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Introduction

Mitochondrial DNA

Problem

Mitochondrial DNA

» Circular molecule located in
mitochondria within
eurkaryotic cells.

» transform energy to a form
used by the cells

> Length about 16500
nucleotide.

» 13 protein coding genes
> 22 trna genes

» 2 rrna
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Introduction

Mitochondrial DNA

Problem

Problem

> Refseq is the most used repository for mitochondrial genome
annotation
» Refseq suffers form several inconsistencies and errors in
annotation
» Missing or incorrect strand
» Confusing trnL1/trnL2
» trnS1/trnS2
» Inconsistencies in gene names(Bernt et. al 2012)
» Problem in developing automated analysis for mitochondrial

data
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Introduction
Mitochondrial DNA

Problem

Objective

» Develop an automated pipeline for mtdna annotation by
refining taxon specific hmm and covariance models .
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Tools
Training
Annotation

Materials and Methods

Tools

» HMMER an implementation of
profile HMMs (Sean Eddy and his
group ).

» hmmbuild build a model from
multiple sequences

» hmmalign algin a model to
sequences

» hmmsearch search a model in
sequences database

» hmmscan search a genome in
models database
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Tools

Materials and Methods o
Training

Annotation

Training Data

» Build taxon specific models — A

along the phylogenetic tree AB

nodes LB
> Step 1: Build protein models | ABCD

for leaf sequences ——————C
» Step 2: Recursively lift up @

the model with best score ———— 0D
» Step 3: Build the models

database
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Tools

Materials and Methods o
Training

Annotation

Training Data

: - M

» Build taxon specific models A
along the phylogenetic tree AB

nodes Mg B

> Step 1: Build protein models | ABCD M
for leaf sequences ———C¢C

» Step 2: Recursively lift up @ M
L VIDp

the model with best score

» Step 3: Build the models
database
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Tools

Materials and Methods o
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Training Data
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» Build taxon specific models A
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> Step 1: Build protein models | ABCD M
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Tools

Materials and Methods o
Training

Annotation

Training Data

. - M

» Build taxon specific models M A
: AB

along the phylogenetic tree AB M

nodes Bpg
_ _ Mascp

> Step 1: Build protein models | ABCD M
for leaf sequences MCD—C C

» Step 2: Recursively lift up @ M
L VIDp

the model with best score

» Step 3: Build the models
database
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Tools
Training

Materials and Methods

Annotation

Example: Part of nadl Alignment

200 210 Z0 20 50
LTEGESELVES FVEYAAGPFALFF LA LFroAFRTPYLPELYS | 1
LTEGESELVSGF NVEYAAGFFALFF LAl LFFGAFHTPYLFELYSY 1
LTECESELVEGF NVEYAAGPFALFF LAl LFFOAFHTPYLPELYS | i
LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHMPYFPELYS | i
LTEGESELVSOF NVEYARGPFALFF LAl LFFOAFHTPYLPELYS | 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHTPYLPEL YEY 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHTPYLPELYS | i
LAEGESELVSOF NVEYARGPFALFF LAl LFFOAFHNPYMPEL YTV 1
LTEGESELVECF NVEYAAGPFALFF LAl LFFGAFHNPYMPEL YTV 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFOAFHEP LMPEMYT | i
LAEGESELVSSF NVEYAAGPFALFF LAl LFFOAFHNPYMPELY TV 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHNPCMPEL YTV 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFOAFHEPYMPELY 1V i
LTEGESELVSGF NVEYAAGPFALFF LA LFFGAFHNPYMPEL YTV 1
LTEGESELVSGF NVEYAAGPFALFF LAl LFFGAFHTPYLPELYS | 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHTPYLPELYS | i
LAEGESELVSSF NVEYAAGPFALFF LA LFFGAFHNPYMPEL YTV 1
LTEGESELVSGF NVEYAAGFFALFF LAl LFFGAFHTPYLFELYS | 1
LAEGESELVESF NVEYAAGPFALFF LAl LFFOAFHNPYMPEL YTV i
LTEGESELVEGF NVEYAAGPFALFF LAl LFFOAFHTPYLPELYSY i
LTEGESELVSOF NVEYARGPFALFF LAl LFFOAFHNPYMPEL YTV 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFLOAFHTPYLPELYS | 1
LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHTPYLPELYSY i
LTEGESELVSOF NVEYARGPFALFF LAl LFFGAFHTPYLPELYS | 1
LTEGESELVECF NVEYAAGPFALFF LAl LFFGAFHVPYLPELYS | 1
LAEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHNPYMPEL YTV i
LTEGESELVSSF NVEYAAGPFALFF LAl LFFOAFHNPYMPELYTA 1

LWL | F PAWP LAMMIE | LTEGESELVEGF NVEYAAGPFALFF LAl LFFGAFHEPYMPEL YTV i




Materials and Methods

Annotation

» Taxonomic level database

Tools
Training

Annotation

Input

Fasta

Translate i

n 6 Frames

Search DB

Overlap

Best hit

Output Bed
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Results

> Train 3843 mt genome sequence from refseq63
> Test on 925 genome which are newly annotated in refseq69

» Scan against level models database
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Results

Phylum and Class Models

equal A+ FN FP
atpB 923 (0.99) 0 (0.00) 0 (0.00) 4 (0.00)
cox3 920 (0.99) 0(0.00) 2 (0.00) 6 (0.01)
nad3 915 (0.94) 0 (0.00) 59 (0.06) 2 (0.00)
naddl 907 (0.97) 0(0.00) 7 (0.01) 10 (0.01)
nadd 886 (0.99) 0(0.00) 5 (0.01) 2 (0.00)
nads 911 (0.99) 0(0.00) 5(0.01) 2 (0.00)
nad6 1104 (0.92) 0 (0.00) 54 (0.05) 8 (0.01)
cob 886 (0.98) 0(0.00) 14 (0.02) 5 (0.01)
nad1 920 (1.00) 0 (0.00) 1 (0.00) 3 (0.00)
nad? 919 (0.95) 0(0.00) 0 (0.00) 8 (0.01)
cox2 922 (1.00) 0 (0.00) 0 (0.00) 3 (0.00)
atp8 870 (0.65) 0 (0.00) 19 (0.01) 124 (0.09)
coxl 924 (0.99) 0(0.00) 2 (0.00) 3 (0.00)
gene 12007 (0.94) 0 (0.00) 168 (0.01) 180 (0.01)

Phylum models
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Results

Phylum and Class Models

equal A+ FN FP
atpB 923 (0.99) 0 (0.00) 0 (0.00) 4 (0.00)
cox3 920 (0.99) 0(0.00) 2 (0.00) 6 (0.01)
nad3 915 (0.94) 0 (0.00) 59 (0.06) 2 (0.00)
naddl 907 (0.97) 0(0.00) 7 (0.01) 10 (0.01)
nadd 886 (0.99) 0(0.00) 5 (0.01) 2 (0.00)
nads 911 (0.99) 0(0.00) 5(0.01) 2 (0.00)
nad6 1104 (0.92) 0 (0.00) 54 (0.05) 8 (0.01)
cob 886 (0.98) 0(0.00) 14 (0.02) 5 (0.01)
nad1 920 (1.00) 0 (0.00) 1 (0.00) 3 (0.00)
nad? 919 (0.95) 0(0.00) 0 (0.00) 8 (0.01)
cox2 922 (1.00) 0 (0.00) 0 (0.00) 3 (0.00)
atp8 870 (0.65) 0 (0.00) 19 (0.01) 124 (0.09)
coxl 924 (0.99) 0(0.00) 2 (0.00) 3 (0.00)
gene 12007 (0.94) 0 (0.00) 168 (0.01) 180 (0.01)

Phylum models

Marwa Al Arab

equal A+ FN FP
atpb 910 (0.99) 0(0.00) 0 (0.00) 4 (0.00)
cox3 921 (0.99) 0(0.00) 3 (0.00) 5 (0.01)
nad3 914 (0.94) 0(0.00) 61 (0.06) 2 (0.00)
naddl 909 (0.97) 0(0.00) 8 (0.01) 9 (0.01)
nadd 890 (0.99) 0(0.00) 9 (0.01) 3 (0.00)
nad5 901 (0.98) 0(0.00) 19 (0.02) 2 (0.00)
nad6 1062 (0.96) 0(0.00) 9 (0.01) 8 (0.01)
cob 919 (0.99) 0(0.00) 0 (0.00) 6 (0.01)
padl 920 (1.00) 0(0.00) 0 (0.00) 3 (0.00)
nad2 920 (0.97) 0(0.00) 0 (0.00) 6 (0.01)
cox2 926 (0.99) 0(0.00) 0 (0.00) 3 (0.00)
atp8 878 (0.67) 0(0.00) 13 (0.01) 90 (0.07)
coxl 923 (0.99) 0(0.00) 2 (0.00) 3 (0.00)
gene 11993 (0.95) 0 (0.00) 124 (0.01) 144 (0.01)

Class models

Annotation



Results

Phylum and Class Models

_ _ TP _ TP

Sn = 1piry Sp = TpiFp
equal A+ FN FP equal A+ FN FP
atpb 923 (0.99) 0 (0.00) 0 (0.00) 4 (0.00) atpb 910 (0.99) 0(0.00)  0(0.00) 4 (0.00)
cox3 920 (0.99) 0 (0.00) 2 (0.00) 6 (0.01) cox3 921 (0.99) 0 (0.00) 3 (0.00) 5 (0.01)
nad3 915 (0.94) 0 (0.00) 59 (0.06) 2 (0.00) nad3 914 (0.94) 0(0.00) 61 (0.06) 2 (0.00)
naddl 907 (0.97) 0(0.00) 7 (0.01) 10 (0.01) naddl 909 (0.97) 0(0.00) 8 (0.01) 9 (0.01)
nad4 886 (0.99) 0(0.00) 5 (0.01) 2 (0.00) nadd 890 (0.99) 0(0.00) 9 (0.01) 3 (0.00)
nad 911 (0.99) 0(0.00) 5 (0.01) 2 (0.00) nad5 901 (0.98) 0(0.00) 19 (0.02) 2 (0.00)
nad6 1104 (0.92) 0(0.00) 54 (0.05) 8 (0.01) nad6 1062 (0.96) 0(0.00) 9 (0.01) 8 (0.01)
cob 886 (0.98) 0 (0.00) 14 (0.02) 5 (0.01) cob 919 (0.09) 0(0.00) 0(0.00) 6 (0.01)
nadl 920 (1.00) 0 (0.00) 1(0.00) 3 (0.00) nadl 920 (1.00) 0(0.00) 0 (0.00) 3 (0.00)
nad2 919 (0.95) 0 (0.00) 0 (0.00) 8 (0.01) nad2 920 (0.97) 0 (0.00) 0 (0.00) 6 (0.01)
cox2 922 (1.00) 0 (0.00) 0 (0.00) 3 (0.00) cox2 926 (0.99) 0(0.00) 0 (0.00) 3 (0.00)
atp8 870 (0.65) 0 (0.00) 19 (0.01) 124 (0.09) atp8 878 (0.67) 0(0.00) 13 (0.01) 90 (0.07)
eox1 924 (0.99) 0(0.00) 2 (0.00) 3 (0.00) coxl 923 (0.99) 0(0.00) 2 (0.00) 3 (0.00)
gene 12007 (0.04) 0 (0.00) 168 (0.01) 180 (0.00) gene 11993 (0.95) 0 (0.00) 124 (0.01) 144 (0.01)
Phylum models Class models
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Results

Phylum and Class Models

_ _ TP _ TP
Sn = 1piry Sp = TpiFp
equal A+ FN FP equal A+ FN FP
atpb 923 (0.99) 0 (0.00) 0 (0.00) 4 (0.00) atpb 910 (0.99) 0(0.00)  0(0.00) 4 (0.00)
cox3 920 (0.99) 0 (0.00) 2 (0.00) 6 (0.01) cox3 921 (0.99) 0 (0.00) 3 (0.00) 5 (0.01)
nad3 915 (0.94) 0 (0.00) 59 (0.06) 2 (0.00) nad3 914 (0.94) 0(0.00) 61 (0.06) 2 (0.00)
naddl 907 (0.97) 0(0.00) 7 (0.01) 10 (0.01) naddl 909 (0.97) 0(0.00) 8 (0.01) 9 (0.01)
nad4 886 (0.99) 0(0.00) 5 (0.01) 2 (0.00) nadd 890 (0.99) 0(0.00) 9 (0.01) 3 (0.00)
nad 911 (0.99) 0(0.00) 5 (0.01) 2 (0.00) nad5 901 (0.98) 0(0.00) 19 (0.02) 2 (0.00)
nad6 1104 (0.92) 0(0.00) 54 (0.05) 8 (0.01) nad6 1062 (0.96) 0(0.00) 9 (0.01) 8 (0.01)
cob 886 (0.98) 0 (0.00) 14 (0.02) 5 (0.01) cob 919 (0.09) 0(0.00) 0(0.00) 6 (0.01)
nadl 920 (1.00) 0 (0.00) 1(0.00) 3 (0.00) nadl 920 (1.00) 0(0.00) 0 (0.00) 3 (0.00)
nad2 919 (0.95) 0 (0.00) 0 (0.00) 8 (0.01) nad2 920 (0.97) 0 (0.00) 0 (0.00) 6 (0.01)
cox2 922 (1.00) 0 (0.00) 0 (0.00) 3 (0.00) cox2 926 (0.99) 0(0.00) 0 (0.00) 3 (0.00)
atp8 870 (0.65) 0 (0.00) 19 (0.01) 124 (0.09) atp8 878 (0.67) 0(0.00) 13 (0.01) 90 (0.07)
eox1 924 (0.99) 0(0.00) 2 (0.00) 3 (0.00) coxl 923 (0.99) 0(0.00) 2 (0.00) 3 (0.00)
gene 12007 (0.04) 0 (0.00) 168 (0.01) 180 (0.00) gene 11993 (0.95) 0 (0.00) 124 (0.01) 144 (0.01)
Phylum models Class models

Sn =0.986 Sp =0.985 Sn = 0.989 Sp =0.988

Marwa Al Arab Mitochondrial Genome Annotation




Conclusion and Outlook

Conclusion and Outlook

» An automated pipeline to annotate protein coding genes in
mtDNA by refining taxon specific hmm
» Outlook

» Find the best level database and best parameters to minimize
FN and maximize TP

» Analyse the results in deep to improve the refseq annotation

» Apply on tRna
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Conclusion and Outlook
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