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Abst rac t  Sequencing the mitochondrial control region is 
very useful for individual identification when conven- 
tional DNA typing using autosomal STRs is unavailable. 
However, low discriminatory power is a problem and an- 
other polymorphic locus within the mitochondrial genome 
is necessary. The cytochrome B (MTCYB) gene, which 
has undergone several changes during evolution, may be a 
good candidate for this purpose. Here the sequencing data 
of  the MTCYB gene of 98 unrelated Koreans is presented. 
A total of 30 polymorphic sites were found which were 
distributed evenly along the gene. All were nucleotide 
substitutions and no insertions/deletions were noted. A to- 
tal of 22 different MTCYB lineages were revealed. Out of 
22 different control region lineages with 79 samples 
which shared the same D-loop sequence with some others 
within a lineage, 10 lineages with 37 samples could be 
sub-grouped according to different MTCYB sequences. 
Some issues concerning the MTCYB gene polymorphism 
are discussed. 
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Introduction 

Mitochondrial DNA (mtDNA) has several unique charac- 
teristics compared to nuclear DNA [1]. MtDNA exists 
in numerous copy numbers even within a single cell, it 
is rather short, 16.5 kb long with a double-stranded circu- 
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lar structure and there is a 1.1 kb long control region 
(D-loop) which is highly polymorphic. These characteris- 
tics of mtDNA make it a useful tool as an individual iden- 
tification marker, especially when nuclear DNA is un- 
available. Furthermore maternal transmission makes the 
interpretation relatively simple [2]. 

Individual identification involving samples of  poor 
quality in which autosomal STRs cannot be used, for ex- 
ample degraded samples, old bone fragments or hair 
shafts without roots, are routinely undertaken by mtDNA 
sequencing for the control region [3, 4, 5], but poor dis- 
criminating power remains a problem. Contrary to con- 
ventional DNA typing, which mainly targets autosomal 
STRs, it is not possible to determine that a particular sam- 
ple is derived from a specific individual on the basis of 
mtDNA sequencing results alone. We are obliged to add 
rather conservatively that "it is possible" that some sam- 
ple is derived from a specific source, even when the 
mtDNA control region sequences are identical. Other sup- 
portive information is required to achieve specificity, but 

Table 1 Amino acid changes resulting from 30 nucleotide substi- 
tutions in the MTCYB genes found in this study 

Site Nucleotide Result S i t e  Nucleotide Result 
change change 

14766 C-T The-Ile 1 5 2 4 4  A-G Gly-Gly 
14783 T-C Leu-Leu 15301  G-A Leu-Leu 
14867 C-T Leu-Leu 1 5 3 1 4  G-A Ala-Thr 
14927 A-G Thr-Ala 1 5 3 2 3  G-A Ala-Thr 
14944 C-T Ile-Ile 15326 A-G Thr-Ala 
14979 T-C Ile-Thr 15341 T-C Phe-Leu 
15037 C-T His-His 15440 T-C Leu-Leu 
15040 C-T Ile-Ile 15460 C-T Ser-Ser 
15043 G-A Gly-Gly 1 5 4 6 6  G-A Met-Met 
15067 T-C Phe-Phe 15487 A-T Pro-Pro 
15071 T-C Thy-His 1 5 4 9 7  G-A Gly-Ser 
15119 G-A Ala-Thr 15573 T-A Phe-Tyr 
15218 A-G Thr-Ala 15747 T-C Ile-Ile 
15221 G-A Asp-Asn 1 5 7 6 6  A-G Gly-Gly 
15235 A-G Trp-Trp 1 5 8 6 0  A-G Ile-Val 
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Table 2 The control region sequences for all the 98 samples screened in this studied. The sequenced areas were from 16016-16401 in 
the Anderson sequence for HVI and from 048-388 for HVII 

Sample no. Control region sequence 

F408.2 16223T 
F413.1 16223T 
F414.2 16223T 
F452.1 16075C 
F496.1 16223T 
F505.2 16223T 
F515.2 16223T 
F516.1 16129A 
F531.2 16182C 
F562.1 16223T 
F569.1 16129A 
F587.1 16172C 
F596.1 16172C 
F640.1 16223T 
F645.1 16223T 
F650.1 16223T 
F656.2 16223T 
F657.1 16093C 
F694.1 16223T 
F700.1 16223T 
F701.1 16075C 
F708.1 16129A 
F718.1 16129A 
F739.1 16223T 
F740.2 16223T 
F741.2 16223T 
F748.1 16223T 
F761.2 16223T 
F796.5 16223T 
F797.1 16129A 
F797.2 16223T 
F820.2 16166G 
F828.1 16172C 
F833.2 16129A 
F844.1 16075C 
F852.1 16172C 
F861.2 16223T 
F884.2 16093C 
F907.1 16223T 
F908.1 16172C 
F912.1 16223T. 
F916.2 16223T 
H108 16172C 
H120 16223T 
H140 16187T 
H153 16129A 
H159 16129A 
H166 16129A 
H17 16223T. 
H17 16223T. 
H173 16223T. 
H195 t6129A 
H252 16223T. 
H255 16209C 
H259 16223T 
H303.1 16187T 

16325C, 73G, 150T, 263G, 315.1C 
16325C, 73G, 150T, 263G, 315.1C 
16325C, 73G, 150T, 263G, 315.1C 
16223T, 16325C, 73G, 150T, 263G, 315.1C 
16298C, 16319A, 16362T, 73G, 152C, 263G, 315.1C 
16234T, 16316G, 73G, 263G, 309.1C, 315.1C 
16234T, 16316G, 73G, 263G, 309.1C, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16183C, 16189C, 16232A, 16249C, 16304C, 16311C, 16362T, 73G, 249d, 263G, 309.2C, 315.1C 
73G, 146C, 194T, 263G, 309.1C, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16223T, 16257A, 16261T, 16362T, 73G, 150T, 263G, 309.1C, 315.1C 
16223T, 16257A, 16261T, 16362T, 73G, 150T, 263G, 309.1C, 315.1C 
73G, 263G, 315.1C 
73G, 263G, 309.1C, 315.1C 
16298C, 16319A, 16362T, 73G, 152C, 263G, 315.1C 
73G, 150T, 194T, 205A, 263G, 315.1C 
16129A, 16223T, 16249C, 73G, 152C, 263G, 315.1C 
73G, 146C, 194T, 263G, 309.1C, 315.1C 
73G, 263G, 315.1C 
16223T, 16325C, 73G, 150T, 263G, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16234T, 16316G, 73G, 263G, 309.1C, 315.1C 
16234T, 16316G, 73G, 263G, 309.1C, 315.1C 
16298C, 16319A, 16362T, 73G, 152C, 263G, 315.1C 
16298C, 16319A, 16362T, 73G, 152C, 263G, 315.1C 
73G, 263G, 315.1C 
73G, 146C, 194T, 263G, 309.1C, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 

73G, 263G, 315.1C 
16172C, 16223T, 16295T, 16319A, 16362T, 73G, 146C, 199C, 263G, 315.1C 
16223T, 16257A, 16261T, 16362T, 73G, 150T, 263G, 309.1C, 315.1C 
16223T, 16309G, 73G, 146C, 263G, 309.1C, 315.1C 
16223T, 16325C, 73G, 150T, 263G, 315.1C 
16223T, 16257A, 16261T, 16362T, 173G, 150T, 263G, 309.1C, 315.1C 
73G, 263G, 309.1C, 315.1C 
16129A, 16223T, 16249C, 73G, 152C, 263G, 315.1C 
16311C, 16319A, 73G, 263G, 315.1C 
16223T, 16257A, 16261T, 16362T, 73G, 150T, 263G, 309.1C, 315.1C 
73G, 263G, 309.1C, 315.1C 
16325C, 73G, 150T, 263G, 315.1C 
16223T, 16257A, 16261T, 73G, 150T, 263G, 309.1C, 315.1C 
16325C, 16362C, 73G, 150T, 183G, 184A, 263G, 309.1C, 315.1C 
16223T, 16290T, 16319A, 73G, 235G, 263G, 315.1C 
16223T, 16362C, 73G, 152C, 263G, 309.1C, 315.1C 
16140C, 16187T, 16189C, 16266G, 73G, 93G, 210G, 263G, 309.1C, 315.1C 
16140C, 16187T, 16189C, 16266G, 73G, 93G, 210G, 263G, 309.1C, 315.1C 
16234T, 16316G, 73G, 263G, 309.1C, 315.1C 
16311C, 73G, 263G, 315.1C 
16362C, 73G, 263G, 315.1C 
16140C, 16187T, 16t89C, 16266G, 73G, 93G, 210G, 263G, 309.1C, 315.1C 
16362C, 73G, 263G, 315.1C 
16223T, 16324C, 73G, 263G, 315.1C 
16362C, 73G, 263G, 315.1C 
16223T, 16290T, 16319A, 73G, 235G, 263G, 309.1C, 315.1C 
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Table  2 (continued) 

Sample no. Control region sequence 

H315 
H334 
H348 
H36l 
H362 
H366.1 
H377.1 
H473.2 
H64 
H75 
H81 
H84 
H98 
P13 
P149 
P157 
P165 
P173 
P174 
P181 
P184 
P189 
P19 
P191 
P200 
P213 
P222 
P263 
P39 
P62 
P86 
P9 
P90 
P98 
SB41 
SB59 
SB63 
SB67 
SB77 
SB8 
SD41 
SD99 

16187T, 
16223T, 
16129A, 
16223T, 
16129A, 
16129A, 
16172C, 

16223T, 16290T, 16319A, 73G, 235G, 263G, 315.1C 
16362C, 73G, 263G, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16311C, 73G, 263G, 315.1C 
16232A, 16304C, 16311C, 16344T, 73G, 152C, 249d, 263G, 309.2C, 315.1C 
16148T, 16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16223T, 16257A, 16261T, 73G, 150T, 263G, 309.1C, 315.1C 

16129A, 16223T, 
16223T, 16396G, 
16223T, 16311C, 
16187T, 16223T, 
16209C, 16223T, 
16187T, 16223T, 
16172C, 16362C, 
16223T, 16311C, 
16174T, 16223T, 
16172C, 16362C, 
16223T 16325C, 
16209C 16223T, 
16223T 16362C, 
16223T 16362C, 

73G, 152C, 263G, 309.1C, 315.1C 
73G, 150T, 194T, 205A, 263G, 315.1C 
73G, 263G, 315.lC 
16290T, 16319A, 73G, 235G, 263G, 309.1C, 315.1C 
16324C, 73G, 207A, 263G, 315.1C 
16319A, 73G, 235G, 263G, 315.1C 
73G, 194T, 215G, 263G, 315.1C 
73G, 263G, 315.1C 
16362C, 73G, 146C, 183G, 263G, 309.1C, 315.1C 
73G, 199T, 215G, 263G, 315.1C 
16362C, 73G, 150T, 183G, 184A, 263G, 309.1C, 315.1C 
16291T, 16324C, 16362C, 73G, 263G, 315.1C 
73G, 146C, 194T, 263G, 309.1C, 315.1C 
73G, 263G, 315.1C 

16223T 
16223T 
16129A 
16129A. 
16129A 
16093C 
16187T 
16223T 
16223T 
16223T 
16223T 
16093C, 

16362C, 73G, 146C, 194T, 263G, 309.1C, 315.1C 
73G, 146C, 194T, 263G, 309.1C, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16223T, 16362C, 73G, 152C, 263G, 309.1C, 315.1C 
16129A, 16223T, 16249C, 16362C, 73G, 152C, 263G, 315.1C 
16223T, 16290T, 16319A, 73G, 235G, 263G, 309.1C, 315.1C 
16294T, 16295T, 73G, 146C, 199C, 263G, 315.1C 
16290T, 73G, 263G, 315.1C 
16362C, 73G, 263G, 315.1C 
16311C, 73G, 263G, 309.1C, 315.1C 
16129A, 16223T, 16249C, 16362C, 73G, 152C, 263G, 315.1C 

16223T, 16362C, 73G, 152C, 263G, 315.1C 
16129A, 16232A, 16304C, 16311C, 16344T, 73G, 152C, 263G, 309.2C, 315.1C 
16174T, 16223T, 16362C, 73G, 146C, 183G, 263G, 309.1C, 315.1C 
16129A, 16148T, 16223T, 73G, 152C, 263G, 309.1C, 315.1C 
16129A, 16223T, 16362C, 73G, 152C, 263G, 309.1C, 315.1C 
16223T, 16290T, 16319A, 73G, 152C, 235G, 263G, 309.1C, 315.1C 
16223T, 73G, 263G, 309.1C, 315.1C 
16129A, 16223T, 16362C, 73G, 152C, 263G, 309.1C, 315.1C 
16129A, 16140C, 16187T, 16189C, 16266G, 73G, 93G, 210G, 263G, 309.1C, 315.1C 

given  the si tuat ion that nuclear  D N A  is unavai lab le  for  
test ing,  it is not  easy to increase the d iscr imina t ing  p o w e r  
o f  the test. The  only  solut ion would  appear  to be to f ind 
more  po lymorph i sm  within m t D N A  [6]. 

The  cy tochrome B (MTCYB)  gene located in the mi to-  
chondr ia l  genome,  has been found to be rather  p o l y m o r -  
phic  and has undergone several  changes  during evolu t ion  
[7]. It has been used to identify species  [8, 9, 10] but  the 
degree  o f  po lymorph i sm  in humans  is not  k n o w n  and 
should  be i f  it is to be used as an indiv idual  ident i f ica t ion 
marker .  In this s tudy we de te rmined  the nature o f  the 
M T C Y B  gene po lymorph i sm in 98 Koreans  and discuss  
its usefulness  for  individual  identif icat ion.  

Materials and methods 
A total of 21 placenta and 77 blood samples were collected at 
Seoul National University (SNU) hospital and the Department of 
Forensic Medicine, SNU Medical College. These 98 samples 
could be grouped into 41 different mtDNA control region lineages 
whereby 79 samples shared a control region sequence with some 
other samples grouped into 22 different lineages but all subjects 
studied here were maternally unrelated. Total DNA was extracted 
from placental tissue and peripheral blood as described previously 
using phenol/chloroform extraction [11]. Amplification for the 
MTCTB gene (from the Anderson sequence nt 14747-15887) was 
done using the following primer sets: 

- F14737:5'-AAG AAC ACC AAT GAC CCC AA-3' 
- R15892:5'-AGG ACA GGC CCA TTT GAG TA-3' 



Amplification was carried out in 100 ~tl reaction volume contain- 
ing 5 U of Taq DNA polymerase, 1 p_M each primer, 0.25 mM 
each dNTP, 10 mM Tris-HCl (pH 8.8), 50 ml KCI and 0.1% Tri- 
ton X-100. Thermal cycling conditions were 35 cycles at 95 ~ for 
30 s, 60 ~ for 30 s and 72 ~ for i min using the GeneAmp PCR 
System 9600 (Perkin-Elmer, Foster City, Calif.). After amplifica- 
tion the products were conf-trmed using 1.2% agarose gel elec- 
trophoresis and purified using the High Pure PCR product purifi- 
cation kit (Boehringer Mannhein, Mannheim, Germany). After 
quantification using DyNA Quant 200 (Hoefer Scientific Instru- 
ments, San Francisco, Calif.), the eluted DNA was used as the tem- 
plate for sequencing which was performed using the DyeDeoxy 
Terminator cycle sequencing kit and a 377 model ABI automatic 
sequencer (Applied Biosystems, Foster City, Calif.) following the 
supplier's recommendations. The primers used in amplification 
and the additional internal primers: 

- R15096:5'-ATG CCG ATG TTr  CAG GTT TC-3' 
- F14970:5'-ATG GCT GAA TCA TCC GCT AC-3' 
- R15337:5'-GAG GTG GAG TGT TGC TAG GG-3' 
- F15256:5'-AGA CAG TCC CAC CCT CAC AC-3' 
- R15623:5'-CAA GGA CGC CTC CTA GTr  TG-3' 
- F15575:5'-ACA CAA TTC TCC GAT CCG TC-3' 

were also used as sequencing primers. A total of eight sequencing 
reactions were performed for each sample. 

Results and discussion 

With the pr imers  descr ibed  above,  direct  sequencing  of  
the PCR products  of  the M T C Y B  gene was sa t is factory  
cover ing  both strands and results  were ob ta ined  for  all 
samples .  Compared  to the A n d e r s o n  sequence,  30 sites o f  
different  nucleot ide  sequence were  noted (Table S1), 
among  which 16 sites were  prev ious ly  regis te red  in 
the human mi tochondr ia l  genome  database ,  M I T O M A P  
(h t tp : / /www.gen.emory .edu/mi tomap) .  The major i ty  of  
changes  were noted  in less than 10% of  the subjects  but 
nucleot ide  changes  at pos i t ion  14766 (all the 98 samples ,  
this site has been  p roved  that the Anderson  sequence  was 
mis typed  [12] and the da ta  should  be in terpreted accord-  
ingly),  14783 (79 of  98 samples) ,  14979 (24 o f  98 sam- 
pies),  15043 (79 of  98 samples) ,  15301 (79 o f  98 samples)  
and 15326 (96 o f  98 samples)  were found re la t ive ly  fre- 
quently. Each sample  conta ined  on average 5.36 po lymor -  
phic nucleot ide  sites. Al l  the changes  noted were nu- 
c leot ide  subst i tut ions and no insert ions or de le t ions  were 
found. As  in the control  region,  the transi t ion type  was 
more  prevalent  than the t ransvers ion  type. Acco rd ing  to 
the mi tochondr ia l  genetic code  16 var ia t ions out  o f  30 
found in this s tudy do not cause  an amino  ac id  change  and 
only  14 var ia t ions  encode  different  amino acids.  Table  1 
shows the change  o f  amino  ac id  encoding  resul t ing from 
the nucleot ide  variat ion.  

A total o f  22 different  geno types  were found,  among 
these 1 type was shared by 34 samples  and another  was 
shared by 19. The genet ic  d ivers i ty  was found to be 0.825 
and the probabi l i ty  of  two unre la ted  persons having  the 
same sequence was 17.4%. The  degree  of  p o l y m o r p h i s m  
in M T C Y B  gene seems to be much  less than that of  the 
control  region.  The  total number  o f  vary ing  nucleot ide  se- 
quences,  the number  o f  such loci  in one sample  and the 
number  of  different  l ineages  are quite low. Never theless ,  
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the usefulness of  the M T C Y B  gene as a means  o f  individ-  
ual ident if icat ion,  as an auxi l iary  tool to the control  region 
and not  as a main  means  of  ident if icat ion,  seems to be 
considerable .  Out  of  22 different  control  reg ion  l ineages 
with 79 samples  which shared the same D- loop  sequence 
with some others within a l ineage, 10 l ineages with 37 sam- 
ples could  be subgrouped  accord ing  to different  M T C Y B  
sequences.  This  suggests  that i f  we study addi t ional  vari-  
at ions outside o f  the control  reg ion  and M T C Y B  gene,  the 
l imita t ions  o f  m t D N A  in terms o f  d i scr imina t ing  c o m m o n  
control  region sequences  will  be reduced.  The  control  re- 
g ion sequences  for  all the sample  screened in this s tudy 
are l is ted in Table 2. 

Sequencing  for a wide  range or  even the whole  
m t D N A  genome  may  be necessary  for comple te  discr imi-  
nation. In the near  future specif ic  informat ive  sites can be 
typed  with rout ine sequencing,  or  by pe r fo rming  several  
assays  for  the single nucleot ide  po lymorph i sms  [13]. In 
addi t ion newly  deve loped  mic roch ip -based  approaches  to 
sequencing have  also been dev i sed  and these should en- 
able m t D N A  sequencing to be pe r fo rmed  more  eas i ly  in 
the near  future [14, 15]. To achieve  this more  informat ion 
about  the pat tern of  var ia t ion o f  different  m t D N A  genes is 
necessary  and this art icle p rov ides  va luable  data  about  the 
human  M T C Y B  gene po lymorph i sm.  
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