Mitochondrial DNA Basics



Mitochondria — the powerhouse of the cell




Mitochondrial DNA is DNA

“\ _OH
P~ Hydrogen bond
0 \o 5 '
\ | OH
o)
\ o 0
ep
0\
0 P
Hz\c o - “ee o/ \\o
A o o ¢
P
0"\ o
0 P
H\c ° LN o/
p LD
<= S
\ _o °
o "
O\ 5
H,C o é 07\
: 0
3" OH
HO™ '\
(b)

£1999 Addscn Wesley Longman, Inc



itochondrial DNA Structure

Human Mitochondrial DNA
16569 bp
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Endosymbiont Theory
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Mitochondrial DNA — replicated by PCR
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DNA Sequencing
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TAAATCTGGGGTATTAGTCTGTGCT GAAATGCACTAGCTCTGCAATTCCC TGGG
1

150 160 1 180 200 210
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TCCAGGCACTGTGGGTCTTGGGAAGTGGTTCTTGTCAGCCCGAGGGACACTG GTTCTCCACT
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ACATTGAAGCGAACATTTGCTACTTGGTCTCCTGCCATTTTTAATACGATGGGCAGCATTTGC
) 520 530 540 550 560 570
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Mitochondrial genes



Gene Basics

Molecular biology Introduction



What is this?

Claus Ableiter nur hochgeladen aus enWiki - enWiki, hochgeladen von User Lyndsaruell; siehe fito. kipedi Quiowing
An Inca quipu, from the Larco Museum in Lima



https://en.wikipedia.org/wiki/Image:Inca_Quipu.jpg

A quipu usually consisted of cotton or camelid fiber
strings. The Inca people used them for collecting data
and keeping records, monitoring tax obligations,
properly collecting census records, calendrical
information, and for military organization. The cords
stored numeric and other values encoded as knots,
often in a base ten positional system.

— en.wikipedia.org/wiki/quipu




DNA — Nucleus

Human metaphase chromosomes Human cheek cells



DNA - Chromosomes

Mitosis and cell plate formation in a
flattened endosperm cell of the African
blood lily, Haemanthus katherinae,
observed with phase contrast microscopy.
(a) prophase, (b) metaphase, (c) anaphase,
(d) telophase.

http://iramis.cea.fr/dna2006/mitosis.html



DNA - Structure

Chromosome Structure

Chromosome contain very tightly wound DNA
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https://www.golifescience.com/structure-of-chromosome/



DNA — Electron microscopy
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The structure of DNA by direct imaging
Science Advances 28 Aug 2015:

Vol. 1, no. 7, e1500734

DOI: 10.1126/sciadv.1500734



DNA — Electron microscopy
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DNA Sequence

>unknown AGGTCGACTGAACCCCACAGGTGATCTCTAAGTGGTGTGCCCCCCACCCCCCCGTCTTCATGGTACGCCTTACCTCCTAA GGGTTGTCGAGCATAGCTAGGTGAAGGATGTACACTTGGAGTTTAAACTATTGAGGAAGCCGAGGTTGGGGGAGTTCAAA GCCAGCCTGAACAATGTACCAAGACATCTTCTAACAAAACAAAACACCGGCTGGTGAGGTACCTCAGTGGGTAAAGGTGC GTAGCCCTAAGCCTGATAACCGGAGTTTGCTCTCTCTAGAACTGACGTGGGAGAAGAGAAGCTGTCTCTACAGTCCTCCT
CTGACCTCCACACCATGCTGCAACATTCACCCCCAGCCCCAACGAGAGTAGTAAAAACTCAAAACAAAACAAACAAAACA GGGAGGGACTGGAGAGATGGCTCAGTGGTTAGGGCCACCAGGCTGCTCTTCTGGAGGACATCCACATTCACAACCACCTC TGACTCTCGTTCCAGAGGATCTAACATCTTCTTCCAGCCTCTACGTAGAGGCACCAGGAATGCGTGGCGCACACAGATGT ACATGGGGACAAAACATGCACATAAAATACAGTAATAAGCCGGGCAGTGGTGGCACATGCATTCAGGAGGCAGAGGCCAG
CCTGGTCTACAGAGTGAGTTCCAGGACAGCCAGGGATACACAGAGAAGCCCTGCCTCAAAAAACCAACAACAACATAAAA ATTAATAAAAAATTTTTTTGATTTACTTTATTTATATGAGAACACTGTCACTGTCTTCAGACACCAGGAAAGGACATCAG ACCCCATTACAGATGGTTGTGAGTCACCATGTGGTTTTTAACCACTGAGCCATCTCTCCAGCCCTATATATATATTTTTT TTTAAGATTTATTTATTTATTTATTATATGTGTGTATGCTGTAGCTGTCTTCAGACACTCCAGAAGAGGGCATCAGATTT
TTGTTACAGATGGTTGTGAGCCACCATGTGGTTGCTGGGATTTGAACTCAGGACCTTTGGAAGAGCAGTCGGTGCTCTTA ACCGCTGAGCCATCTCACCAGCCCCAAAATATATTAAAACAACAACAACAAGAGAGTGTGAAACACAGCCTCTGGGGCCC CCCACAGAGTCCTGTGTCCCTATTCTAAGGATCTGACAATTTAACCCTACCTCCTCCATGGTGAGGCCCCAGTGGAGCTA GGGGCATAGGCACAGACAGGACCATTGGACTAGAGTTTATATTGGGGTTCTTAGCACTTCTGAGACTTCCTTTCCTAACT
AAGGGTGACAATAGTACCTATTATTGTTGACACTGGTATTATTTTTATTGTTGTTTGTTGTTATTTACAGAGTCTTGCCA CATAGCCAGGTTAGCCTTGCTAGTACTAGCCCCTGAGTGTCTCTGATACTATACTCTTCTGTGTGGGTCTCACTGTGTAG CCAGGGCTGCTTGGAACTTACTATGTAGACCAGGATGGCTTTGAACCACTGAGACCTGACTTTTTTTAACCCGCTAAGTG CTGGGATTAAAGGCGTGTGCTGCCATGCCTGGCTTTGCACACACACACATACTGTGTGGCGTGCAGGTGTGTGCACATGC
TAGGACATGTGCATGTCACAGTGCACATGTGGCAGTCAGAACACAACTTCAGGTGTCATCCTCCTGTCTCTGCTTTACAT CTGGACCTAGGAGAGTTGGGATTGCAGATAGGAGCAACTTCTGTGGGTTCTGGGGATCCGAACTCGGGCCCTCAGACTTG CTCAGAAAGCACTTACCTACTATGCCATCTTCCCAACGCTATGAGAAGTAATTTTTAAAAACATTTGCTGATTTTACATG TGCATCTGTGTGTGTGTATGTAAGGAGTGCACAGGGGCAATGCACACTGCTCACGGCATGTGTGCAAAGAACAGAGAACA
ACTTGCAGGAGCTGGCTCTCGCCTGCAACCGCGTGGCCTCTAGGGCTTGAACTCAGGTCGTTGATCTTGGTGGCAAGCAT CTTTGCCTCCTGAGCCAGCTCCCATAAAAAGTAATGTGTGTAATATGCTTAAAAGAATCAGCCAATACCTTGTGTTATTA CTAACAGTCAATGAGTAGTTGTTGCTATTCGCCCATTCTTTGATCATGGAGACTTCTATTCCTGGACCTAGAAATGGGGC AAGAAGAGGCGTAGACATGGTAGTATATATACCTGTAATCCTAGCATTAGGGAGGCTGAGGCAGGAGTTCTGGGCTAGCC
TGTGTTACACAGAGGAATTCTGCTTTACTCTTCACCCTAAAGCATGGACATAAAGGAGCAGACACTGTCTTTGCACTCCT GCACAATCGAGTGTTTTCTCAGGGGGGAAATGCATGCACCCAAGGTCCTTGTCTCCTTCCATCCCTTCCGGGGCTGCCTC AGGGCCCTCAGATTTCTTCTCTCCAGTCTTATGGAGTCAGGCAGGAAAGGTCAGGCTCTAGGATAGGGAACCAACAAGAG ACCCTCCAAAAGGCTCTGCCCACTTTGGCTTCCATGTTCGGCAGCCCCCGTTTTGCCTTTTTCCTTCCTGGCTTAGGGCC
AGTTTCTCATTTGCCCTAAACTCGTCCCTGAGTGAGGGAGGGCAGAGTAAGAGAATCAGGAAGCCTGATGCTGTGTTCCT GCATTCTCAGGCTCAGGTCCGTCCTCGGTGTGGGCGCCTTGTGGCCTTCAGCTCTGGTGGTGAGAATCCCCATGGTGTAT GGGCTGTGACTCGGGGACGGCGCTGTGCCCTAGCACTGTGGCACACGTGGGCACCTGAGCACAGTGAACAGGTAGGGAGG AAGAGGTGAGGGGGTGGGGGGGTGGGCAGGTGGGCAGGTGGTCACTGGAGAAGTTTGTGAGTGGGTGAGACCCCCAGCAA

AGCGCTTGGGTGACTGAGATAGCCC) ACT TT CCCCAGCAAAGCTTGGG TGACTGAGATAGCCCAGGAGAGGTGGATAAAGGAGACTGAACCACACTTCTCCCCATTCCCAGGAGTGGACAGAAGCCAA AGAGCTGCTGC: ATTCTCAGCAGAGACCCTTCCCCAGAACCCCCAAGTC ACAAGCTTCAGCGAGTCCAGGAGAAAGCTGGGAAGCCCCGCCGGGTCCGGGTCCGAGAGGAACTGTGAATGGCTGAGCCT
GCTTCTCAGGATCAGGCCACTCAACTTGGGAAGGAACTGATGAGAAGGCTCTGGAGGATATCAGGAACATAGTAGCATGC CAAGTCTACCATCTCGGGGACTTACAAGGGCTACCAGACCCTGGACTCACAAGCTTGCTACACAGACTTAGCCTACAGCA CATCAGGCCCGGGAGCCAGGTCTGGCCCCAGCTGAGGGACCTGCAAGGTCCCCAGGACAGACAAAAATCACTATGCCTCC CTGAAAGGCAGGCATGTGGAGGAGTGCAGAGCAACTGCTTCTAATAAGAAACACACAGAGGGGCTGGAGAGATGGCTCAG
CGGTTAAGAGCACTGACTGCTCTTCTGAGGTCCAGAGTTCAAATCCCAGCAACCACATGGTGGCTCACAACCATCCGTAA TGAGATCTGGCGCCCTCTTCTGGGGCGTCTGAGGACAGCAACAGTGTACTTACATATAATAAATAAATAAATCTTTAAAA \GTCCCATCCTCTCCCAACCTGTGCAATAAATAATGATCATGA GGCTCTCCAGCCAAGGCCTGGTCTGCTCTATCCCAGTTTTGGTGGCTGCTGGAGGTGGGGTTGGTTAGAACTGGCCTGGG

TGGGGACAGGTGGTGTCTTGGGGCCTCTCAGAGGTGGAGCCATGACAGCCCAGTGATTTGTCAGGGAAATCTCAGCCACC TGCTGCTTCATGCAAATAGACCCCCCCCGCACCCCCCCTCCCGGTGCCCCATCGCCGCTGCCACCACCACCACTGCCACT GccAcAGccAcAGcTGcTccGTGAGccchAAcTcTAAGccATGccAchcchCrchGcchTATcTTcAcAGchAc TAAGACCCTGGGAGTCATGTGTGGATGCATGAGGACAGACCCCAGCCGAGAAGCAGGACACAGAGCTCTGTTCTCTTTTG
TAGTCATTTCTTTGCCCACAACACAGGGGCACATGGGCCCAGCTCCCCCCACCCCCATCTCCCTGTCAACTCCCCCAACT AGGATCAGGCCCAAGGGCAGCTGGTCGGGGCTTGTCGAGAAAAGGGATTATCCTGCTCAGCCCATCTAATCTCAGCTTCT GCTTGGACCCTCCCCACCCCTCCCCACAGCCCTCAACGAGGAAGCATGGTTTGTAGTGTTGACAACAGGGTCATCTGTCA CCCTCCTGTTCTGGCTCCTGGCCCGCTTGCTGAACAAGGCCAAGATCATGACCACAGGTTGGGGCTAGGGCCTGGGGAGG
TCACTGGAGCTATGACTGCTCCTGTTCTACTTCCCCAAACGCAACCAGTAATCCTCACGGCTTGTCTCTGATCCGTGGGC TGATGCTCTTATCTCTGCTGGCGGACTGACCGTGGAAGCACCCCTCTATCCCCACCCCCCTTCTTGTGGCTGCATAAGAG GGGTGCTGCTCTTCTCTGGTCCACGGGCCTGTTTCCCACCCCTCCAGGCTGACCTGTCTCTGGAAGCCACATACCTCCCC TCCCTGGCCTCTCCCCCACCCCTGCCAGCTGATTTCATTTGCCTGGCGTGGTTGTTGCTGGCCTTACCCTTCCCTGTCAT
TCCCCCCTCCCTCTCAGTCAGGGCCAGGCCAGGCCAGCTCCTCTGGCAGCAGAGGGGGGCAGGTGACAGGCAGGCATCGC AGCTGAGACAGTGAGG) GCCCGGGAAGCGGAAACCT TCCAGCCAGAGCCCAAGTAAGAGGGAGCTGGCC GGCTCTACCCTCTGGGATCGGGGGCCCATGGGGAGGGCTCAGGCAGGGCTGGGGTTGATACCCAGGAGGGAGAGCCCCCC ATCACAGGAGTAGGGCAGGATGGAAAGAACAGAAACATGGTCTGACGGGGACCTATTTCATGTCCCTGGCAGGAGCCGGA
ACTACCCCTCGACCTGTGCACCATGGGGGAGATGGAGCAGCTGAGGCAGGAGGCGGAGCAACTCAAGAAGCAGATTGCTG TAACCCCAGAGCCCTCGTCCTGGGGACCTTGGAGAACAGAACTCAGGACACGTGGGAGTGTGGCCTGGGAGGGATTGGGT TCACTCTTGGGTGACACTTTAGACACCTCTCATCTAGAAGGGTTCAGAGACTTTAAATCCAGACCTCACATTTGAAACCA CCTCCCAACTGCAGAGCCCCATGCCCTCCCATATGTGAGGCGCATATGCATGCCCCCTGCCCTAGCACAGCCTCCCTGAT
GCCCACTTTCCCCGCAGGATGCCAGGAAAGCCTGTGCGGACATCACTCTGGCTGAGGTGAGACCTTCTGCCCATCTGAGG CAGGGCATGATAGGAGGGGAGGGGACTGAGCAAGGACTTCAGGACCAGCAACATATTGCTGCCTGAGCTTTTAGCACATC CTGTCCTTGAAGGGAGGAAAGACATTCATGAATTAATTCAACAAACATCCATTAAGATCTGCTCTGGGCCAGCCATTATA TTGGATACGGAAGACATAGACTGGCCTTCACCCTGAACAGTGATGGGGGTAGGGCGAGCAGGACTTCTCTTAGACTCAAA
CTGGCAGCTGTCTAAAGTGACATTTCATTGATTTTAAGATGCATGCTTTCTCACAGAGCTTTCTAAAGTCGAGATGCATC TAAcAATAcATGATAcCrTGTTAGccTATTGTTTcTTTcTTcGTGATAcAcAAAcTAcTAcTGrTTcTTAGAATTGATAG CCCAAGCCATGTCAGGTGGCACAGACTTGTAATCTAGCTAGGCTGAGGTAGGAGTGAAAACTCACAGCATACCTGAGCTG CGGGGTGGATTTAAGACTAGCCTGGCTCAAAATAAAAAGTAAAAAAGTTGAGTTATGAGAAAAATTTCAAAAAGGAAG
ATGAAGTTGTGTGGGGGTAGGAGGTAAAGGGTGGACGTGGGAGGAGTTAGGAGGAATGGGGCAGATATGACCAAAATGCC TGTGTGAAATTACCAAT TATT) CTGGGGATATATTTTAGTGC TGGAATTCTTAGCTATCATACTGAGGCCCTAGTTCAATCTACAGTACTAAGGGGAAAAAAGATAAACAGAATCGGTTGTA TTAAATATGTAQTAAGAGTAAGCATTATGAGAAAGGCAC[GGGCTAGACGCTTAACTACATAATTCTACATGAT[TCCA
TGGCAACTCTGAGATAAAAGGCTCAGGGAAAGGTGTGTGTAACAATTTGCTGAAGGTGACAAAGTACCGCAGACCGAGTC TGCAGACTCCTCAGGCTTGGTAGCTAGGAGGCTGCTTGTGGCTGTGTGGAGTGGAGAACTGGATTTCAGCAGTGCAGTCC CCGGCAGTGGTGATGCCATGGCTGAGTGCCACCATGGTGTATGAGAAGAGGCACCGGCCAATCTGACACCACCGTGTGTT TCTCTCCCCAAGTTTATGTGTAGTGACCTCATACCAACAGCCTGAAAATCAAGGTGAGAGTGTCTCCACACTAGAACGTT
cchTcTchTcCrcccccTCGGTATGGA5AcAcTATATAGcAcTGGTTAGCAACTTGCCACAAGcTAGcccAGcAcCrG TCTACCATTGGAGGCTCAGTCACTCCAGACCAGGGCCTCTTTCTCTAAGATTGGGGCATCTGCTCAAGTGCCTGGTCCCC AGCAGACGCTCATGTGGAGCAGGGGCTCTTGCAGACACGTGAAACCCAACACCCCTTTCTCTGCAGCTTGTGTCTGGCCT GGAGGTGGTGGGCCGAGTCCAGATGCGGACACGGAGGACATTAAGGGGACATCTGGCCAAGATCTATGCCATGCACTGGG
CCACTGACTCT/ TCCAGAGGAGCCT/ TG AGATGACACAGGGGC CCTCTTTCTCAGGCTGCTCGTAAGTGCCTCGCAGGATGGGAAGCTGATCGTGTGGGACACTTATACCACCAATAAGGTAC CAGACCTCCCTGCTGACCCTCCATCCTTCCTGGGGATGCCACGCCTAATCTTTGTCCTGTTTGGCTGAAGCACTGGTTCC ACGTGCCCCAAATCTACCCTCCCACACAGGTGCATGCAATCCCGCTGCGTTCCTCCTGGGTCATGACCTGTGCCTATGCA
CQTCAGGGAACTTTGTGGCATGTGGGGGGCTGGACAACATGTGTTCAATCTACAACCTCAAATCCCGCGAGGGCAATGT CAAGGTCAGCCGGGAGCTCTCTGCTCACACAGGTGAGCCGTCCTCTTTCCCTGTGTAGGGGCTCAAGAAAGTCCAGGCCC CTGGCCAGTTATGGCCAGGACCTTGAGCCAGGGTGCTGTCCTTCTAACCACCTCCAGGTTATCTCTCCTGTTGCCGCTTC CTGGATGACAACAACATCGTGACTAGCTCTGGGGACACCACATGGTAAGGGTTGAATGCCCCGGGAGCTGAGGAAGGTTA
CCCTGTCCTGGGCAACTGGGACATTTCTCTGTGATGGGCTCCCTCTCTCCTGGCAGTGCCTTGTGGGACATTGAGACAGG ACAGCAGAAGACAGTGTTTGTGGGACACACTGGTGACTGCATGAGCCTGGCTGTGTCCCCAGACTACAAACTCTTCATTT CGGGAGCTTGCGATGCTAGCGCGAAGCTCTGGGATGTGAGGGAAGGGACCTGTCGTCAGACTTTCACTGGCCATGAGTCA GACATCAATGCCATCTGTGTGAGTCTCTTACGTGTACCTTCAGCAACTACCTTAAACCCCAATACATACCTCACCCACTT
CCACAGTGCCCCTGAGCCCTTTCCTTATAACTTTACCTTGTAGGAGAGTTTCAAAGCCAATGACAAGGAATCCCGTGTCT GCTTCGCCCAGATTCACTGTTAACATTTTGCCACACTTGCTTCAGACATACACGTGCACACCCACTCAGTCACACTTAGG TCCTTCCTTCCCTCTGTCCTGTGTGTGGAGCTAGAGCTTCACGTCCGTCAGAGCTTCCACATGCTAAGCAAATACCCTAC CACCAAGCTACATGCGAGGGCCTCAGCCCTGGGTTCTCTGAGAGTACATTACACATATCCTGGCTCCATGCCCCTTAGTT
ACTTCCTGGAGGGCCGAAGAGGGTGTTGGATTCCCTAGAATCAGAGTTATAGCTATGAGCTGTCATGTGACTGCTGGCAG ATGAACTGGGGTCCTCTGCAAGAGCAAGGATTCTTAGCTGCTAAGCCTTCTCTCCAGCCCTAAGTCAAGATTAAAAAAAT CCACCCTCCCCCAAGAGAAAGTCTTATCACATACCTCTGGCTATCCTAGAACTAGCTCTGTAGGTCAGGCTGGCCTCAGA CTCAGGGCTCCACTTGCCTCTGCCTCCCAAGTGCTGGTATTGAAGGCGTGAGCCACCGCTGCCTGGCAACATTGCGTCTT
TTTGGTGAGGGTACACCAGTTCTCTATAATTCCCCTCAAAGCAAACCTGTTATTCTCTGTGATGATGTTCAGGTTATATG CCTGGACCTTGGGCTATTCTTACACACCCTGATCTAGTCATTAGGGTTAGTAGCAGTAGGAATCTGATCTTTTTGTGTGT GTGACCCTGGGAGACCTTGGTTCTCTTGCCTGCACCGTGGGAGCAGGCAACATGCCTGCCTATGGTGCCGGAATCACTGG CCGAAGGAGCTACAAGAACACAGTCAGTTAACGACTTCGATGCAGCTGGCTGCCTCGCCCTACCAAGAAACAGACCCAGA
GACTGGGAGAAATGGCTTATACACTCTTCCCCAGTGGGAGCCAGGAAGCAGGCAGGAAGGCAAGGCTGCCCCAGGTCTGA GCCCTGACCTCTTCTTAACTGTATCCTCAGTTCTTTCCCAACGGGGAGGCCATCTGCACTGGCTCAGATGACGCCTCCTG CCGCCTCTTTGACCTGAGGGCAGACCAGGAACTGACTGCCTATTCCCAGGAGAGCATCATCTGCGGCATCACTTCAGTAG CCTTCTCGCTCAGTGGGCGCCTGCTCTTTGCAGGCTATGATGACTTCAACTGCAATGTCTGGGACTCTCTGAAGTGCGAG
CGTGTAGGTAAGGGTCGGCCCCAGACTGGCCAGCCTTCCCTCTTTCCCTCTCAGTTGTCGGCACGGGGACCTCCTCACCA CTGATCCCTAACTGTTGCCTGACAGGAGCCTTGGGAACCGACACCCTTTGCTTCTGAAGCTAAGACCGCGTTCCCTCAAC AGAAAGTACTCTAAGCAGCCCTTCCCCTGCCTAGTGCTGTACCCGTCCCTCTGATCACCCTCAATCCTGTGTACCTCAAG TGTCCAGTATTGCAGTTCCAGGGCCATCCATTAAGGGACAGTCTCAGAGATGTGTGGATGAGAGTCAATCAGGATGTACC
GAGCACCAGGGTCCAGGCTCGCCTAAGGGCGTGTCTAGCATTGGTCTACTCTAAAGTGGAAAAGGACAGCCTGCCTTCTA TCAGGAGAGACCAAGAGCTGAATAAAACAACCCCCAGACAGGCCCAAAGCCTGCTGAGTTGCTTACTTTTTGAGGTCCTC TATACCTGTCACTCCCCTGGGCCTTGGCTTTTTTTTTTTTTTTTTITAATCTAGAAACAAAGGAGTCCTTGGGCTCTTCA AAGTGGCCCTGGCTTTCTTCATAGCATACTGACATTACTAATCAGTTTACCCTTGCCCCACCAGTGACTCAAGTTCTCGA
TGGAGGAACTGGCCTGACAAGAAAACCCTCTCCTTGGGGCTAACCCTCCGTCAGCTCCTTGGTCTCCATCAGGGCCAGTC CATCGAAGCCAGGGCTTCTGTGCTCACCCAGAGCCTCACACACTGTGGCAGAGCAGGCTGACTTCTCTCTCTCCTTCAGG CATACTCTCTGGCCATGACAACAGAGTCAGCTGCCTGGGGGTCACTGCTGACGGCATGGCTGTGGCCACTGGTTCCTGGG ACAGCTTCCTCAAAATCTGGAACTGAGGAGGCTAGAGGAAGAGGTGGGAAGCCACGAAGGTTCTCAGCAGGCTCCTCCTA
TGCCCCGTCTCCTTAGGGTCAGTCTCCTATACTCCAGGGGCCATTCCTAGTAAACTTCCTTTTAAGAGCAGGTGGGATTA TGGGAGTGTGCCTTTGGAAGCATCAGGGACTTAAGGGCAAGAACTGCCCCATTTCCTGCCATGGCCTCTCCTCTCCACAG CCCTCACAGCCTCTCCCTTAATAAACAAGAATGGACCCCTTCCCCACCCTAGAGTCCTCCTGGGTTACCAGTAGCCTTTG TCCAGATGGGGAATGGCCAGAGTGCTCAGCCCATGACTATGGATGTGGCTCCTAGTCTCCTGGCTTCCTTCCCGCCGCTT
TCTCCTTTTCTGCCCTTTTGTTCTCTCTTATTACCTAATAAAATGTAGCATCCTGGTACCTCTGTGATGTCTGGCGCCCA TGCCCTTTGTGCTCCAAGAAGTCCTAGGTCCCATTAATGGGCAACAAGCTCTAACAAGTGCTAGGAACH TAC TAGGCA TTGGAGCAGAGGCTGCGGTCTC] TGGGCTAAGTGGTGGGAGGCATCT AACAGAATCTTACAGACTACAGTTCGTAATGTGTGCGTGCCTGAAAAGGAGCTGGATGATAAAGGGCCCTGGAGGAGGCC
ATTCAAGTGGGGTAGTACCATGCTCATTAAGCTTGTCAGAAAAACTGCCCTAACAACAGCGGTGAAGTGCCTGGCCCTCT AGAGGCCCATCGAGGGATGAGGCAGGTGGTAAGAGATGCAAGGGGAACCAGACTCAGTAACAGAGTAATCATCTAACATG AACAAAAACTCACACACACACACACACACACACACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTCTCCCT CCCTCCCTCCCTCCCTCTTTCAGGCAAGACAAGACAAGGGAGAAGACGACAAGAATATATAATCACCAGGCCCTAGTGAC
AACCTCACAGACACGTCATGTTCAATATGATGCCCAAAGCCGAGGCTTAGGCTTGAGTAGCTAGGAGATGACCACCTTTC CCCAGCCACAGGGAGAGGCGTAGGCAATGAGGGAAAGATCATGAATCTTATTTTAGGGGAACTAACGTTGAGTGTTTATG TCGAGAGGGGGACCTGGAAATTACAAGCAGGTAAGCAATAGCTAAACCCAAACAAGAAGTGAAGAGGGCCAAAGGCAGAG CTCTGGGGACATCAAAGCTTAAGCTACAT) TC \TCTATCCAGGTCTCACAGGCC
CCTAGGATGCCATTCTATACACACAAGACCCGGTGTAGCTTTGCTCTAACTTCTTAAAGCATCATTTAAAATCATCTACT TTAATATACAGGAAACACATAAAACATTTTAAAAGAACGATGTCCAAGTACCAGAGTTGGTGCCTGAGAGGAATCAGAAC AGGGCTTTCTTTGGTGCCCTTGGGGATGACTCCAGCACAGCCCTAGCTCTCCAACAAGGCAAAATGCTGATTTTCCTTGT CGTGGTCCTGGTTTGGCTCCCGTGCTCCTCCTCCAGCTTTGAGAAATCTTCCAGTTCCAAGAACGACTCCTTCCTTTAGG
TCCTTAACGTTCTCACTGAGGGCAGAAGGCCGCTTACCCTGTAGAAGGCAGGACATGAGCTGAGGGGCCAGAGGGGTGCT GTGAGGGAGGCAGAGGCAAGAGCTGGGGAAAGCGGCCTCCCACTTTAATGAGGGATACTCTTTTTTGTTTATACGTATGA ATGCTCTATTTGCATGTATGGCTGCATGACAGAAGGCATCAGACCCCTTATATAGTGGTTGTGGGCCACTATGTGGTTGC TGGAAATTGAAGCCCAGACCTCTGGAAGAGCAGCTAGTGCTCTTAATTGCTGAGACATCTCTCCAGCCCATGACAGATAC
TTGGTGACAATTTTCACCCCCCTCTTCCTTTACCTGTCGTAGTGTCAAGGTCCCAGGGGAGTTGTCATCCTGCAGGATGG TGAGAGGGGACCTCCCTAGAACCTTGCTGTTTGCTTTTCGTCTGCTGCGCTTAGAACCTGTGGTAAGAAAGGTTTTGTTA GAGTAAGGACTTAAAGTCGAGGGCTTACAGTTTACTTGTCCTCCGTTATCCCAGGACGTGACTCTAGCTTCTCTTCCCTC CATCTTGCTCTTCGGTTCTGTACCTGAGGACTGGGGAGTCTCTGGGTCTCTGGAGGGCTTGTCTGAGTTCTGGCTGGCAG
CTATAGTTTCTGCGGATTGTTTGGCTTCCTCCT[GGTAAACACCTGTTTGGGATCGAGTTCAGCCTGGCTCMAGGCAGT AACTGGTCCTCAGGGGATAACTGAGGATCTGAAGACAGGTCCAGGTCATAAAATAAAGGCGTTTCCCGGGGCAGAGCAAG CTCTGGGGAGGAAATCGATTCCGACGCTTCTGTCTCCAATACTTCGCTCAGCTCTTTCACCAGTGAGCACTGAGGGTCTG GAGGAAAGAAGGCCGAGAAGCTGCAGCTTCCCGATCCAAATCAAGGAGGGGAAGATAAGGGGGCGTCGGGCTCCTGCTCA

\TCGGAGATAAGCGCTGGGTGGC GTCCCGGCCAGGTACAATTCTAGCACTCCAGTACTGAAGTAGGATTGCCTCAAGTTCCAGGCCAGCCTGGGATACAACGG GAGGCCTTGACTTAAAAAGAAAATGGGAAAAGACAAAAACAGCCGATCAGCGGACAAAGGAGCTTGTTAGCAAACCTGAT GGCCCTAGTTGGAGGCCAAGAAGCTACACGTAGAAGGGGAGAACTGACTCCCTCAAATTGTCCTCTGACCTTCACATGTG
AACTGTGCCAGGTGTGGGCC[CCACCCCQECCCCAAATCTGTGﬂAGAAAATGTTTrTAAGTGAGAAAGGTCCCATACA GGAGGATAGAAACCCTGGCATGCTTAAGACCTTTGGTTAAAACCCCAGACAAAAAAAAACCAAATAAATAAACAACAACA ACAACAACAACAACAACCCAGTAAAACAAAAATGGTGGTGAAAGCACCCTAGAATAGGTGTCAGTTTCAGGCACCCCCTG AGCCCATCACTTGCCTGGACCACTGATCTTCATGGGTGTCCGTGCAATGCCAAGAGTAGGAGAGCGGGGATCTGGGTCTT
GTGCCTGTTTGAGACCGTTCAGCTGTTCTGCTGGTAGGCTTGGCTGTGGAGAGCTCTCTACCTGTCAATACCACAGGTTA GAATAAGTCTGGGCCCTGGGCTGGAGAGATGGCTCAGCGGTTAAGAGCACTGGCTGTTCTTCCAGAGGTCCTGAGTTCAA TTCCCAGCAACCACATGGTGGTTCACAACCATCTGTAATGGGATCTGATGCCCTCTTCTGGTGTGTCTGAAGACAGCAAC AGGGTACTCATATACAAAATAAATAAATAAATCTTTAAAAAAAAAAAAAAGTCTGGGCCCTGACCTTTATCTCCTCCCCA
TATTTCTAGCCAGACCTGCGACTGCCCAGTGCAGGTTAAAGAATGCAGAAAGTTGCCAGGCACGGTAATGGCACATGCCT TTTATCTCAGTACTTGGGAGGCAGGAGGATCTCTATATGTTTGAGGCCAACCTGGTCTCCATTGTGACAGGGCTACATGG TGAGACCCCGTCTTT, CAGAAAGTCAGCTAAT \TCATGTATTTGAAA GACAGC? \TAC( T \GGCAGATATGACAAGATTATATTAGAGCCTCAAAAAT
AAATAATAAAAGGGGGAGGGATGGAGAAAGTAGGGTTCCAGTGGCAGTGGGAATGAGGGCTCATGTAAACAAGCTAGGCA GAGGCCCGCATCCAGACAGCCTCCCTGCATTCCCCAGCCCAGCCCAGTATACCTGAATAGGAGTGCGCTGGATGCCAGCA CTAGGTGAACGAGGGTCTGCTACTCGAGCCACTTGCTTGTTGCGTGGCAGAGGCCGTGCTGGAGTGCCTGAGACGCTCTG AGTCGAACCCATCTCCACTGGGGCTGGGGACGGGGCCCGGCTGTGCAGATGCAGAGGAAGGGACGTCCGTCAGAAGAGAC
TCAGAGCTTACTGCTTCCGTGTCGGACCTCTGACCCCATACCCACCCGATCTTCCCAGCTTCCAGCAGAGGAACCTCCGG GTCGCTAGCCCAGAGAACTCTGCAAGGATAACGAATGGAGATTTTTAACAGAGCAGTCAGGTCTGCGGGAGCCTTCGTAT TTAACCACTAATTCATTCACATTACTTACCGGGCCCCAGCTCGACCTCTGCCCGAACACCAGCTAGAGAAATAACTCCCA AAGCCCGGAGTTTCAAACTTCCCTCCACGCCCCCTGCCCCGACCCTATTGGCTAAGCCGAAGCAGACTCTCATAGGCCAG
TTGTGGAAAATGCGCCTTCCGGAGCAGAAAGCCATTGGTCTGAAGGATGTCTATCATGAGGACTGGCCAATGGGCTGAGG ACTGGCTTGCCCTCCGGTGGTGGCTCCGTGAGCTGGGGACTTTTGTTTAGTATCAGCCTGACAGCGGTGGACTTGATGGG TGCCACTCGGCCTTTCTGTTTCATTAAACAAAATAGAATGAGTTATCAGACTGTATGCACAAAGCCAGCTGGAGACGGAG TTAATATGGTTTGTCTAAAGCGAAACAGCCATCCTTATTGGTTGACGGAGTTATCACGCATCTCTCAAAATCGCCTCATT
GACTACTGCTTTTCAAATACCAAGACAAGTGCTTTCTGATTGGACGAGTCCTTGGCAAAGTTTCAGTAATCAATGCGTTT AAACAATTCACAGTTTCTGCTCTGCACGTAAGGCATTCTAGAGTCCTTGAATCACAGCTCCTGCAACTCCCAGCCCTCCT GGAACCGCCACATGAGCACTTGCCCTGGGAGAGCAGGATTGGTCCTTTCGGCCATCAGTTGTACCCGCGGCGCTTTTTAT TGGTATTCGCTGAGTGGGGGCAGAGGGTGGAGCGCCAGGAGGCAGGCTGGGTCCAACTGCCGATCTCGCGCGTCTTGCCT
TTAGCGCATGCGCACACTGAGTCGCGCTCATTGGATGCGAGAGAC GGTACTAGGTAC/ TGCT GTG TGCTGCCGGTGTCATGGCGGAGCTGAGTGAAGAGGCGCTGCTGTCAGTGTTACCGACGATCCGTGT CCCCAAGGCGGGAGACCGGGTCCATAAAGACGAGTGCGCTTTCTCTTTCGACACGCCGGTAAGCCCATTCCCCACGCCCG CGACGACCACGACTTCCTTCCATTGCCCTGGTCATTCGGCCAGGCCTGCAAACCTTGGGCTACCGCCTCCTTGCGATGCA
CCCTGGGACTTGTAGTTTTCTCCATACCTCTCTGCTTTTGCTTTTCATTCTCTGTAGCTGTAGTATGACTACCACTCCCG GAAGCTACAGCTCTCGCCTTGCCCACTCCTGGTCTCGTGAAGCATTATGGGCATTGTAGTTGGCCATGTCCCTAGTTCCT ATTCTAAGTTCGAATTGTAACCCGTACGGCGAACTACATCCCCCAGGCGACTCCCAGAAAAACCCTTGAATGTGGCCTTG CACGTTGCGCAGGGCTCTCCGGGTTTTGTAGTTTCATGTGGGAGGAGTAGGGGCGACTCCCCGCTGTTCAGGGCAAGGGT
TGAGATTGGGAAGGTATGTATCCTGCAGCTTCTAGTCTGGAAGAGGATGCCAATCTGTGAAGAAGTCCGATTTAGAGAAA CACTGAGTTAAATAGCCTCCACTAGTGGTTAATTTGGACAGGGGAT CATTGGTC ATACCCAATGGAGAGTTCTAGTCGTTTTTTCCTTTGAAGTGAACTATAGCCGCGACCCCTCCCATTCCTCCGTCCTTCAC AGGTTGCCGAGACAACCCCTCTCTCAAGTATTCCTTAGAAAGGGTTTCTTTGGAGGATGCTAAGGCCCCTTTCTCGTCTT
GCTCCCACTCTTGTCTAGTTAGACAAAGCCGCCACCCACACCGTGCTTCACGTTCTGCAGGCTCCACCTTGTACCTCCCT TCCTGCAGTTCTGCCTTCCTGTGTCATCTTCAGCCAGAGAGGAGCCTTCAGGCCCTAACTGAAAGGGCCGCAGTTTGGTT GGGATCCGCCCCCTTCATCACCCCTCCCCTCTAGCGGTTGTTGGGCCCTGCCCAGAGCTTTAAGCCAGACCAGCTCATGG CCTGAAAACTGCAAGTCAGACTGGAAAGGCTTCATTAATGCATCCCCAGTGCCAAGTATAGCAGCATAATGTGATGCCCA
CTTCAGGACCAGTCCTGTGATTTGTGCTTTGCTTGGTTTGCTGGGCTTTGATCAGCGCCCCAGATAAGCTCTGCTTCTCT cA5GTTGGCCTTAGTAGAAGTAAA5GATGATTGcccGGcAcG5T'H'rccAccAGcGATGAAGccAGcAccTTTTATTTTc ATCTGAAGAGTTACTTGAGTGTTCTCACCTTCCTCCCAGGGACGAAAGGTAGAAATCAGTGGGTCAGTGTTTACACTTAA AGACAAGACAGTTGTTCTTGTCTCTCCTTGGTACTTTATATGACTGGAAAATAATGTTTTTGTTTGTTTATTTGTTTTGT
AATTTTTCCAGCACCTTCCCTTTTTCATTCTGAGGCAAGGGCTCTCCAGCCTACTTGACGTAGTAACAAACTGAAGCTGG TCAGATCATCTTCTCATTCTTTTTATGGAAGC! CTAAG TGCTTTATTAATGAAC ACTGCGGTCTACACTATTCTAGGAGTGGTGCAGTGTAATTTACTGGTCCACTAACTGCCTCAGATACCATACTGTCCTAA CTTTACTATCACAGTGGAGAAAATTTCAAGGCCTCTAAGACTTATATCCCAGGAAGAGGATGCCTGTGGCTCAAAGCCTT
GGATCTGAGATAAGACTCCTTTCCAGCTTCCTCTCCCACTTGCTCTGTCACTCTTATAGTGGCACTCACACGTAAAAACA CATTGGAAGACTGGCCTAGTTTTAGGGGAGCCTGTCT[TCCCTCCTCAGCTGTGATTCAGGGTGGGCACTAATTTTCCCT GTTCTTCTTGACTTTTATGTTGTCTGGCTCTCTCAGCAAGTGTTGCCAGATTGTTCTGGGATATCTCAAACAGGTTTGGT GGCAACAAACCTGTCACCCCAGGCAGGCCTGGGAGGCTGAAACAGAAGAAAAGTCTAGGTCAGCCTGGGCTACAGAGTGA
GTTCCAGGCCAGCCCTGGTTACAGGAGGAGATCCTGTCTCAAAAATAAACAAATGAAATAAATAAAAAGGGATAGCTTTG AGGTTATAGGTTGATGGACCTTGAGTGGAGCTCTTACAGGAGAGGTGTCAGGCAGGGGTAGCTAGTGACTGTAAAATGAT GGCTTTCGTGACCTAAATTAGCTTCAGGTTTGGTTGTAAGTCCCAAACAAGGTGTTTTCCCCCAAAACCAGGGTTTTCCT CTGATAGAGAGTGTGACAAAGGACAGAGGTCTGACCCCTGTCTTGCTTGATGCTGCGATCTCTGCCCTTGTGATCTAGAA
GGTTTTCTGACTTATAGACATTAGGTAGGGTTTGGCTGGCTAGCGACCATCTGCTAGTGCAGGTCTTTTTTCTCTCACCT CTTCTAAGTGTGATCCCTGACAGTGCGACCCCCTTTGCCTTCTGGATCTCCTGAGCCAAAGAAGAGGTGAAGGGAGCCAG GCGTGGTGGCGCACGCCTTTGATCCCAGCACTTGGGAGGCAGAGGCAGGCAGATTTCTGAGTTCGAGGCCAGCCTGGTCT ACAGAGTGAGTTCCAGGACAGCCAGGGTTACACAGAGAAACCCTGTCTCAGAAAAAAAAAAAAAAATCAGTGTCTGAGGC
GTATTGTTCAGCTGACTCCTGAGCTTGGTGGCTGTTTTCAAATTCAGGATCAGCCGTATATCGTGTCCCCAAAGGCTACA TAAGTTGCTAAGAGCTGCAGTGTTAGGAAACGAACACTTTCTGACCCTTGATCCTTGGTTCCCCACACATACAAGTTTCA TCCCTCTTGTGTTTTCCCACTCTCACTGTGCCCTGCAGGAGTCTGAGGGTGGCCTCTATATCTGCATGAACACATTCCTG GGATTCGGGAAGCAGTATGTGGAGAGACACTTCAACAAGACAGGCCAGCGTGTCTACCTGCACCTCCGGAGGACCCGGCG
ACCGGTAGGCACAGTGGCTGGGGTGGAACACCCAGACACAGTCCACAAGGAGCTGAGTTTGAGTGTCTTCCCTTCTTAGT TAGGGTTATTGCTATGCTAAAACACCATGCCTAAAACTAGTTGGAAGGATGGGCTTCCACTTTATGTGGTGTACACTCCC ACACCAGAGTCCATCATTGAAGGAAGTCAGGACAGGAACTCAAGCAGGGCAGGGACCTAAAGGCAGGAGCTGAAGCAGAG GCCATGGAGGGTGCTGCTTACCGGCTGGCTCAACCTTATAGAACCTAGGACAGCCAGCGTAAGGATGCCATTCACAATGG
GCTGGGCCCTTCCACACCAGTCATTAATTAAGAACATGCCCCATAGCAGTGATTCCCAACCTTCCAAATGCTGTAACCAC AACAGTTCTTCATGTTGTGGTGACCCCAACCATAACATTATTTTTGTTGCTACTTTATAACTATAATTTTGCTGCTGCTT TGAATTGTAATGTAAATATCTGGTATGTGATCCCTGTGGGGGTTACAAAGCACGGGTTGAAAACTGCTGCCTTGGAGGGT GGGTGGGGACATCATTGCTTGAGTGCGTGTGCGTGCGTGTGTGTTATGAGATGTGGAACAGTCAGAGGGTGGACGGGAAG
GGGGATAGAATCTGGAGTGTAAACAAAAGATTAAATAAAAT GCGAGCGCTACTGCCCTCCAGGCTTGCCTACAGCCCCATCGTATGGTGGTATTTTCTCAGCTGAGGCTCCCTCCTCCTTG CTAACTCTAGCTTATGTCAAGCTGACATCAAACTAGCCAGCAGCCCTCTGACTCCACATTGTTTTCTGCTTTCCTTTCCT GCTCTCATTTGTGTCACTGAAACCTGACTGTTGATCAGCCTCAGTGTGCTGTATAGTTAACCGTTCTTTCCTCCCATCTC
CCTCCCTCCCTCCTTCTGTCCCTGGGGCTCATTGCTGGTCCTGACCTTTCACTGAATAGCCTCAGCTAGCCTGGAACTCT TAGAGATCCCGCTTCTGCCTCTTGAATGCCAGGACAAAGTCTTGCGCTGTCATGCCCGGCCCTCTGAACCTCTTTTCATT GCAGAAAGAAGAGGACACCAGTGCAGGCACTGGAGACCCACCTCGGAAGAAGCCCACCCGGCTGGCCATTGGTGAGCTAT CTGCTAGGAGAACCCTAAGCCTGATGAGTGACCTCAGAGCTCTGGAGGGGACAAATTGGAGACATGATGACAAATGGTAG
CTGCCCTACTTTCTCCTTTATTCTCTGTCCTATGCAGGTGTTGAAGGAGGGTTTGACCTCACCGAGGACAAGTTTGAATT TGACGAGGATGTGAAGATTGTCATTTTGCCCGATTACCTGGAGATCGCTCGGGATGGGTTGGGGGGGCTTCCTGACATTG

https://embnet.vital-it.ch/CoursEMBnet/Exercises02/day4b_files/contig.seq



Genes contain useful information
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Gene Structure

Intron Intron Intron Intron

I

mRNA

https://www.zmescience.com/medicine/genetic/intron-retention-cancer-25012016/



DNA Splicing

DNA (gene)

transcription

intron

intron

pre-mRNA splicing
exon |
caast exon translation
>3
mRNA

https://socratic.org/questions/what-is-the-difference-between-an-intron-and-an-exon



One way to find information is to make
comparisons



Words can be conserved

s PROTO-INDO-EUROPEAN
HRaR) >‘ BALTIC BALTO- I TOCHA
Wendish SLAVIC >SLAVIC
Pollsh INDO-IH
o WEST SLAVIC: EAST SLAVIC
Czech SOUTH SLAVIC /\\W
Ukrainlan  BYelorussian ANA]
Slovene Oid Church Slavonic
SarboCroatian” /" Bulgarian GERMANIC
Macedonlan Phiyq
loelandlc —— OMd Icelandic Ggmc Amenld
Faroese 7ong°,w
Nocwsglan——MlddIeNorweglan—OldNomeglen
Swedlsh —— Middle Swedish——— Oid Swedish WEST
Danish Middie Danlsh————Old Danish GERMANIC
Engfish———Middle English——— Old Engfish
Frislan Frislan EAST HELJ
B e N TALIC Thrcig
Flemish
b —— O“L:wm Gotic  CELTIC -
LawGennan/MlddlenghGennan R e
(Hloh)Geﬂmn/‘
Todm mne:;m% BRYTHONIC
OSCCH-JMBRIAN
English Dutch German Danish Norwegian Swedish Icelandic
book (n) boek buch bog bok bok bok
come (v) komen kommen komme komme komma koma

drink (v) drinken trinken drikke drikke dricka drekka



What can you change?

Ingredients
1 cup white sugar 11/2 cups all-purpose flour -
&
1/2 cup butter 1 3/4 teaspoons baking powder \
2 eggs 1/2 cup milk

2 teaspoons vanilla extract Add all ingredients to list




Genes can be conserved

| O Jsers/tuxen/DesKt

File Edit Select Vie Fomat Colour
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Conservation

54 55

56894

Consensus
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o — >

Sequence position 35 4.109717 A




Genes with essential functions are heavily
conserved

Qo 1} D
Vv

Survivorship bias



We can categorize these changes (mutations)

Transitions
Purines(A/G) mutated to
Purines
Or Deletion Insertion Transition Transversion
Pyrimidines (C/T) TC T CT T T ATCC

mutated to Pyrimidines

Transversions
Purines (A/G) to
Pyrimidines (C/G) or vice
versa

Indels

Gain or Loss of ORIGINAL
Nucleotides T C



Summary points

Mitochondrial DNA contains genes (and non-genes, more on this later)

On any given stretch of a chromosome, DNA may either contain useful
information (gene) or not contain any information

Genes that are “important” (have a function essential to life) tend to be
conserved

Changes in genes (mutations) can either be insertions/deletions (indels),
transitions, or transversions



Review: Mitochondrial lab

DNA Extraction from buccal cheek cells



Review: Mitochondrial lab

DNA Amplification by PCR



Review: Mitochondrial lab

Electrophoresis
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Review: Mitochondrial lab
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DNA Sequencing



What is a gene?



What is a gene

£1000 Addscn Wesley Longman, Inc.



What is a word?
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What is a gene?

Chromosome

Exon 2 intron | T — DNA (Deoxyribonucleic Acid)



What is a gene?
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Genes contain useful information




One way to find information is to make
comparisons
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DNA Subway demo
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