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HOW DID HUMANS SPREAD ACROSS THE
WO R L D ? (Nielsen et al. 2017)
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WHAT DEMOGRAPHIC EVENTS LEAD US TO WHERE
WE ARE TODAY AND THE DIVERSITY WE SEE?




(Nielsen et al. 2017)
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(Nielsen et al. 2017)
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(Nielsen et al. 2017)
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AIM: INFER THE DEMOGRAPHIC
HISTORY OF THE ASHKENAZI JEWS.
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ASHKENAZI JEWS:
AN INTERESTING STUDY POPULATION
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HYPOTHESIS OF ASHKENAZI ORIGINS
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WESTERN VS. EASTERN
ASHKENAZI JEWS
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WESTERN VS. EASTERN
ASHKENAZI JEWS
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MOTIVATION

Numerous genetic studies on the Ashkenazi Jews.

All genome-wide studies treat Ashkenazi Jews as one
population.

Preliminary work consistent with genetic differentiation.

Not informative of cause of differentiation.



ALALA

Europe Jewish Middle Eastern Europe Eastern Al Western Al Jewish Middle Easternirope Eastern Al Western Al Jewish Middle Eastern

MODELS OF ASHKENAZI HISTORY




APPROXIMATE BAYESIAN
COMPUTATION

* Infer parameter values * Choose among models

) ey

Europe Al Jewish Middle Eastern Europe Eastern Al Western Al Jewish Middle Eastern Curope Eastern Al Western Al Jewish Middle Eastern



APPROXIMATE BAYESIAN
COMPUTATION

Define priors of parameters of model

t = unifl10:1000]

——

Europe Eastern AJ Western Al Jewish Middle Eastern
T = time (generations) of divergence between
Jewish and Middle Eastern populations



APPROXIMATE BAYESIAN
COMPUTATION

Define priors of parameters of model

Simulate data many times



APPROXIMATE BAYESIAN
COMPUTATION

Define priors of parameters of model
Simulate data many times

Choose model and estimate parameters
based on simulations closest to real data



SIMULATION

Model

parameters

Store Calculate
genotype summaries
sequences of
in memory sequences

<]0 Kb file
with

parameter
values and
summaries







INHERITED SCRIPT INTENDED
FOR SMALL SEQUENCE

1,389 10kb regions
000001 10001 % M% M M ﬁ
00100010000
00000100101 X%_X M E@@ % 2@%
00100000000
000|000|0|04/7%-&S M % Rk Rk I

?
00100010001 < —%%k T e KW B@&
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000001 1000100100000011000111001000000010110010100011100011110100101101010101010011000110010
0000110110100000001010100101001100110001100000110101010100110000011110001001010011100110101
0101101001 10001010000000000000000000000000000000000010100000000000000000000000000000000000 |
0100000000000000000000000000000010000000000000000000000000000000000000000000000001000000000

000000000000000 000100000000000
100000000000000 000000000000000
000000000000000 SIMULATE WHOLE 010000000000000
000000000000000 CHROMOSOME 000000000000000
000000000000000 000000000000000

000000000000000000000000000000000000000000000000 10000000 1 0000000000000000000000000000000000
000000 | 000000000 | 00000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000Q - A 2AAARAAAAAAAARAAAAAAAAAAAAAAAAAAASASANAAAASAAAAARAAAS 00000000000000000
0000000000000000¢ ~250 million sites on human chromosome | p0000100000001000
000000000000000 | GUUUUU 01001001011010101
010100110001 1001000001101 101000000010101001010011001100011000001101010101001 1010001 11100010
0101001110011010101011010011000101000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000 | 000000000000000000000 | 00000
1000000000000000000000 | 00000 | 00000000000000000000000000000000000000000000000000000000 | 00000
00000 10000000000000000000000000000000000 | 100 100000000000 | 0000000000000000000000000000000000
1000000000 | 000000000000000000000000 | 000000000000000 | 0000000000000 | 00000000000000000 | 0000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000 | 0000000000000 10000000 | 00000 | 000000000000000000000 | 00000 | 000000 | 000000000000 | 00000 |
0100000000000000000000 | 000000000000000000000000 | 000 1 000000000000000000000000000000000000 | 00
000000000 | 0000000000000000000000000000000000000000 | 000000000 | 0 10000000000000000000000000000
000000000 0000000 | 0100000000000000000000 | 000000000000000000000000 | 000 | 000000000000000000000
000000000000000 | 00000000000 | 0000000000000000000000000000000000000000 | 000000000 |0 | 0000000000
000000000000000000000000000 | 000000000000000000000000000000000000000000000000000000000000 | 00
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000




PROBLEM!

Parameters Average Average

Waltime TMemory Too much memory!

Minimum 00:21:00 2.7 Gb /
Random 00:55:1 | 20 Gb Over a decade to complete
|17 Gb

MlserTee 08:02:1 1| 6000 runs/month w/ UA resources

Each core on UA HPC has 6G - Need memory < 6G for each run




EMBARRASSINGLY PARALLEL &
RESOURCE LIGHT!

Same input

* Each job Combined output
* runs ~40 min,and max 50 hrs

* Uses ~1 G, and max 5G memory
* Uses ~2M in storage Pegasus




HIGH THROUGHPUT COMPUTING

ﬁ Sl : e
NORTH . Vi
DAKOTA ¥ . : m NB
_ MINNESATA - Ottaw: f Montreal
\ e MAINE\

DAKOTA N e | gonto ¢ 'V"T M &
: gMIC' ' IGAN

< Ewl ORK "
4 IOWA -y df/‘/w

........ we B NEBRASK'J’;‘ _ILLIN EN##‘
: : hiladelphia

1.,«,lo
uf" Unlted Statw - o L
CALIFOI#MA. ¥ _‘,;' _______________ 4 R J\JTUCKY vﬁ Mt
OLasVegas , ey FNORTH
: ‘ o OKL dOMiRKANSA JENNESSEE # CAROLINA
5 ! '. 3
- _.:AR_ : - Ay g ¥
D NEW MEXICO 5 ISSISSIPPW
_ iego et 1 : S ! CAROLINA
adl .| SO | S ALABAMA OSG Connect
“‘“‘“x_'__l—\ TEXAS ] G B Y C ORGIA
i W Lousa Ty XSEDE
e o Houston 4 UA HPC
Cn
s FLORIDA
2 p UW HTC
O,;) Gulf of

B W Mexico Map data ©2018 Google, INEGI



SIMULATIONS ON HTC CLUSTERS, ANALYSES ON VM

. . Simulations
OSG Connect

CyVerse Data storage,
Atmosphere Analyses

CyVerse Data backup
Data Store



CHALLENGES: TECHNICAL

How to handle millions of files?
UA HPC has file number limit

If there are too many files in a directory simple things take a
long time

How to not overload UA HPC system?

How to reliably backup data?
Why do jobs fail?



Europe

> |

MILLION SIMULATIONS OF EACH MODEL

e

Jewish Middle Eastern!rope Eastern Al

Western AJ Jewish Middle Easternurope Eastern Al

Western Al Jewish Middle Eastern



MODEL CHOICE

ey —

Europe Al Jewish Middle Easternifope Eastern Al Western AJ Jewish Middle Easternurope Eastern AJ  Western AJ Jewish Middle Eastern

Posterior probability: 0.0065 0.85 0.14



BEST MODEL

~1200 BCE ancestors of Jewish populations
diverged from other Middle Eastern populations

Experienced extreme population size
reduction

~1 100 CE ancestors of Ashkenazi Jews diverged
from other Jewish populations

Experienced another population size
reduction

Experienced gene flow from Europeans

(unresolved how much or when) —_—
490 ya
~1500 CE Eastern and Western Ashkenazi Jews
diverged Europe Eastern AJ  Western AJ Jewish Middle Eastern

Western A] moderately grew in size

Eastern A] massively grew in size



SIMPRILY: GENERALIZATION OF
CODE AND WORKFLOW

Submit Host Container

e | Developed program to
simulate any demographic
model

Memory & space efficient

Use Singularity container

Pegasus workflow for OSG

https://agladstein.github.io/SimPrily/



https://agladstein.github.io/SimPrily/

THANK YOU!
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CPU hours used on OSG

CPU HOURS ON THE OPEN SCIENCE
GRID

150000

100000+

50000

Apr May Jun Jul

Aug




DNA SEQUENCE

Indiv |

AATCATTTCGGTTTTAATGCTTGGGCTGCATTGGGAAA
AATCATATCGGTCTTAATGCTTGCGCTGCCTTGGTAAA




DNA SEQUENCE,
SEGREGATING SITES

Indiv |

AATCATTTCGGT ITTAATGCTTGGGCTGCATTGGGAAA
AATCATATCGGTCTTAATGCTTGCGCTGCCTTGGTAAA




DNA SEQUENCE,
SEGREGATING SITES

Indiv |

AATCATTTCGGT ITTAATGCTTGGGCTGCATTGGGAAA
AATCATATCGGTCTTAATGCTTGCGCTGCCTTGGTAAA

Indiv 2

AATCATTTCGGTITTAATGCTTGGGCTGCCTTGGTAAA
AAACATTTCCGTCTTTATGGTTGCGCTGCATTGGGGAA




DNA SEQUENCE,
GENOTYPES ENCODED 0/1

AATCATTTCGGT ITTAATGCTTGGGCTGCATTGGGAAA

Indiv | AATCATATCGGTCTTAATGCTTGCGCTGCCTTGGTAAA
Indiv | 00000000000000000000000100000000001000
00000010000010000000000000000100000000
Indiv 2 AATCATTTCGGTITTAATGCTTGGGCTGCCTTGGTAAA
AAACATTTCCGTCTTTATGGTTGCGCTGCATTGGGGAA
Indiv 2 00000000000000000000000000000100000000

00100000010010010001000100000000001100




SEQUENCE OF GENOTYPES,
ONLY SEGREGATING SITES

. 0000001010
Indiv |

0101000100

. 0000000100
Indiv 2

1011111011




PYTHON SCRIPT: GENOME
SIMULATIONS AND COMPUTE SUMMARY
STATISTICS

Read SNP array

Inherited from lab mates

Intended for millions of relatively small simulations
1,389 10kb regions
65 individuals

Originally took a few minutes to run

Originally ran parallel on U of A HPC

| million runs would take approximately |
month.

|| Run simulation I

Y

Get data from
simulation

Compute statistics

Make pseudo
array

| S—
—_—

A
Print .ped and
.map files

| S—
—_—

Run Germline

| —

Compute stats on
IBD

Compute stats on
| pseudo array

A 4

Print results file
.summary

_ Print sim values

file



memory usage Gb (uss)

05 10 15 20

0.0

Minimum Simulation Parameters

PROFILE OF PYTHON SCRIPT

I

| | |
5 10 15

time (minutes)

memory usage (Gb)

120

20 40 60 80

0

Maximum Simulation Parameters

| I [ I I I I I
0 100 200 300 400 500 600 700

time (minutes)

*Note different scales



memory usage Gb (uss)

0.02 0.04 006 008 0.10

Minimum Simulation Parameters Maximum Simulation Parameters

memory usage Gb (uss)
2
|

| | T T T T | | T T T 1 I
00 02 04 06 08 10 12 0 100 200 300 400 500 600

time (minutes) time (minutes)

Max memory < 6G goal
Can now run efficiently in parallel #Note different scales
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