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Executive Summary

Somerton Man case is most mysterious case in last century. A unknown man was
murdered on Somerton Beach, and identifications of the killer and the victim are still
mysteries nowaday. The project aims to investigate the identification of the Somerton
man with his DNA data provided. Unfortunately, the DNA data is incomplete and has
a high drop rate, therefore the team of the project would be required to use different
strategies and techniques to recover the DNA and find out any possible

characteristics of the Somerton man.

To approach the goals of the project, the team would have firstly recover the DNA
data and conduct DNA analysis via online services. With different recovery algorithm,
the team would have multiple sets of recovered DNA and compare the differences
between them. Another key task is the degradation process of complete DNA data.
By degrading a complete DNA file, the difference between a complete DNA and

incomplete DNA can be observed.

Since the project is still in progress, there is no typical characteristic of the Somerton

man being identified.
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1 Introduction

1.1 Motivation

The main topic of the project is human identification via using software programming
and genetic analysis techniques. The project conducts a study on investigating the
identification of the victim in the Somerton man case which is one of the most
mysterious cases in last century. On December 1st 1948, a well-dressed male was
found dead on Somerton Beach in Adelaide [1]. He was clean-shaven, well dressed
in a suit and no belongings could prove his identity [7]. Later the man was called as

Somerton man. The figure below shows the look of the Somerton man.

Figure 1.1: The Somerton Man

After more than half century, the identification of the Somerton man is still unsolved.

With the supply of Somerton man’s DNA data extracted from his hair. Unfortunately,
the DNA data is incomplete, but the team of the project would try the best to find who

the Somerton man is with modern techniques.

As mentioned previously, human identification is the main topic of the project. In
modern society, human identification techniques is useful in multiple aspects, such as
criminal investigation or seeking relatives. Most current identification techniques
would require high quality DNA samples, but the project focus on investigating
identification techniques based on low quality genetic data. Also the project
concentrate on using electrical engineering methods to improve the identification

techniques.

1.2 Objectives

The aim of the project is to investigate the identification of the Somerton man. To be
more specific, the group is aiming to identify any possible physical characteristics,
genetic diseases or ethnicity of the Somerton man. To achieve these goals, the team
would use software and genetic analysis techniques to work on the Somerton man’s
DNA data (eg. Recovering the Somerton man’s DNA data).



2 Background
2.1 DNA

DNA is the hereditary material which stores the genetic information in humans [2].
There are two types of DNA in human beings, one is known as nuclear DNA which is
located in cell nucleus and another type is mitochondrial DNA which is located in the
mitochondria. This project only focuses on the analysis of nuclear DNA. DNA stores
genetic information as a sequence built up with four types of nitrogen bases which
are adenine (A), guanine (G), cytosine (C), and thymine (T) [2]. Also, a sugar
molecule and a phosphate molecule are
attached to each nitrogen base to form a
molecule called nucleotide. The bases
would pair up (A with T and C with G)

Adenine lﬂyrnlr'e

and multiple nucleotides are placed in

two strands to form a double helix which
—

Guanine Cytosine

looks like a spiral [2]. In general, a DNA

is a genetic sequence formed by multiple

Sugar phosphate
backbone

base pairs. The genetic instructions of
building and maintaining an organism
are obtained from the order of these
base pairs [2]. There are about 3 billion
bases in human DNA, in which more Figure 2.1: DNA structure

than 99% of the bases are common in all human beings, and the physiological

differences among people depends on these 1% DNA.

2.2 Chromosome
Chromosome is an integrated package of DNA molecules. It has thread-like

structure, and DNA molecules are coiled up around hi stones proteins to form the
structure [3]. There are 23 pairs of chromosomes in human body’s cell, which is 46
chromosomes in total. 22 pairs are called autosomes which are common for both
males and females and the last 23rd pair is sex chromosomes which differ males and
females. In this project, the DNA data analysis would only focus on autosomes [4].
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2.3 SNP
Single nucleotide polymorphisms(SNPs) are most common type of genetic variation
among human beings [5]. Each SNP represents a difference in a nucleotide which is
a single DNA molecule [6]. For instance, a SNP may replace a nucleotide of base
guanine (G) with cytosine (C). These SNPs can be found nearly once in every 1,000
nuceotides on average in a person’s DNA. Most SNPs do not effect health of owner.
However, some of these variations may associated with diseases.

autosomes sex chromosomes

2.4 DNA reference file

A DNA reference file stores a group of SNPs data of owner’s DNA. The format of
DNA reference files using in this project is the same format of 23andMe company’s
file. A screen shot of a sample file is shown below.
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Hote en! it 15 possible that dats dewnlosded st differest tines may be sifterent du e o angoiny
AprgveBeals I8 Gur abllity 8o <all gendlypei. More 1aforaation aboul Rhedd cBanged can bo Tousd at:
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TRl H L ] A

As shown in the figure, there are 4 columns rsid, chromosone, position and genotype
in the DNA reference file. The rsid is a unique id used to identify a specific SNP [9].
The format of rsid starts with “rs” and followed by a number (eg. rs123456). These
rsids are commonly used by researchers and databases. There is another special
format of rsid that starts with “i” and followed by a number (eg. i123456). This “i”
format is used internally by 23andMe to identify the unknown SNP and can not be
used in public database. The second column chromosone identify which
chromosome the SNP belongs to. Then the third column position indicates positions
of SNPs in owner’s DNA sequence. Last column genotype represent the base pairs
of variants(A, T, G, or C). Note that there are some cases, the genotype result for
some SNPs are not able be provided and “--” would be displays in genotype column

9.



3 Task 1: Testing with Somerton Man’s DNA reference

file

3.1 Aims

The aim of this task is to have a basic understanding of the DNA reference file and
DNA analysis techniques. The project provide a DNA reference file of the Somerton

512132100 1 1023788 --
rs116334314 1 1026428 --
15115662838 1 1026913 --
rs77334480 1 1027888 --
12731175 1 1030374 --
rs9651273 1 1031540 --
rs6671356 1 1040026 --
147606383 1 1045331 --
512080505 1 1045606 --
161766344 1 1054091 --
1s9442373 1 1062638 --
rs4072537 1 1065296 CC
511260598 1 1065726 -
rs61766346 1 1068883 --
15139475585 1 1070467 --
15141230226 1 1072181 --
rs11260603 1 1079198 CC
116661896 1 1079261 --
1574045142 1 1092071 --
1s77791262 1 1092205 --
57527288 1 1092563 --
rs61768477 1 1095130 --
rs9442385 1 1097335 --

Figure 3.1: Screenshot of Somerton Man’'s DNA reference file

man which is not a complete data. A screen shot of the file is shown below.

The first goal of this task is to evaluate the quality of the file including counting the
total amount of SNPs and the amount of available SNPs. After this, the team should
try to conduct some DNA analysis on the DNA reference file.

3.2 Methods

To approach the first goal of this task, the team has developed a program which
provide functions for counting total amount of SNPs, amount of available SNPs
(SNPs that do not have genotype of “--") and determine the percentage of available

SNPs for each 22 chromosones of input DNA raw data. Program was developed with

C++ language.

Then a website called GEDmatch has been used for conducting DNA analysis.
GEDmatch is a website that has an open data personal genomics database and
provide tools for DNA and genealogy research. The site become well known after law

Counting results of SNPs

enforcement in California use it to the Golden State Killer
case and are commonly used by all law enforcement in
United State [10]. Somerton Man’s DNA reference file
was uploaded to the website and tried to conduct further
DNA analysis.

3.3 Results
The counting outputs of Somerton man’s DNA data is
presented in figure 3.2. As the figure shown, there are
more than 0.6 million SNPs in the files, but only about 2%
of them have determined base pairs. In DNA analysis,
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Figure 3.2: SNPs counting results of
Somerton man DNA file




only the SNPs with available base pairs can be used and large amount available
SNPs would be required.

Then the team upload Somerton man’s DNA reference file to GEDmatch, but the
website reject to process the data due to the file did not meet the minimum
requirements of 2000 SNPs for each chromosome. The team was failed to conduct
DNA analysis on Somerton man’s DNA data.

In order to satisfy the minimum requirements of GEDmatch, a data recovery work
would be required.



4 Task 2: Artificially complete DNA file

4.1 Aims

First aim is to recover Somerton man’s DNA file to have more than 2000 available
SNPs for each chromosome. Different recovery algorithms can be implemented to
produced multiple synthetic DNA reference files. Then the second aim is using tools
provided on GEDmatch to conduct DNA analysis. Analysis could including searching
relatives or checking ethnicity. Also, the team should compare the analysis outcomes
of different artificial DNA files.

4.2 Methods

The recovery works would be done by developing multiple programs with C++. In
general, the recovery work is to replace fixed amount of empty SNPs with available
SNPs. Several algorithms implemented would be introduced. First algorithm called
random algorithm is to replace empty SNPs with random base pairs in genotype.
Replacing empty genotype with homozygous pairs (AA, GG, TT, CC) can be
considered as another algorithm called identical algorithm.

After creating several analyzable DNA files, upload them to GEDmatch and using
one-to-many tool to check is there any relative person can be found in the database.
In addition, ethnicity check tool is used to obtain the ethnicity proportion of each
artificial DNA kit.

4.3 Results

With the developed program, multiple artificial DNA kits were created. Unfortunately,
all of these DNA kits have 0 matches with other DNA in the public database which
means these artificial DNA have no relative can be found in the GEDmatch database.

Kit: [23andMe]

|Kit|1 :'1|Name|Emai||Largest Sengotal cM|Gen|OverIap|Date Comparedﬁesting Companyl
0 is number of matches reported

Fiaure 4.1: match results of artificial DNA(replace all emptv SNPs with random pairs)
Figures 4.2 to 4.5 are ethnicity proportions of artificial DNA kits implementing
random algorithm with different amounts of SNPs. Figures 4.6 presents the
ethnicity proportions of artificial DNA file implementing identical algorithm of AA
with 3500 SNPs for each chromosome.

14.47 Pt
wooret NN Eucgenes ki3
6.59 Pct
214Pct
321 Pt

5.16 Pct
7.86 Pct
15.60 Pct

632 Pct
0.95 Pct
331 Pt
1067 Pct
13.71 Pet

Figure 4.2: Ethnicity proportions (replace all empty Figure 4.3: Ethnicity proportions (replace empty
SNPs with random pairs) SNPs with random pairs, 2500 available SNPs each
chromosone)
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Population

North_Atlantic 15.92 Pct e sencalksy

Baltic 7.75 Pct e
Population West_Med 2.29 Pct
North Atlantic 980 Pet P West_Asian 6.96 Pct. M North_Atlantic
Baltic 785 Pt T em East Med 3.29 Pct B saltic
West_ Med 1.88 Pct. N vest_Med
West_Asian 652 Pct B torth_Atlantic Red Sea 4.01 Pct (e fetien
East_Med 2.03 Pt South_Asian 6.54 Pct U East_Med
Red sea 216 Pet East_Asian 15.10 Pet Red_Sea
South_Asian 612 Pt siberian 6.97 Pt B south_fisian
East Asian 18,79 Pt - East_fisian
Siberian 499 et |Amerindian 031iRct N siberian
Amerindian 220 et Oceanian 2.00 Pet Oceanian
Oceanian 2.07 Pt Northeast_African 10.35 Pct Northeast_ffrican
Northeast African 10,50 Pet Sub-Saharan 1851 Pct U Sub-Saharan
Sub-Saharan 2509 Pt —

Oracle-4

Figure 4.4: Ethnicity proportions (replace empty Figure 4.5: Ethnicity proportions (replace empty
SNPs with random pairs, 5000 available SNPs SNPs with random pairs, 3500 available SNPs each

each chromosone) chromosone)
Population
North_Atlantic 13.84 Pct
Baltic 10.64 Pct s 17
West_Med -
‘West_Asian 8.66 Pct North_Atlantic
East_Med 6.75 Pct [—c
Red_Sea 337 Pct - ﬁ:zt’;z;a”
South_Asian 5,60 Pct Red_sea
East_Asian 17.37 Pct B South_Rsian
Siberian 8.96 Pct Bt
Amerindian 186 Pet = orberten
Oceanian 1.86 Pct B Oceanian
Northeast_African 2,05 Pct
Sub-Saharan 12.04 Pct | subsErEm

Figure 4.6: Ethnicity proportions (replace empty
SNPs with AA pairs, 3500 available SNPs each
chromosone)
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5 Task 3: Research on SNP

5.1 Aims

During this task, the team would focus on searching clinical effects of each
available SNP and identify any possible genetic disease or physical
characteristics that Somerton man has.

5.2 Methods

To search the clinical effects of SNPs, the team would develop a data
mining program to collecting information in SNP database. The SNP
database currently used is dbSNP which is the largest database for
nucleotide variations in the world, and is managed by the National Center
for Biotechnology Information (NCBI) [11]. Figure 5.1 shows the
information provided by dbSNP, and the team would collect the clinical
significance refers to each rsid.

Reference SNP (rs) Report Epownload B » @ @

€ Switch to classic site

Current Build 152
Released October 2, 2018

Organism Homo sapiens Clinical Significance Reported in ClinVar
Position chr15:28120472 (GRCh38.p12) @ Gene: Consequence HERC2:Intron Variant
N Alleles ASG Publications 92 citations
=}
3 N
58| Variation Type SNV Single Nucleotide Variation Genomic View Seerson genome
w
e
Frequency G=0.45329 (56919/125568, TOPMED)
A=0.4419 (13667/30926, GhnomAD)
G=0.177 (888/5008, 1000G) (+ 3 more)

Variant Details Allele: G (allele ID: 19784) (]
ClinVar Accession Disease Names Clinical Significance

Clinical Significance
RCV000005011.4 Skin/hairfeye pigmentation, variation in, 1 Association

Frequency

Aliases

Submissions

History

Figure5:l.: information of SNP rs12913832

5.3 Result
This task is currently in progress. So far the o swseine ssease rame

138288952 2018-07-21T00:00Z Myasthenic syndrome, congenital, 8

team has finished the demo of data mining  wess  ooiewr moasz ot s

79016973 2018-07-21T00:00Z Myasthenic syndrome, congenital, 8

A | t t . t d . 143324306 2018-07-21T00:00Z Myasthenic syndrome, congenital, 3‘
113288277 2018-07-21T00:00Z Myastheni di 3 ital, §
p rog ra m . Sa m p e O u p u I S p rese n e I n 146243145 2018-07-21T00:00Z Mi:zth:::: zi:d:gm:, i::g:::l:l, 8

. . 149762107 2018-07-21T00:00Z Myasthenic syndrome, congenital, 8
ﬁ g u re 5 2 AS t h e ﬁ g u res S h OW n t h e 142620337 2018-07-21T00:00Z Myasthenic syndrome, congenital, 8
. " ’ 111818381 2018-07-21T00:00Z Myasthenic syndrome, congenital, 8

145444272 2018-07-21T00:00Z Myasthenic syndrome, congenital, 8

i i 142820961 2018-07-21T00:00Z t ified
p rog ra m d O rec O rd th e C I I n I C a | eﬁeCtS ’ b Ut 797044834 2018-08-24T00:002 ;gbisnp:\:/l Slsndrome, autosomal dominant 2
. . . . . . 797044836 2018-09-3T00:00Z  Robinow syndrome, autosomal dominant 2
2234167 2018-07-21T00:00Z t ified
W I t h I n S Ufﬁ C I e n t I n fo rm a tl O n * Th e d e m o O n Iy 185041492 2018—07—21?100?35; I\e}\lclff—Parkinson—While pattern
. 188908415 2018-07-21T00:00Z  Left ventricular noncompaction 8
2493292 2018-08-16T00:00Z t ified
collect disease name and a part of these
. . 201654872 2018-08-16T00:00Z not specified
115910810 2018-07-21T00:00Z Nephi hthisi
names are not provided or not specified. e 1121 o
369162678 2018-07-21T00:00Z Nephronophthisis
199583130 2018-07-21T00:00Z not specified

P I . . f 113445782 2018-07-21T00:00Z Renal dysplasia and retinal aplasia
373369949 2018-09-3T00:00Z t ided
I n a d d Itlo n ’ d bS N P 0 n y p rOVId e a b rl e 12084067 2018-07-21T00:00Z Renal dyspTaosiap::l‘g erinaI aplasia
. . . . 17472401 2018-07-21T00:00Z Nephronophthisis
201527181 2018-07-21T00:002 t ified
description of the clinical effects. More guiseTiel 2Boraouz ot peied
148424288 2018-07-21T00:00Z Renal dysplasia and retinal aplasia
d

191913/A4 2018-07-21TONNN7 _not snecifie
<

Figure 5.2: sample outputs of data mining program
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details are linked to another database called ClinVar. Clinvar is a freely
accessible, public database that provide medical reports of the
relationships among human variants and phenotypes [12]. The information
provided by Clinvar requires a high level of knowledge in genetics areas,
therefore further research would be required.

The next version of the program should be able to collect the information
of allele and Clinvar accession ID which links to the Clinvar database.

14



6 Task 4: Degradation of complete DNA

6.1 Aims

In previous tasks, all works are done by using incomplete DNA raw data. In
this tasks, the team aims to work out how DNA analysis works on complete
DNA reference files, and what could happen to the DNA analysis results if
these complete DNA data are degraded to the same level of the Somerton
man’s DNA data.

6.2 Methods

Firstly, the team would obtained at least 2 complete DNA reference files
from volunteers to conduct the tests. Once the complete DNA data is
received, analysis done in task 2 should be executed again with the
complete files. Observe the outcomes.

Then develop a program to degrade the complete DNA data to the same
level of Somerton man’s DNA data. Rerun the replacing program
developed in task 2 to ensure the degraded file meet the minimum
requirements of the GEDmatch. Therefore, the complete DNA reference
files should be firstly degraded, then replace the empty SNPs with AA base
pairs until the files have 2000 available SNPs for each chromosome.
Finally, upload these modified DNA data to GEDmatch and rerun the tests
for DNA analysis.

6.3 Methods

The team ordered 2 complete DNA reference files. But unfortunately, due
to some unexpected issues, only one DNA reference file has been
received. Another one should be received within a month, and at the start
of next semester.

By uploading the complete DNA reference file to GEDmatch, a set of
relative DNA has been found in the database. A part of these relative DNA
kits are presented in figure 6.1.

[ kit

= "ﬂ%‘;

Name | Email Largest Seg|Total cM|Gen|Overlap|Date Compared| Testing Company
I 14.0]  154.1| 3.3] 48501 2019-05-08 eGene

14.1 153.6/ 3.3| 48943 2019-05-08 |-
10.7| 152.4 3.3] 48370 2019-05-30 |-
10.7] 1524 3.3] 48370 2019-05-30 |-
16.5  140.4] 3.3] 48519 2019-05-08 [23mofang
16.5  140.4{ 3.3 48519 2019-05-08 [23mofang
| 15.2]  131.3| 3.4 48378 2019-05-03 [23mofang
19.1 120.4] 3.4 48144 2019-05-03 |23Mofang
; 119 120.3| 3.4 48738 2019-05-08 [23mofang

10.8] 115.6[ 3.5 48759 2019-05-08 |-
12.6]  114.4f 3.5 48918/ 2019-05-03 |-
v 12.2) 97.9| 3.6 48863 2019-05-08 |-

.1: parts of_LelaiisLe_D_NA_m_the_mmpleIe_Dl\'lA reference file 125 447 42| 54132 2019-05-03 [23andMe

[+

I;“‘( = I >

21 113>

5

Figure

121 428 42| 53953 2019-05-03 |23andMe
11.0 36.8) 4.3 81879 2019-05-03 |gesedna
10.5 35.7| 4.3] 53677 2019-05-03

fiz

1_
IEs |
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Population

North_Atlantic

Baltic
West_Med

West_Asian

East Med
Red Sea

South_Asian

East Asian
Siberian

Amerindian

Oceanian

Northeast_African
Sub-Saharan

Oracle.

Oracle-4

Figure 6.2: ethnicity proportion of complete DNA

Figure 6.2 and figure 6.3 represent the ethnicity proportion of the
complete DNA reference file and the degraded DNA file. According to the
figures, the major proportions of ethnicity of complete DNA are east Asian
(83.13%) and Siberian(14.82%). After the degradation, the proportion of
other ethnicity increased, but the 2 major proportion east Asian and
Siberian still occupied large area in the pie charts. This can be an evidence
proves that the major proportion of ethnicity for an incomplete DNA could
be the major ethnicity proportion of the complete DNA.

Population
North_Atlantic 2.50 Pt ; ‘s
Eurogenes K13 Baltic 12.17 Pct urogenes
West_ Med 0.96 Pct
West_Asian - I North_ftlantic
Cooraetan East_Med 8.48 Pct e
~ iberian -
Red_Sea -
041 Pct South_Asian -
- East_Asian 41.11 Pt
53:13 Pt Siberian 15.38 Pt
14.82 Pct :
Amerindian

0.76 Pct
0.87 Pct

3.62 Pct
8.01 Pct
7.77 Pct

Oceanian

Northeast_African

Sub-Saharan
Oracle

Oracle-4.

Figure 6.3: ethnicity proportion of degraded complete DNA

Figure 6.4 is the ethnicity proportion of a DNA kit that modified from
Somerton man’s DNA by replacing empty SNPs with AA base pairs until
each chromosome has 2000 SNPs. In this figure, the greatest portion is
North Atlantic. This can somehow lead to a clue that the ethnicity of
Somerton Man is North Atlantic. But since the team only has one complete
DNA file test results to support this theory which is clearly not a strong
evidence. Further research or test would be required to study such theory.

Population

North_Atlantic 22.33 Pct -
! wrogen
Baltic 12.35 Pct HB9104236
West_Med 1.09 Pct
West_Asian 5.20 Pct I North_Atlantic
East_Med 10.19 Pct EElEE
Red_Sea 3.09 Pt il
South_Asian 3.28 Pct
East_Asian 15.05 Pct
Siberian 8.40 Pct
Amerindian -
Oceanian 3.19 Pct
Northeast_African 8.79 Pct
Sub-Saharan 7.04 Pct
Figure 6.4: ethnicity proportion of Somerton man’s DNA
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7 Project Management

7.1 Budget

There are $250 budgets assigned to each member in the project, in which is $500
budgets in total for the project. Most budgets are spent on ordering 2 DNA kits
from 23andme company for DNA testing. The details are shown in the table
below. There is a plan on spending the rest of budgets on purchasing the advance
services provided on GEDmatch. But the team is still evaluating demand of using
these services.

Quantity

23andme DNA kit (including

shipping fees) 2 $200 each
Total Cost $400
Remaining $100

Budget

7.2 Risk Management

The risk assessment table are listed below. Several risks occurred during the
progress. One of the group member was absent in the meeting several times due
to time clash. But there is always at least one member attend the meeting with
the supervisor. Members sometimes misunderstand assigned task, but issues
were always fixed in the meeting in the following week.

Likelihood Consequences Risk Estimation

Absence of meeting Unlikely Minor Low

Miscommunication of

Unlikely Moderate
members

17



Loss of data

Delay of task completion

Bugs in codes

Out of budget

Misunderstanding of
tasks

Unethical works

Member drop the course

Bad quality of purchased
items

Unlikely

Likely

Likely

Rare

Unlikely

Unlikely

Rare

Unlikely

18

Severe

Major

Minor

Severe

Moderate

Major

Severe

Major

High

High




8 Conclusions

So far, the team has finished first 2 tasks, and have create several artificial
DNA kits for testing. Also, the team has working on searching clinical
effects of each SNP exist in Somertan Man’s DNA raw data. And the last
tasks degradation of complete DNA files has already started and several
test results have been presented.

Unfortunately, there is no much information being found to identify any
characteristic of Somerton man. The only clue is that the Somerton man
might have part of North Atlantic ethnicity according to the results
discussed in task 4 which can not be recognize as a strong evidence to this

clue.

Although the current outcomes can not provide identify the Somerton
man, the 2 major task (task 3 and 4) have already started, and could allow
the team to develop more genetic information about the Somerton man in

next semester.

8.1 Future Work
The major effort would be done in semester B are finishing task 3 and 4.

Several suggestion are provided for future works:

« In task 3, the information provided by dbSNP and clinvar database
require high level understandings in genetics. In order to save times
on doing research, it suggest that to find a professional in genetics

area to provide some advices for the team.

« In task 4, the team could degrade the files from higher levels to
lower levels (remaining 80% SNPs to remaining 50% SNPs). Conduct
the same DNA analysis in task 4 results, and observe how the

results changes.

19



Appendix A: Source Code

A.1l Risk matrix
Risk matrix

Likelihood

Consequences

Almost Certain
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Glossary and Symbols

DNA: Deoxyribonucleic acid

SNP: Single-nucleotide polymorphism
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