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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 twenty-five years. The MITOMAP protocol shows how users may look up human
mitochondrial gene loci, search for public mitochondrial sequences, and browse or search for
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reported general population nucleotide variants as well as those reported in clinical disease.
Within MITOMARP 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, to determine the haplogroup,
and to view species conservation. User-supplied sequences, GenBank identifiers and single
nucleotide variants may be analyzed.

Keywords
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conservation; GenBank sequences; single nucleotide variants

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 twenty-five years. Essential
information 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 which 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 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 sequences analysis tool for human mitochondrial DNA,
MITOMASTER.

The MITOMASTER protocol section gives step-by-step instructions showing how to submit
sequences to identify nucleotide variants relative to the rCRS, to determine the haplogroup,
and to view species conservation. User-supplied sequences, GenBank sequences and single
nucleotide variants may be analyzed.

Basic Protocol 1: Exploring mtDNA Variants with MITOMAP
The MITOMAP database can be accessed at http://www.mitomap.org (Figure 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
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Software—An up-to-date web browser such as Firefox, Chrome, Safari, or 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 2.

Click on Link1, The Annotated Human Mitochondrial DNA Sequence (Figure 3) to
find the information about the revised Cambridge reference sequence (Andrews et
al., 1999) and the sequence itself.

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 which 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.

Click on Link 2, The rCRS & other mtDNAs (Figure 4) to go to a companion page
where you will find the version history of the rCRS, links to other representative
mtDNA sequences from different continental populations as well as search tools to
retrieve full length mtDNA sequences from GenBank.

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

Click on the link “complete eukaryote (non-human) genomes in GenBank: (Figure
4, blue arrow) to retrieve mtDNA sequences of other species. In February 2013,
these searches returned 17851 full-length human mitochondrial DNA sequences
and 9608 complete non-human mitochondrial DNA sequences.

Click on Link 3, Amino Acid Translation Table (Figure 5) to take you to the human
mitochondrial genetic code, with important notes as to the differences between it
and the nuclear genetic code.

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

Select Link 5, Haplogroup Markers and Frequencies to reach background
haplotyping information (Figure 6-7). Helpful maps of world migrations and
haplogroup relationships are located nearby (Figures 8-9).

Click on Mitochondrial DNA Function Locations (Link 6) to pull up delineated
positions of gene loci (Figure 10). Mitomap's classic map of loci with selected
pathological DNA variants is available in the adjacent section of illustrations
(Figure 11).
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Human Mitochondrial DNA Variants

10

11

12

Population Variants
13

a.

14

An extensive database of published mitochondrial DNA variants is available.
These can be searched (Figure 12a, http://www.mitomap.org/bin/view/Main/
SearchAllele) or browsed (Figure 13).

To search for variants,

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 (Figure 12a).
Click “here” to open the Allele Search box (Figure 12b).

Enter
a single nucleotide position in the “Start” box or

a range of up to 100 nucleotides by also entering a position number in the “End”
box.

Click the “Search” button. Results will return as a listing of reported variants
and their references as seen in Figure 12c.

There are two links for Control Region Variants and Coding/RNA Variants.
Information is listed for nucleotide position, rCRS nucleotide, variant
nucleotide, and, for coding region variants, amino acid change and codon
position.

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

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.

Click on the GB set frequency for a given variant to retrieve a listing of
sequences which contain the variant of interest (Figure 16) and the relevant Pub
Med reference. In addition, MITOMAP's companion analysis tool
MITOMASTER (detailed in Protocol 2) predicts haplogroup for each sequence,
calculates the number of different haplogroups seen carrying this variant, and
displays the total number of each haplogroup found in the GenBank set of
sequence. Clicking on each ID and haplogroup yields more information (Figures
16-20). Haplotyping is based on Phylotree (van Oven and Kayser, 2009) and is
generated by MITOMASTER using the Haplogrep engine (Kloss-Brandstatter et
al., 2011).
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Patient Variants

15 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 13.

Variants reported as having possible association with disease are grouped into
two categories: those found in the Coding or Control Region (Figure 21) and
those found in the mitochondrial rRNA or tRNA loci (Figure 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” (confirmed) 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.

Basic Protocol 2: 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

Software—An up-to-date web browser - MITOMASTER is optimized for Firefox,
Chrome, or Safari. If 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) or as a text file from which you can copy and paste

Sequence Query Walk-Through
1. Navigate to http://www.ncbi.nlm.nih.gov/nuccore/EU915478. This sequence, a full
length mitochondrial sequence, can demonstrate some of the features (Figure 23):

2. Click on the “Send” popup dialog link in the upper right of the main section of the
sequence record. Select “File” as a destination and FASTA as a format (Figure 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 http://www.bioinformatics.nl/tools/crab_fasta.html.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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Navigate to http://mitomaster.mitomap.org/. This is also accessible as a frame
within the MITOMAP website 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 (Figure 25).

Skip Step 1 for now. We will discuss this feature later in the walk-through. By
default, 45 species are selected for comparison.

Click “Select File” in Step 2, Option 1 and navigate to the ‘sequence.fasta’ file
which you downloaded earlier.

Click “Submit”. The Alignment Summary page (Figure 26) is then shown after
the sequence is processed:

There are two portions to the Alignment Summaryscreen:

rCRS track view

The rCRS track view 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 (Figure 28,
circled in blue), the predicted haplogroup is J1b, the total number of variants
detected is 41, with a summary listed in the right-most column.

Next, click on the sequence name to bring up the Alignment Details page
(Figure 29). In the example above, you will click on “gi|194441041|gb|
EU915478.1” (Figure 28, blue arrow). The sequence name is taken from the first
line of the ‘sequence.fasta’ file. After clicking on the sequence name, the
Alignment Details page will open (Figure 29).

The Alignment Detail page (Figure 29) shows the rCRS reference position, the
query sequence position, the reference base and 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.

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.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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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
(Figure 30).

In Figure 30, the Patient Report column shows variants in this sequence which
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.

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

To explore this, select the first Conservation value (51.11%, circled in red dashes in
the above figure).

Open this blue *51.119%’ 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
(Figure 31A). Keep this window or tab open.

Also open the Species link found in the top menu bar (Figure, 30, circled in red
dots) in a new tab. Keep this window or tab open as well.

First, let's examine the Conservation Grid (Figure 31A). Amino acid
conservation is shown for genic mutations. Note 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 which matches the
rCRS value, not the query residue.

Now examine the “Species Selection” tab or window (Figure 31B). Species are
subcategorized into checkbox groups. Users select which species are used in the
conservation index calculations.

As an 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.

Another popular selection option is to use the “Select All”, “Clear All” or
“Primates Only” 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.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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To aid basic research, Mitomaster offers one-step analysis of any human
mitochondrial sequences stored in GenBank — 104,705 sequences at the time of
this publication (17,869 sequences 15.40kb-16.66kb 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 single GenBank
accession number or Gl 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,D0Q112752), or a
range of sequence numbers (AF346963-AF346968). Data reports are produced
as described earlier in walk-through of the FASTA sequence analysis. (Figure
32)

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

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 (Figure 33).

a. A four-column tab-delimited format consisting of sample name, rCRS mitochondrial
position, reference base, and query base (“sample pos ref var”).

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

b. A more compact non-delimited reference-position-query format is also permitted, with or
without sample names.

With sample names ~ Without sample names ~ Without rCRS value

Samplel

Sample2

A73G AT73G 73G
T146C  T146C 146C

c. 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).

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

Samplel23

A263d A263d 263delA A263-

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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With sample names Without sample names  Explicit/decimal format -/: format

Sample456  C573CCC 573CC 573.1insC :573C

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 is 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. Please keep 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, still might
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, understand 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 sequences in public
databases are occasionally duplicated with different record numbers 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 which develop later in life or
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 report to the Human Genome Committee,
appearing in print form in 1995 (Wallace et al., 1995). This was the first attempt to record
and document all published human mitochondrial DNA variation in the general population
as well as summarizing continent-specific and disease-specific variants. It also served as 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,
counselors, and clinicians ever since. With its well-documented and hand-curated dataset,

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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MITOMAP allows users to browse or search for reported mtDNA variants from both the
general and clinical disease populations.

Critical Parameters

Alignment and Positional Caveats—Mitomaster uses a standard pair-wise BLAST
local alignment to determine substitutions and mismatches. A local alignment will only
include subsequences to achieve optimal alignment given a set of parameters, and so areas
of extreme dissimilarity will be unaligned and no results will be given. This can result in
truncated alignments or alignments composed 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 potential
interactions of other mutation events within the query sequence. For instance, an insertion
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 deletions in regions of nucleotide polytracts (for example,
“ACCCCCT™) are often reported using different conventions. Some publications list the
insertion/deletion point at the beginning of nucleotide run, some at the end. Further
complications arise in repetitive polytract regions (for example
“CCCCCTCTACCCCCTCTAG"). This will often result in inaccurate 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 process in MITOMASTER
depending upon the number of FASTA files submitted and the server load at the time of
submittal. To allow high-throughput sequence analyses using programmatic scripts, a web
service utility is provided. 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 service via script clients to programmatically submit 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 on the interactive web application.

Pathogenicity Cautions—Mitochondrial DNA is highly variable in and between
populations. New variants will continue to be discovered as more and more sequencing
studies are performed. It is possible that some sporadic mutations as well as known
haplogroup-defining or polymorphic variants might be involved in a disease, but to make
any conclusions concerning pathogenicity, more evidence and data analyses are required.
Caution is advised when 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 additional data, searches of other databases, and/or analyses are usually
required to confirm the pathological significance of some of these mutations. Such due

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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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 sequence. Caution is advised
against popular “allelic” analysis approach where a researcher is only looking at a single
nucleotide variant in relation to a disease phenotype. This approach 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 mitochondrial lineages on different
haplogroup backgrounds, 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 latter variants could be pathogenic on a different (non-defining) haplogroup background
or in a different environment, but be non-pathogenic 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 historic factors can also come into play
when attempting to correlate a haplogroup with a medical condition.
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Q Search MITOMAP Quick Reference
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~Elrven pathologicl mutatons in tRNA
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Figure 1. The home page of www.mitomap.org
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General References

1- I n tochondrial n
2: IherCRS & other mtDNAS

3: Amino Acid Translation Tables

4: Mitochondrial References, ALL (very large file) +A-Lonly = M-Z only

5- Haplogroup Markers & Frequencies  Simpler mtDNA Tree: Europe. Asia. Africa
6:

Mitochondrial DNA Function Locations (Gene Loci)

Figure 2. Essential mtDNA Background Information
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Revised Cambridge Reference Sequence (rCRS) of the Human Mitochondrial DNA
The rCRS sequence is a fully corrected version of the original Cambridge Reterence Sequence,

The rCRS Is GenBank sequence NC_012920 o 251821108

Get the more information about the rCRS and downdoad the rCRS plus other complete miDNA reference sequences at GenBank hera .

IMPORTANT, Do nof use RerSeq NC_DD1807 as *the rCRS® as it i3 an African (Yoruban) sequente with over 40 vanant nucieclides from the rCRS. On July B,

2008 the sequence was removed from GenBank as a reference sequence but may be found, If needed, as AF347015, one of 53 Afncan sequence deposited in
Genbank by ngman et 3l in 2001, Unfartunately, mistaken use of this Yonoan sequence 33 e rCRS is st sen 0ccasionalty in new publications today.

The fCRS $equence below i3 the ¢ Anderson &1 31 1981 s revised by Andrews &1 31 1959, It gifers from the original CRS ana
ather compiate mEDNA GanBank sequen(es inthat it has eighteen comrected or confirmed nucleabdes as annotated below. See the summary ok of the
reanatysis by Andrews e 3l

+ Seven are 1o be rare and were Eo be coredt a3 onginally sequenced (J01415 g 337188)
Nucleotides 2634 311C-315C, T804, 14364, 47654, B360A, and 153264 are considered to be rare polymorphisms and ane maintained as part of the:
truse reference sequence. The seven rare poly are shown letters.

+ Eleven nucleotide errors in the original CRS have b by ing tne ariginal A10Tder, 34237,
48BSa, 95550, 11335C, 13T02C, 141907, 14272C, 143650, 1436EC, 147660 are corrections of the orignal Cambridge sequence (J01415 go Z37168)
Tne efrors in the onginal Cambnidge sequence have Deen atnbuted to enors | and o the bovine | or
Hela (1 instance) DNA. See summary tabie. Comected e shown red capfal lefters. “3107de is maintained in this
revised sequence mmgaprepamnmab;m‘n‘ I'HIEILLM HUCLEOTIDE TO BE [Note: W wousd

hanve preferted to have used a *-*, *d*, or "% at 3107, but these were not aowed in a Reference Sequence by GenBank. When submeting meDne,
Sequences 1o Gendank, U‘EMUNOT inchsge 3107 a3 an "W, Plgase subimi your ctual Sequence of use *° o indicate a gap |

« The L-strand of the rCRS NC_012920 13 shawn. View goubile-siranded version

« For strand y ang of L-strand-strand terminalogy, cick here.
1g a4 Lt ] a5

51 gtat gat

121 ctattattta togoacctac gttcaatatt
181 n:uggﬁgnc Atmt-tcta “gtgtg:ta attaattaat gc‘ttgugg. cataataata
241 g gtetg ]

301 ACtLAAACAC ALCTLOTLGCOCA AACCCOCAAAA
361 ot © g9 cagt

Figure 3. The rCRS
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Complete Mitochondrial DNA Sequences
The revised Seq (rCRS) is b

Flease use this mew rumber when ciing the 1CRS in publications. The r(CRS i  reference sequence, nof 4 "consentus” sequence. It is a single reference indsidusal fom
haplogroap H2a2 and has been used a5 & standard for reparting variants for over 30 years.

The C Ref g . revised & original:
Varsion GenBank & Fasta format Article links
Revised Cambridge Refersnce Sequence ("rCRS™) | NC_012920 [CRS-tasta Andrews 6 3l 1999 (PubMed)
Twi igentical versions of the rCRS are available on gi251831108 + Bexd ihe paper (POF)
Genbarik + Sumingey tabie of comections

NC_012920, formerty AC_000021.2, is in Genbank's
RefSeq catabase. It is the most commonty used rCRS and |
I3 the standard cCOmpanison sequence for human miDNA
research. For new publications, please cfe NC_012020 as |
the rCRS

JO1415.2 is 3 fully corrected update of the onginal
Cambridge sequence and is identical to NC_012920,

Original Cambridge Reference Sequence ("CRS") JO1415 CRS1981-fasta = Anderson ef al 1981 (PubMed)

/337188
« Beadthe paper (POF)

Other comparison hmtDMNAs in GenBank & elsewhera:

African (Yoruba) Sequence AF34T015, formerty NC_001807 4. This sequence has over 40 variant nutleotides from the rCRS.
African {Uganda) Sequence Q38117 This sequence has over 90 variant nucleotides from the rCRS.

Swedizh Sequence XS3334 This sequence has over 30 variant nuclectides from the rCRS

Japanese Sequence ABNSS3ST This sequence has over 50 variant nucleatioes from the rCRS.

Rioot Sequence of Behar et al 2012 This is an artificial sequence constructed for rocting pivylogenetic trees, the *ESRS*

To find >17,000 complete” human mtDNAs In GenBank: gxecute search.
“includes sequences that are complets comNg region but minus e control region (15400 nucieatices minimurn)

Te find >8,000 other complete eukaryote (nen-human) mtDNA genomes in GenBank: execute search. _
Partial and full sequences are also avallable for Homo sapiens neanderthalensis and Homo sp. Altal mtDNA.

Figure 4. Complete Mitochondrial DNA Sequences

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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The Human Mitochondrial Genetic Code

Phe uuu
F uuc
Leu (1) UUA
L (UUA/G) UUG
Leu(2) CUU
L(CUN) CuC
CUA

CuUG

lle AU

| AUC
Met AUA
M AUG
Val Guuy
A% Guc
GUA

GUG

ser(1) Ucu
S(UCN) UcCC
UcCA

Ucs

Pro Cccu
P ccc
CCA

CCG

Figure 5. The mitochondrial genetic code
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ual
UAC

CAl
CAC

Asp
D

Glu

cys

Trp
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Estimated Worldwide Haplotype Frequencies (%)

‘Compled for Mtomap by O, Derbeneva 2005

for , ot for
Thery are simpie means from published frequencies and ot stwarys hawe 8 haplogroups been byped.
Fi 2 20% are ke, 0% are highighted

REGION ale|c|lolelFle|H|{1|J|KlL|m|[n|rRls|T| WU n.d.
Africa 17|0| 5|2(48| 3| 1|0 a| 15 ]
Middle East 1] <08 1)1 o|ol2z{2{13|s|6|2|a|1|afa] 15 13
South East Asia 13 87
Australia and Oceania 23 1| 7lasl 7 14
WestEurope 1 ] af2/9]|s/1]1]|1]0 8| 18 3
RASLEUrCHA 1|<0s5) 2|2 1]1|es|2|8a 211 (1] 22 s
Clupazus 1]<05| 4|4 1 23(2| 7|60 1|3|a| |10 22 7
Eentral Asla 7| s (12015 |s|s|s{1]3]|1|o]|s|2|1] [&] 10 3
Fast Asia 3 16 | 5 |26|0| 1|4 1 1 14|82 0| <05 T
Sbenx 8| 3 |20|19|0|a|5|4]0]2]0 3|3|t|1]2] e 5
North America 43| za | 18] 10| 1 2
South and Central

Americas 28| 27 [21) 191 2 2

Figure 6. Haplogroup Frequency Estimates
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Haplogroup Markers
W mitomap.org
Muckeotide p for RELPS rep 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_012620,
Haplogroup | Diagnostic RFLP | Diagnostic SNP HVS1 motif
site* The GRS nucleotide is on the left of the | All stes are transtions except where
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

c +13262a (-132590) A13263G 16223 16327 16298

D -5176a C5178A 16223 16362

E -13619x C13626T 16362 16390

G +4830n (H4831f) A4833G 16223 16278 16362

Q no RFLP A5843G 16129 16241 16311

Z no RFLP T9090C 16185 16223 16260 16298

Figure 7. Diagnostic RFLP and SNPs for Major Haplogroups

R +12704] C12705C 16223C (=CRS)
8280:8290
B 8281-8289 9hp del 16183C 16189 16217
NPs op €81 | _preicccecTeTAIG
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Human mtDNA Migrations

from hittp:iiwww.mi

39,000- HJ
51,000 j.T,u,Uk.v

‘.
S Gl

130,000-
200,000

Mutation rate = 2.2 - 2.9%/ MYR
Time estimates are YBP

Figure 8. mtDNA Haplogroup Migration Map
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Simplified mtDNA lineages Asia -
W, mitomap org. 2012 B G
3 =rCRS
(GenBank NC_012820) F
Q
P
Y
T s M
J A
JT
H—3% HV R N
Euopng . Africa
L w !

Figure 9. Simplified Mitochondrial Haplogroup Relationships
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MITOMAP: Mitochondrial DNA Function Locations

Last Ecited Aug 18, 2009

Map Locus | Starting Ending Sherthand Description Reference
MT-Hv2 57 37z CRHVS2HY2  Hypervanable segment 2 [classic: 73-340 | references
MT-OHR 110 441 CRIOH H-strand origin references
MT-CSB1 213 235 CRCSE1 Conserved sequence block 1 references
MT-TFX 233 260 CRTFX mtTF 1 binding site [Eferences
MT-TFY 276 303 CRTFY mtTF1 binding site references
MT-CS5B82 298 3Ns CR.C582 Conserved sequence block 2 referent
MT-HPR N7 gl CRHPR replication primer references
MT-CSB3 346 363 CR:CSB3 Conserved sequence block 3 [Eferences
MT-4H am 378 CR:mtdH mtd H-strand control element references
MT-3H 384 39 CR:mt3H mt3 H-strand control element referen
MT-LSP 392 445 CRIPL L-strand promoter [Eferences
MT-TFL 418 445 CR:mtTF1 mtTF1 binding site [Eferences
MT-HV3 438 574 CRHVS3HYV3 Hypervariable segment 3 references
MT-TFH 523 550 CR.TFH mtTF 1 binding site references
MT-HSP1 545 567 CRPH1 Major H-strand promoter references
MT-TF 577 647 P RNA phenylalanine references
MT-HSP2 645 645 PH2 Minor H-strand promoter references
MT-RNR1 648 1601 128 125 ribosomal RNA referen
MT-TV 1602 1670 A HRNA valing references
MT-RNR2 1671 3229 165 165 ribosomal RNA references
MT-RNR3 3206 3229 - §5-like sequence [eferences
MT-TER 3229 3256 - Transcription terminator references
MT-TL1 3230 3304 L{UUAG) tRIA leucine 1 references
MT-NC1 3305 3306 NC1 non-coding nuclectides -
MT-ND1 3307 4262 ND1 MADH Dehydrogenase subunit 1 references
MT-TI 4263 4331 | IRNA isoleucine referen

Figure 10. Mitochondrial Functional Locations

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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DEAF 1555G

ND&

MELAS 3243G LHON 14484C /
LHON 14459A

ND5

ND1
LHON 3460A

LHON 11778A
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MERRF 8344G \

S
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Figure 11. Gene map of the human mitochondrial DNA with representative disease variants

shown
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MITOMAP Quick Reference

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

Figure 12a.
Search box for specific variant(s).

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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Allele Search g

Start [11778 End m Reference Search | Site Search

Enter a single nucleotide position or a range(up to 100 bps). Values must be positive integers from 1 to 16569
Yiou may also search unpublished vanants to MITOMAP

Figure 12b.
Search box for specific variant(s). In this example, a single position is queried.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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Allele Search

Searched nuclectide position(s): 3240 - 3260

MITOMAP: mtDNA Coding Region Sequence Polymorphisms

Mucleotide Position Locus MNucleotide Change Amino Acid Change References
3250 1 T-C nc ing i W3
3254 C il fing
3354 C-T non-coding

MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases: rRNARNA Mutations

Locus Digease Allele RMA Homaoplasmy Heteroplasmy Status Reference
b WM/ HC M+ tRNA Le
IChisrena 32434 . ‘ + Reported  references
i 1% tbular dysfunction (IR
T tRNA Leu
MELAS /LS ARG . + Cfrm
TL1 ELASILS 5 (ULR) =
DMDF / MIDD § SHHL
5 IF E RMA Leu
- A3243G .- £ + Cfm
11 Cardiac+mult-or N (UUR)
dysfunction
MM I MELAS FSNHL |
F}.;PEO A3243T Reported relerances
T IRNA Leu
CPEO T MM A3243G = + Cfm
TL1 = A2 (LR M

Figure 12c.
Results for variant search. In this example, a range was queried. This screenshot shows only

a portion of the results returned.
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mtDNA Variants (includes mini insertions & deletions)
UPDATED Control Reqion Variants (16024-576)
UPDATED Coding & RNA Variants (577-16023, MTTE-MTTP)

Somatic Mutations

mitDNA Mutations with Reports of Disease-Associations
Organized by mtDNA location:
rRNAARNA Mutations

Coding & Control Region Mutations

Figure 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).
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MITOMAP: mtDNA Control Region Sequence Variants

Last edited: Aug 17, 2013

Nucleotide Position | Nucleotide Change | GB Frequency | Curated References
Columns 3 T-C 0 reterences
cnbe 7 AG 0 teterences
sorted.
8 G-T 0 [eferences
9 G-A 5 [eferences
9 G-T 0 references
10 T-C ) [eferences
10 -G ¥ reterences
11 c-T if references
16 AT 17 references
17 C-T o references
3 T-C 1 references
26 C-T 3 referens

Figure 14a.
Control Region Variants.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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MITOMAP: mtDNA Control Region Sequence Variants

Last Edited: Feb 13, 2013

Nucleotide Position | Nucleotide Change SB.ELO.GUJME.C.UL&BQB&QM&

Columns 3 T-C 0 references
:;::. i/ AG 0 references
8 T 0 references
9 G-A 2 LOS
9 G-T 0
10 TC 9
10 T-G 1
" CT 1
16 AT 16
17 C-T 0 references
23 T-C 1 refarences
26 CT 3 references

Figure 14b.
Outside of the Control Region: Coding and RNA Variants.

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.
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MITOMAP: mtDNA Coding Region & RNA Sequence Variants

Last Ediled. Feb 19, 2013

Locus | Nucleotide icleotide Change Codon Amino Acid Change GB Curated
Position number frequency

M- 10373 G-A 105 3 syn 153

ND3

MT- 10376 AG 106 3 s 4 references
ND3

MT- 10379 AG 107 3 sy 2

ND3

M- 10385 AC 109 3 K-N 0 references
ND3

MT- 10387 GC 110 2 GA 0 refer

ND2

MT- 10388 TC 10 3 syn 0 referances
Wl

MT- 10389 T-C m 1 0] 15 referances
ND3

MI- 10391 AG M1 3 =] 1 referances

o I

MT- 10384 cT 12 3 syn 2

ML

MI- 10297 AG 113 3 syn 119 referances
N3

M- 10398 AG 14 1 T-A 1081

ND3

Figure 15.
Variant information can be sorted.
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GB Set Frequency

(16,411 Sequences in January 2013)

Sorted Ascending *

Sorted Descending "

Mucleotide Position | Nucleotide Change | GB Frequency O
T AG o
8 GT o
9 G-T 1]
17 c-T L]
=] C-G o
31 AG o
38 C-T L]
40 T-C o
a C-CC o
42 T-TA 0
42 T-TG o
43 C-CA o
44 c-CC o
a5 AAL o
48 AG o
51 T-G 1]
52 T-C (1]

Nucleotide Position Nucleotide Change

16519
16223
483
152
195
16362
16311
146
16189
16126
16129
16183
16284
150
16278
16304

T-C
C-T
-
T
T
T
T-C
T-C
1-C
T-C
G-A
A
cT
T
C-T
T-C

GB Frequency ©

Figure 16. Details of GB set frequency
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GenBank Record for Control Polymorphism A-T at rCRS position 16

Display 10 [ records copy | csv || Excen || poF || poen |
. Pubmed Predicted £Haplogroup with given Total # Haplogroup in MitoMaster
o plogroup P GenBank Results
DO2T2108.1 16714301 G3a 3 8 VIEW
EUS23125.1 Kia a 496 iEw
Kia L) 496
Kia a2 486 &
G3a -}
2
Kia L) 496 &
]
L2¢ 48
L 48
Showing 1to 10 of 17 entries — PrE 7 Net—

Figure 17. GenBank ID links to sequence
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. Pubmed Pradicted #Haplogreup with given Total # Haplagroup in MitoMaster
[} plogroup GenBank Results
©Joo44080.1  @22130072 L 2 48 view
Huchzhde i 8 om
ety Agereced el
Shelay Safiagn. ! Ousied Sant -1 Ehangs

Homao saplens isolate BFO4T mitochondrion, complete genome

endtan S04 1

THaTT

Figure 18. Pub Med ID links to publication
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. Pubmaed Predicted #Haplogroup with given Total # Haplogroup in MitoMaster
o plogroup [ GenBank Results
Quon44569.1  @22130072 L2 2
GenBank Record for hapl plL2c
Desplay 10 ¥ reconds Copy | CBV | Esel | FOF || P
Genbank “ Pubmed Retersnce MitcMatter Resulty

Srowing 1 to Ijr@uu
Check other Haplogroup

Hagizpong Nyt [5ean]

Figure 19. Predicted Haplogroup links to total listing of sequences with that haplogroup in the
GenBank sequence set
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o Pubmaed Pradicted #Haplogroup with given Total # Haplegroup in
] plogroup P GenBank
Quo0datea1 @221 L2 2 48
MitoMaster Running Results for JQ044989.1, haplogroup L2c
gy 0 @ rocores oo || cov [ Ex | por [ P
TCRE o Query TCRS  Query  Type of NT as Freqin Freqin Patient
Positian Pasition NT NT Changs Locws  Change Haplagroup GenBank Conservaban  Report
Rk ] 1437 A G transon 125 TRMA, 100,00 a9
a7 1441 G A tareson 175 TRMA 10000
fas e = Tanson %5 TRNA 12000 e
18 T c Ao 165 TRNA, 12000
ok o A G Tambon 195 TRA 12000 &
w nw T A TaverEn "ws TRMA, Lk Lk
i a3 T s MOl mymveew 8338 513 20 00
Mo0 a3 A 6 bwasen 1 wmied | 235
e ams & om Wz | nown | 196 oo
ATed ATER A o raaBon MDY synsel B2 35 LY LS
Erowng T B0 30 of £5 entrey
Check other GenBank MitoM: R
GenBank ID: [Seann

MitoMaster
Results

v

Figure 20. MITOMASTER analysis report on each sequence
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MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases:
Coding and Control Region Point Mutations

Last Eciled Fob 18, 2013

Disease ! Nucleotide

Change

MM & Rhabdomyolysis GBTORA G-A G-Ter * Reported

Acqured idopathic TeT21C T MT . . Reported
Sideroblastic Anemia

MIC01] Acquired kdopathic TET4IC 6742 T T - * Freportad
Sideroblastc Anemeg

Ivulisystem Disonder GER304 6930 GA G-Ter - * Reperied

Waild EXIT and MR GEIS5A 6955 G-A D . . Reported

MELAS- ke syndroms GTO23A 7023 G-A VM . . Reported

Prostate Cances GTOA1A To41 A Wi . Reported

Prostate Cancer THos0C T0E0 TC Fi * - Reported

Prostate Cancer ATOB3G 083 AG 2 . - Reported

Prostate Cancer AT158G 7158 AG 3 . - Raportsd

Prostate Cancer ATHSC 7305 AC ML . - Reoponsd

DEAF AT443G 7443 AG Tori . . Reportad

LHONSNHLIDEAF Glasdn Ta44 GoA Tar-K . = Reported

DEAF ATHA5C T4a% AL TerS . . Reported

ShHL ATSA5G 7445 AG Ter.Ter . . Ctrm

Mitochondrial TIS8IC 7587 TC MT . + Reporid
Encephalommyopathy

MI.COZ  Possible LHON helper vanant GT508A 508 A AT . Repored

Figure 21. Reported Coding and Control Region mutations found in patients
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MITOMAP: Reported Mitochondrial DNA Base Substitution Diseases:
rRNAKRNA mutations

Last Edited Nov 25, 2012

Locus Disease Allele | rMA Homo- | Hetero- | Status | References
| | plasmy | Plasmy |

MI-TE Mitochondnal myopathy T582C tRMA Phe + Repoted

MI.TE MELAS { MM & EXIT G583A RWA Phe - ! Cim

AT-TE Estrapyramical disorder vith alanesis-naudity,  G5&6A RMAPhe - + Reportad
peytnosis and SNHL
Axial myopathy with encephalopatiy CH02T RMNA Phe - * Repored
b " . ABDEG tRMA Phe  + + Unchear
Tubulo-interstitial nephntis ABDEG A PR 4 - Reponed
MERRF GE11A IRNAPhe - + Reported
Matemally inherited apilepsy TE1BCIG RNAPRe  + + Reported
bt TE18C tRMA Pha - + Reported
Ftosis CPEQ MM & EXIT TE18G RMA Phe - + Repored
EXIT & Deafness GBH2IA IRNAPRe - + Reparted

SHHL & Epilepsy GH25A RMA Phe - + Reported
- ABIGG tRNAPRE  + - Reponed

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN
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Figure 22. Reported rRNA and tRNA mutations found in patients
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Nucleotide (Wucieotive |

i serct |

Display Satiings: ) GenBank Sand; &

Homo sapiens isolate ND6/J1 (Tor578) mitochondrion, complete genome
GenBank EUS15478.1

Golx &
LocUs E915478 16563 bp  DNA  circular PRI 12-DEC-2008
DEFINITION Homo sapiens isolate NDE/J1 (TeeST8) miteehordsion, somplete
gencme .
ACCESSION  EUS15478
VERSIGH  EUSISATE.1  GI:194441041
KETWORDS .
SCURCE mitochosdrion Hono sapiens (husan)
ORGANISH

Homs_sapiens

Eukaryora; etazos; Chordata: Cramiata; Vertebrata: Euteleostami)
= lin: Eutherin: ices: Primaces: Haploechiniz
Catarrhini; Hominidae; Homo,

FEFERENCE 1 (bases 1 to 16569]

AUTHORS  Pello R., Martin, M.k, Carelli,V., Nijtmans,L
Pala,N., Torroni,A., Gomez-Duran,h., Ruiz-Pes
Smeirink,J. k., Arenas, . and Ugalde,C.

TITLE Mitochondranl DA the nssembly kinetics of
OEPHOS complexes in a cellular model of mitochondrial disease

JOURRAL  Bum. Mol, Ganec. 17 (24], 4001-4031 (2008}

FUBMED 18806271

¢ Aehilli,A.,
+E., Bartimuzei,d.,

Figure 23. Sample Sequence EU915478 at GenBank
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te ger

Send:

® Complete Record
OCoding Sequences
OGene Features

Choose Destination

®File O Clipboard
O~Collections O Analysis Tool

Download 1 items.

Features

Format
| FASTA v]

Related Sequences
Full text in PMC

Figure 24. Send FASTA dialog box
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Mitomaster Sequence Cuery GenBank Query SNV Query Species Use Web Senvce

Submit SequencCe as file upload or paste into text area

Step 1 Select conservation species of interest

Step 2 Fasta flle use ts for more than ane sequencs
Option 1 seectnie

Option 2 Copy-paste

Figure 25. Submit Sequence screen
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Mitomaster | SequenceGuery  CerSank Cusry SNV Guery - Speces Jo VWeb Sorvice.

Alignment Summary
rCRS track view

T
f
IBLA1041|gheELN I 10 1)
w01 DY L] OB ATPused MDY NS My L)
s s s b i e
AtPased L=
B _ ¢
1% 8
L ¥ AR SN en HICLAG L3 T
b ] b L} H i (N L] i ]
- AY -] waaT) r
1} i“" ] ] 1
..
1
Sequence alignment
¢ st detads for ol semerice
Despley 10 (8 records |
. Predicted Total
Sequence Haplog oup Variants Variants
L] b 4 ATIG, TI4EC, TIS2C, C2T, ADE3G, C285T, CISCC, CHB2T, T489C,
g1 94441041 jghELI1 5478 9] ATSOG, TTBOC, A1438G, T2158C, AZT06G, GI010A, T4EC,

AATESG, GSAB0A, CTOCRT, GA2EGA, GRSSTA, ABBE0G, A103S8G,
GI04278, AT 251G, G11719A, G12007A, A126126, G13708A,
TI3783C, T13679C, TI4484C, C14TEET, A1SI260, C154528,
CIBOGAT, T16126C, G16145, TIE1T2C, C162227, CI6261T

Figure 26. Alignment Summary
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MitomnasterDey  Sequence Cusry  GenBankOuosry SNV Ousry L Web Servios

Alignment Summary
rCRS track view
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ATPases  MOML
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Figure 27. rCRS Track View
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Sequence alignment

B e 10 Ehow Gt O Show Oetats 1 B SeLences

oapay (30 8] recoros

| sequance
©110444 1041 GHEUB 154781,
|

Showng 1121 of 1 antries

= Precictes Haglogrean

Copy | Bucw | OS¢ POF | Pree

Tots! Varlants | Vaslants

® AT3G, TI48C, TI82C, C2A2T, AZRIG, C298T, C318CC, CAEZT, TABIC, ATS0G, TTBNC,
A1438G, T2138C, AZTOBG. G3010A, TA216C, AATESG, GS460A, CTOZAT. GAIASA,

GESSTA, ABSECG, ANISIG, GI42TA, A1 12510, G171, G200TA, A12612G,
GIIT0RA, TIITAMC, TIIATHC, THAABAC, C1ATSST, A1SAING, CIB4S2A, CIB0BHT,
THO1260, GIBLSA, TIBIT2C. CHBERET, 102617

Figure 28. Sequence Alignment, areas of interest circled

Curr Protoc Bioinformatics. Author manuscript; available in PMC 2014 December 12.

Page 43



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

yduasnuel Joyny vd-HIN

Lottetal.

Page 44

Mitomaster Sequence Cuery SN necies e Help
Alignment Details
Display | 10 (& |records Copy || Exs || c5v || POF | Frint |
RS, Ouery rCRS  Query Mut 13 Freq' Freq' Patient
Position  Position  NT NT type Lecus Effect inGB inJib  Refs Conservation Report
73 73 A G fransiton  HVS2MATT/D-Loop7S  non 7133 | 983 refs
Dia coding
146 146 T c fransibon  HVSZHOHAT T/D- 98 o1 efs
Loop/7S DA
152 152 T c fransibon  HVSZOHATT/D- non- | 2073 | 932 refs
LogpiTS DA coding
242 242 c T transibon - HVSZIOHTFRATTO- non- 035
Loop coding
263 263 A G transition  HVS2AOHMATTO- 8050 | 9831
Loop
295 295 [- T transition  HVSZIOHTFYATT/O-
Loop
35 s C cc nsertion  HVS2IOHATT/D- non- B0.95
Loop
462 463 T transition ATT/D-Loop as 98
489 490 T c fransiton  ATT/D-Lo0p non- | 2479 | 9831
coing
750 751 A G transiton 125 rRNA 10000 refs
Showing 1 to 10 of 41 entries I J 2 3 4 5 Mest —

Figure 29. Alignment Detail
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Mitomaster  Sequence O GenBiank Cuery

Gentank run 24000

Alignment Details

Display| 10 (8] recorss ooy || B || cov | poe || pan
———

-~
FERS Positien  Guery Posmion rCREMT OusryNT Muttyps. Lotus. teEffect. FreqiinOB Freqhin i Refs Contervation r\rm-ml‘hpm L
—_———

% Y PO protective

== o3 A -] Tansmon N2 ron 434 3
T Tenh e

o8 pHimetabos:
mnrometreast
cancer sk

4218 4218 T c fransgon | MO LHOMfrawln
Fsistance

13708 1ares G A tranalon | NOS ;I LHOMncrEased M5
faktighes freg i PO
]

La4sd raem T c transmon | NOS s 3N LHOH

3010 3011 A tanaigon 165 ey 2000% Cyee Vomisng
Syndrome win
Mgraee

5560 5a60 - A tansmon | NOZ  ron- 66 59 e | A ADFD

AT

%0 kL] A o vanslon 125 rRMA

nTe nTs o A amEon N4 smGed 74T

s s A -] transgon  ND4  amlml 851 3318 e s3I

Ten 80 T -] vaamon | 925 RmA 18 08

Snowng 110 10.0f 41 erines

Figure 30. Alignment Details, areas of interest circled
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Figure 31A. Conservation Grid
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Mitomaster  Sequence Guery  GenBankQuery  SMY Guery | Species

Conservation index species

Semct Al || Cloer A (0epl 1CRS) | Primates Crty

Mammals

Sekwet A1 || Sebect Mo
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Figure 31B. Conservation Grid of Species
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Mitomaster Sequence Cuery GenBank Cusry SNV Query Species

Submit GenBank Identifiers

Step 1 Select conservation species of interest
Step 2 Input Accession(s) or Gl(s)
" E6BE9), 3 comena-separated list (EFDE

Allowed values:
[AF346963-AF 3

Figure 32. Submitting GenBank Identifiers
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Usa Weh Sendce Help

Mitomaster Sequence Query  GenBank Query SNV Query | Specles

Submit variant list 2 fie upload or paste into text area

Step 1 Select conservation species of interest
[0 Comgute haplotype {onty recommended if supphy' a full set of SNva)

The variant list can follow either of these formats:

« Tabular {load example)
» Either no hieaoer or the following:

Step 2 Copy-paste
Option1 ...

semple pos ref var

« Four tab-delimied Columns:
= zample_name (with no spaces)
= mitpchoncnal position
= reference base
= vanant paze
e Insertions are designated using 3" or engty cell for the
reference
+ Deletions are designated usng 3 or empty cell for the varant

= Lings beginning in # are ignonsd for USer COomments
m » Compact (iead exsmpie)

« 0@ vanant per ine, may be tab-prefaced wih 3 sample column

= Substitutions: S028T or CHO28T

= Insertions: CST3CC or 573insC or 573.1C or :573C

= Deletions: 291d or A291d or A291del or AZ91- or A291

Figure 33. Single Nucleotide Variant Submission
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