

||||||| |||||||||||||||||||||||||||||||||||||

cttctcgtccccatggatgacccccctcagataggggtcccttga 16400

D
Seq 1 gi 17985473 Homo sapiens haplotype L1a mitochondrion
Seq 2 gi 17985459 Homo sapiens haplotype J1b mitochondrion 
Identities = 326/345 (94.49%) 

aagtattgactcacccatcaacaaccgctatgtatttcgtacattactgccagccaccat 16115

||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||||

aagtattgacttacccatcaacaaccgctatgtatttcgtacattactgccagccaccat 16117

gaatattgtacagtaccataaatacttgactacctgtagtacataaaaactcaacccaca 16175

|||||||| || ||||||||||||||| || ||||||||||||||||||| ||| |||||

gaatattgcacggtaccataaatacttaaccacctgtagtacataaaaacccaatccaca 16177

tcaaaaccctgcccccatgcttacaagcaagtacagcaatcaaccttcaactgtcacaca 16235

|||||||||   ||||||||||||||||||||||||||||||||  |||||| |||||||

tcaaaaccccctccccatgcttacaagcaagtacagcaatcaactctcaactatcacaca 16237

tcaactgcaactccaaagccacccctcacccactaggatatcaacaaacctacccgccct 16295

||||||||||||||||||||||| |||||||||||||||| |||||||||||||| ||||

tcaactgcaactccaaagccacctctcacccactaggataccaacaaacctacccaccct 16297

taacagtacatagcacataaagtcatttaccgtacatagcacattacagtcaaatccctt 16355

||||||||||||| |||||||| |||||||||||||||||||||||||||||||||||||

taacagtacatagtacataaagccatttaccgtacatagcacattacagtcaaatccctt 16357

ctcgtccccatggatgacccccctcagataggggtcccttgacca 16400

|||||||||||||||||||||||||||||||||||||||||||||

ctcgtccccatggatgacccccctcagataggggtcccttgacca 16402

 
Figure  2    Selected  base-pairing  showing  high  species  identities  between  Neanderthal  mtDNA  and  modern  human
mtDNA
A, comparison of mtDNA hypervariable region II between Neanderthal and modern human. B, comparison of mtDNA hypervariable
region II between two individuals of modern human with maximal variance. C, comparison of mtDNA hypervariable region I between
Neanderthal  and modern human. D, comparison of  mtDNA hypervariable region I  between two individuals of  modern human with
maximal variance. The blue highlighted mismatches are those that can be matched with another type of haplotype of modern human
mtDNA. The red highlights  are  the  nucleotides  with  no matches  between the  three  Neanderthal  mtDNA and the  34  types  of  haplo-
types of modern human mtDNA analyzed in this study.
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5 Modern human inherited Neanderthal genes is in-
dicated

The  data  from  crossover  mitochromic  analysis  among
Neanderthals, modern humans, and gorillas indicate that
at least some of the DNA fragments in our chromosomes
carry  genetic  information  from  Neanderthal  mtDNA.
Whether modern humans inherited genes from Neander-
thals is  a  focus  of  debate  in  anthropological  studies.  Al-
though we believe that the living fossils unearthed by mi-
tochromic  analysis  support  a  close  genetic  linkage
between  Neanderthals  and  modern  humans,  the  reason
for its  occurrence  remains  unknown.  The  simplest  pos-
sibilities  are  either  cross  breeding  of  the  two  subspecies
or  Neanderthals  being  the  ancestors  of  modern  humans
in Europe. This speculation of crossbreeding was suppor-
ted  by  DUARTE  et  al.,  but  it  has  not  been  supported  by
others in the field [11, 12]. Although less likely, we could not
fully  rule  out  the possibility  that  identical  or  very similar
mtDNA sequences  were  shared  by  modern  human  an-
cestors and Neanderthals roughly 200 000 years ago. Ad-
ditionally,  fossil  evidence  supports  the  existence  of  a
common  ancestor  of  Neanderthals  and  modern  hu-
mans [19].

The characteristic haplotypes of Neanderthal mtDNA
described in  this  report  provide  strong  evidence  to  sup-
port the authenticity of mtDNA sequences retrieved from
Neanderthal  remains.  As  living  fossils,  nuclear  mtDNA-
like elements residing in chromosomes unearthed by mi-
tochromic analysis and the overlapping variances in nuc-
leotide  substitutions  between  mtDNA  sequences  of
Neanderthals  and  modern  humans  support  their  close
genetic  linkage.  In  particular,  the  five  highly  convincing
nuclear mtDNA-like fragments that contained character-
istic  Neanderthal  haplotypes  may  putatively  indicate
their inheritance.  These  nuclear  fragments  harbor  char-
acteristic  Neanderthal  mtDNA  haplotypes  that  always
have  higher  consensus  rates  with  Neanderthal  mtDNA;
their  worst  match  is  even  higher  than  the  best  match
between  the  nuclear  fragments  and  mtDNA  of  modern
living humans. The molecular evidence presented in this
study is in accordance with data from an extensive phylo-
genetic  analysis [20, 21].  In  conclusion,  mtDNA-original
nucleic fragments  may  not  only  aid  in  decoding  the  ge-
netic  interactions  between  mtDNA  and  chromosomes,
but also can potentially provide useful information in the
study of human evolution.

Note:  (i)  There are several  versions of  this  study.  The
first (WS-paper1),  second,  and fourth (WS-paper1b)  ver-
sions  were  completed  on  2003/11/8,  2004/2/10,  and
2005/5/3,  respectively.  This  published  version  used  the
title,  text,  tables,  and  figures  from  the  first  version,  and
the references and figure legends from the fourth version.
(ii)  When  blasting  the  modern  human  genome  with  the

full  sequence  of  Neanderthal  mtDNA  that  is  currently
available,  many  long  fragments  of  genomic  sequences
showed  1%  higher  consensus  rate  with  Neanderthal
mtDNA  (97.95%)  compared  to  modern  human  mtDNA
(96.92%).
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现代智人染色体中存在源自古尼安德特人线粒体的 DNA 序列
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a. 湖南中医药大学个体化诊疗技术国家（联合）工程研究中心, 湖南 长沙 410208, 中国

b. 南华大学生命科学学院 SNP 研究所, 湖南 衡阳 421001, 中国

c. 湖南中医药大学湘产大宗药材品质评价湖南省重点实验室, 湖南 长沙 410208, 中国

 
【摘要】古尼安德特人部分线粒体 DNA 测序成功，一定程度上终结了早期人类有关走出非洲与多中心起源

的争论。 但由于缺乏尼安德特人的染色体基因组序列，其线粒体 DNA 在古人类学领域的重要价值受到了限

制。本研究引入核化线粒体组学分析法将线粒体 DNA 视为转基因和将人设定为转基因人。采用已有尼安德特

人的线粒体 DNA 比对现代智人的基因组 DNA，得到 40 段同源性较高片段。其中 5 个片段与尼安德特人的同

源性高于现代智人线粒体 DNA 且含有尼安德特人特有的单倍体序列。当将数据库中不同尼安德特人个体的

线粒体 DNA 序列作为一个整体与现代智人线粒体 DNA 作为另一个整体比对时，高于 98% 的基因相似度不但

说明已有尼安德特人线粒体序列是分析尼安德特人的有用数据，同时也说明尼安德特人与现代智人在进化上

的近亲关系。

【关键词】尼安德特人；核化线粒体；人类进化；线粒体 DNA
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