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Human mitochondrial DNA (mtDNA)

® Characteristics
- 16,569 base pair, circular DNA

- Maternal inheritance, high mutation rate, high copy number, lack of
recombination

- Certain mutations in mtDNA > diseases or clinical phenotypes

* Applications

- Population genetics 2> genetic difference among populations

Medical genetics > diseases related with mtDNA variations

forensic genetics = personal identification
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Human mtDNA analysis from samples

Experiment 1 Experiment 2 Difficult points
o N 3 - N
DNA extraction DNA extraction Assembly from several fragment
v ¥ ] sequences to single consensus
PCR PCR sequence
v ¥
Sequencing Sequencing e N
¥ ¥ Comparison with rCRS
Sequence analysis | | Sequence analysis | @— > Alignment with rCRS
—1 > Description of different site (MtSNP)

L y '€ J

@ @ | Unfamiliar with mtDNA nomenclature

Several nomenclature rules proposed

[ Comparison between two mtSNP data |@— \_ Y,
<J ;, 4 N
Comparison of data in a FASTA format
Final mtSNP data ]._I—) or in mtSNP format
N J
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Nomenclature : mtDNA seq 2 mtSNP

Sequence

>Sample
AACAAACCTATCCACCCTTAACAGTACATAGTACATAAAACCATT
TACCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCCCCATG

Alignment with rCRS :

16280..... 16290..... 16300..... 16310..... 16320..... 16330..... 16340..... 16350..... 16360.....

v v v v v v v v v
rCRS AACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCCCCATG

.......... (= [ (< S N - IR
Sample AACAAACCTATCCACCCTTAACAGTACATAGTACATAAAACCATTTACCGTACATAGCACATTACAGTCAAATCCCTTCTCGECCCCATG

mtSNP :

‘ Sample 16290T 16319A 16362C ]
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mtDNAprofiler (http://mtprofiler.yonsei.ac.kr)

mEDNAprofiler : mitochondiral DNA sequence analysis tool

L} Four' tools mEDNA nomenclature mEDNA assembly mtSNP conversion miSNP comparison  About mtDNAprofiler
Py — —_——
1. mtDNA nomenclature < e
2. mtDNA assembly T
3. mtSNP conversion
q Each tool
4. mtSNP comparison
" Development
(Execute] ~ [Clear]
1. Web environment o —
2. language: PHP Rl ==
3. Operating system: e " o
Linux . Input format
4. Web-service program : '
Apache HTTP server
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Electropherogram profile
Dsta Edit Search Display Help
i HeF 1| o4 N e

100 110 120 130 140 150 160 170 180
5ATAGCATTGCGAGACGCTGGAGCCGGAGCAGCCTATGTGGCAGTATCTGTCTTTIGATTCCTGGCTCATCCTATTATTTATCGCAGCTACGTT

e

AGAACCCTAACACCAGCCTAACCAGATTTCARATTTTATCTTTTGGCGGTATGCACTTTTAACAGTCACCCOCCAACTAACACATTATTTTCCCCTCCCACTCOCATACTACTAATCTCATCAATACAACCCCCGCCCATCCTA
g:$égf\?éTCiééiéTATCACCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTATTTTCGTCTGGGGGGTGTGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTE
;Eé}gi?é?gﬁ:TTTAAGGGGAACGTGTGGGCTATTTAGGCTTTATGACCCTGAAGTAGGAACCAGATGTCGGATACAGTTCACTTTAGCTACCCCCAAGTGTTATGGGCCCGGAGCGAGGAGAGTAGCACTCTTGTGCGGGA
:EE;gé?;gi32;ATAAACTGTGGGGGGTGTCTTTGGGGTTTGGTTGGTTCGGGGTATGGGGTTAGUAGCGGTGTGTGTGTGTGTGNTGGGTAGGATGGGCGGGGGTTGTATTGATGAGATTAGTAGTATGGGAGTGGGAGGGE
;EEggéE;EEg'ﬁr:CATAAACTGTGGGGGGTGTCTTTGGGGTTTGGTTGGTTCGGGGTATGGGGTTAGCAGCGh TGTGTGTGTGTGTGNTGGGTAGGATGEECGEEEETTGTATTGATGAGATTAGTAGTATGGGAGTGAGAGGE

Sample sequences in FASTA format
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mtDNA nomenclature protocol

1. Alignment in mtDNAprofiler basically
uses parsimonious Smith-Waterman
algorithm and follows alignment
rules which is selected by scientific
working group on DNA analysis
methods (SWGDAM).

2. Its protocol is composed of two main
rules as following: least number of
differences and indels (insertions
and deletions) detection and
rearrangement.

3. Secondrule is further divided into
three sub-rules, which selects one
rule according to the region.
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1. mtDNA
nomenclature tool

mtDNA nomenclature tool is designed to
provide users with mtSNP data through

automated alignment of mtDNA

[

1. Least number of differences J

2. Indels detection and rearrangement

a. AC repeat region

[ Maintain repeat unit ]

b. Hypervariable 2 C-stretch region

[ (1) Preferindels to substitutions ]

[ (2) 3-most placement of indels ]

¢. Non-AC repeat & non-hypervariable 2 C-stretch region

[ (1) Prefer substitutions to indels ]
[ (2) 3-most placement of indels ]
[ (3) Contiguous placement of indels ]
/
" Input seqy
in FASTA format
e e Start page

Elapsed time : 6.78688 sec Results.
1. K021_Ad
Range
a.Range : 16024 ~ 16889, 1«575 c. Mini-map
Origin (H)
b Abgament it RS
i -16030.....16040. ... .16050. .. ..16060. .. ..16070. . ... 16080. .. . . 16080
Alignment result | v - v v v v =
£CRS || TICTTICAT 1T TTGACTCRCCCAT TETATTIC
KOZ1_4 || TICTITCATGRGCARGCAGATT TIC
= : ongny

I: Insertion, D: Deletion,

V: Transversien,

St Transitien,

H: Heteroplasmy

d.mtSHP profile | Profile in 2 new window |
mtSNP profile Control region

Frequency in a new window

Coding region

315.1C 523DEL 524DEL

161487 16223T 162907 16319A 16362C 73G 152C 207A 235G 309.1C

€. Sequence.

TTGACTCACCCAT

TATGTATTICGTACATT TGARTATT

Input seq

Eﬁu TTTGGET

CTTGACTACCTGTAGTACAT T
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T e T -
CAGTACATAGTACATAARACCATTTACCCTACATAGCACATTACAGTCARATCCCTTCT

4| Result page




..... 120.......130.......140 .1s0.. mtSNP profile
v v v v
zcrs
Codign region
R021_A4 Download button
§ samples
180 1s0. 220.
v M Check ‘Sample 'mESNP listin all region
zcrs
K021_A4 2 " " . 16148T 16223T 16290T 16319A 16362C 73G 152C 207A 235G 309.1C 315.1C 523DEL
= K021 A4
524DEL
..... 240.......250.......260 cooorpes | 181820 16183C 16189C 16194C 161950 16217C 162517 16519C 165246 736 2636
v v v 315.1C 523DEL 524DEL.
s
cotoces | 18093 16120A 162237 16208C 16327T 16519C 736 195C 249DEL 2636 309.1G.3002C
x021_ad TAATAA 3151C 489C
Alignment results in a new window OROTS0D4A | 151284 162237 16362C 165190 726 1520 2630 2081 3151C 485C
16033C 161294 16183C 16189C 16223T 16297C 16298C 736 150T 199C 263G 3091C
mtSNP frequency DROT4IMTE2 | 309 5 315 1C 439C
Num meshp Number of each mESNP  Number of samples . .
mtSNP profile in a new window
1 736 515
2 1507 115 | e
3 152C 215 | e—
4 195C P
5 199 115 | e
A 5 c D B £ G H i J
2 207A /5 | mem— 1 |Samples SNP lists
7 2356 115 | — 2 K021 A4 16148T 162237 16290T  16319A 16362C  73G 152C 207A 2356
s Py [P pu— 3 CS007.B4A  16182C 16183  16189C 1614C  16195C  16217C 162617  16519C  16524C
. P s 4 CSOl6.C4A 16093 16120A 162237 16298C 163277 16519C 736 195C  249DEL
5 DROISOD4A 16129A 162237 16362C 16515C 736 152C 263G 3091C  3151C
o 309.1¢ 415 6 |DRO143_M782 16093C 16120A 16183C 16189C 162237 16297C 16298C  73G 1507
mtSNP frequency in a new window mtSNP profile in downloaded file
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2. mtDNA
assembly tool

The mtDNA assembly tool extracts a

consensus sequence from several

mtDNA fragment sequences obtained
from multiple amplification reactions.

1. DA sasembly toot

it s

= B tuarcs 4 e TG0 CAT 8501001011 01

Pless o e secnce nFASTA et

dEdE

Ervcae] (o

Start page
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[Assembled sequences ]

Download buttons

‘Download miSNP profle | [ Downioad assembled seq|
Elapsed time : 68774 sec Resuits
1.Overview
15988 1224 1 636
Assembly E .
1 Br-023-T314 overview —_—
2 Bx-028-16524

3 PR-028-R042
4 Ex-022-R635
5 Px-022-R63S

2.Detai
. ik
Origin ()
L.15930.....16000. .. .16010. ... .16020. ... .16030. ... 16040, ... 16050 .
-
Br02e-31s E’ T —
et Assembly detail
PE028-R042 ercre e
Pr02eRess origin 1)
PH-028-RE3S
|« v
mESNP profie "
sample Contol egion mtSNP profile Coding region

16051G 16086C 162504 162677 162917 16326G 163537

Bestchoice | 16359C 73G 145C 234G 263G 309.1C 315.1C 513R 524 14
524.2C 524.3A524.4C
16051 16086C 162504 16267T 162917 16326G 163537

Worst choice | 18359C 61N 62N 73G 146C 156N 160N 186N 234G 263G 297M | 589DEL
09.1C 315.1C 366R 389R 513N 524,14 524 2C 524,34 524 4C

agnmentvan i [ew i nowvnaon]

-.15930......16000. ....16010 18020,
v v v v
s
Best choice
Worst choice
< (] v
I: Insercion, Delevion, V: Transversion, B: Beteroplasmy
5. Sequences
a.Best choice.

Two candidates of

b. Worst choice.

‘ ik

Download mtSNP profile |
Result page

(Download assembled seq



Protocols of two mtSNP tools

- mtSNP conversion and comparison tools

Dataset 1 mtSNP Dataset 2
2 comparison
Original mtSNP ) SLLLLD '@ """" > Original mtSNP
mtSNP Converted FASTA Converted FASTA mtSNP
comparison seqbience sequence —/ comparison
EETTEEITD P> | Re-calculated mtSNP Re-calculated mtSNP
\__ N
| J
mtSNP conversion tool
| ]
mtSNP comparison tool

1. mtSNP conversion tool : mtSNP list - nucleotide sequence in FASTA format

2. mtSNP comparison tool : Comparison function between two mtSNP data gathered from
independent two experments

3. Bothtools have validity checkup function for the mtSNP in comparison with original input
mtSNP and re-calculated mtSNP.
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mtSNPs & converted FASTA sequences
! o ! Download button

\ ot

3. mtSNP — |

. — D
c o n ve rns 1 0 n t O 0 I ncuasamishps s 161101 16520 1c510|_INCluded MESNPs 1
gD [

o |

o o-o-16030.....16040. .. 16050 ... 16060. ... 16070, ... 160B0. ... 1600 ... 1610C =

|
e conee ey 10l it | B R A e S Alignment
result 1

Incls mtSNP:
b nciudedmisNps 73 228 234 2499 283 3181 345 40 339 |_INCluded MESNPs 2
. Aignmentwith CRS [ Visw in a new window |

e as s | B ; : ; ; : s | Avl
6111 = i it
" & mtDNAmanager oA i} rlzgsnurr:;
- s format —
d. Excluded mtsHPs : None | Excluded mtSNPs
€ EMPOP format Result page (Tab1 - alignment with rCRS)

71 mn(16026576) () vt (18026-16385) T Mv23340) s e3esna)

‘ & Tab2 -

1 Range: 1602446560 Converted

Start page - single data set input FASTA
- sequences
The mtDNA assembly tool extracts a b3
b3 -

consensus sequence from several e — Validity
mtDNA fragment sequences obtained T e | checkup of

rocosang | ot 2o ez e ‘ mtSNP

e ——
Original ‘
Re-calculated

from multiple amplification reactions.

origna
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4. mtSNP
comparison tool

1. mtSNP comparison tool

orthe same samol.

Data set 1

Dataset 1

113 1

mtDNAmanager | :
form \

EMPOP format.

[
Start page - two data sets input

(Giar]

mtSNP comparison tool provides
comparison results between two mtSNP
data gathered from independent two
experiments for the same sample.
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Conclusion

[ Comparison results between two mtSNP data sets ]

@ sampie .

Direct comparison

miSNP data set 1 || miSHP data set2

result between two
o Comparison between o miSHP da sets original mESNP data
1
313.1C
313.1C
Aigamentwit R | Valdity checkup of mishp | 300..eunn. 310..eunns .320.. |

1. P07
2 Range 16105 ~ 16560
b incuded mISNPS | 161114 16223 16519
 Algnmentwin RS
16110, .. 161 161

ccws

a2 Range
© Incuded miSHPs
 Algnmentwih (CRS

1-574

B

ap_1-7e

& Excluded miSNPs  None

Result page (Tab1 - alignment with rCRS)

‘Agament it rCR || valaty chockup of misnp

miSHP data set 1 -Atleast, one miSNP s not correct.

i C070 Le11a 16223 16518 73 226 234 2494 26

315.1C

070 L6111 16223 16515 73 220 234 2434 231510k

Re-caloulated

miSHP data set2 - AllmISHPs aro corroct.
o B-070 16101a 16223 16518 73 228 234 2490 2 c s aes ses
recoouseq | P00 16111A 16228 Lesis 73 228 234 2434 260 315.1C 345 489 569

Tab2 - Validity checkup of mtSNP

1. The description and analysis of mtDNA sequence variations compared to
rCRS can be easily carried out using mtDNA nomenclature tool of

mtDNAprofiler.

2. mtDNA assembly tool allows users to extract a consensus sequence from
several fragment sequences of mtDNA.

3. mtSNP conversion and comparison tools help users to compare and manage
the mtSNP data gathered by two independent experiments.

4.

Therefore, mtDNAprofiler is a useful program to characterize and analyze

mtDNA sequences for researcher dealing with mtDNA.
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