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“for his discoveries concerning the genomes of extinct hominins and human evolution”
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Ancient DNA Analysis




DNA Fragmentation
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M. Hofreiter, D. Serre, H. N. Poinar, M. Kuch, S. Paabo,
ANCIENT DNA. Nafure Reviews Genetics 2, 353-359 (2001).
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Figure 1 | DNA damage shown or likely to affect ancient
DNA. A short segment of one strand of the DNA double helix
is shown with the four common bases. Principal sites of
damage are indicated by red arrows. Sites susceptible to
hydrolytic attack are indicated by green arrows and those
prone to oxidative damage by blue arrows. G, guanine; C,
cytosine; T, thymine; A, adenine. (Modified with permission
from REF.4 © (1993) Macmillan Magazines Ltd.)




Incorporation pattern

Patterns Of damage in genomic DNA Sequences Table 1. Maximum likelihood estimates (MLE) for four features

of Neandertal DNA sequences

from a Neandertal e WE  osvcl

PINADS B

Adrian W. Briggs**, Udo Stenzel*, Philip L. F. Johnson?*, Richard E. Green*, Janet Kelso*, Kay Priifer*, Matthias Meyer*, Deamination, double-stranded DNA (5) 0.0097 (0.0087, 0.011)
Johannes Krause*, Michael T. Ronan$, Michael Lachmann*, and Svante Paabo** Deamination, single-stranded DNA (5s) 0.68 (0.65, 0.71)
*Max Planck Institute for Evolutionary Anthropology, Deutscher Platz 6, D-04103 Leipzig, Germany; *Biophysics Graduate Group, University of California, Nick frequency per base () . 0.024 (0.017, 0.036)
Berkeley, CA 94720; and 5454 Life Sciences, Branford, CT 06405 Length of single-stranded overhangs (A) 0.36 (0.35, 0.38)
Contributed by Svante Paabo, May 25, 2007 (sent for review April 25, 2007)
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Fig.3. Misincorporation patterns in Neandertal DNA sequences. The frequencies of the 12 possible mismatches are plotted as a function of distance from 5'-

and 3'-ends. At each position, the substitution frequency, e.g., C-T, is calculated as the proportion of human reference sequence positions carrying C where the
454 sequence is T. The 10 5’- and 10 3’-most nucleotides were removed from the 3'- and 5'-graphs, respectively.
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A. Ginolhac, M. Rasmussen, M. T. P. Gilbert, E. Willerslev, L. Orlando, mapDamage: testing for
damage patterns in ancient DNA sequences. Bioinformatics 27, 2153-2155 (2011).
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K. Ishiya, S. Ueda, MitoSuite: a graphical tool for human mitochondrial genome profiling in
massive parallel sequencing. Peer) 5, 3406 (2017).
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Published ancient human genomes by Year

2500
2000 -
w1500
[ 0]
=
o
>
g~}
£ 1000
500
D T T T L 1 1 1
D 0 %, e “ @ A % 0 N N n,
" " " " "y " " " " 3 4B 4"
> W 3 W 4> - e s = 4 > =
Year

FEREAN (EHERAT VL 9,990ERE IHER)



T ) LAANBFICHETIA—T AT X {EEfER

RERAT ) ©AT—I TERERDMHER

FGEILL_ EDEKRDERANY ) AT —I DD

10067
10000 pajease N Date Ancestry category distribution Ancestry category distribution
_v37 2 210; 2019 (Feb_zz) of studies in GWAS catalog of individuals in GWAS catalog
va2.4 3589 2020 (Mar. 20)
va4.3 5225 2021 (Jan. 20)
Multipl Multipl
V500 6442 2021 (Oct. 10) i A
8000 v52.2 8755 2022 (Aug. 22)
© European European
< v54.1 10067 2022 (Nov. 16) Multiple, 52.27% 78.39%
el including
-] European
° 1.88%
:
6000
£
o
c
(7]
o
.-O'E' Not reported
5 Non- 6.71%
European
%. 4000 Non-Asian
o 17.98%
Q Non-
Q European
t East Asian Non-Asian
2 Multiple, 15.91% Hispar!ic 3.31%
g non-European A(:':\::::‘n East/Asi
ast Asian
< 2000 0.47% 5.12% Multiple, 8.21%
+8.4%: East Asia IEncIudmg
’, 8.3%: Near East :ri:;an
’ - . . o " ” X " ”
L N ) Other Asian  Other and Greater Middle Eastern/ Multiple, ~ Other Asian African Hispanic or
== =7.3%: Americas 4.77%  other admixed Native American/Oceanian non-European  2.01% 2.03%  Latin American
5 6 1 "> 4.7%: ./Cent. Asia 2.06% 1.24% 0.01% 1.13%
0 > KNS - Afri Other and Greater Middle Eastern/
B EEEBEBEBEBEBENNN \\\ 2.7%: Africa other admixed Native American/Oceanian
AAAAAAAAAA R B R Yqgo. .
© I N w R oo N ® oo = ~n ‘19%: Oceania

S. Mallick, A. Micco, M. Mah, H. Ringbauer, I. Lazaridis, I. Olalde, N. Patterson, D. G. Sirugo, S. M. Williams, S. A. Tishkoff, The Missing Diversity in Human Genetic
Reich, The Allen Ancient DNA Resource (AADR) a curated compendium of Studies. Cell 177, 26-31 (2019).
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a Analysis workflow b Traditional pipeline € Workflow manager
me 0 S PERS PECTIVE Transcript expression quantfication Reaui . . .
equiraments Platform-specific Requirements Flatform-independant
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Laura Wratten @', Andreas Wilm? and Jonathan Goke ®'® I - fhi

Step 2: index craation el
-7 Contamenzed
The rapid growth of high-throughput technologies has transformed biomedical research. With the increasing amount and ( Baimon) '—l smmmjim.a.o Step 1 stepa
complexity of data, scalability and reproducibility have become essential not just for experiments, but also for computational . .
analysis. However, transforming data into information involves running a large number of tools, optimizing parameters, and } Aulomatic rasoLrce
integrating dynamically changing reference data. Workflow managers were developed in response to such challenges. They I Step 1 Stap 2 managemant
simplify pipeline development, optimize resource usage, handle software installation and versions, and run on different com- Stap 2
pute platforms, enabling workflow portability and sharing. In this Perspective, we highlight key features of workflow managers, S AL ML l
compare commonly used approaches for bicinformatics workflows, and provide a guide for computational and noncomputa- e »—| Salmn:;.Lﬂ.ﬁ l
tional users. We outline community-curated pipeline initiatives that enable novice and experienced users to perform complex, —_—0 d £
best-practice analyses without having to manually assemble workflows. In sum, we illustrate how workflow managers contrib- Stap 3 '
ute to making computational analysis in biomedical research shareable, scalable, and reproducible.
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axpression

pipelines with bioinformatics workflow managers. Nat Methods 18, 1161-1168
(202] ). Re-antrancy
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Tool Class Ease of use?® Expressiveness? Portability® Scalability? Learning resources® Pipeline initiativesf

Galaxy Graphical (1) ®00 (1) oo0 (11 ee0 GUITTIE{E.E (CBND

KNIME Graphical YY) @00 000 Y o0 000
Nextflow DSL 000 o0 o00 (T e00 o000 Xb' — t U e (c_
~ —
EBNTHEDH., 5
Snakemake DSL [ 1 e} 000 000 000 [ I l&] 900
GenPipes DSL 000 (YY) ee0 ee0 ee0 000 ‘
bPipe DSL 000 YY) 000 Y 000 @00

Pachyderm DSL ee0 eoe 00 000 Y 000 JN\L AT J =0 fEMN
(CETF(CHFE - BERAF

SciPipe Library 000 000 00 000 @00 000
Luigi Library 000 000 @00 L L 1)) ®00 000
Cromwell + WDL Execution + workflow specification @00 [ 1 o] 000 [ 1 1)} 000 000
cwiltool + CWL Execution + workflow specification @00 000 000 000 000 000
Toil + CWL/WDL/Python Execution + workflow specification @®QOO (1]} @00 (1] 080 [ 1 lo]

L. Wratten, A. Wilm, J. G&ke, Reproducible, scalable, and shareable analysis pipelines with
bioinformatics workflow managers. Nat Methods 18, 1161-1168 (2021).
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BE{t (Automation)
) D—oO2J0O—SE(ICKDEIFMET O S LADEES
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SAMPLES = ["A", "B"]

rule all: = ——
— FHAERTE

input:
"plots/quals.svg"

rule bwa_map:
input: —
"data/genome. fa",

"data/samples/{sample}.fastq"
O (ADO-LEO-EHO)

output:
"mapped_reads/{sample}.bam" -

shell:
"bwa mem {input} | samtools view -Sb - > {output}"

rule samtools_sort:

input:
"mapped_reads/{sample}.bam"

output: L B (AHOWIERQSHEHO)

"sorted_reads/{sample}.bam"

shell:
"samtools sort -T sorted_reads/{wildcards.sample} "

"-0 bam {input} > {output}"
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s%st (Design) & gk (Optimization)

MaltExtract

Kraken Parse E%’%%@ J: 5 ((—_ EQE-I_ &mii§b$®§-§ﬁ4t%?? 5

EndorSpy

MALT DamageProfiler

BedTools Qualimap

GATK's UnifiedGenotyper

PMDTools :
BWA aln ) GATK's HaplotypeCaller
FastQC FastQC BWA mem BamUtils sequenceTool's pileupCaller
: mapDamage2’s  freebayes
circularmapper | _samtools P
I AdapterRemoval I el N Dedup Nh <, rescale ANGSD
— 1 P Bowtie2 flagstat Picard's MarkDuplicates
I’ fastp samtools' VCF2Genome
1|_ samtools’ fastq fAV'eY" MultiVCFAnalyzer
(Convert BAM) HostRemoval fiering)
N . Sex.DetERRmine
.— MtNucRatio (Human)
BWA Index samtools'
Bowtie2 Index = " index
circulargenerator PreSeq Nuclear Picard's
Contamination CreateSequenceDictionary
.__’ \ (Human)
@ start Single output Multi-output
End " Intermediate intermediate
nf-core/eager Legend 7 -
g g —— EUkaryotic Nuclear Genome
EXa m ple a n a IyS|S pathWByS Microbial or Organelle Genome

— Metagenomic Profiling
————— Reference

J. A.F. Yates, T. C. Lamnidis, M. Borry, A. A. Valtuena, Z. Fagerndas, S. Clayton, M. U. Garcia, J. Neukamm, A. Peltzer, Reproducible,
portable, and efficient ancient genome reconstruction with nf-core/eager. PeerJ 9, e10947 (2021).
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Genotypes - Fhenofypes rs3917862 association with Hypercoagulable State
Patients Neandertal = [] 1 2 |.. M /\ Ny W
. i “
— Discovery: eMERGE Phase | (E1) b +
« Py IC—T—A+ — VvV |V]|- X Site Cases Controls P-value .
. \Y
s M —» Marshfield 48 2205 6.62e-04 —— (eMERGE 7|:|:/‘I{7 |\)& 1EE
4 —— Mayo 25 2288 3.69e-04 — 73
o P, —G—G—GH- - X|v]|. X
E O A gy X | el e Meta 73 4493 9.87e-07 <> i
o8P -G—T —'ZG}'— / x x ST o SToN ) Northwestern
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- = L Re.pllcatlon. eMERGE Phase Il (E2) P (F::‘dc:ru;::r:rocrt\‘ ¥y e
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o P — — T - L - @ University of o [ site)
2 Py —G—T—{Gh X|[(X|. v Mayo 73 2197 2.95e-07 - e R @ [ o cter o
1] e ey | IR L [ - | Northwestern 32 2381 1.42e-05 — @ ictiogen ‘ e 7 g Harvard School of Public Health
. ! ity, =
S Vanderbilt 32 2012 2.87e-01 «—— o o Cincinnati liasicuns Ssemiten
E P22 _G —T_‘A'_ — x / x 1 Il Mass General Brigham
CHRS [ B I Meta 137 6590 4.99e-10 <> Mount
i . T T T 1 @Q}Itxgluxuw}/x RSITY
E 2 L Ozdds Ra“ao 422 ® Research Foundation Mental Health
I Cornell University
3917862 Invize j
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u it
Compute Genetic Compute Phenotypic 2 o e
Similarity Over All Similarity Lo :
Neandertal Loci T £ ' Duke University (CC site)
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