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DNA Analysis - Basic Tools
and Techniques
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Why are archaeologists interested in studying
ancient DNA (aDNA)?

King Richard Ill of England
(1452-1485)

Oriental rat flea
(Xenopsylla cheopis)



Why are DNA molecules so informative?

DeoxyriboNucleic Acid (DNA) is a molecule that carries all instructions used in the growth,

development, functioning and reproduction in all known living beings.
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DNA is a time traveller!
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agottattt ccaagtttge gcaattaact ccacaagaaa ggacaaaaaggaaactggag agecttgaag cattgaagaa aacttttaag aaactggatce atgatgtaaatatacatg;
aaggaatca aactattgag ggtctaagta accaagtagecatttaccaa getcagetaatggagtgtca taggaggttg agttgttgga cgaacatcgatagaatagaaacactgag
ttggaagaatcattgagga aatccattgaaagaatccag attcacaagg aacattacag aaagaaccaa ctcttgecaa tagaatgtge aacaacacag tttcacageg ggatacs
cctatggeg atgggaggta atagtagtat gcaagaaget cactccatgt cttggettec tgataatgat caccagcaaa caatcttace tggtgattee agttttettc cccatagags
ratggatggt tegatteecg tttactcaag ctgettettt gagtctacga aaccagaaga tcagatatge ageaacccgg gacaacagtt tgageagtta gaacaacaag gaaacg
ttggggtta caacaacttg gagaggaata ttcatatcct acaccgtttg gtactacttt gggaatggaa gaagatcaag agaaaaagat aaaatctgaa atggaattga acaacttg
caacagcaa cagcaacaac aacaacaacaacaacaagat ccttcaatgt atgatcccat ggetaataat aatggtggct getttcagat tectcatgat cagtecatgt ttgtcaaty
catcatcat catcatcacc accatcatcaaaattgggtt ccagattcaa tgtttggtea gacttettac aaccageaac cgaactaactcaagacatgg cteatgtatg tatgatgact g
tgaccaagg actagtttga gccattgect acaatgtcta agataaatat atatatgtag acagegagag agtgtgtgtacatgtttttg tatgtgtgag cttgtgtcatatactcaggg g
atttgtgta taagagatgt tgtctaggaa ccgtatatta cctttaacaa gaatgataag tatatcaatatattaatgtt tttataggtg ttggccaata tattgtttga gacc agecttttet ¢
cggattgaa gacgtttitt caagattcat caatcttcc aaacaagaac gagagagtgc tetatacttt cctgaccaga atagacgecce agatattcaaaacaaagagt gtetactaag
aactcaaga ctgaaaatga catcgcetctt caagtcacga accctgeage tatcaactet gacgtegagg aacttgagea tgaagtttgaggttacaac aacaactcca aatggceas
aagaactaa gtgttatagt ttataatttt tttaactcaa atcatgattg cttactatat aatatgagea ggagatacga accggatcca ataagattea cgaccatgga ggaatacgaa
igcaacttct cgacactctaacacatgttg tccaacggeg agaccatete atgageaacc atttatctte gtatgaagea tctactatge aaccaaacat tggtggtect tttgtaaats
gottggcta cctgaaaatg ggaccaatca aacccatttg tttgatgeat cggeccattc taaccaactc agagaattat catcggeaat gtatgaacca ttgttgcaag gaagtage
agctcgaaccaaaacaacatgagtgaatg ccacgtgacg aaccacaatg gtgaaatgtt ccetgagtgggctcaggegt attcatecte ggecttatte gettetatge ageaacas
gaaggtgtg ggtcccagta tagaagagat gatgecaget cagcagagtg atattceggg agtgacggeggagacacaag ttgatcatga agtetcegac tatgaaacaa aggtt
ctcagtag caataatgta ttatttattt atgtatacca tttttaaaaa tttattcata tttttttcca acaacccata aaaaagtgaa cttttttitg ccatgagaag acgatgaaga gtegtgt
tttgtatac tattcttttt ggcaacacca ttttatagtt ttatgggcga aaagcaaate aagttttate ttctttaatt ttcagectttict ccggaaaaac tcggattgaa gacgtttttt caag
aatcttcc aaacaagaac gagagagtgc tetatacttt cetgaccaga atagacgecc agatattcaa aacaaagagt gtetactaag gattctgeag caactcaaga ctgaaaa
atcgctcttcaagtcacga accetgeage tatcaactct gacgtcgagg aacttgagea tgaagtttgtaggttacaac aacaactcea aatggeagaa gaagaactaa gtgttata
ttaactcaa atcatgattg cttactatat aatatgagca ggagatacga accggatccaataagattca cgaccatgga ggaatacgaa gtttctgaga agcaacttet cgacactct:
ccaacggcg agaccatctc atgagcaacc atttatcetic gtatgaagea tetactatge aaccaaacat tggtggtect tttgtaaatg acgtegttga aggttggceta cetgaaaats
acccatttg tttgatgcat cggeccattc taaccaactcagagaattat catcggeaat gtatgaacca ttgttgcaag gaagtagetc aagetcgaaccaaaacaaca tgagtgaat
)accacaatg gtgaaatgtt ccctgagtgg getcaggegt attcatecte ggecttatte gettetatge ageaacagea tgaaggtgtg ggteccagta tagaagagat gatgeca
cggaaaaac tcggattgaa gacgtttitt caagattcat caatcttect aaacaagaac gagagagtgc tetatacttt cctgaccaga atagacgecc agatattcaaaacaaaga
tctactaag gattctgeag caactcaaga ctgaaaatga catcgetett caagtcacga accetgeage tatcaactct gacgtcgagg aacttgagea agtttgtaggttacaaca
atggcagaa gaagaactaa gtgttatagt ttataatttt tttaactcaa atcatgattg cttactatat aatatgagca ggagatacga accggatccea ataagattca cgaccatgga
tttctgaga agcaacttct cgacacteta acacatgttg tccaacggeg agaccatete atgageaacc atttatettc gtatgaagcea tetactatge aaccaaacat tggtggtect
cgtegttga aggttggcta cetgaaaatg ggaccaatca aacccatttg tttgatgeat cggececatte taaccaactc agagaattat catcggeaat gtatgaacca ttgttgeaa
raagtagetc aagetcgaac aaaacaacatgagtgaatg ccacgtgacg aaccacaatg gtgaaatgtt ccetgagtg getcaggegt attcatcete ggecttatte gettctatg
gcaacagea tgaaggtgtg gotcccagta tagaagagat gatgecaget cagcagagtg atattecggg agtgacggeg agacacaag ttgatcatga agteteegac tatge
OOt teetea Acteaotaocr Aataatora tratttattt artotratacea 1ttt tttatteata ttttt e a3 ceccata 333330033 o e to30330 30031703+«



15t generation of DNA sequencers
(started 1987)

one fragment (ca 1000 bp long) per run

(human genome project /1990 — 2003/)

2nd and 3rd generations of DNA sequencers
(last ten years)
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millions of fragments per run
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How to investigate DNA?

DNA isolation

PCR methods

Sequencing (1st, 2nd or 3th generation)
Bioinformatics
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DNA isolation

1) Cell lysis = 2 Archaeological sample need

2) Removing proteins and some n _______ specific pretreatment because
other compounds AT

3) DNA purification .

"’ <™

.-

there is high possibility of
contamination from
microenvironment of the fossil,
but also present day humans !!!
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Add Lysis solution

0
0 OH H\
Invert to mix \[ on
N N/\\/'N;\
* Incubate at 37-65°C5’ to HO\H) o on

12h with occasional or 5
continuous stiring

General solution of lysis buffer contains: TRIS-HCI, EDTA, SDS or CTAB

I*|~.'H= I'|~.'I—I-_~.:
I‘-"-"'"C'“a-., : n“"'cm + H L
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http://upload.wikimedia.org/wikipedia/commons/8/85/Ethylenediaminetetraacetic.png
http://upload.wikimedia.org/wikipedia/commons/a/ae/SDS-2D-skeletal.png

2) Removing proteins and some other compounds

3) DNA purification
A |

transfer upper aqueous! NaAc/lOO% ethanol

phenol/chloroform

l

layer in a new tube

wash with 70% ethanol
/dry DNA peIIet
resuspend DNA pellet
in TE buffer

: invert
vortex centrifuge | to mix centrlfuge S
_> !
B
proteinase K i guanidine hydrochloride
/NH,Ac : (chaotropic agent) _ _ _
transfer aqueous : bind DNA using wash with elute DNA
layer in a new tube : l silica spin column 70% ethanol with TE buffer
: invert
vortex : to mix centrifuge centrifuge
. I >y -y % “*y
centrifuge : y y
®
NH-

c®
ENJ\N H,

Chaotropic agent - disrupt the hydrogen
bonding network between water molecules



* DNA sample from two ~40,000-year-old Austrian cave bears was a mixture of bacterial,
fungal, plant and other DNAs. Less than 6% of the recovered DNA was determined to be of
cave bear (J. P. Noonan et al. 2005: Genomic sequencing of Pleistocene cave bears. Science
309, 597-599. )

The precautions usually applied in ancient DNA laboratory against DNA contamination:

1) complete separation of ancient laboratory and their rooms from other laboratories
2) direct delivery of all equipment and reagents to the laboratory

3) positive pressure generated with filtered air that excludes particles larger than 0.2 um
4) UV irradiation and bleach treatment of all surfaces

5) bone surface was removed prior to extraction




PCR methods

Ponmerase
Chain = amplifying a specific DNA fragment in vitro up to billion copies
Reaction (Kary B. Mullis - Nobel Prize in Chemistry 1993)

Thermal cycler

Thermal cycler device is able to specificaly
increase and decrease temperature

PCR ingredients:

1) DNA

2) PCR buffer with MgCl,
3) Tag DNA polymerase
4) dNTP mix (A, C, G, T)
5) Primer1

6) Primer 2 HO_EI,"_O_E_O_F,_



DNA Replication_cut.mp4
H:/zlatko 5 mj 2016/projekt/Ino_Miracle_MendTheGap/predavanje Korcula/prezentacija/PCR - Polymerase Chain Reaction_cut.mp4

I E— 232 bp

direct detection by electrophoresis (e.g. microsatellites )

—> PCR products /
P A B C

l 230 a0 B0 M 230 240

sequencing
(1%t generation)




—> PCR products

l

sequencing
(1%t generation)

File: Zlatko_01-G20-T7.abl Run Ended: 2008/7/2 12:41:2 Signal G703 A:857 C:548 T:704
Sample: Ziatko_0I-G20_I7 Lane: 50 Base spacing: 14.42 959 bases in 11351 scans Page 1 of 2
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ATGAACTTG AAATCATGC TTC T TGO TTTAAT T GTCAATCTATCAAAT GT ACCATC CCAA AT TTCAT CACAATATTT TATCT TG ACT TG AGTTT TG AL TAAAAT AATCATATAATATTTCTTTCCG




NGS sequencing

15t generation of DNA sequencers 2" and 3" generations of DNA sequencers
(started 1987) (last ten years)

one fragment (ca 1000 bp long) per run millions of fragments per run

NGS = Next Generation Sequencing

1) Sequencig by synthesis

2) Nanopore sequencing



Sequencing by synthesis

|
—_—>
. ] [
]
[ ] u .
/ - .
DNA extraction Fragments Add adaptors Attach to flowcell
-y
N—n DA 1
L ] ] n u - | = [ = I_I
n = L 2 - [ 3 .I. n
n — = = [ - (]

Bind to primer PCR extension Dissociation

III - o / -
@

Cluster formation / . .

* Several million dense clusters of double-stranded DNA are
generated in each channel of the flow cell. At the end of the
amplification, all of the reverse strands are washed off the flow Sequencing Signal scanning
cell, leaving only forward strands.






H:/zlatko 5 mj 2016/projekt/Ino_Miracle_MendTheGap/predavanje Korcula/prezentacija/Illumina Sequencing Technology_cut.mp4

Illumina NGS sequencers (sequencing by synthesis)

MiSeq Series

MAX OUTPUT

15 Gb

MAX READ NUMBER

25 million

MAX READ LENGTH

2x300 bp




(CT6GGAAGGGTCAGTGCGAGTGAGGGCCCTGE  AGGGTCAGTGC
ccc t 190ggqeccgggaagaq’cag ge

(CTG6GAAGGG T CAGTGC AGTGAGGECCCT GGGAAGGGCAGGC)
990agaq cag gcj ¢

CC1gga0ggq' cagtgcgag gagg”

(CTGGGAAGGG ' CAG GCGAG'GA'G  cctggganggg'cog ge

CC'0ggangygg ' cag'gcgag’ gagag GAAGGG 1 CAGTGC) 76

CC1ggg0gggtcog-gegag-gaggec  9oagggrcagige
'9C'99900ggg'cag'gcgagigogagc  9aaggglcagige
9C1gggoag'gtcag ‘cgagigaggiccct  0aggglcagige

CC1ggganggy" cag-gegagrgagggeecty  aagggtcagtgc) -d gagggeec:gggangggtco

€C10gg00gag' cog'gcgag gogagcccigggaa G1CAGIGC
GGAAGGG ' CAG GCGAG GAGGGCCC T GOGAAGGG
(CTGGGAAGGG CAG GCGAG ' GAGGGCCC T GGOAAGGG C
(€ GAAGGG ' CAG'GCGAG GAGGGCCCT G6GAAGGE ' C
.CC gaaggg cag'9cgag gagggecc gggangag ¢
CC g gaaggg cag 9cgag gagggecc gggaa gg ¢
(Cg99g0099g Cag 9cgag gagggecc gggaaggg cog ge
(C7GOGAAGGG CAGTGCGA TGAGGGCCCTGGGAAGGCCAGTGC
.CC 99gaa ga Cag gcgag gagggecc gagaaggg cag ge
CC gggaa  acog gcgag @agaqecc gggaagaq cog gc
.CC'99gaa  Cag gCgag gagegccc gggaaggg cog ge
CCTGGGAAGGG 'CAG'GCGA gggcca’ 1gggoggg' coglge
CC'9ggaoggg cag  Cgag gogggecc gggaoggg cog ge
CC'gggoogg Ccag gcgag 9aggqccc 9aqgaagaqg cog gc
CC 09900099  9€gag gagggccc gggoogag cog ge

CCTGGGAAGGGTCAGTGCGAGTGAGGGCCCTGGGAAGGGTCAGTGCT TATGAGGGCCCTOOOAAGGGTCAGTGCGAGTGAGGGCCCTC

(CTGGGAAGG T CAGTGCOAGTGAG  CCCTGGGAAGGG ' CAGTGC)

crrbmnnnnnnniran FPEOACTCACLELCCC CLOALCE CARCEECY O 0OLOECCE CECAAT

I GAGGGCCC GGGAAGGG CA  GAG!GAGGGCCC TGl
‘4 99999ccC 99gaaggq cag gcg  gagggccc gy
1q/6AGG GGAAGGG ' CAG GCGAG GAGGGCCC TGl
/909ggccc gggaoggg gcgag gagagecc gy
'd'gagggecc ggga AG'GCGAG ' GAGGGCCC 6!
'GAGGGCAC 666 AGGG GAG ' GAGGGCCC 6!

'd'9ogggcccigggaogggic  AGIGAGGGCCCTGI
| gogggcccigggaogggtc  ogtgagggeacty
:q-90g99ccc 1gggaagggc AGGGCCCTG!

aggqcac i
' GAGGGCCC GGGAAGGG CAG'GC gageecigy
'q GAGGOCCC GGGAAGGG ' CAG GCGLGTGAGT G
'q 999ggccc ggganggg cog gegag gugggecc gy
d go999ccc 999009ag Cog 4cgog 999qq
'GAGGGCCC T 6GGAAGGG T CAGTGCGAG GAGGGC
GAGGGCCC T GGGAAGGGCAGT GCGAG ' GCGGGCCC TG
gcgc 999aaggq  cog gcgag gagagece g
'q 'AGGGC  ggaaggg cag' gcgag gagggeec gy
d 9agggccc gggaoggg Cog gegag gagegec
d qogggccc 9gga0gaq co GGCCC TGl
. (CCGGGAAGGG ' CAG GGGAG GAGGG
t’ 999ggccc gggacgeg cog gegag gagggece gy
9 gaaggg’ cog' gcgag 9agggecc g
t AAGGG ' CAG' GCGAG ' GAGGGCCC G
doggg  cag gcgag gagggeec gy
M&TMTJTMTQ@C_TQ

erree o

reference

NGS data



Nanopore Sequencing




e vyield: 21 Gb, read number 2.2 millions, longest read: 200Kb, run time 48h,, weight 87g


H:/zlatko 5 mj 2016/projekt/Ino_Miracle_MendTheGap/predavanje Korcula/prezentacija/Nanopore DNA sequencing_cut.mp4

