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ABSTRACT

The Mitomap database of human mitochondrial DNA (mtDNA) information has been
an important compilation of mtDNA variation for researchers, clinicians, and genetic
counselors for the past 25 years. The Mitomap protocol shows how users may look
up human mitochondrial gene loci, search for public mitochondrial sequences, and
browse or search for reported general population nucleotide variants as well as those
reported in clinical disease. Within Mitomap is the powerful sequence analysis tool for
human mitochondrial DNA, Mitomaster. The Mitomaster protocol gives step-by-step
instructions showing how to submit sequences to identify nucleotide variants relative
to the rCRS, determine the haplogroup, and view species conservation. User-supplied
sequences, GenBank identifiers, and single-nucleotide variants may be analyzed. Curr.
Protoc. Bioinform. 44:1.23.1-1.23.26. © 2013 by John Wiley & Sons, Inc.
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INTRODUCTION

The Mitomap database of human mitochondrial DNA (mtDNA) information has been an
important resource for information about the human mitochondrial DNA (mtDNA) for
researchers, clinicians, and genetic counselors for the past 25 years. Essential informa-
tion about the mitochondrial reference sequence is provided, along with an extensive
compilation of mtDNA variants. The Mitomap curators search research literature for
published reports of mitochondrial DNA variants and index those variants in the database.
Those variants that are reported as having possible association with disease are noted.
A new addition to Mitomap is the inclusion of data from full-length human mtDNA
sequences in GenBank.

The Mitomap protocol section (Basic Protocol 1) shows how users may look up human
mitochondrial gene loci, search for public mitochondrial sequences, and browse or search
for reported general population nucleotide variants as well as those reported in clinical
disease. Within Mitomap is the powerful sequence-analysis tool for human mitochondrial
DNA, Mitomaster.

The Mitomaster protocol section (Basic Protocol 2) gives step-by-step instructions show-
ing how to submit sequences to identify nucleotide variants relative to the rCRS, deter-
mine the haplogroup, and view species conservation. User-supplied sequences, GenBank
sequences, and single-nucleotide variants may be analyzed.

UNIT 1.23

Using Biological
Databases

Current Protocols in Bioinformatics 1.23.1-1.23.26, December 2013

Published online December 2013 in Wiley Online Library (wileyonlinelibrary.com).
DOI: 10.1002/0471250953.bi0123s44

Copyright © 2013 John Wiley & Sons, Inc.

1.23.1

Supplement 44



BASIC
PROTOCOL 1

EXPLORING mtDNA VARIANTS WITH MITOMAP
The Mitomap database can be accessed at http://www.mitomap.org (Fig. 1.23.1).
Mitomap consists of three main sections: (1) background information about the human

mitochondrial DNA; (2) an annotated listing of mtDNA variants, both general population
and patient; and (3) The Mitomaster analysis tool (Basic Protocol 2).

Necessary Resources

Hardware

Internet connection
Software

An up-to-date Web browser such as Mozilla Firefox, Google Chrome, Apple
Safari, or Microsoft Internet Explorer (version 9 or higher)
Mitomap’s background information about human mitochondrial DNA

1. Access the Mitomap database at http://www.mitomap.org. Several pages of important
background information are available, shown in Figure 1.23.2.

2. Click on Linkl1, The Annotated Human Mitochondrial DNA Sequence (Fig. 1.23.3),
to find the information about the revised Cambridge reference sequence (Andrews
et al., 1999) and the sequence itself.

s < vrcns N e ———————ee

MITOMAP

= @& Login
- 7 Register
- o~ Reset Password

MITOMAP
MITOMASTER
MITOWIKI

Tools

H Help

Q Search
2 Feedback

£ Index

<« C f [ www.mitomap.org/

MITOMAP
A human mitochondrial genome database

A compendium of polymorphisms and mutations of the human mitochondrial DNA
The role of MITOMAP is to report, not to analyze, published and unpublished data on human mitochondrial DNA
variation. All data is curated by hand and due to the massive volume of sequencing data being produced world wide,
there is always a backlog of papers and data to be added. If you would like to fast-track inclusion of a paper and its data
into MITOMAP, please email a pdfto m mail.chop.edu. We

your help. Thanks.

MITOMAP Quick Reference

« To search for point mutations, click here. The info button on the search page has more information
+ The rCRS is GenBank number NC_012920. Click here for details.

General References Illustrations:

The Annotated Human Mitochondrial DNA Sequence View Figures
The rCRS & other mtDNAS -Mitochondrial DNA Map

Amino Acid Translation Tables -Eleven pathological mutations in tRNA
Mitochondrial References, ALL (very large file) = A-L only = M-Z only

Haplogroup Markers & Frequencies Simpler mtDNA Tree: Europe, Asia, Africa

-Mitochondrial energetics

-Diabetes metabolism & the mitochondria

Mitochondrial DNA Function Locations (Gene Loci) -World migrations
Mitochondrial DNA Polypeptide Assignments -mtDNA Trees

Complete Mitochondrial Genome Sequences

Archived Reports:
mnmon Continent- ific mtDNA Varian 1 PhyloTree miDE HaploGrep
mtDNA RFLPs: High Resolution  Low Resolution MitoTool Mitowheel HvrBase

mIDNA Manager mitoLSDB mISNP

mtDNA Variants (includes mini insertions & deletions) Mammalian Mitochondrial tRNA Genes

UPDATED Control Region Variants (16024-576) HmtDB database MitoMiner

UPDATED Coding & RNA Variants (577-16023, MTTF-MTTP)
Somatic Mutations

EMPOP CR Database mtTree.r

POLG Database

Figure 1.23.1 The home page of http://www.mitomap.org.
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General References

- The Annotated Human Mitochondrial DNA Sequence
- The rCRS & other mtDNAS

- Amino Acid Translation Tables

- Mitochondrial References, ALL (very large file) =A-L only =M-Zonly

- Haplogroup Markers & Frequencies Simpler mtDNA Tree: Eurgpe, Asia, Africa

s ST e

- Mitochondrial DNA Function Locations (Gene Loci)

Figure 1.23.2 Essential mtDNA Background Information.

The rCRS sequence is a fully corrected version of the original Cambridge Reference Sequence.
The rCRS is GenBank sequence NC_012920 gi:251831106

Get the more information about the rCRS and download the rCRS plus other complete mtDNA reference sequences at GenBank here.

reanalysis by Andrews et al.

true reference sequence. The seven rare polymorphisms are shown below in bold green capital letters.

Revised Cambridge Reference Sequence (rCRS) of the Human Mitochondrial DNA

IMPORTANT: Do not use RefSeq NC_001807 as "the rCRS" as it is an African (Yoruban) sequence with over 40 variant nucleotides from the rCRS. On July 8,
2009 the sequence was removed from GenBank as a reference sequence but may be found, if needed, as AF347015, one of 53 African sequence deposited in
Genbank by Ingman et al in 2001. Unfortunately, mistaken use of this Yoruban sequence as the rCRS is still seen occasionally in new publications today.

The rCRS sequence below is the Cambridge Reference Sequence Anderson et al 1981 as revised by Andrews et al 1999. It differs from the original CRS and
other complete mtDNA GenBank sequences in that it has eighteen corrected or confirmed nucleotides as annotated below. See the summary table of the

+ Seven nucleotides are considered to be rare polymorphisms and were determined to be correct as originally sequenced (J01415 gi:337188).

Eleven nucleotide errors in the original CRS have been corrected by re-sequencing the original placental material. Nucleotides 2107del*, 3423T,
49854, 9559C, 11335C, 13702C, 141997, 14272C, 14365C, 14368C, 14766C are corrections of the original Cambridge sequence (J01415 gi:337188).
The errors in the original Cambridge sequence have been attributed to sequencing errors (8 instances) and to the inclusion of bovine (2 instances) or
HeLa (1 instance) DNA. See summary table. Corrected sequencing errors are shown below in bold red capital letters. 23107del is maintained in this
revised sequence with the gap represented by an 'N'. THIS ALLOWS HISTORICAL NUCLEOTIDE NUMBERING TO BE MAINTAINED. [Note: We would
have preferred to have used a "-" , "d" , or "x" at 3107, but these were not allowed in a Reference Sequence by GenBank. When submitting mtDNA

sequences to GenBank, please do NOT include 3107 as an "N". Please submit your actual sequence or use "-" to indicate a gap.]
+ The L-strand of the rCRS NC_012920 is shown. View double-stranded version

« For strand composition asymmetry and an explanation of L-strand/H-strand terminology, click here.

[y

gatcacaggt ctatcaccct attaaccact cacgggagct ctccatgcat ttggtatttt
61 cgtctggggg gtatgcacgc gatagcattg cgagacgctg gagccggage accctatgtce
121 gcagtatctg tctttgattc ctgcctcatc ctattattta tcgcacctac gttcaatatt
181 acaggcgaac atacttacta aagtgtgtta attaattaat gcttgtagga cataataata
241 acaattgaat gtctgcacag ccActttcca cacagacatc ataacaaaaa atttccacca
301 aacccccect CCCCCgcttc tggccacagce acttaaacac atctctgcca aaccccaaaa
361 acaaagaacc ctaacaccag cctaaccaga tttcaaattt tatcttttgg cggtatgcac

Figure 1.23.3 The rCRS.

This is critical information because, for many years, researchers mistakenly used either
the original but outdated version of the reference sequence (Anderson et al., 1981) or an
African Yoruban sequence that was listed as the primary reference sequence in GenBank for
several years (AF347015; formerly RefSeq NC_001807.4). Use of the Yoruban sequence on
DNA sequencing chips has often resulted in confusion and, occasionally, misinterpretation
of data.

3. Click on Link 2, The rCRS & Other mtDNAs (Fig. 1.23.4), to go to a companion page
where you will find the version history of the rCRS and links to other representative
mtDNA sequences from different continental populations, as well as search tools to
retrieve full length mtDNA sequences from GenBank.

4. Click on the “search for complete human mtDNAs in GenBank” link (Fig. 1.23.4,
red arrow) to retrieve sequences with a minimum length of 15400 bp and a maximum
of 16600 bp.

Current Protocols in Bioinformatics
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Complete Mitochondrial DNA Sequences
The revised Cambridge Reference Sequence (rCRS) is GenBank number NC_012920

Please use this new number when citing the ICRS in publications. The rCRS is a reference sequence, not a "consensus” sequence. It is a single reference individual from
haplogroup H2a2 and has been used as a standard for reporting variants for over 30 years

The Cambridge Reference Sequence, revised & original:

Version

Genbank

the rCRS

Revised Cambridge Reference Sequence ("rCRS")
Two identical versions of the rCRS are available on

NC_012920, formerly AC_000021.2, is in Genbank's |
RefSeq database. It is the most commonly used rCRS and |
is the standard comparison sequence for human mtDNA

research. For new publications, please cite NC_012920 as

J01415.2 is a fully corrected update of the original
Cambridge sequence and is identical to NC_012920.

Original Cambridge Reference Sequence ("CRS")

GenBank # Fasta format Article links

NC_012920
01251831106 |

rCRS-fasta t al 1999 (PubMed)
+ Read the paper (PDF)

+ Summary table of corrections

CRS1981-fasta

+ Anderson et al 1981 (PubMed)
|

J01415

0i:337188
+ Read the paper (PDF)

Other comparison hmtDNAs in GenBank & elsewhere:

African (Yoruba) Sequence AF3470
African (Uganda) Sequence D3811
Swedish Sequence X9
Japanese Sequence AB0

To find >17,000 complete* human mtDNAs in GenBank: execute search.
“includes sequences that are complete coding region but minus the control region (15400 nucleotides minimum)
To find >9,000 other complete eukaryote (non-human) mtDNA genomes in GenBank: execute search. _

Partial and full sequences are also available for Homo sapiens neanderthalensis and Homo sp. Altai mtDNA.

15, formerty NC_001807 4. This sequence has over 40 variant nucleotides from the rCRS.

2 This sequence has over 90 variant nucleotides from the rCRS
This sequence has over 30 variant nucleotides from the rCRS
87 This sequence has over 50 variant nucleotides from the rCRS

Figure 1.23.4 Complete Mitochondrial DNA Sequences.

mtDNA Variation
and Analysis
Using Mitomap
and Mitomaster
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5. Click on the link “complete eukaryote (non-human) genomes in GenBank”
(Fig. 1.23.4, blue arrow) to retrieve mtDNA sequences of other species.

In  February 2013, these searches returned 17851 full-length human mito-
chondrial DNA sequences and 9608 complete non-human mitochondrial DNA

sequences.

6. Click on Link 3, Amino Acid Translation Table (Fig. 1.23.5), to take you to the human
mitochondrial genetic code, with important notes as to the differences between it and
the nuclear genetic code.

7. Click on Link 4, Mitochondrial References, to browse a library of
the ~5000 publications indexed by the Mitomap curators, with links to
PubMed.

8. Select Link 5, Haplogroup Markers and Frequencies, to reach background haplotyping
information (Figs. 1.23.6 and 1.23.7).

Helpful maps of world migrations and haplogroup relationships are located nearby
(Figs. 1.23.8 and 1.23.9).
9. Click on Mitochondrial DNA Function Locations (Link 6) to pull up delineated

positions of gene loci (Fig. 1.23.10).

Mitomap’s classic map of loci with selected pathological DNA variants is available in the
adjacent section of illustrations (Fig. 1.23.11).

Current Protocols in Bioinformatics



The Human Mitochondrial Genetic Code
Phe uuu Thr ACU Asp GAU
F uuc T ACC D GAC
ACA
ACG
Leu(1) UUA Ala GCU Glu GAA
L(UUA/G) UUG A GCC E GAG
GCA
GCG
Leu(2) CuU Tyr UAU Cys uGu
L (CUN) cuc Y UAC C uGC
CUA
CUG
lle AUU* Ter UAA Trp UGA
| AUC UAG w UGG
Met AUA His CAU Arg cGU
[\ AUG H CAC R CGC
CGA
CGG
Val GUU Gin CAA Ser(2) AGU
Y GUC Q CAG S (AGU/C) AGC
GUA
GUG
Ser(l) UCU Asn  AAU scenote  AGA
S(UCN)  UcC N AAC BeloW"  AGG
UCA
ucG
Pro ccu Lys AAA Gly GGU
P cce K AAG G GGC
CCA GGA
CcCG GGG

Figure 1.23.5 The human mitochondrial genetic code.

Estimated Worldwide Haplotype Frequencies (%)
Plste nae: Thse s et e putpese. ot for o
They are simple m:a»s from pubilins;e:;:::;zl:ies and nat ah:a::: ::e;‘iaslrl‘:::‘l::prs been typed,

REGION A B c D E F G H 1 ] K L M N R |5 T u VIWI|X|Y|Z]|nd
Africa 17|0|5 (2[4 3|10 4|15 3|01 3
Middle East 1(<05|1(1 ofo|22|2|13|5|6|2|4|1]|0o|9 |15 |1|2|3|0|0] 13
South East Asia 13 87
Australia and Oceania 23 1|7 (487 14
West Europe 1 0 412 9 |51 |1]|1]0 8 18 |7])2|2 0] 3
East Europe 1 (<0522 1135|284 2|1 |1 122 |3|]1|1]0]1
Caucasus 1|<05| 4|4 1 23|2|7|6|/0|1|3|3 1022 (1|2 |4 0| 7
Central Asia 7| 5 |12]1s 5s|s5|15|1|3|1[0|6 |21 6|10 |0o[2]|of1|2] 3
East Asia 7|16 |s|26|0|11(4]1 1 15| 3 |2 0 | <05 0 12| 7
Siberia 8| 3 |30|19|0|4a|5|4|0]|2]|0 3(3)1/1|2)| 6 [o|ofo|4a|2| 5
North America 43 | 23 18|10 |1 3 2
South and Central Americas | 28 | 27 | 21|19 |1 2 0 2

Figure 1.23.6 Haplogroup frequency estimates.
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Haplogroup Markers
Wi mitomap.org
Nucleotide positions for RFLPs represent the first base of the recognition sequence in the top strand, not the actual cut site.
"." = enzyme site absent, "+" = enzyme site present
All diagnostic markers are indexed to the rCRS, NC_012920.
Haplogroup | Diagnostic RFLP | Diagnostic SNP HVS1 motif
't * The rCRS nucleotide is on the left of the | All sites are transtions except where
site SNP position, the diagnostic value is on | indicated.
the right.
LO,L1,L2 +3592h C3594T no specific sites
L3 -3592h C3594C no specific sites
M +10397a (+10394c¢) C10400T + A10398G no specific sites
C10400C + A10398A and
- + . .
N 10397a and +10871z T10873T no specific sites
M subgroups:
C +13262a (-132590) A13263G 16223 16327 16298
D -5176a C5178A 16223 16362
E -13619x C13626T 16362 16390
G +4830n (+4831f) A4833G 16223 16278 16362
Q no RFLP A5843G 16129 16241 16311
Z no RFLP T9090C 16185 16223 16260 16298
N/R subgroups:
R +12704j C12705C 16223C (=CRS)
8280:8290
B 8281-8289 9bp del 16183C 16189 16217
nPs 9bp €€1 | _adeiccceeTeTAlG

Figure 1.23.7 Diagnostic RFLP and SNPs for major haplogroups.

Human mitochondrial DNA variants

10. An extensive database of published mitochondrial DNA variants is avail-
able. These can be searched (Fig. 1.23.12A, http://www.mitomap.org/bin/view/
Main/SearchAllele) or browsed (Fig. 1.23.13). To search for variants:

a. Locate the bulleted “to search for point mutations, click here” link in the Mitomap
Quick Reference section near the top of the Mitomap home page (Fig. 1.23.12A).
Click “here” to open the Allele Search box (Fig. 1.23.12B).

b. Enter one of the following:

i. A single nucleotide position in the “Start” box.
ii. A range of up to 100 nucleotides by also entering a position number in the
“End” box.

11. Click the “Search” button. Results will be returned as a listing of reported variants
and their references as seen in Figure 1.23.12C.

Population variants

12. There are two links for Control Region Variants and Coding/RNA Vari-
ants. Information is listed for nucleotide position, rCRS nucleotide, vari-
ant nucleotide, and, for coding-region variants, amino-acid change and codon
position.

Current Protocols in Bioinformatics



Human mtDNA Migrations

from http://www.mitomap.ol
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Figure 1.23.8 mtDNA haplogroup migration map.

Simplified mtDNA lineages = =
www.mitomap.org, 2012 B G D
3¢ =rCRs c
(GenBank NC_012920) F
Q
b 4
Y M '

H— 3¢

Europ

T
J
N
HV R
/ / Africa
W \ L* (0,1, L2, L4,L5.L8)
X

Figure 1.23.9 Simplified mitochondrial haplogroup relationships.
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MITOMAP: Mitochondrial DNA Function Locations
Last Edited: Aug 78, 2009
-__-
MT-HV2 CR:HVS2/HV2 Hypervariable segment 2 [classic:73-340 | references
MT-OHR 110 441 CROH H-strand origin references
MT-CSB1 213 23% CR.CSB1 Conserved sequence block 1 references
MT-TFX 233 260 CRTFX mtTF1 binding site

MT-TFY 276 303 CRTFY mtTF 1 binding site

MT-CSB2 299 315 CR.CSB2 Conserved seguence block 2

MT-HPR nz kil CR:HPR replication primer references
MT-CSB3 346 363 CR:CSB3 Conserved sequence block 3 references
MT-4H n 379 CR:mtaH mtd H-strand control element references
MT-3H 384 391 CR:mt3H mt3 H-strand control element

MT-LSP 392 445 CR:PL L-strand promoter

MT-TFL 418 445 CRmLTF1 miTF 1 binding site

MT-HV3 438 574 CR:HVS3/HV3 Hypervariable segment 3

MT-TFH 623 650 CR:TFH mtTF1 binding site

MT-HSP1 845 567 CR:PH1 Major H-strand promoter

MT-TF §77 647 F tRNA phenylalanine

MT-HSP2 645 645 PH2 Minor H-strand promoter

MT-RNR1 648 1601 125 125 rinosomal RNA

MT-TV 1602 1670V tRNA valine

MT-RNR2 1871 3229 165 165 rinosomal RNA

MT-RNR3 3206 3228 - 55-like sequence

MT-TER 3229 3256 - Transcription terminator

MT-TL1 3230 3304 L{UWUA/G) tRNA leucing 1

MT-NC1 3305 3306 NC1 non-coding nucleotides -

MT-ND1 3307 4262 ND1 NADH Dehydrogenase subunit 1 references
MT-TI 4263 4331 | tRNA ispleucine refErences

Figure 1.23.10 Mitochondrial functional locations.

a. Click on the link Control Region Variants (16024-576) to find variants located
between tRNA Proline and tRNA Phenylalanine.

b. Click on the link Coding & RNA Variants (577-16023, MTTF-MTTP) to find
variants located in the region including the beginning of tRNA Phenylalanine
through the end of tRNA Proline.

New for 2013 is the frequency of each variant in a large set of over 18,000 human
mitochondrial DNA sequences from GenBank. These sequences have a minimum length
of 15.4 kb and are extracted from GenBank on a quarterly basis (Figs. 1.23.14 and
1.23.15).

13. Click on the GB set frequency for a given variant to retrieve a listing of sequences
that contain the variant of interest (Fig. 1.23.16) and the relevant PubMed reference.
In addition, Mitomap’s companion analysis tool Mitomaster (detailed in Basic Pro-
tocol 2) predicts haplogroup for each sequence, calculates the number of different
haplogroups seen carrying this variant, and displays the total number of each hap-
logroup found in the GenBank set of sequence. Clicking on each ID and haplogroup
yields more information (Figs. 1.23.16, 1.23.17, 1.23.18, 1.23.19, and 1.23.20).
Haplotyping is based on Phylotree (van Oven and Kayser, 2009) and is generated
by Mitomaster using the Haplogrep engine (Kloss-Brandstatter et al., 2011).

Patient variants

14. To locate information about reported mtDNA variation in patients, click on one of the
links listed in the section mtDNA Mutations with Reports of Disease-Associations,
shown in Figure 1.23.13.
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Figure 1.23.11 Gene map of the human mitochondrial DNA with representative disease variants

shown.
Variants reported as having possible association with disease are grouped into two cat-
egories: those found in the Coding or Control Region (Fig. 1.23.21) and those found in
the mitochondrial rRNA or tRNA loci (Fig. 1.23.22). In addition to the same information
presented in the population variant tables, reports of heteroplasmy are indicated, as well
as a general category of pathogenicity. A pathogenic status of Reported indicates that a
publication has considered the mutation as possibly pathologic. A status of “Cfrm” (con-
firmed) indicates that several independent laboratories have published strong evidence
of the pathogenicity of a specific mutation. These mutations are generally accepted by
the mitochondrial research community as being pathogenic.

ANALYZING mtDNA VARIANTS WITH MITOMASTER

Mitochondrial sequence analysis typically begins with specialized mitochondrial SNP
genotyping microarrays using Sanger-based capillary sequencing or various forms high-
throughput sequencing. Mitomaster is designed to accommodate output from each of
three strategies. Small batches of sequence can be “copy-and-pasted” into a text field or
uploaded from FASTA-formatted files. Query by GenBank ID is available for individual
or multiple record numbers. Single nucleotide variants, identified by microarray, can be
submitted using the SNV Query tab.

Necessary Resources

Hardware

Internet connection

Current Protocols in Bioinformatics
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A

MITOMAP Quick Reference

@ To search for point mutations, click here. The info button on the search page has more information.
@ The rCRS is GenBank number NC_012920. Click here for details.

B
Allele Search

Start (11778 End: m Reference Search | Site Search

Enter a single nucleotide position or a range(up to 100 bps). Yalues must be positive integers from 1 to 16569
‘You may also search unpublished variants submitted to MITOMAP.

C
Allele Search g

Searched nucleotide posilion(s). 3240 - 3260

MITOMAP: mtDNA Coding Region Sequence Polymorphisms

Nucleotide Position Locus Nucleotide Change Amino Acid Change References
3250 il T1-C non-coding references
3254 C-A non-coding f
3254 C.T non-coding

MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases: rRNA/tRNA Mutations

Locus Disease Allele RNA Homoplasmy Heteroplasmy Status Reference
M WM/ HCM+renal tRNA Leu :

= G324 2
T tubular dysfunction G32424 (UUR) e Reparted ek

MT- IRNA Leu foraneac
1 MELAS /LS A3243G {UUR) - + Cfrm referanceas

DMDF / MIDD f SNHL

MT. IFSGS/ tRNA Leu A

pi AN A324 F Slerences
1 Cardiac+multi-organ S5 (UUR) & £hm .

dysfunction

M MM/ MELAS / SNHL / IRNA Leu

o 4 : oferences
T CPEO A3243T {UUR) * Reported refer

M- . IRNA Leu ~ i
1 CPEO/MM A3243G (UUR) - + Cfrm references

Figure 1.23.12 (A) Search box for specific variant(s). (B) Search box for specific variant(s). In
this example, a single position is queried. (C) Results for variant search. In this example, a range
was queried. This screenshot shows only a portion of the results returned.

Software

An up-to-date Web browser; Mitomaster is optimized for Mozilla Firefox, Google
Chrome, or Apple Safari (if Microsoft Internet Explorer is used, it must be
version 9 or higher)

Files

Your data of interest, either as a FASTA file (such as sequence.fasta, downloaded in
this protocol; see ApPENDIX 1B for FASTA format) or as a text file from which you
can copy and paste

Sequence query walkthrough
1. Navigate to http://www.ncbi.nlm.nih.gov/nuccore/EU915478.

This sequence, a full length mitochondrial sequence, can demonstrate some of the features
(Fig. 1.23.23):

Current Protocols in Bioinformatics




mtDNA Variants (includes mini insertions & deletions)

uppATED Control Region Variants (16024-576)

UPDATED Coding & RNA Variants (577-16023, MTTE-MTTP)

Somatic Mutations

mtDNA Mutations with Reports of Disease-Associations

Organized by mtDNA location:
rRNAARMNA Mutations

Coding & Control Region Mutations

Figure 1.23.13 Links to Mitomap Variants. Variants are organized into two categories—general
variants (top section) and those with reports of possible disease-associations (lower section).

2. Click on the Send pop-up dialog link in the upper right of the main section of the
sequence record. Select File as a destination and FASTA as a format (Fig. 1.23.24).

The file will be saved to your local drive as sequence . fasta in your default download
folder. Make a note of this folder location. For details of the FASTA format, see APPENDIX 1B
and http.://www.bioinformatics.nl/tools/crab_fasta.html.

3. Navigate to http://mitomaster.mitomap.org/. This is also accessible as a frame within
the Mitomap Web site at http.//mitomap.org/MITOMASTER. You may also use the
Mitomaster link on the left menu of the Mitomap home page.

Please note that currently the only browsers supported are Chrome, Mozilla, Firefox, and
Internet Explorer 9 or higher.

By default the Sequence tab in the top menu is selected (Fig. 1.23.25).

4. Skip Step 1 in Figure 1.23.25 for now. We will discuss this feature later in the
walk-through.

By default, 45 species are selected for comparison.

5. Click Select File in Step 2, Option 1 in Figure 1.23.25 and navigate to the
sequence. fasta file that you downloaded earlier (see step 2 in this protocol).

6. Click Submit. The Alignment Summary page (Fig. 1.23.26) is then shown after the
sequence is processed:

There are two portions to the Alignment Summary screen:

rCRS track view: The rCRS track view (Fig. 1.23.27) shows the coverage of the query
sequence with respect to the rCRS reference sequence. The example sequence EU915478,
indicated by a bar at the top of the screen, displays complete coverage. This is expected, as
it is a full-length sequence. Tracks below the query sequence correspond to the locations
of protein-coding genes, ribosomal RNAs, and transfer RNAs.

Sequence alignment: For each query sequence analyzed, you will find (1) the predicted
haplogroup as calculated by HaploGrep, (2) the total number of variants relative to the
rCRS, and (3) a condensed list of the variants observed. In the example given (Fig. 1.23.28,
circled in blue), the predicted haplogroup is J1b and the total number of variants detected
is 41, with a summary listed in the right-most column.

7. Next, click on the sequence name to bring up the Alignment Details page (Fig.
1.23.29). In the example above, you will click on “gil194441041I1gblIEU915478.1”
(Fig. 1.23.28, blue arrow). The sequence name is taken from the first line of the

Current Protocols in Bioinformatics

Using Biological
Databases

1.23.11

Supplement 44



mtDNA Variation
and Analysis
Using Mitomap
and Mitomaster

1.23.12

Supplement 44

MITOMAP: mtDNA Control Region Sequence Variants

Last edited: Aug 17, 2013

Nucleotide Position ‘ Nucleotide Change | GB Frequency | Curated References

Columns 3 T-C 0 references
can be
sorted. 7 A-G 1] references
8 G-T 0 references
9 G-A b} references
] G-T 0 references
10 T-C 9 references
10 T-G q references
" C-T al references
16 AT 17 references
17 C-T 0 references
23 T-C 1 references
26 C-T 3 references

B
MITOMAP: mtDNA Coding Region & RNA Sequence Variants

Last Edited: Feb 19, 2013

Locus | Nucleotide Nucleotide Change Codon Codon Amino Acid Change GB | Curated
| Position number | Position 7

MT- 10373 G-A 105 3 syn 153 references
ND3
MT- 10376 AG 106 3 syn ) references
MT- 10379 AG 107 3 syn 2 references
ND3
MT- 10385 A-C 109 3 K-N 0 references
ND3
MT- 10387 GC 110 2 G-A 0 references
ND3
MT- 10388 T-C 110 3 syn 0 references
MT- 10389 T-C 1M 1 syn 15 references
MT- 10391 AG 1M 3 syn 1 references
ND3
MT- 10394 C-T 12 3 syn 32 references
MT- 10397 AG 13 3 syn 119 references
ND3
MT- 10398 A-G 114 1 T-A 7081 references
ND3

Figure 1.23.14 (A) Control Region Variants. (B) Outside of the Control Region: Coding and RNA
Variants.

sequence . fasta file. After clicking on the sequence name, the Alignment Details
page will open (Fig. 1.23.29).

The Alignment Detail page (Fig. 1.23.29) shows the rCRS reference position, the query
sequence position, the reference base, the query base with respect to the L-strand of the
rCRS (NC_012920), the mutation type (substitution type or indel type), the locus or loci
intersected, and the predicted transcript effect, if any.
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Figure 1.23.15

Variant information can be sorted.

Display 10 %

Genbank ID
DQ272108.1
EU523125.1
EUG03402.1
EU6234721
GUD14566.1
GUD14569.1
GU332639.1
JNB57206.1

JQ044858.1

JQ044989.1

Results out of 18

records

Pubmed
Reference

16714301

19955425

19955425

22130972

22130872

Showing 1 to 10 of 17 entries

equenes in Mitornap'

Predicted #Haplogroup with given
Haplogroup polymorphism
G3a 3

Kla 9

Kila 9

Kia 9

G3a 3

G3a 3

Kila 9

K1 3

L2¢c 2

L2¢c 2

senBank Set

GenBank Record for Control Polymorphism A-T at rCRS position 16

‘ Copy ” C8V || Excel ‘ PDF ‘ Print |

Total # Haplogroup in
GenBank

9
496
496
496
9

9
496
59
48

48

« Previous

MitoMaster
Resuits

view

view

view

view

view

view

view

view

view

view

1 2 Next —

Figure 1.23.16 Details of GB set frequency.
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A

Genbank ID

00044989 .1

Pubmed Predicted #Haplogroup with given Total # Haplogroup in MitoMaster
Reference Haplogroup polymorphism GenBank Results

022130972 L2c 2 48 view

S NCBI  Resources @ HowTo &

Nucleotide

Nucleotide v { Scarch |

Umits  Advanced Help

Display Setiings: ® GenBank Send; &

Change region shown

Homo sapiens isolate BF047 mitochondrion, complete genome

GenBank JQO

Golo
LoCUs
DEFINITION
ACCESSION
VERSION
KEVWORDS
SOURCE
ORGANISH

REFERENCE
AUTHORS

TITLE

JOURNAL
PUBRED
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
soucce

Customize view =
44989.1

Analyze this sequence

30044989 16566 bp  DNA circular PRI 28-NAR-2012
Homo sapiens isclate BFO47 mitochondrion, complete genome.
30044989

JQ044989.1 GI:359469905

mitochondrion Homo sapiens (hwman)
Homo sapiens

Eukaryota: Metazoa: Chordata; Craniata; Vertebrata: Euteleostomi:
Marmalia; Eutheria: Evarchontoglires: Primates: Haplorrhini:
Catarchini; Hominidme: Kowo.

1 (bases 1 to 16565)

Barbieri,C., Whitten,K., Beyer,K., Schreiber,H., Li,K. and
Pakendor?, B.

Contrasting maternal and paternal histories in the linguistie
context of burkina faso

Mol. Biol. Evel. 29 (4), 1213-1223 (2012)

1 to 16566)

ri,C., Whitten, K., Li,H. and Pakendorf,B.

Direct Submission

Submitted (17-NOV-2011) Nax Planck Research Group on Comparative

Population Linguistics, Nax Planck Imstitute for Evolutionary

Anthropology, Deutscher Plate 6, Leipzig 04103, Germany
Location/Qualifiecs

1..16566 B¢
in the lir

Recent activity

forganism="Howo sapiens”

/organel le="mitochondrion® BT
/mol_type=“gencmic DNA" gre
/izolate="BFO47" =
/db_xret="taxon:3E06" & H

A comp

/haplogroup="Lze”

Figure 1.23.17 GenBank ID links to sequence.
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8. The amount of information displayed can be adjusted with the drop-down menu at
the top, “Display 10 records.”

The default value is 10 records per page, but more records (25, 50, 100, or “All”) can be
selected.

9. Each column can be sorted by clicking the column headers. To explore the
data columns, first click on the header Patient Report twice to sort descending
(Fig. 1.23.30).

In Figure 1.23.30, the Patient Report column shows variants in this sequence that have
been published in the literature as possibly having some disease association in patients
with Leber Hereditary Optic Neuropathy (LHON), cyclic vomiting, and AD/PD. Do not
assume that a listing of a published patient report is a confirmation of a variant’s disease
association. In this screenshot, 14484C is a well known LHON mutation; however, 3010A
is a relatively common variant, found in 17% of all sequences in the mined GenBank set
(currently numbering over 18,000) and in 98% of haplogroup J1b sequences. Please read
more in the Commentary section about interpreting disease reports.

10. For coding mutations, a Conservation value is calculated based on the user’s initial
selection of species. By default, 45 species are used.

a. To explore this, select the first Conservation value (51.11%), circled in red dashes
in the above figure).
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S NCBI  Resources ™ How To @

Nucleotide Nucleolide |
Limits  Advanced

ZHaplogroup with given

. Pubmed Predicted
Genbank ID Reference Haplogroup polymorphism
0Ja044989.1 @22130972 L2c 2

Total # Haplogroup in MitoMaster
GenBank Resuits
48 view

Sign in 1o NCBI

Help

Display Settings: ) GenBank Send;
Change region shown

Homo sapiens isolate BF047 mitochondrion, complete genome
Customize view

GenBank JQ044289 1

= Analyze this sequence
S Fun BLAS

LOCUS 0044885 16566 bp  INA circular PRI 29-HAR-2012 Pick Primers

DEFINITION Homo sapiens isclate BF047 mitochondrion, complete genome.

ACCESSION  JQ044989 Highlight Sequence Features

VERSION J0044989.1 GI:359469905 Find in this Sequence
KEYWORDS
SOURCE mitochondrion Homo sapiens (huwoan)
ORGANISH  Homo sapiens
Eukaryota; Netazca: Chord [ i ] ; Eute. Related information

Harmpalia: Eutheria:; Euarchontcglires: Primates: Haplorrhini:
Catarchini; Hominidae: Homo.
REFERENCE 1 (bases 1 to 16566)
AUTHORS Barbieri,C., Vhitten, M., Beyer,K., Schreiber,H., Li, M. and GeneView in dbSNP
Pakendorf,B.
TITLE Contrasting maternal and paternal histeries in the linguistie
context of buckina faso

Related Sequences

Gene

JOURNAL  Mol. Biol. Evol. 29 (4), 1213-1223 (2012)

PUBMED

REFERENCE es 1 to 16566)
AUTHORS ., ¥nittem, M., Li,N. and Pakendorf,B.
TITLE Direct Submission

JOURNAL  Submitted (17-NOV-2011) Xax Planck Research Group on Comparative
Population Linguistics, Nax Planck Institute for Evolutionary
Anthropology, Deutscher Plate 6, Leipzig 04103, Germany

FEATURES Location/Qualifiecs
source 1..16566

/organisw="*Homo sapiens®

/organelle="mitochondrion”

/mol_type="gencmic DNA®

/izolace="BFO4
/db_xrez="t
[haplogroup="1z

Figure 1.23.18 Pub Med ID links to publication.

b. Open this blue “51.11%” link in a new tab or window by right-clicking if using
a PC or control-clicking if using a Mac. This will open the Conservation Grid
(Fig. 1.23.31A). Keep this window or tab open.

11. Also open the Species link found in the top menu bar (Fig. 1.23.30, circled in red
dots) in a new tab. Keep this window or tab open as well.

12. First, let us examine the Conservation Grid (Fig. 1.23.31A). Amino acid conservation
is shown for genic mutations. Note that the query sequence has an A residue while
rCRS has a T residue. Finally, 23 of the 45 species (51.11%) have the T residue at
that position—note this is the fraction that matches the rCRS value, not the query
residue.

13. Now examine the Species Selection tab or window (Fig. 1.23.31B). Species are
subcategorized into checkbox groups. Users select which species are used in the
conservation index calculations.

14. Asan example, click on both Primates and Artiodactyla to open the drop-down view
of the contents of these two categories. You many move your mouse to hover over
any genus/species name to view the common name. Click each category name again
to close the drop downs.
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. Pubmed Predicted #Haplogroup with given Total # Haplogroup in MitoMaster
Genbank ID  Reference Haplogroup polymorphism GenBank Results

@Ja0449891 ©22130972 2

GenBank Record for haplogroup L2¢

Display 1c ¥ records Copy | CSV || Excel || PDF || Print

Genbank ID * Pubmed Reterence MitoMaster Results

Showing 1 to 10 :rna . :

Check other Haplogroup
Haplogroup Name Search

Figure 1.23.19 Predicted Haplogroup links to total listing of sequences with that haplogroup in
the GenBank sequence set.

15.

16.

Another popular selection choice is to use the Select All, Clear All, or Primates
Only options at the top of the page.

Click on Primates Only—the change in selected species is instant. Subsequent
queries will use this subset of 12 primate species only.

GenBank queries

17.

To aid basic research, Mitomaster offers one-step analysis of any human mitochon-
drial sequences stored in GenBank—104,705 sequences at the time of this publica-
tion (17,869 sequences 15.40 kb to 16.66 kb in length plus another 86,836 sequences
less than 15.4 kb). One or more GenBank sequence identifiers can be used as query
parameters; Mitomaster fetches these sequences using the NCBI Web service and
returns reports. Acceptable inputs are a single GenBank accession number or GI
sequence identifier (e.g., EF060316 or 93116889), a comma-separated list of
identifiers with or without intervening spaces (e.g., EF060316, 302376313,
DQ112752 or EF060316, 302376313, DQ112752), or a range of sequence
numbers (AF346963-AF346968). Data reports are produced as described earlier
in walk-through of the FASTA sequence analysis. (Fig. 1.23.32)

SNV submission

18.

Single Nucleotide Variants can be analyzed alone, without the need for a complete
sequence. Data reports are produced as described earlier in walk-through of the
FASTA sequence analysis.

a. Single Nucleotide Variants can be formatted the following ways and may either
be pasted into the “copy/paste” window or uploaded as a text file (Fig. 1.23.33).

b. A four-column tab-delimited format consisting of sample name, rCRS mito-
chondrial position, reference base, and query base (sample, pos, ref, and var;
Fig. 1.23.34).
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. Pubmed Predicted #Haplogroup with given Total # Haplogroup in MitoMaster
Genbank ID Reference Haplogroup polymorphism GenBank Results

00044

L2c 2 48 view

MitoMaster Running Results for JQ044989.1, haplogroup L2c

Display 10 | records Copy || C8V | Excel | PDF | Print
rcRs . Query rCRS Query Type of NT AA Freqin Freqin Patient
Position  Position NT NT Change Locus Change Haplogroup GenBank Conservation Report
1438 1437 A G transition 128 rRNA 100.00 9499 86.67%

1442 1441 G A transition 128 rRNA 100.00 0.93 24 44%
2332 283 (o T transition 165 rRNA 100.00 069
2416 2415 T c transition 165 rRNA 100.00 292
2706 2705 A G transition 168 rRNA 100.00 7461 84.44%
3200 3199 T A transversion 168 rRNA 82.35 0.26
3594 3593 [0 i transition ND1 synV=>V 8235 §.13
4104 4103 A G transition ND1 syniL=>L 8235 5.09
4116 4715 c N ND2 unknown  1.96 0.07
4769 4768 A G transition ND2 syn:m=>M 8235 94.56 24.44%
Showing 21 to 30 of 65 entries «— Previous 1 2

Check other GenBank MitoMaster Results:

GenBank ID:

Figure 1.23.20 Mitomaster analysis report on each sequence.

MITOMARP: Reported Mitochondrial DNA Base Substitution Diseases:
Coding and Control Region Point Mutations

j: Feb 18, 2013

Locus Disease Allele | Nucleotide Nucleotide Homo. | Hetero- Status
Position Change plasmy | plasmy
MT-CO1 G6T0BA G-A G-Ter . + Reported elerences

MM & Rhabdomyolysis er

Acquired Idiopathic 6721 T.C MT - + Reported elerances

Sideroblastic Anemia

TC T
o T
GT0234 G-A V-M .
GT041A G-A, Vel +
T-C FL +
Prostate Cancer AG +
AT Prostate Cancer A v +
i A.C .
C 'I-. M-T +
7591 G-A AT +
Using Biological
Figure 1.23.21 Reported Coding and Control Region mutations found in patients. Databases

1.23.17
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MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases:
rRNAARNA mutations

Last Edited: Nov 25 2012

Locus Homo- | Hetero-
plasmy | Plasmy

Mitochondrial rryopathy T582C tRNA Phe Reported
MT-TF MELAS f MM & EXIT G583A tRNA Phe - + Cfrm
E Extrapyramidal disorder with akinesia-rigidity, G586A tRNA Phe - + Reported references
psychosis and SNHL

I-TE Axial myopathy with encephalopatity C602T tRNA Phe - + Reported references

Myoglobinuna ABDEG tRNAFhe + + Unclear
T-TF Tubulo-interstitial nephritis AB0BG tRNA Phe  + - Reported
MERRE GB11A tRNA Phe - + Reported
Maternally inherited epilepsy TB16CIG tRNAPhe  + + Reported
MT-TE Vit T618C tRNA Phe - + Reported
MT-TE Ptosis CPEO MM & EXIT TE18G tRNA Phe - + Reported
MT-TE EXIT & Deafness G622A tRNA Phe - + Reported
MT-TE SNHL & Epilepsy GB25A tRNA Phe - + Reported
1-TE DEAF AB3EG tRNAFPhe + - Reported

Figure 1.23.22 Reported rRNA and tRNA mutations found in patients.

Nuclsotide (Nucleotide |+ [ Soarch |

Limits ~ Advanced Help

Di Seftings: @ @ :
: o Dok s €hange region shown &
Homo sapiens isolate ND6/J1 (Tor578) mitochondrion, complete genome
Customize view &3
GenBank EUS15478.1
FASTA Graphics PogSel =
Analyze this sequence

Gw ®

Run BLAST
LOCUS EUS15478 16569 bp  DNR circular PRI 12-DEC-2008 Pick Primers
DEFINITION Homo sapiens lsolate NDE/J1 (TorS578) mitochondrion, complete =
o Highlight Sequence Festuras
ACCESSION  EUS15478 Find in this Sequance
VERSTOI EUS15478.1 GI:194441041
KEYUORDS
SOURCE mitochondrion Home sapiens (human)
ORGANISE Homo sspiens Related information =
Fukaryota: Metazom: Chordata: Craniata: Vertebrata: Euteleostomi: Related Sequences
Kenmalis: Fucheris; Luarchontoglires; Primates:; Haplorrhimi:
Caterchini; Hominidae; Homo. Full text in PMC
REFERENCE 1 (bases 1 to 16569) PopSet
AUTHORS ~ Pello,R., Marcin,N.A., Carelli,V., Nijtmens,L.G., Achilli,A.,
Pale,H., Torromi,A., Gomez-Duran,i., Ruiz-Pesini,E., Nertinuzzi,h., Protain
Sweitink,J.k., irenas,J. and Ugalde,C. PubMed
TITLE Kitochondrial DNA background modulates the assembly kinstics of "
G¥PHOS complexes in a cellular model of mitochondrial dissass Pubied (Weighted)
JOURNAL  Kun. Hol. Genet. 17 (24), 4001-4011 (2008) Taxonomy

PUBNED 18806273

Figure 1.23.23 Sample Sequence EU915478 at GenBank.

¢. A more compact non-delimited reference-position-query format is also permitted,
with or without sample names (Fig. 1.23.35).

d. Indels can be represented using the adjacent-base notation (C573CC) or with the
use of decimal positions (573.1C), explicitly (573insC), or using dash or colon
symbols (:573C) as shown in Figure 1.23.36.

GUIDELINES FOR UNDERSTANDING RESULTS

With the recent explosion of sequence data, Mitomap has found it necessary to augment
the hand-curated portion of the database with mined sequence data from GenBank. The
new GenBank frequency data are derived from sequences with size equal to or larger
than the complete coding region. These sequences have been pre-loaded into Mitomaster
and represent almost all haplogroups known to date. As of August 2013, this data set
contained over 18000 sequences. The size of the sequence set is expected to increase
with quarterly scans of GenBank and possibly other public sequence repositories. Keep

Current Protocols in Bioinformatics




Send: [~

" mshown
& Complete Record
ite ger OcCoding Sequences
O Gene Features w

Choose Destination ‘
®File OClipboard lquence
OcCollections O Analysis Tool

Download 1 items.

‘e Features
Format i
FASTA v Bce
Create File
ation

Related Sequences

Full text in PMC
Figure 1.23.24 Send FASTA dialog box.
Mitomaster SequUEnce Query senBank Query SNV Query soscies  Use Web Service
Submit sequence as file upload or paste into text a
Step 1 Select conservation species of interest

Step 2 Fasta file -
Option 1 Selectfile

Option 2 Copy-paste

Figure 1.23.25 Submit Sequence screen.

in mind that pre-loaded sequences from GenBank have not been individually reviewed
by Mitomap.

GenBank sequences may not be of equal quality (Yao et al., 2009). Published results may
have sequencing errors, partial data, and analysis mistakes that, even if corrected, might
still not be downloadable as a corrected sequence directly from GenBank and might only
be found as published erratum to the corresponding publications.

When considering the frequency of any particular variant in GenBank, one must under-
stand that the numbers are not the true worldwide frequency but are only a reflection
of the actual sequences currently collected. Many populations in the world are under-
represented in sequence repositories due to remote location and economics. Some se-
quences in public databases are occasionally duplicated with different record numbers
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Mitomaster ~ Sequence Que GenBank Guery SNV Qusry  Speciss  UseWeb Service Velp
o &g

Alignment Summary
rCRS track view

NDL  ND2Z <ol CONl ATPase®  ND3 ND4 NDS NDSCyb

E2D B =2 E
ATPaset DAL

" jcom!

] v LUuAGE we SIUCHE G R HCUN) E T
] } b H H i b} ] }
™ Ay o a6 »
] {“ } ] 1
N
{
Sequence alignment
select & sequen: etals or show cetalls for all sequences
Display 10 (%) records I Copy {a:uj cev Lpur ;I ij
» Predicted Total
Sequence Haplogn oup Variants Variants
(-] Jb 4 AT3G, T146C, T152C, C242T, A263G, C295T, C315CC, C462T, T483C,
a1 94441041 |gb|EUS15476.1]

ATS0G, TF89C, A1438G, T2158C, A2706C, G30104, TA21EC,
A4769G, GS4B0A, CTO28T, GE269A, GSS5TA, ABSSNG, A103386,
G104274, A11251G, 117194, G120074, A12612G, G13708A,
T13743C, T13879C, T14484C, C14766T, A15326C, 154524,
C16068T, T16126C, G18145A, T1B172C, C16222T, C16261T

Figure 1.23.26 Alignment Summary.

MitornasterDev Sequence Query GanBank Query SNV Query Use Web Service Help

Alignment Summary

rCRS track view

10kbp
1
9116242423|QbEF060316 1|
Your ND1  ND2 col CON ATPase8  ND3 ND4 NDS ND6CyD
sequence E > [ > [ >EDDb (D! > [ DK >
here ATPases ND4L
= o2
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=
125 16s
- -
F v Luuaa we SUCNK GR HACUN) E T
} ) } N [ X i ) [ ] L] { }
] AY ] S(AGY) P
) { b } {
]

Figure 1.23.27 rCRS Track View.

and therefore do not represent unique individuals. Also, multiple sequences might be
from closely related family members with identical mitochondrial DNA.

More and more sequences from patients with known or suspected mitochondrial disease
are now being banked in public databases. It is important to keep in mind that any human
mitochondrial sequence has the potential to contain variants relevant to past, current, or
future disease. This is especially true in the case of diseases that develop later in life or
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Sequence alignment

show detalls for all sequences

Dispay| 10 3| records Copy | Excel || Csv | POF | Print
Sequence “ Predicted Haplogroup  Total Variants ~ Variants
O 0419444104 1/gbIEUS15478.1 AT3G, T146C, T152C, C242T, A263G, C295T, C315CC, C462T, T488C, ATS0G, T788C,
A1438G, T2158C, A2706G, G3010A, T4216C, A4769G, GS4B0A, CTO28T, GB268A,

GBSSTA, ABBSOG, A10388G, G10427A, A11251G, G11718A, G12007A, A12612G,
G13708A, T13743C, T13879C, T14484C, C14766T, A15326G, C15452A, C16069T,
T16126C, G16145A, T16172C, C16222T, C16261T

Showing 110 1 of 1 entries

Figure 1.23.28 Sequence Alignment, areas of interest circled.

Mitomaster Sequence Query SenBank Query SNV Query Species Use Weh Service Help
Sequence run 2398 gil194441041|gh|EUa1
Alignment Details
Display 10 v | records Copy || Excel || C8V || PDF | Print
rCRS , Query rCRS  Query Mut tx Freq% Freq% Patient
Position  Position  NT NT type Locus Effect inGB inJib Refs Conservation Report
73 73 A G fransiion HVSZATT/D-Locp/78  non- 71.33 98 3 efs
DA coding
146 146 T o3 transition HVS2/OHATT/D- nor- 19.68 10.17 efs
Loop/7S DNA coding
152 152 i C fransition HYSZOHATT/D- nan- 20.73 9.3 ers
Loopd75 DNA coding
242 242 [ T transiion  HVSZOHTFYATT/O-  non- 035 5085 efs
Loop coding
263 263 A G transition HYSZ/OHATT/D- nor- 90.5( 98 .31 el
Loop coding
295 295 C T fransiion HVSZOH/TFY/ATT/D- non- 488 97 4¢ efs
Loop coding
318 315 C cC insertion = HVSZ/OH/ATT/D- nor- 80.95
Loop coding
462 463 c T fransiion ATT/D-Loop nor- 3.58 98 3 'efs
coding
489 490 T (& transiion ATT/AD-Loop nor- 24.79 98 €l
coding
750 751 A G fransition 125 rRNA 98.48 100 00 efs 7.78
Showing 1to 10 of 41 entries . IOUS 2 3 4 5 Next —

Figure 1.23.29 Alignment Details.

after particular environment stressors, and thus might not be evident in an individual at
the time of sequencing.

COMMENTARY

Background Information

Mitomap had its beginnings as a 1994 re-
port to the Human Genome Committee, ap-
pearing in print form in 1995 (Wallace et al.,
1995). This was the first attempt to record
and document all published human mitochon-
drial DNA variation in the general popula-
tion as well as summarize continent-specific
and disease-specific variants. It also served as
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a unified reference for human mitochondrial
gene loci. Mitomap was first launched as an
online mtDNA database in 1996, and has been
an essential tool for genetic researchers, coun-
selors, and clinicians ever since. With its well
documented and hand-curated dataset, Mito-
map allows users to browse or search for re-
ported mtDNA variants from both the general
and clinical disease populations.
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Figure 1.23.30 Alignment Details with areas of interest circled.
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Critical Parameters

Alignment and positional caveats

Mitomaster uses a standard pair-wise
BLAST local alignment to determine substitu-
tions and mismatches. A local alignment will
only include subsequences to achieve optimal
alignment given a set of parameters, and so ar-
eas of extreme dissimilarity will be unaligned
and no results will be given. This can result
in truncated alignments or alignments com-
posed of discontinuous high-scoring pairs. The
genome viewer on the summary page shows
the portion of the rCRS reference covered by
the query sequence.

Calculation of a mutation’s effect is done
on an individual basis, isolated from any po-
tential interactions of other mutation events
within the query sequence. For instance, an in-
sertion followed closely by a deletion within a
protein-coding gene would result in both being
reported as independent frameshift mutations.

Also, be aware that insertions and dele-
tions in regions of nucleotide polytracts (for
example, “ACCCCCT”) are often reported us-
ing different conventions. Some publications
list the insertion/deletion point at the begin-
ning of nucleotide run, some at the end. Fur-
ther complications arise in repetitive poly-
tract regions (for example, “CCCCCTCTAC-

CCCCTCTAG”). This will often result in in-
accurate sequence frequency numbers when
Mitomaster scans published indel reports for
matches with GenBank sequences.

Large data sets

Large data sets may take a long time to pro-
cess in Mitomaster, depending upon the num-
ber of FASTA files submitted and the server
load at the time of submission. To allow high-
throughput sequence analyses using program-
matic scripts, a Web service utility is pro-
vided. This service is for use by programmers
and database support personnel. Data may be
submitted in large file batches (e.g., 100 or
more sequences) to the Mitomaster Web ser-
vice via script clients to programmatically sub-
mit queries using a simple POST mechanism.
Sample client scripts in Perl and Python are
provided on the Mitomaster site. Input is by
FASTA file, and output is in a tab-delimited
text format with similar content as delivered
via the interactive Web application.

Pathogenicity cautions

Mitochondrial DNA is highly variable
within and between populations. New vari-
ants will continue to be discovered as more
and more sequencing studies are performed.

Current Protocols in Bioinformatics



A

9i|194441041 |gbJEUS15478.1| conservation grid

Soec-+s -5
Mutation st rCRS pos 10398 locus pos 114) of NDO
Homa sapens

Cabtus ametrons

Gorsa goraa

HyloDanss ar

MEZaca fyvInus

Nycticebus Coucang

X X XX R XX

Fan panscus
Fan rogiocytes
Papio Pamacryas
Perge abes
Pongo pygmasus

x

Tarsius bancanus

808 muns
HEEOPOtamUS AMpndls
Cvis aries

Gun scrofa

Vieugrd pacos

Cans upyus famiars
Folis catus

Halchosrus grypus
Phoca viulng
Bamenoptera muscuia
Balsenoptens physslia
Coratotherium simum
Equus asnus

Equus cabalus

X K X mMMmXNXXDOXNXXNXR X

Brnnsarma s insrvie

B

Mitomaster Sequence Query GenBank Query

Conservation index species
2 USed o elaull. Sele 3 SUl L Jecies for the con:
louse gver [0 view Common name

Select Al | Clear Al (excepl rCRS) | Primales Only
Mammals

Primates

Select Al Select None

Homg sapiens (rCRS) [ Cebus alhifrons
[ Macaca [&] nycticebus coucang
[& Papic hamadryas [ Pongo zbelil

Artiodactyla
Select All | Select None
O Bos laurus O Hippopotamus ampnibius

[ Vicugna pacos

SNV Query

Consanaton Genates tha DECENtaps of reskiues that match rCRS among slecin species. This quiry SSQUERCE MUINLON | CBRCIBd In BOMSON - L8, Ohar MUBINONS N your
sequence are not shown - and Sanied by rCRS reference for clarity. Loci are shown in ther ranscribed orlertason

-4 -} -2 -1 Q 1 +2 +3 -4 -4
A
o L D W T £
a L o w v o
G L "] W T £
a L ] w v E
G L V] w A €
G L E w Q 4
G L D w A E
a L D W T E
a L ] w T
G L -] W A €
G L ] w T £
G L E w T E
o L E w T €
G L E w T €
a L E w T L
<] L E w A £
G L E W T -
] L E w T &
G L € w T €
G L 3 w T £
G L E w T £
a L E w “ E
& L E w A E
G L E w A E
G L E w T -
a L E w T £
n ' ® w T [
Specles  Use Web Service Help
n In I gEN I
Gorilla gorila Hylobates lar
Pan paniscus Pan troglodytes

Tarsius bancanus

O Owvis zries

[ Sus scrofa

Figure 1.23.31

It is possible that some sporadic mutations as
well as known haplogroup-defining or poly-
morphic variants might be involved in a dis-
ease, but to make any conclusions concerning
pathogenicity, more evidence and data anal-
yses are required. Caution is advised when
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(A) Conservation Grid. (B) Conservation Grid of Species.

using the listing of mtDNA variants found
in patient groups. A status of Confirmed
(“Cfrm”) in Mitomap is not an assignment
of pathogenicity but is a general consensus
of what is reported in published literature.
Researchers and clinicians are advised that
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Mitomaster  Sequence Query

GenBank Query SNV Cuery  Species  Use Web Service Help

Submit GenBank Identifiers
Step 1

Select conservation species of interest

Step 2

Input Accession(s) or Gl(s)

Allowed values: singletons (EF060316 95 2752). or a range

(AF346363-AF 34AIAB)

#8A3), a comma-separated list (FF0A0316 302376313 01 1

DE0316 Search

Figure 1.23.32

Submitting GenBank Identifiers.

Mitomaster

Submit variant list as fie upi

Step 1 Select conservation species of interest
[[] Compute haplotype (only recommended if supply a full set of SNYs)
The variant list can follow either of these formats:
Step 2 Copy-paste
. e Tabular (load example)
Optlon 1 cample  pos rof va o Either no header or the following.

GenBank QuUery SNY Query

Sequence Query

sample pos ref var

Four tab-delimited columns
= sample_name (with no spaces)
= mitochondrial position
» reference base
= vanant base
Insertions are designated using a '' or empty cell for the
reference
< Deletions are designated using a %" or empty cell for the variant
Lines beginning in # are ignored for user comments
« Compact (load example)
« One variant per line, may be tab-prefaced with a sample column
o Substtutions: 90287 or C9028T
< [nsertions. C573CC or §73insC Or §73.1C or .573C
» Deletions. 291d or A291d or A291del or A291- or A291:

o

©

s

Figure 1.23.33

Single Nucleotide Variant Submission.

With header row Without header row

Sample pos ref var | Samplel 73 A G
Samplel 73 A G | Samplel 146 T C
Samplel 146 T C | Sample2 263 A
Sample2 263 A Sample2 709 : G
Sample2 709 : G

Figure 1.23.34

SNV submission format option 1: a four-column tab-delimited format consisting

of sample name, rCRS mitochondrial position, reference base, and query base (sample, pos, ref

and var).

additional data, searches of other databases,
and/or analyses are usually required to con-
firm the pathological significance of some of
these mutations. Such due diligence will also
reduce the number of false reports of “novel”
and “pathogenic” mtDNA variants in the
literature.

Haplogroups

Haplogroup definition, while in some cases
possible on a truncated sequencing data set,
is best done using a complete mtDNA se-
quence. Caution is advised against the popular
“allelic” analysis approach where a researcher
is only looking at a single nucleotide variant

Current Protocols in Bioinformatics



With sample names

Without sample names

Without rCRS value

A73G
T146C

A73G
T146C

Samplel

Sample2

73G
146C

Figure 1.23.35 SNV submission format option 2: a more compact non-delimited reference-
position-query format is also permitted, with or without sample names.

With sample names Without sample | Explicit /decimal format | -/: format
names

Samplel23 A263d A263d 263delA A263-

Sample456 C573CCC 573CC 573.1insC :573C

Figure 1.23.36 SNV submission format option 3: indels can be represented using the adjacent-
base notation (C573CC) or with the use of decimal positions (573.1C), explicitly (573insC), or

using dash or colon symbols (:573C).

in relation to a disease phenotype. This ap-
proach is not directly applicable to mtDNA
analysis. There are sets of different variants
that are linked together and define mtDNA
highly hierarchical phylogeny and haplogroup
assignments. Some variants are polymorphic
and could be found in many different mi-
tochondrial lineages on different haplogroup
backgrounds and some could be haplogroup
defining and rarely found anywhere else, while
there are variants that are haplogroup-defining
and polymorphic at the same time. The lat-
ter variants could be pathogenic on a different
(non-defining) haplogroup background or in a
different environment, but be nonpathogenic
in their defining haplogroup. Thus, they might
occasionally be found in Mitomap as being
listed in both the polymorphism table and the
disease table. Ethnic, geographical, and his-
toric factors can also come into play when
attempting to correlate a haplogroup with a
medical condition.
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