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Mitochondria – the powerhouse of the cell



Mitochondrial DNA is DNA



Mitochondrial DNA Structure
Human Mitochondrial DNA

16569 bp



Endosymbiont Theory

Lynn MargulisКонстантин  Мережковский



Mitochondrial DNA – replicated by PCR
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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 http://en.wikipedia.org/wiki/Image:Inca_Quipu.jpg
An Inca quipu, from the Larco Museum in Lima

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


Quipu

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

https://www.geneticcentre.org/FACILITIES_CYTOGENETICS.html

Human metaphase chromosomes Human cheek cells

https://www.microscopyu.com/assets/gallery-images/Comparison/DIC_cheekcellsdic.jpg



DNA - Chromosomes

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

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.



DNA - Structure

https://www.golifescience.com/structure-of-chromosome/



DNA – Electron microscopy

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

http://book.bionumbers.org/what-is-faster-transcription-or-translation/
Adapted from O. L. Miller et al., Science 169:392, 1970



DNA Sequence

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

>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 
AGCGCTTGGGTGACTGAGATAGCCCAGGGGTGGTCACTGGAGAAGTTTGTGAGTGGGTGAGACCCCCAGCAAAGCTTGGG TGACTGAGATAGCCCAGGAGAGGTGGATAAAGGAGACTGAACCACACTTCTCCCCATTCCCAGGAGTGGACAGAAGCCAA AGAGCTGCTGCAGGAGGAAGAGGAGGAAGAAGAGGAGGAAGACATTCTCAGCAGAGACCCTTCCCCAGAACCCCCAAGTC ACAAGCTTCAGCGAGTCCAGGAGAAAGCTGGGAAGCCCCGCCGGGTCCGGGTCCGAGAGGAACTGTGAATGGCTGAGCCT 
GCTTCTCAGGATCAGGCCACTCAACTTGGGAAGGAACTGATGAGAAGGCTCTGGAGGATATCAGGAACATAGTAGCATGC CAAGTCTACCATCTCGGGGACTTACAAGGGCTACCAGACCCTGGACTCACAAGCTTGCTACACAGACTTAGCCTACAGCA CATCAGGCCCGGGAGCCAGGTCTGGCCCCAGCTGAGGGACCTGCAAGGTCCCCAGGACAGACAAAAATCACTATGCCTCC CTGAAAGGCAGGCATGTGGAGGAGTGCAGAGCAACTGCTTCTAATAAGAAACACACAGAGGGGCTGGAGAGATGGCTCAG 
CGGTTAAGAGCACTGACTGCTCTTCTGAGGTCCAGAGTTCAAATCCCAGCAACCACATGGTGGCTCACAACCATCCGTAA TGAGATCTGGCGCCCTCTTCTGGGGCGTCTGAGGACAGCAACAGTGTACTTACATATAATAAATAAATAAATCTTTAAAA AAAGAAAAAGAAAAGAAAAGAAACACACAGAGGAGACAGTCCCATCCTCTCCCAACCTGTGCAATAAATAATGATCATGA GGCTCTCCAGCCAAGGCCTGGTCTGCTCTATCCCAGTTTTGGTGGCTGCTGGAGGTGGGGTTGGTTAGAACTGGCCTGGG 
TGGGGACAGGTGGTGTCTTGGGGCCTCTCAGAGGTGGAGCCATGACAGCCCAGTGATTTGTCAGGGAAATCTCAGCCACC TGCTGCTTCATGCAAATAGACCCCCCCCGCACCCCCCCTCCCGGTGCCCCATCGCCGCTGCCACCACCACCACTGCCACT GCCACAGCCACAGCTGCTCCGTGAGCCTCCAACTCTAAGCCATGCCATCCCTCCCTCTGGCTCCTATCTTCACAGTCCAC TAAGACCCTGGGAGTCATGTGTGGATGCATGAGGACAGACCCCAGCCGAGAAGCAGGACACAGAGCTCTGTTCTCTTTTG 
TAGTCATTTCTTTGCCCACAACACAGGGGCACATGGGCCCAGCTCCCCCCACCCCCATCTCCCTGTCAACTCCCCCAACT AGGATCAGGCCCAAGGGCAGCTGGTCGGGGCTTGTCGAGAAAAGGGATTATCCTGCTCAGCCCATCTAATCTCAGCTTCT GCTTGGACCCTCCCCACCCCTCCCCACAGCCCTCAACGAGGAAGCATGGTTTGTAGTGTTGACAACAGGGTCATCTGTCA CCCTCCTGTTCTGGCTCCTGGCCCGCTTGCTGAACAAGGCCAAGATCATGACCACAGGTTGGGGCTAGGGCCTGGGGAGG 
TCACTGGAGCTATGACTGCTCCTGTTCTACTTCCCCAAACGCAACCAGTAATCCTCACGGCTTGTCTCTGATCCGTGGGC TGATGCTCTTATCTCTGCTGGCGGACTGACCGTGGAAGCACCCCTCTATCCCCACCCCCCTTCTTGTGGCTGCATAAGAG GGGTGCTGCTCTTCTCTGGTCCACGGGCCTGTTTCCCACCCCTCCAGGCTGACCTGTCTCTGGAAGCCACATACCTCCCC TCCCTGGCCTCTCCCCCACCCCTGCCAGCTGATTTCATTTGCCTGGCGTGGTTGTTGCTGGCCTTACCCTTCCCTGTCAT 
TCCCCCCTCCCTCTCAGTCAGGGCCAGGCCAGGCCAGCTCCTCTGGCAGCAGAGGGGGGCAGGTGACAGGCAGGCATCGC AGCTGAGACAGTGAGGAGGCGCCCGGGAAGCGGAAACCTGGGAGAAGTCCAGCCAGAGCCCAAGTAAGAGGGAGCTGGCC GGCTCTACCCTCTGGGATCGGGGGCCCATGGGGAGGGCTCAGGCAGGGCTGGGGTTGATACCCAGGAGGGAGAGCCCCCC ATCACAGGAGTAGGGCAGGATGGAAAGAACAGAAACATGGTCTGACGGGGACCTATTTCATGTCCCTGGCAGGAGCCGGA 
ACTACCCCTCGACCTGTGCACCATGGGGGAGATGGAGCAGCTGAGGCAGGAGGCGGAGCAACTCAAGAAGCAGATTGCTG TAACCCCAGAGCCCTCGTCCTGGGGACCTTGGAGAACAGAACTCAGGACACGTGGGAGTGTGGCCTGGGAGGGATTGGGT TCACTCTTGGGTGACACTTTAGACACCTCTCATCTAGAAGGGTTCAGAGACTTTAAATCCAGACCTCACATTTGAAACCA CCTCCCAACTGCAGAGCCCCATGCCCTCCCATATGTGAGGCGCATATGCATGCCCCCTGCCCTAGCACAGCCTCCCTGAT 
GCCCACTTTCCCCGCAGGATGCCAGGAAAGCCTGTGCGGACATCACTCTGGCTGAGGTGAGACCTTCTGCCCATCTGAGG CAGGGCATGATAGGAGGGGAGGGGACTGAGCAAGGACTTCAGGACCAGCAACATATTGCTGCCTGAGCTTTTAGCACATC CTGTCCTTGAAGGGAGGAAAGACATTCATGAATTAATTCAACAAACATCCATTAAGATCTGCTCTGGGCCAGCCATTATA TTGGATACGGAAGACATAGACTGGCCTTCACCCTGAACAGTGATGGGGGTAGGGCGAGCAGGACTTCTCTTAGACTCAAA 
CTGGCAGCTGTCTAAAGTGACATTTCATTGATTTTAAGATGCATGCTTTCTCACAGAGCTTTCTAAAGTCGAGATGCATC TAACAATACATGATACCTTGTTAGCCTATTGTTTCTTTCTTCGTGATACACAAACTACTACTGTTTCTTAGAATTGATAG CCCAAGCCATGTCAGGTGGCACAGACTTGTAATCTAGCTAGGCTGAGGTAGGAGTGAAAACTCACAGCATACCTGAGCTG CGGGGTGGATTTAAGACTAGCCTGGCTCAAAATAAAAAGTAAAAAAGTTGAGTTATGAGAAAAATTTCAAAAAGGAAGGC 
ATGAAGTTGTGTGGGGGTAGGAGGTAAAGGGTGGACGTGGGAGGAGTTAGGAGGAATGGGGCAGATATGACCAAAATGCC TGTGTGAAATTACCAATGAATAGAAATATTATGTTAAAAAAGAAAAAAAGCAGAAAGGGTCTGGGGATATATTTTAGTGC TGGAATTCTTAGCTATCATACTGAGGCCCTAGTTCAATCTACAGTACTAAGGGGAAAAAAGATAAACAGAATCGGTTGTA TTAAATATGTACATAAGAGTAAGCATTATGAGAAAGGCACTGGGCTAGACGCTTAACTACATAATTCTACATGATTTCCA 
TGGCAACTCTGAGATAAAAGGCTCAGGGAAAGGTGTGTGTAACAATTTGCTGAAGGTGACAAAGTACCGCAGACCGAGTC TGCAGACTCCTCAGGCTTGGTAGCTAGGAGGCTGCTTGTGGCTGTGTGGAGTGGAGAACTGGATTTCAGCAGTGCAGTCC CCGGCAGTGGTGATGCCATGGCTGAGTGCCACCATGGTGTATGAGAAGAGGCACCGGCCAATCTGACACCACCGTGTGTT TCTCTCCCCAAGTTTATGTGTAGTGACCTCATACCAACAGCCTGAAAATCAAGGTGAGAGTGTCTCCACACTAGAACGTT 
CTCCTCTTCCTCCTCCCCCTCGGTATGGAGACACTATATAGCACTGGTTAGCAACTTGCCACAAGCTAGCCCAGCACCTG TCTACCATTGGAGGCTCAGTCACTCCAGACCAGGGCCTCTTTCTCTAAGATTGGGGCATCTGCTCAAGTGCCTGGTCCCC AGCAGACGCTCATGTGGAGCAGGGGCTCTTGCAGACACGTGAAACCCAACACCCCTTTCTCTGCAGCTTGTGTCTGGCCT GGAGGTGGTGGGCCGAGTCCAGATGCGGACACGGAGGACATTAAGGGGACATCTGGCCAAGATCTATGCCATGCACTGGG 
CCACTGACTCTAAGTGAGGATCCAGAGGAGCCTAAAGGGGTGAGGGGTTAGGGAAAAAGAGGGACAGATGACACAGGGGC CCTCTTTCTCAGGCTGCTCGTAAGTGCCTCGCAGGATGGGAAGCTGATCGTGTGGGACACTTATACCACCAATAAGGTAC CAGACCTCCCTGCTGACCCTCCATCCTTCCTGGGGATGCCACGCCTAATCTTTGTCCTGTTTGGCTGAAGCACTGGTTCC ACGTGCCCCAAATCTACCCTCCCACACAGGTGCATGCAATCCCGCTGCGTTCCTCCTGGGTCATGACCTGTGCCTATGCA 
CCATCAGGGAACTTTGTGGCATGTGGGGGGCTGGACAACATGTGTTCAATCTACAACCTCAAATCCCGCGAGGGCAATGT 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 TATACCTGTCACTCCCCTGGGCCTTGGCTTTTTTTTTTTTTTTTTTTAATCTAGAAACAAAGGAGTCCTTGGGCTCTTCA AAGTGGCCCTGGCTTTCTTCATAGCATACTGACATTACTAATCAGTTTACCCTTGCCCCACCAGTGACTCAAGTTCTCGA 
TGGAGGAACTGGCCTGACAAGAAAACCCTCTCCTTGGGGCTAACCCTCCGTCAGCTCCTTGGTCTCCATCAGGGCCAGTC CATCGAAGCCAGGGCTTCTGTGCTCACCCAGAGCCTCACACACTGTGGCAGAGCAGGCTGACTTCTCTCTCTCCTTCAGG CATACTCTCTGGCCATGACAACAGAGTCAGCTGCCTGGGGGTCACTGCTGACGGCATGGCTGTGGCCACTGGTTCCTGGG ACAGCTTCCTCAAAATCTGGAACTGAGGAGGCTAGAGGAAGAGGTGGGAAGCCACGAAGGTTCTCAGCAGGCTCCTCCTA 
TGCCCCGTCTCCTTAGGGTCAGTCTCCTATACTCCAGGGGCCATTCCTAGTAAACTTCCTTTTAAGAGCAGGTGGGATTA TGGGAGTGTGCCTTTGGAAGCATCAGGGACTTAAGGGCAAGAACTGCCCCATTTCCTGCCATGGCCTCTCCTCTCCACAG CCCTCACAGCCTCTCCCTTAATAAACAAGAATGGACCCCTTCCCCACCCTAGAGTCCTCCTGGGTTACCAGTAGCCTTTG TCCAGATGGGGAATGGCCAGAGTGCTCAGCCCATGACTATGGATGTGGCTCCTAGTCTCCTGGCTTCCTTCCCGCCGCTT 
TCTCCTTTTCTGCCCTTTTGTTCTCTCTTATTACCTAATAAAATGTAGCATCCTGGTACCTCTGTGATGTCTGGCGCCCA TGCCCTTTGTGCTCCAAGAAGTCCTAGGTCCCATTAATGGGCAACAAGCTCTAACAAGTGCTAGGAACAAGGAGAAGTAC TAGGCAGATGTGGGCAGGAAGGATTGGAGCAGAGGCTGCGGTCTCTGGGGGGTGGGTGGGCTAAGTGGTGGGAGGCATCT AACAGAATCTTACAGACTACAGTTCGTAATGTGTGCGTGCCTGAAAAGGAGCTGGATGATAAAGGGCCCTGGAGGAGGCC 
ATTCAAGTGGGGTAGTACCATGCTCATTAAGCTTGTCAGAAAAACTGCCCTAACAACAGCGGTGAAGTGCCTGGCCCTCT AGAGGCCCATCGAGGGATGAGGCAGGTGGTAAGAGATGCAAGGGGAACCAGACTCAGTAACAGAGTAATCATCTAACATG AACAAAAACTCACACACACACACACACACACACACACACACACACACACACACTCTCTCTCTCTCTCTCTCTCTCTCCCT CCCTCCCTCCCTCCCTCTTTCAGGCAAGACAAGACAAGGGAGAAGACGACAAGAATATATAATCACCAGGCCCTAGTGAC 
AACCTCACAGACACGTCATGTTCAATATGATGCCCAAAGCCGAGGCTTAGGCTTGAGTAGCTAGGAGATGACCACCTTTC CCCAGCCACAGGGAGAGGCGTAGGCAATGAGGGAAAGATCATGAATCTTATTTTAGGGGAACTAACGTTGAGTGTTTATG TCGAGAGGGGGACCTGGAAATTACAAGCAGGTAAGCAATAGCTAAACCCAAACAAGAAGTGAAGAGGGCCAAAGGCAGAG CTCTGGGGACATCAAAGCTTAAGCTACATAAAGGAGGCTCAGAAGTGGCAGGAGAGAGATCTATCCAGGTCTCACAGGCC 
CCTAGGATGCCATTCTATACACACAAGACCCGGTGTAGCTTTGCTCTAACTTCTTAAAGCATCATTTAAAATCATCTACT TTAATATACAGGAAACACATAAAACATTTTAAAAGAACGATGTCCAAGTACCAGAGTTGGTGCCTGAGAGGAATCAGAAC AGGGCTTTCTTTGGTGCCCTTGGGGATGACTCCAGCACAGCCCTAGCTCTCCAACAAGGCAAAATGCTGATTTTCCTTGT CGTGGTCCTGGTTTGGCTCCCGTGCTCCTCCTCCAGCTTTGAGAAATCTTCCAGTTCCAAGAACGACTCCTTCCTTTAGG 
TCCTTAACGTTCTCACTGAGGGCAGAAGGCCGCTTACCCTGTAGAAGGCAGGACATGAGCTGAGGGGCCAGAGGGGTGCT GTGAGGGAGGCAGAGGCAAGAGCTGGGGAAAGCGGCCTCCCACTTTAATGAGGGATACTCTTTTTTGTTTATACGTATGA ATGCTCTATTTGCATGTATGGCTGCATGACAGAAGGCATCAGACCCCTTATATAGTGGTTGTGGGCCACTATGTGGTTGC TGGAAATTGAAGCCCAGACCTCTGGAAGAGCAGCTAGTGCTCTTAATTGCTGAGACATCTCTCCAGCCCATGACAGATAC 
TTGGTGACAATTTTCACCCCCCTCTTCCTTTACCTGTCGTAGTGTCAAGGTCCCAGGGGAGTTGTCATCCTGCAGGATGG TGAGAGGGGACCTCCCTAGAACCTTGCTGTTTGCTTTTCGTCTGCTGCGCTTAGAACCTGTGGTAAGAAAGGTTTTGTTA GAGTAAGGACTTAAAGTCGAGGGCTTACAGTTTACTTGTCCTCCGTTATCCCAGGACGTGACTCTAGCTTCTCTTCCCTC CATCTTGCTCTTCGGTTCTGTACCTGAGGACTGGGGAGTCTCTGGGTCTCTGGAGGGCTTGTCTGAGTTCTGGCTGGCAG 
CTATAGTTTCTGCGGATTGTTTGGCTTCCTCCTTGGTAAACACCTGTTTGGGATCGAGTTCAGCCTGGCTCCAAGGCAGT AACTGGTCCTCAGGGGATAACTGAGGATCTGAAGACAGGTCCAGGTCATAAAATAAAGGCGTTTCCCGGGGCAGAGCAAG CTCTGGGGAGGAAATCGATTCCGACGCTTCTGTCTCCAATACTTCGCTCAGCTCTTTCACCAGTGAGCACTGAGGGTCTG GAGGAAAGAAGGCCGAGAAGCTGCAGCTTCCCGATCCAAATCAAGGAGGGGAAGATAAGGGGGCGTCGGGCTCCTGCTCA 
GAGCGAAGGGGAGCGGGAAGGGGGAAACCAGGATGGGGGGAAAATGATCTGGAGAAGATCGGAGATAAGCGCTGGGTGGC GTCCCGGCCAGGTACAATTCTAGCACTCCAGTACTGAAGTAGGATTGCCTCAAGTTCCAGGCCAGCCTGGGATACAACGG GAGGCCTTGACTTAAAAAGAAAATGGGAAAAGACAAAAACAGCCGATCAGCGGACAAAGGAGCTTGTTAGCAAACCTGAT GGCCCTAGTTGGAGGCCAAGAAGCTACACGTAGAAGGGGAGAACTGACTCCCTCAAATTGTCCTCTGACCTTCACATGTG 
AACTGTGCCAGGTGTGGGCCTCCACCCCCACCCCCAAATCTGTGTTAGAAAATGTTTTTAAGTGAGAAAGGTCCCATACA GGAGGATAGAAACCCTGGCATGCTTAAGACCTTTGGTTAAAACCCCAGACAAAAAAAAACCAAATAAATAAACAACAACA ACAACAACAACAACAACCCAGTAAAACAAAAATGGTGGTGAAAGCACCCTAGAATAGGTGTCAGTTTCAGGCACCCCCTG AGCCCATCACTTGCCTGGACCACTGATCTTCATGGGTGTCCGTGCAATGCCAAGAGTAGGAGAGCGGGGATCTGGGTCTT 
GTGCCTGTTTGAGACCGTTCAGCTGTTCTGCTGGTAGGCTTGGCTGTGGAGAGCTCTCTACCTGTCAATACCACAGGTTA GAATAAGTCTGGGCCCTGGGCTGGAGAGATGGCTCAGCGGTTAAGAGCACTGGCTGTTCTTCCAGAGGTCCTGAGTTCAA TTCCCAGCAACCACATGGTGGTTCACAACCATCTGTAATGGGATCTGATGCCCTCTTCTGGTGTGTCTGAAGACAGCAAC AGGGTACTCATATACAAAATAAATAAATAAATCTTTAAAAAAAAAAAAAAGTCTGGGCCCTGACCTTTATCTCCTCCCCA 
TATTTCTAGCCAGACCTGCGACTGCCCAGTGCAGGTTAAAGAATGCAGAAAGTTGCCAGGCACGGTAATGGCACATGCCT TTTATCTCAGTACTTGGGAGGCAGGAGGATCTCTATATGTTTGAGGCCAACCTGGTCTCCATTGTGACAGGGCTACATGG TGAGACCCCGTCTTTAAAAAAAAAAAAAAAAAAAAAAGGCAGAAAGTCAGCTAATGAAAAAAGAGATCATGTATTTGAAA GACAGCAAGGAGGGGTATACGGAAGGGTTTGGAGGGAGGGACAGGCAGATATGACAAGATTATATTAGAGCCTCAAAAAT 
AAATAATAAAAGGGGGAGGGATGGAGAAAGTAGGGTTCCAGTGGCAGTGGGAATGAGGGCTCATGTAAACAAGCTAGGCA GAGGCCCGCATCCAGACAGCCTCCCTGCATTCCCCAGCCCAGCCCAGTATACCTGAATAGGAGTGCGCTGGATGCCAGCA CTAGGTGAACGAGGGTCTGCTACTCGAGCCACTTGCTTGTTGCGTGGCAGAGGCCGTGCTGGAGTGCCTGAGACGCTCTG AGTCGAACCCATCTCCACTGGGGCTGGGGACGGGGCCCGGCTGTGCAGATGCAGAGGAAGGGACGTCCGTCAGAAGAGAC 
TCAGAGCTTACTGCTTCCGTGTCGGACCTCTGACCCCATACCCACCCGATCTTCCCAGCTTCCAGCAGAGGAACCTCCGG GTCGCTAGCCCAGAGAACTCTGCAAGGATAACGAATGGAGATTTTTAACAGAGCAGTCAGGTCTGCGGGAGCCTTCGTAT TTAACCACTAATTCATTCACATTACTTACCGGGCCCCAGCTCGACCTCTGCCCGAACACCAGCTAGAGAAATAACTCCCA AAGCCCGGAGTTTCAAACTTCCCTCCACGCCCCCTGCCCCGACCCTATTGGCTAAGCCGAAGCAGACTCTCATAGGCCAG 
TTGTGGAAAATGCGCCTTCCGGAGCAGAAAGCCATTGGTCTGAAGGATGTCTATCATGAGGACTGGCCAATGGGCTGAGG ACTGGCTTGCCCTCCGGTGGTGGCTCCGTGAGCTGGGGACTTTTGTTTAGTATCAGCCTGACAGCGGTGGACTTGATGGG TGCCACTCGGCCTTTCTGTTTCATTAAACAAAATAGAATGAGTTATCAGACTGTATGCACAAAGCCAGCTGGAGACGGAG TTAATATGGTTTGTCTAAAGCGAAACAGCCATCCTTATTGGTTGACGGAGTTATCACGCATCTCTCAAAATCGCCTCATT 
GACTACTGCTTTTCAAATACCAAGACAAGTGCTTTCTGATTGGACGAGTCCTTGGCAAAGTTTCAGTAATCAATGCGTTT AAACAATTCACAGTTTCTGCTCTGCACGTAAGGCATTCTAGAGTCCTTGAATCACAGCTCCTGCAACTCCCAGCCCTCCT GGAACCGCCACATGAGCACTTGCCCTGGGAGAGCAGGATTGGTCCTTTCGGCCATCAGTTGTACCCGCGGCGCTTTTTAT TGGTATTCGCTGAGTGGGGGCAGAGGGTGGAGCGCCAGGAGGCAGGCTGGGTCCAACTGCCGATCTCGCGCGTCTTGCCT 
TTAGCGCATGCGCACACTGAGTCGCGCTCATTGGATGCGAGAGACGGAGGGGGGCGGTACTAGGTACAGTGGGAGCTGCT GTGTGAGGAGGAGCTGCTGCCGGTGTCATGGCGGAGCTGAGTGAAGAGGCGCTGCTGTCAGTGTTACCGACGATCCGTGT CCCCAAGGCGGGAGACCGGGTCCATAAAGACGAGTGCGCTTTCTCTTTCGACACGCCGGTAAGCCCATTCCCCACGCCCG CGACGACCACGACTTCCTTCCATTGCCCTGGTCATTCGGCCAGGCCTGCAAACCTTGGGCTACCGCCTCCTTGCGATGCA 
CCCTGGGACTTGTAGTTTTCTCCATACCTCTCTGCTTTTGCTTTTCATTCTCTGTAGCTGTAGTATGACTACCACTCCCG GAAGCTACAGCTCTCGCCTTGCCCACTCCTGGTCTCGTGAAGCATTATGGGCATTGTAGTTGGCCATGTCCCTAGTTCCT ATTCTAAGTTCGAATTGTAACCCGTACGGCGAACTACATCCCCCAGGCGACTCCCAGAAAAACCCTTGAATGTGGCCTTG CACGTTGCGCAGGGCTCTCCGGGTTTTGTAGTTTCATGTGGGAGGAGTAGGGGCGACTCCCCGCTGTTCAGGGCAAGGGT 
TGAGATTGGGAAGGTATGTATCCTGCAGCTTCTAGTCTGGAAGAGGATGCCAATCTGTGAAGAAGTCCGATTTAGAGAAA CACTGAGTTAAATAGCCTCCACTAGTGGTTAATTTGGACAGGGGATGAGGAGGTGGGCCATTGGTCAGGGAGGAGGAAAA ATACCCAATGGAGAGTTCTAGTCGTTTTTTCCTTTGAAGTGAACTATAGCCGCGACCCCTCCCATTCCTCCGTCCTTCAC AGGTTGCCGAGACAACCCCTCTCTCAAGTATTCCTTAGAAAGGGTTTCTTTGGAGGATGCTAAGGCCCCTTTCTCGTCTT 
GCTCCCACTCTTGTCTAGTTAGACAAAGCCGCCACCCACACCGTGCTTCACGTTCTGCAGGCTCCACCTTGTACCTCCCT TCCTGCAGTTCTGCCTTCCTGTGTCATCTTCAGCCAGAGAGGAGCCTTCAGGCCCTAACTGAAAGGGCCGCAGTTTGGTT GGGATCCGCCCCCTTCATCACCCCTCCCCTCTAGCGGTTGTTGGGCCCTGCCCAGAGCTTTAAGCCAGACCAGCTCATGG CCTGAAAACTGCAAGTCAGACTGGAAAGGCTTCATTAATGCATCCCCAGTGCCAAGTATAGCAGCATAATGTGATGCCCA 
CTTCAGGACCAGTCCTGTGATTTGTGCTTTGCTTGGTTTGCTGGGCTTTGATCAGCGCCCCAGATAAGCTCTGCTTCTCT CAGGTTGGCCTTAGTAGAAGTAAAGGATGATTGCCCGGCACGGTTTTCCACCAGCGATGAAGCCAGCACCTTTTATTTTC ATCTGAAGAGTTACTTGAGTGTTCTCACCTTCCTCCCAGGGACGAAAGGTAGAAATCAGTGGGTCAGTGTTTACACTTAA AGACAAGACAGTTGTTCTTGTCTCTCCTTGGTACTTTATATGACTGGAAAATAATGTTTTTGTTTGTTTATTTGTTTTGT 
AATTTTTCCAGCACCTTCCCTTTTTCATTCTGAGGCAAGGGCTCTCCAGCCTACTTGACGTAGTAACAAACTGAAGCTGG TCAGATCATCTTCTCATTCTTTTTATGGAAGCAAGAGAGTGTAGCTAAGCTTTGTGGTGAGAAATGCTTTATTAATGAAC ACTGCGGTCTACACTATTCTAGGAGTGGTGCAGTGTAATTTACTGGTCCACTAACTGCCTCAGATACCATACTGTCCTAA CTTTACTATCACAGTGGAGAAAATTTCAAGGCCTCTAAGACTTATATCCCAGGAAGAGGATGCCTGTGGCTCAAAGCCTT 
GGATCTGAGATAAGACTCCTTTCCAGCTTCCTCTCCCACTTGCTCTGTCACTCTTATAGTGGCACTCACACGTAAAAACA CATTGGAAGACTGGCCTAGTTTTAGGGGAGCCTGTCTTTCCCTCCTCAGCTGTGATTCAGGGTGGGCACTAATTTTCCCT GTTCTTCTTGACTTTTATGTTGTCTGGCTCTCTCAGCAAGTGTTGCCAGATTGTTCTGGGATATCTCAAACAGGTTTGGT GGCAACAAACCTGTCACCCCAGGCAGGCCTGGGAGGCTGAAACAGAAGAAAAGTCTAGGTCAGCCTGGGCTACAGAGTGA 
GTTCCAGGCCAGCCCTGGTTACAGGAGGAGATCCTGTCTCAAAAATAAACAAATGAAATAAATAAAAAGGGATAGCTTTG AGGTTATAGGTTGATGGACCTTGAGTGGAGCTCTTACAGGAGAGGTGTCAGGCAGGGGTAGCTAGTGACTGTAAAATGAT GGCTTTCGTGACCTAAATTAGCTTCAGGTTTGGTTGTAAGTCCCAAACAAGGTGTTTTCCCCCAAAACCAGGGTTTTCCT CTGATAGAGAGTGTGACAAAGGACAGAGGTCTGACCCCTGTCTTGCTTGATGCTGCGATCTCTGCCCTTGTGATCTAGAA 
GGTTTTCTGACTTATAGACATTAGGTAGGGTTTGGCTGGCTAGCGACCATCTGCTAGTGCAGGTCTTTTTTCTCTCACCT CTTCTAAGTGTGATCCCTGACAGTGCGACCCCCTTTGCCTTCTGGATCTCCTGAGCCAAAGAAGAGGTGAAGGGAGCCAG GCGTGGTGGCGCACGCCTTTGATCCCAGCACTTGGGAGGCAGAGGCAGGCAGATTTCTGAGTTCGAGGCCAGCCTGGTCT ACAGAGTGAGTTCCAGGACAGCCAGGGTTACACAGAGAAACCCTGTCTCAGAAAAAAAAAAAAAAATCAGTGTCTGAGGC 
GTATTGTTCAGCTGACTCCTGAGCTTGGTGGCTGTTTTCAAATTCAGGATCAGCCGTATATCGTGTCCCCAAAGGCTACA TAAGTTGCTAAGAGCTGCAGTGTTAGGAAACGAACACTTTCTGACCCTTGATCCTTGGTTCCCCACACATACAAGTTTCA TCCCTCTTGTGTTTTCCCACTCTCACTGTGCCCTGCAGGAGTCTGAGGGTGGCCTCTATATCTGCATGAACACATTCCTG GGATTCGGGAAGCAGTATGTGGAGAGACACTTCAACAAGACAGGCCAGCGTGTCTACCTGCACCTCCGGAGGACCCGGCG 
ACCGGTAGGCACAGTGGCTGGGGTGGAACACCCAGACACAGTCCACAAGGAGCTGAGTTTGAGTGTCTTCCCTTCTTAGT TAGGGTTATTGCTATGCTAAAACACCATGCCTAAAACTAGTTGGAAGGATGGGCTTCCACTTTATGTGGTGTACACTCCC ACACCAGAGTCCATCATTGAAGGAAGTCAGGACAGGAACTCAAGCAGGGCAGGGACCTAAAGGCAGGAGCTGAAGCAGAG GCCATGGAGGGTGCTGCTTACCGGCTGGCTCAACCTTATAGAACCTAGGACAGCCAGCGTAAGGATGCCATTCACAATGG 
GCTGGGCCCTTCCACACCAGTCATTAATTAAGAACATGCCCCATAGCAGTGATTCCCAACCTTCCAAATGCTGTAACCAC AACAGTTCTTCATGTTGTGGTGACCCCAACCATAACATTATTTTTGTTGCTACTTTATAACTATAATTTTGCTGCTGCTT TGAATTGTAATGTAAATATCTGGTATGTGATCCCTGTGGGGGTTACAAAGCACGGGTTGAAAACTGCTGCCTTGGAGGGT GGGTGGGGACATCATTGCTTGAGTGCGTGTGCGTGCGTGTGTGTTATGAGATGTGGAACAGTCAGAGGGTGGACGGGAAG 
GGGGATAGAATCTGGAGTGTAAACAAAAGATTAAATAAAATTGAGAGAGAGAGAGAGAGAGAGAAAGAGAGAGAGAGAGC GCGAGCGCTACTGCCCTCCAGGCTTGCCTACAGCCCCATCGTATGGTGGTATTTTCTCAGCTGAGGCTCCCTCCTCCTTG CTAACTCTAGCTTATGTCAAGCTGACATCAAACTAGCCAGCAGCCCTCTGACTCCACATTGTTTTCTGCTTTCCTTTCCT GCTCTCATTTGTGTCACTGAAACCTGACTGTTGATCAGCCTCAGTGTGCTGTATAGTTAACCGTTCTTTCCTCCCATCTC 
CCTCCCTCCCTCCTTCTGTCCCTGGGGCTCATTGCTGGTCCTGACCTTTCACTGAATAGCCTCAGCTAGCCTGGAACTCT TAGAGATCCCGCTTCTGCCTCTTGAATGCCAGGACAAAGTCTTGCGCTGTCATGCCCGGCCCTCTGAACCTCTTTTCATT GCAGAAAGAAGAGGACACCAGTGCAGGCACTGGAGACCCACCTCGGAAGAAGCCCACCCGGCTGGCCATTGGTGAGCTAT CTGCTAGGAGAACCCTAAGCCTGATGAGTGACCTCAGAGCTCTGGAGGGGACAAATTGGAGACATGATGACAAATGGTAG 
CTGCCCTACTTTCTCCTTTATTCTCTGTCCTATGCAGGTGTTGAAGGAGGGTTTGACCTCACCGAGGACAAGTTTGAATT TGACGAGGATGTGAAGATTGTCATTTTGCCCGATTACCTGGAGATCGCTCGGGATGGGTTGGGGGGGCTTCCTGACATTG



Genes contain useful information



Gene Structure

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



DNA Splicing

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

English Dutch German Danish Norwegian Swedish Icelandic

book  (n) boek buch bog bok bok bók

come  (v) komen kommen komme komme komma koma

drink  (v) drinken trinken drikke drikke dricka drekka



What can you change?



Genes can be conserved



Genes with essential functions are heavily 
conserved

Survivorship bias



We can categorize these changes (mutations)

ATCC

ATGC

ATGTATGCT

Transitions
Purines(A/G) mutated to 

Purines
Or 

Pyrimidines (C/T) 
mutated to Pyrimidines

Transversions
Purines (A/G) to 

Pyrimidines (C/G) or vice 
versa

Indels
Gain or Loss of 

Nucleotides

TransversionTransitionDeletion
ATC

Insertion

ORIGINAL



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



Ladder               1                     2                  3                   4              Ladder

Ladder               5                     6                  7                   8              Ladder



Review: Mitochondrial lab 

DNA Sequencing



What is a gene?



What is a gene



What is a word?



What is a gene?



What is a gene?



What is a gene?



Genes contain useful information



Genes contain useful information



One way to find information is to make 
comparisons



Words can be conserved

English Dutch German Danish Norwegian Swedish Icelandic

book  (n) boek buch bog bok bok bók

come  (v) komen kommen komme komme komma koma

drink  (v) drinken trinken drikke drikke dricka drekka



DNA Subway demo


