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Superfamily Family Name/group

ERV9 HERV9Y, LTR12, LTR12B, LTR12C, LTR12D, LTRI2E,
LTRI2F

HERV1 HERVI_I, HERV1_LTRa, HERV1 LTRb,
HERV1_LTRc, HERV1_LTRd, HERV1 LTRe

HERV1S HERV15, LTRI15

HERV17 HERV17, LTR17

HERV23 LTR23, LTR44, LTR56

HERV3 HERV3, LTR4

HERV30 HERV30, LTR30

HERV35 HERV35I, LTR35, LTR35A, LTR35B

HERV38 LTR38, LTR38B, LTR38C

[ HERV39 LTR39

HERV4 HERV4 1

HERV43 LTR43, LTR43B

HERV45 LTR45, LTR45B, LTR45C

HERV46 LTR46

HERV49 LTR49

HERV70 LTR70

HERVE HERVE, HERVE a
HERVFcl, HERVFcl LTRI1, HERVFcl LTR2,

g vl HERVFcl LTR3

HERVFc2 HERVFc2

HERVFHI19 HERVFH19

HERVFH21 HERVFH21, LTR21A, LTR21B

HERVH HERVH, LTR7, LTR7A, LTR7B, LTR7C, LTR7Y

S HERVH48 HERVH48, MER48

HERVI HERVI, LTR10A, LTR10B, LTR10B1, LTR10C,
LTR10D, LTRI10E, LTR10G

HERVIP10 HERVIP10F, HERVIP10FH, LTR10F

HERVP71A HERVP71A, LTR71A, LTR71B

HERVS71 HERVS71, LTR6A, LTR6B

HERVW Harlequin_I, LTR2, LTR2B, LTR2C

HUERSP1 HUERSPI, LTRS, LTR8A

HUERSP2 HUERSP2, LTR1, LTRIB, LTRIC, LTRID

HUERSP3 HUERSP3, HUERSP3b, LTR9, LTR9B

LORI LOR1, LORIa, LOR1b, LTR26, LTR26B, LTR26E

LTRI19 LTR19, LTR19A, LTR19B, LTR19C

LTR24 LTR24, LTR24B, LTR24C

LTR25 LTR2S

LTR27 LTR27, LTR27B

LTR28 LTR28

LTR29 LTR29

LTR31 LTR31

LTR34 LTR34

LTR36 LTR36

LTR37 LTR37A, LTR37B

LTR48 LTR48, LTR48B

LTRS1 LTRS1

LTR54 LTRS54, LTR54B




1

Superfamily Family Name/group

LTRS8 LTRS8

LTR59 LTRS59

LTR60 LTR60

LTR61 LTR61

LTR64 LTR64

LTR65 LTR6S

LTR68 LTR68

LTR72 LTR72, LTR72B

LTR75 1 LTR75 1

LTR76 LTR76

LTR77 LTR77

LTR78 LTR78, LTR78B

MER101 MER101, MER101B

MERI110 MER110, MER110A

MER31 MER31, MER31A, MER31B

MER34 MER34, MER34A, MER34A 1, MER34B, MER34C,
MER34C2, MER34D

MER39 MER39, MER39B

MER4 MER4, MER4A, MER4A 1, MER4B, MER4C, MER4D,
MER4DO0, MER4D1, MER4E, MER4E1

MER41 MER41, MER41A, MER41B, MER41C, MER41D,
MER41E, MER41G

MER49 MER49

1. ERV1 (cont.) MERS0 MERS0, MER50B, MERS50C

MERS | MERS1, MERS1A, MER51B, MERS1C, MERS51D,
MERSIE

MERS2 MERS2, MERS52A, MERS52C, MERS52D
MERS57, MERS57A, MER57A1, MERS7B1, MER57B2,

MERS57 MERS57C1, MERS7C2, MER57D, MER57E1, MERS7E2,
MERS7E3, MERS7F

MER61 MERG61, MER61A, MER61B, MER61C, MER61D,
MERG61E, MERG61F

MERG6S MERG65, MER65A, MER65B, MER65C, MER65D
LTR73, MER66, MER66A, MER66B, MER66C,

e MER66D

MERG67 MER67A, MER67B, MER67C, MER67D

MER72 MER72, MER72B

MERS3 MERS3, MER83A, MER83B, MERS83C

MERS84 MER84

MERS87 MERS87, MER87B

MERS89 MERS89

MER90 MER90a

MER92 MER92A, MER92B

PAB PABL A, PABL B

PRIMA4 PRIMA4, PRIMAX

PRIMA41 PRIMA41

PrimLTR79 PrimLTR79

HERVK14/ HERVK14, HERVK14C, LTR14, LTR14A, LTR14B

2. ERVK

HERVK (HML-1)

;)

LTR14C
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Superfamily Family Name/group

:]éizi l(gML— %) LTRS, LTRS Hs, LTR5SA, LTR5B, HERVK

E[Ellixig(/HML- 3) HERVK9, MER9al, MER9a2, MER9a3, MER9B

HERVK13/

HERVK (HML-4) HERVK13, LTR13, LTR13A

HERVK22/

HERVK (HML-5) HERVK22, LTR22, LTR22A, LTR22B, LTR22C

2. ERVK (cont.) HERVK3/

HERVK (HML-6) HERVK3, LTR3, LTR3A, LTR3B

HERVKI11D/

HERVK (HML-7) HERVKI11D, MER11D

HERVKI11/

HERVK (HML-8) HERVKI11, MERI1A, MER11B, MER11C

HERVKC4/

HERVK (HML-10) G

ERV3-16A3 ERV3-16A3
ERVL, ERVLB4, ERVLE, HERVL, MLT2A1, MLT2A2,

ERVL MLT2B1, MLT2B2, MLT2B3, MLT2B4, MLT2BS,
MLT2CI1, MLT2C2, MLT2D, MLT2E, MLT2F
HERV16, LTR16A, LTR16A1, LTR16A2, LTRI6B,

HERV 16 LTR16BI1, LTR16B2, LTR16C, LTR16D, LTR16DI,
LTR16D2, LTR16E1, LRE16E2

HERV18 HERVLI18, LTR18A, LTR18B

HERV32 HERVL32, LTR32

HERV47 LTR47A, LTR47B

HERVL33 LTR33, LTR33A, LTR33B, LTR33C, LTR41, LTR41B

HERVL40 HERVLA40, LTR40a, LTR40A1, LTR40b, LTR40c

HERVLA42 LTR42

HERVLS50 LTR50

HERVLS52 LTRS52

HERVLS3 LTRS3, MER88

3. ERVL HERVL54 MERS4A, MER54B

HERVLS7 LTRS57

HERVL66 HERVL66, LTR66

HERVL67 LTR67B

HERVL68 MER68, MER68B

HERVL69 LTR69

HERVL70 MER70, MER70A, MER70B, MER70C

HERVL73 MER?73

HERVL74 HERVL74, MER74A, MER74B, MER74C

HERVL75 LTR75, LTR75B

LTR62 LTR62

LTR79 LTR79

LTR80 LTR80A, LTR80B

LTR82 LTRS82A, LTR82B

LTRS83 LTRS83

LTR84 LTR84a, LTR84b

LTR86 LTR86A1, LTR86A2, LTR86B1, LTR86B2, LTR86C
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Superfamily Family Name/group
MER21 MER21, MER21A, MER21B, MER21C
3. ERVL (cont.) MER?76 MER76
MER77 MER77, MER77B
MLTI, MLT1A, MLT1A0, MLT1A1, MLTI1B, MLTIC,
MLTID, MLTIE, MLTIE1, MLTIE1A, MLTI1E2,
MLTI MLTIE3, MLTIF, MLT1F1, MLTI1F2, MLTIG,
MLTIGI, MLT1G3, MLT1H, MLT1H1, MLT1H2,
4-FRVLAWLR MLTIL, MLT1J, MLT1J1, MLT1J2, MLTIK, MLTIL,
MLTIM, MLTIN2
MST MST, MSTA, MSTB, MSTB1, MSTB2, MSTC, MSTD
THEL1 MLT, THE1, THE1A, THEI1B, THEIC, THE1D
LTRI11 LTRI11
S. Unclassified il TR
ERVs LTR87 LTR87
LTR89 LTR89
MER95 MER95
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Table name Attribute Description Type
erv_elements e id (PK) HERYV element ID Text
chr chromosome ‘ Text
name element name or group name Text
eStart starting position of an element Number
eEnd] ending position of a left LTR Number
eStart2 starting position of a right LTR Number
eEnd ending position of an element Number
refl intactness ratio of the left LTR of an element Number
refl intactness ratio of the internal sequence Number
ref2 intactness ratio of the right LTR of an element Number
family name of HERV family Text
superfamily name of HERV superfamily Text
trun_patt type of truncation patterns of an element Number
e _intactness intactness ratio of an element Number
erv_fragments f id (PK) HERYV fragment ID Text
SWscore Smith-Waterman score of the match Number
perc_div percentage of bases substituted in bp Number
perc_del percentage of bases deleted in bp Number
perc_ins percentage of bases inserted in bp Number
qStart starting position of match in query sequence Number
qEnd ending position of match in query sequence Number
qleft no. of bases in the query prior to match beginning | Number
rName name of matching interspersed repeat Text
rStart starting position of match in database sequence Number
rEnd ending position of match in database sequence Number
rLeft no. of bases in the repeat prior to match beginning | Number
e _id (FK) HERYV element ID Text
part_type part name of an element (LTR or INT) Number
gene_erv_chr gene_id UCSC gene ID Text
e id HERYV element ID Text
part_of gene location name relative to genes Number
distance distance between an element and a gene in bp Number
eStart starting position of an element Number
eEnd ending position of an element Number
part_in_gene in-gene location name (e.g., intron, exon) Number
no_in_gene exon or intron no. an HERV inserted to Number
kgxref kglD (PK) UCSC gene ID Text
mRNA mRNA ID Text
spID SWISS-PROT protein Accession number Text
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Table name Attribute Description Type
spDisplaylD SWISS-PROT display ID Text
geneSymbol Gene Symbol Text
refseq RefSeq ID Text
protAcc NCBI protein Accession number Text
description Description Text

knowngene name (PK) UCSC gene ID Text
chr Chromosome Text
strand Strand of a gene (+ or -) Text
txStart starting position of transcription start site Number
txEnd ending position of transcription termination site Number
cdsStart starting position of coding sequence Number
cdsEnd ending position of coding sequence Number
exonCount the number of exons Number
exonStarts a list of starting position of each exon Text
exonEnds a list of ending position of each exon Text
proteinID UniProt display ID Text
alignID Unique identifier for each pair Text
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HERY PROFILER USER’S GUIDE

Copyright © 2011 Bioinformatics and Systems Biology,
King’s Mongkut's University of Technology Thonburi (KMUTT)

OUTLINE

+ Introduction
+ A glimpse of HERV Profiler
=+ Specifying inputs of HERV Profiler
%+ Visualizing neighboring HER Vs of interested genes
* Visualizing neighboring HER Vs in tabular format
* Visualizing neighboring HERVs in graphical format
+ Profiling neighboring HERVs of genes in a gene list
= Constructing HERV profiles
o Profile display and retrieval
o HERV type display and retrieval
* Finding over-represented HERV types
* Ranking genes in a gene list following to their HERV types

INTRODUCTION

Human Endogenous Retroviruses (HERVs) are retroviral-like sequences found in
human genome. It has been supposed that HERVs are remnants of ancient retroviral
infections that incorporated in the host genome long time ago. The ubiquitous presence
of them throughout our genome leads us to question whether and how they can affect
us. One that has been found and still discussing now is that HERVs could influence the
functions of the neighboring genes. However, not every HERV could affect the
neighboring genes, because the HERVs present in the human genome are somewhat
different in several ways. In other words, it is feasible that only some HERVs with some
particular characteristics could be responsible for this phenomenon. To facilitate who
are interested in this point, HERV Profiler has thus been developed to provide a simpler
way to investigate the HERVs adjacent the interested genes.

HERYV Profiler is a web-based tool for visualizing and profiling neighboring HERVs of
human genes from a gene list. In other words, this bioinformatics tool can facilitate the
investigation of the neighboring HERVs of your interested genes. There are two main
features provided in HERV Profiler. The first one is visualizing the neighboring HERV's
of your interested genes. The information of the HERVs and their neighboring genes are
shown in either tables or figures. Another feature is profiling the neighboring HER Vs of
genes in the gene list. This process is mainly based on the assumptions that only
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HERVs with particular characteristics would be able to influence the adjacent genes,
and the HERVs which are over-represented among a correlated gene list would be given
the attention first in this situation. HERV profiling can be used to purpose potential
candidates of the HERV types and their corresponded genes, which may be affected by
the neighboring HERVs under a studied condition. HERV Profiler is freely available at
http://sigma.cpe.kmutt.ac.th/herv_profiler. Finally, we hope that HERV Profiler would
be a powerful tool that can help you to reveal the valuable information in the studies on
the influence of the HERVs to the neighboring genes.

A GLIMPSE OF HERYV PROFILER

User gene list

In tabular format

 Visualizing neighboring

In graphical format

/  Included neighboring
. HERVs i

-bi Constructing HERV profiles ‘ i

.|  Finding over-represented
"| HERY types among a gene list

HERY Profiler

| Ranking genes ina gese st | |

Figure C.1 A bird’s eye view describing overall features of HERV Profiler

There are two main features provided in HERV Profiler to facilitate investigations of
the HERVs adjacent genes, including visualizing and profiling. These two features are
not completely separated from each other, but they could be co-operatively used to
achieve the more efficient utilization (Figure C.1).

According to Figure C.1, an important input of HERV Profiler is a gene list. A list of
genes which are significantly differentially expressed in a certain condition is preferred
in order to look for the HERV candidates that probably influence the adjacent genes
under the studied condition. Reasonable number of genes ranges from hundreds to
thousands (e.g., 100-2,000 genes), not extremely low or high. After input the gene list,
users need to specify the characteristics of the HERVs that would like include in both
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visualizing and profiling. This would be beneficial when users would like to study on a
certain HERVs, such as a particular HERV superfamily. Only the included HERVs
would be further used in either visualizing or profiling.

From the first feature provided, the visualizing, you can search for neighboring HER Vs
of your interested genes. There are several characteristics collected for each HERV,
such as family, superfamily, truncation patterns, intactness ratio, and inserted locations
relative to genes. Furthermore, for more precisely identifying the exact locations of the
HERVs relative to genes, gene isoforms, different transcription patterns of a gene, were
used. In other words, there are likely more than one HERV-gene patterns for a gene
symbol input in HERV Profiler. The results of your searching can be shown in either
tables or figures. In addition, you can also pay your attention to the genes which host
many HERVs first by ranking the genes according to the number of the HERVs.

Another feature of HERV Profiler is the HERV Profiling. This is a process for
analyzing a gene list. This feature could help you to purpose the candidates of the
HERVs and their corresponded genes by being based on the preference of the over-
represented HERVs. The HERV profiling is composed of three ordered sub-tasks,
including constructing HERV profiles, finding over-represented HERV types, and
ranking genes in a gene list (Figure C.1).

Next, how to specify all of the inputs of HERV Profiler would be illustrated.
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HERV Profiler

Home

Search/Profiling User Guide

1. Input a set of interested genes (separate each by comma)

GABRD, LOC388312, ATADIC, ATAD3B, AK094692, L0C643837,L0C |
100132287, BC03625 1, HIBZ, CRE15613
Gene symbols:

{e.g. GABRD,ATAD3C)

!
i

2. Input characteristics of the interested HERVs

Covering distance: e T
{maximum = 100000 bp} @Ecl_,_,] bp
© Both
HERV orientation: O same as atranscript's direction

O opposite to atranscript's direction

All

[ complete

[ 5'truncated

[ 3'truncated

[ Both 5'™- & 3'truncated
[J solo LTRs

Type of truncation patterns:

Al

[ ervi

O ervk

O erviL

[ ervi-patr
[ undassifiable

HERV superfamily:

Minimum intactnass ratio:

> for long terminal rapaats {LTRs}:
imasimum =1 and lsavatham g L
blankif do not viant to spacifyl [ —

> | forintarnal sequencas:

Contacts

Figure C.2 Search/Profiling page

Descriptions of the input fields:

1. Specifying genes

*= Gene symbols = a list of gene symbols which each should be separated

by commas (,).

You can select on “Search/Profiling” at the top menu bar to begin using HERV Profiler.
Then, the search/profiling form would be shown (Figure C.2). There are two types of
inputs required on this form, including the gene list and the specified characteristics of
the HERVs that would like to include into the system. The descriptions of each input
fields are discussed below.
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Covering distance = a distance used to determine a neighborhood of
genes, where is far away upwards and downwards from a transcription
start site and termination site, respectively. The maximum covering
distance is up to 100000 bp. Any characters, minus values, and numbers
higher than 100000 are not acceptable.

HERY orientation = a direction of an HERV relative to a transcription
direction of a gene.

Type of truncation patterns = type of an HERV element classified
following to the patterns of the truncated parts. For example, if an
element has no a 5’-LTR, the element would be classified as a 5’-LTR
truncated element. There are five types of truncation patterns here:
complete, 5’-truncated, 3’-truncated, both 5’- and 3’-truncated elements,
and solo LTRs.

HERYV superfamily = superfamily of HERVs. This classification is
based on Repbase Update database. There are five superfamilies: ERV1,
ERVK, ERVL, ERVL-MalLR, and unclassified class.

Minimum intactness ratio = the least intactness ratio which is
acceptable. HERV elements that have the intactness ratios higher than
the minimum value would be included in both visualizing and profiling
further. The minimum intactness ratios are required to specify separately
between the minimum of LTRs and the minimum of internal regions. An
element would be included into the system when it contains at least a
part of the element that has the intactness ratios higher than the specified
value. Any characters, minus values, and numbers higher than one are
not acceptable. The minimum ratios can be leaved blanks if you would
not like to specify them.

After submitted all of the inputs, the summary report of your input genes would be
shown (Figure C.3).
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Summary Results of Your Queried Gene List

« Total genz symbels inputtad {genasi: 10
Category of gene symbols Count % Chart Link
HERV-hosting genes 10 100% more
Non-HERV-hosting genes 0 0% & more
Invalid gene symbols 0 0% ) more
Total genzizoferms found {isoformsj: 34
Category of gene isoforms Count % Chart Link
HERV-hosting gene isoforms 33 97.06% more
Non-HERV-hosting gene isoforms 11 2.94% | more
[ Display in tabular format l [ Display in graphical format ] [ HERY profiling ]

Figure C.3 An example of the summary report

According to Figure C.3, noticeably, there are two tables for showing the results that are
summarized in different point of views. The above table is a summary of the results
obtained in terms of gene symbols, while the below table is a summary of the results
calculated in terms of gene isoforms. In the gene symbols’ table, there are three
categories shown there, including HERV-hosting, non-HERV-hosting, and invalid
genes. The HERV-hosting-genes are gene symbols which have at least a gene isoform
containing neighboring HERVs, while the non-HERV-genes are gene symbols which all
corresponding isoforms do not contain HERVs. The invalid genes are gene symbols
which cannot be found in the HERV Profiler database or are typed incorrectly. The
count numbers are the numbers of gene symbols or gene isoforms which belong to
particular categories. The percentages are calculated from the fractions to gene symbols
or isoforms in total. You can find a gene list of a particular category out by selecting on
“more” at the far right column of the tables. The menu buttons for performing the
investigating HERVs are also shown in this summary page. There are three choices

provided here, including “display in tabular format”, “display in graphical format”, and
“HERV profiling”.
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VISUALIZING NEIGHBORING HERVS
OF INTERESTED GENES

(

There are two different views provided in HERV Profiler to visualize neighboring
HERVs, including displaying in tabular formats and in graphical formats. The
illustrations how to use this feature would be described in details next.

VISUALIZING NEIGHBORING HERVS IN TABULAR FORMAT

1. Begin with specifying your gene list and HERVs that you would like to include into
the system at the Search/Profiling page.

2. Choose the button “Display in tabular format” in the summary page (Figure C.4). The
results would then be shown as illustrated in Figure C.5.

Summary Results of Your Queried Gene List

Total gens symbals inputted {Feneszic 10

Category of gene symbols Count % Chart Link
HERV-hosting genes 10 100% (eSS 3 more
MNon-HERV-hosting genes [ % [Z) more
Invalid gane symbols ¢ 0% 5 more

1 1 1 undd i s 34

Category of gene isoforms Count % Chart Link
HERV-hosting gene isoforms 33 k 97.06%  HEEGEE— [ more
Non-HERV-hosting gene isoforms 1 29%% | {2 more

Display in tabular farmat [ Display in graphical format ] { HERV profiling ]

Figure C.4 Location of the button of displaying in tabular format
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HERV Profiler

P
Home Search/Profiling User Guide Contacts

Rank by [None

Show LIA v tecords per page

Gene symbal: GABRD UCSC gene id: Uc0Laip.2 Chromosome: chrl [l UCSC Link ||
1 Transcription start: 1950767 Transcription end: 1962192 Strand: +
Coding sequence start: 1950862 Conding sequence end: 1961721 The number of exons: 9

ERV3-16A3 ERV3-16A3] ERVL + 1940787 1941274 9492

SRR
soloLTRs |

488 f
2 HERVIG | MERVIG | ERVL | + 1941271942374 8392 | 1098 |both truncated
UPSHEAM T o313 | MLTIF2 | MUT  ERVLMALR - [19448871945239 527 solo LTRs i
4 e34 | MUTIF2 | MLTI ERVLMALR - 1945801945021 4845 | " soloLTRs |
ingene 1 e315 | MLTIC = MLTI |ERVLMalR - |196523811955638 inwon1 | 401 | soloLTRs
1 e36 | LTRIGE! | HERVI6 = ERVL - |19648091964966 2706 | 68 | soloLTRs
2 e317 | MLTIC | MLT1 ERVLMaLR - 1964980 1965343 2787 | 364 | soloLTRs
3 e318  LTRIGE! | HERVI6 = ERVL - 19656881965741 3485 solo LTRs
4 e319  ERVLE | ERVL | ERVL - [19670031967272 4810 270 |both tuncated,
downsteam 5 @320 | MLTIAO | MLT1 |ERVL-MaLR - 1068425 1968765 6232 | 341 | soloLTRs |
6 €321 MLTIC = MLTI |ERVLMalR + 1969058 1969467 6865 40 soloUTRs
7 €322  ERVE = ERML | ERVL | - 1969720195807 7527 | 88 bothtuncated
8 0323  LIRIGE! | MERVIS = ERWL - 1969965/1970454 7772 | 430 soloLTRs |0
9 €324  LTRA0a HERVLAD ERVL  + 19721401972238 99347 | 100  soloLTRs [
Gene symbol: LOC383312 UCSC gene id: uc00laav.3 Chromosome: chrl [l UCSC link ||
2 Transcription start: 323831 Transcription end: 328530 Strand: +
Coding sequence start: 323891 Conding sequence end: 323891 The number of exons: 4

focation no. elementid name - famity uquamlymmd start  end aamm)mmm)

! ight  defragmentation details

1 eBd MER2IC| MER21 = ERVL | - 318457318130 4760 674 | soloLTRs 0 click
Upstream 2 e65 MER21C. MER21 | ERVL | - (319440319943 3947 504 solo LTRs 0 click
3 e86  LTRA1 HERVLI) ERVL  + (323589323741 149 153 solo LTRs 0 click

Figure C.5 Results of the tabular displaying of neighboring HERVs



86

Informationabout a gene isoform

- - - - - - - — - - —— - -

II Gene symbol: GABRD UCSC gene id: uc001aip.2 Cheomosome: chrl HUCSC link [y
1 | transcription sset: 1950767 Transcription and: 1962192 Steand: = !
\ Coding sequence start: 1950862 Conding sequence end: 1961721 The number of axons: 9

i
i
-

‘ : “ , o

: ‘ ont:

| ¢ SR T ot (RS il S Y AR R Lo ¥ |
i 1 el ERVI16AIERVI16A3 ERVL  + |1940787/1941274 9492 88 soolTRs 1 0 0O click |
1 2 eM2  MERVIG HERVIS = ERVL | + 9412771942374 8392 | 1088 bomtuncates] 0 016 O Tk :
R R TR v e e e W A —
| 4 e3ls  MLTIF2  MUT1  ERVLMalR - |19458051945021| 4845 | 117  sololTRs 023 0| 0 click !
| ngene 1 3 | MUTIC  MUTI ERVLMalR, - 1952381955638 invon! | 401 | sololTRs 091 0 | 0 click :
: 1. ed6  LTRIGE!  HERVIG  ERVL | - }5&5&%9]&@66? 2106 | 68 | sololTRs 012| 0 | 0 click !
1 2 37 MUTIC  MUTI  ERVLMlR - 19649801985343 2787 34 soloLTRs 085 0 | 0 dlick :
: 3 M3 UTRIGE! WERVIS  ERVL | - 19656881965741) 3495 | 54 sololiRs 01 0| 0 ik |
| 4 eN3 | ERME  ERML  ERVL | - 1967031967272 4810 70 bomwuncates 0 006 0 e 1
ldownsteam § €320 MLTIAD  MLT1 ERVLMalR - |19684251968765 6232 M1 sololTRs  t 0. 0 cligk :
: 6 e311  MLTIC  MLTI 'envpu;mi & }!s‘rég’as‘alagas‘uiéi 8865 40 soloUTRs :“,"’i ol o slick |
\ 7 e322 ERVE  ERVL  ERVL | - 1969720 1969807 7527 88 bothiuncated 0 001 0O click 1
{ 8 323 LTRIGE!  HERVIE  ERVL | - ;:;és_é:g%sijérbtéi? 2 490 solotTRs orésii ol o e ,'
¥ 3 e324 LTR40a HWERVLAO ERVL  + (19721401972233 9347 100 soloiTRs 022 0 | 0 ick ’

Information about neighboring HER Vs of the gene isoform

Figure C.6 Details of the gene isoform and HERV information shown in a rectangular
area

According to Figure C.5, all of the information about a gene isoform and their
neighboring HERVs would be shown in a rectangular area, and each area would be
labeled with the number shown at the top left corner of the rectangular area. Each of this
rectangular area is used for displaying the information of one gene isoform only. The
information about the gene isoform, such as gene symbol, UCSC gene ID, transcription
start and end, coding sequence start and end, strand, chromosome, and the number of
exons, is shown above the table (Figure C.6). All of the HERVs in a gene’s
neighborhood and their characteristics are shown in the table (Figure C.6). The
descriptions of the gene and HERV characteristics shown in a rectangular area are
discussed below.

Descriptions of the characteristics shown in a rectangular area (Figure C.6):
1. Gene isoform information

* Gene symbol = gene symbol of a gene isoform

= UCSC gene id = UCSC gene ID

*= Chromosome = chromosome on where a gene isoform is located

* Transcription start = position of the transcription start site of a gene
isoform

* Transcription end = position of the transcription termination site of a
gene isoform

* Strand = DNA strand on where a gene isoform is located. It can be either
plus (+) or minus (-). In HERV Profiler, a plus (+) represents a DNA
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strand in a 5’-3” direction, while a minus (-) represents a DNA strand in a
3°-5" direction.

Coding sequence start = starting position of the coding sequence of a
gene isoform.

Coding sequence end = ending position of the coding sequence of a gene
isoform.

The number of exons = the number of exons found in a transcription unit
of a gene isoform

UCSC link = link of the UCSC database for more information about a
gene isofrom

2. HERYV information

location = location of an HERV element relative to the gene isoform
(upstream, in gene, or downstream).

no. = the label number of an HERV element

element id = the ID of an HERV element, specially assigned in HERV
Profiler

name = name or group of an HERV element

family = family of an HERV element

superfamily = superfamily of an HERV element (ERV1, ERVK, ERVL,
ERVL-MaLR, and unclassified superfamily).

strand = DNA strand on where an HERV element is located. It can be
either plus (+) or minus (-). In HERV Profiler, a plus (+) represents a
DNA strand in a 5°-3” direction, while a minus (-) represents a DNA
strand in a 3°-5 direction.

start = starting position of an HERV element

end = ending position of an HERV element

distance (bp) = distance measured in base pairs indicating how far the
HERYV element from the gene isoform is. When the element is inserted in
the upstream region of the gene, the distance would be measured from
the ending position of the element to the starting position of the gene. If
the element is inserted in downstream region of the gene, the distance
would be measured from the ending position of the gene to the starting
position of the element. In case of in-gene insertions, the distance would
be represented by a zero instead.

length (bp) = total length of an HERV element measured in base pairs
truncation patterns = type of truncation patterns of an HERV element
(complete, 5’-truncated, 3’-truncated, both 5’- and 3’-truncated element,
and solo LTRs).

intactness ratio = proportion of the total length of the element found in
the human reference sequence to the length of the consensus HERV in
Repbase database. This value was separately calculated in parts of the
element, and should not be higher than one.
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o left LTR = intactness ratio of the left LTR of the element. If the
element is located on the plus (+) strand, the left LTR refers to
the 5°-LTR. In case of the rest, the left LTR refers to the 3°-LTR.

o int = intactness ratio of the internal sequence of the element

o right LTR = intactness ratio of the right LTR of the element. If
the element is located on the plus (+) strand, the right LTR refers
to the 3’-LTR. In case of the rest, the right LTR refers to the 5’-
LTR.

= defragmentation details = link to the defragmentation details of the
element

According to Figure C.5, there are displaying options provided above the result
displaying area, including the option to rank the gene isoforms (tables) and the option to
limit the genes shown in a page. The ranking option provides you to be able to rank the
genes in a gene list following to the number of the neighboring HERVs. There are seven
available choices for ranking the tables:
ks
Ze

None = (Default) No special ranking, used an ordinary order from the input
Total number of HERVs = Rank the tables following to the number of the
neighboring HERVs throughout the genes

Upstream HERVs = Rank the tables following to the number of upstream
HERVs

In-gene HERVs = Rank the tables following to the number of in-gene HER Vs,
with no regarding to being located on either introns or exons

- Intron HERVs = Rank the tables following to the number of intron HERV's

- Exon HERVs = Rank the tables following to the number of exon HERV's

Downstream HERVs = Rank tables following to the number of downstream
HERVs

According to Figures C.5-C.6, you can easily look for more details about the
defragmentation of each element by selecting on “click” inside the last column of the
tables. The defragmentation details of the selected element would then be shown as
illustrated in Figure C.7.

1

Defragmentation Details

Element id: ¢ Chomosome: | Strand: +
Name/Group: MLTIK Family: MLT1 superfamify: ERVL-MaLR
Element start: 21949 Element end: 22075

no. "“9'"'"" SWscore '

f

of  percemageof  percemageo  query query fepeat  fepeat e

mismatches  deletions msertions  stat  end ' name st : eloment
254 279 47 3.9 21949 | 22075 MLTIKLTR, 15 142 -453 ite

Figure C.7 An example of the defragmentation details
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Descriptions of the defragmentation detail table:

no. = label number of an HERV fragment

fragment id = ID of an HERV fragmeant, specially assigned in HERV Profiler
SWscore = Smith-Waterman score of the match

percentage of mismatches = percentage of substitutions in matching region
compared to the consensus

percentage of deletions = percentage of bases opposite a gap in the query
sequence (deleted bp)

percentage of insertions = percentage of bases opposite a gap in the repeat
consensus (inserted bp)

query start = starting position of match in query sequence

query end = ending position of match in query sequence

repeat name = name of matching interspersed repeat

repeat start = starting position of match in database sequence (using top-strand
numbering)

repeat end = ending position of match in database sequence

repeat left = the number of bases in (complement of) the repeat consensus
sequence prior to beginning of the match (so 0 means that the match extended
all the way to the end of the repeat consensus sequence)

part of element = type of an element part. The value of its can be either LTR
(long terminal repeats) or INT (internal sequences)

Furthermore, in the result tables (Figures C.5-C.6), there are links connected to the
UCSC database. These links provides you to easily look for more details about a gene
isoform on the UCSC database. You can reach it by just selecting on “UCSC link” in
the region of your desired gene. The details about the selected genes would be then
shown as illustrated in Figure C.8.
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Home . Genomes Genome Browser Blat

bles Cene Sorter PCR - Session  FAQ ' Help

[ Hunan Gene GABRD (ac001aip.2) Description and Page Index |

Desciiption: gamma-aminobutynic acid (GABA) A receptor, delta

RefSeq Summary (NM_000815): Gamma-aminobutynic acid (GABA) is the major inhibitory neurotransmitter in the mammalian brain where it acts at GABA-A receptors, which are ligand-gated chloride
channels. Chlonde conductance of these channels can be modulated by agents such as benzodiazepines thawbind to the GABA-A receptor. The GABA-A receptor is generally pentameric and there are five
types of subunits: alpha, beta, gamma, delta, and rho. This gene encodes the delta subunit. Mutations in this gene have been associated with susceptibility to generalized epilepsy with febnile seizures, type 5.
Alteatively spliced transcript variants have been described for this gene, but their biological validity has not beea determined. [provided by RefSeq, Jul 2008]. Publication Note: This RefSeq record includes a
subset of the publications that are avaiable for this gene. Please see the Gene record to access additional publications.

Strand: +  Geneinic Size: 11425 Exon Count: 9 Coding Exon Count: 9

Sequence and Lnks; UniProtk B Comments |Genetic Associations|CTD Microarray
RNA Structure | Protein Structure | Other Species GO Annotations | mRNA Descriptions| Pathways
Other Names | Model Information | Methods
Data last updated: 2009-10-08

i Z Sequ;n(e and Links to Tools and Databases

Genomic Sequence (chr1:1,950.768-1,962,192) mRNA (may difer from genome)| Protein (452 aa)
Gene Sorter Genome Browser| Protein FASTA Table Schema | CGAP Ensembl

Entrez Gene ExonPrimer | GeneCards GeneNetwork | Gepis Tissue |H-INV

HGNC HPRD Human Cortex Gene E: ion |Jackson Lab OMIM PubMed
Stanford SOURCE | Treefam | UniProtKB User annotations

[+ Cotuments and Description Text frow UniProtkB

| _Press +* in the title bar above to open this section

| Z Genetic A;:v(inion Studies of Complex Diseases and Disorders |

|
Press “+* in the title bar above to open this section. o B i

I ‘C’ompuan\'e Toxicogenomics Database (CTD)

Press “+* in the title bar above to open this section.

Z Microarray E: xpress;on Data

Press "+* mn the title bar above to open thus section.

"+ mRNA Secondary Stucture of 3' and 5 UTRs
Press *+* in the title bar above to open this section.

| = Protein Domain and Structure Information
InterPro Domains: Craphical view of domam structure
005023 - GABAA_rcpt
GABAAd_rept
- Neu_channel TM
- Neur_chan_lig_bd
- Neur_channel
1 18000 - Neurotransmutter_ton_chnl_CS

Pfua Deianins
PO - Neurotransnutter-gated ion-channel hgand binding domam
PF02932 - Neurotransmatter-gated ion-channel transmembrane region

SCOP Domams
§3712 - Nicotnic receptor ligand binding domain-like
20 Neurotransmitter-gated ion-channel transmembrane pore

ModBase Predicted Coanparative 3D Structure on 014764

Front Top

The pictures above may be empty if there is no ModBase structure for the protein. The ModBase structure frequently covers just a fragment of the protein. You may be asked to log onto
ModBase the first tima you click on the pictures. It is simplest afler logging tn to just click on the picture agatn to get to the specific info on that mode!

Figure C.8 UCSC gene link
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VISUALIZING NEIGHBORING HERVS IN GRAPHICAL FORMAT

1. Begin with specifying your gene list and HERVs that you would like to include into
the system at the Search/Profiling page. f

2. Choose the button “Display in graphical format™ in the summary page (Figure C.9).
The results would then be shown as illustrated in Figure C.10.

Summary Results of Your Queried Gene List
Total gene symbols inputted {zenzs): 10
Category of gene symbols Count % Chart Link
HERV-hosting genes 10 100% more
Non-HERV-hosting genes 0 0% B more
Invalid gene symbols 0 0% 3 more
Total genz iseforms found {isoforms): 34
Category of gene isoforms Count % Chart Link
HERV-hosting gene isoforms 33 97.06% 3 more
Non-HERV-hosting gene isoforms 1 94% | A more
LDispIayin tabular format ] l Display in graahical format

Figure C.9 Location of the button of displaying in graphical format
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Figure C.10 Results of the graphical displaying of neighboring HERVs
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Chromosome on where a genc is located

The number of HERV elements located on particular strands and regions

| Gene s;mbols!
ucsCid

UpstreamDownstream | UpstreamDownstream

T 1
: 1920756 1990767 1962193
IR R ————— L —— - i o IS Wy s o ey o6 s s o s i W s s s B - g s o iy i s
Gene symbol/ UCSC gene ID
Label number for each row

Drawing representing a gene isoform and its neighboring HERVs

Figure C.11 Explanation of the components in the graphical display of a gene isoform

According to Figure C.10, each row, indicated by the label number, represents a
drawing of one gene isoform. The description of each component in a row is shown in
Figure C.11. A drawing is always divided into three regions, including upstream, in-
gene, and downstream regions, relative to genes. The lengths in base pairs of each
region are shown at the top of the drawing of the regions. The starting positions of each
region are shown below the minus (-) strand at the bottom of the drawing. Protein-
coding genes always have the labeling of CDS (coding sequences), while non-coding
genes do not have it.

Like visualizing in the tabular format, you can also rank genes in a gene list following
to the number of the HERVs at a particular location relative to genes or throughout the
genes (see “Visualizing neighboring HER Vs of interested genes” for more details about
the ranking). Also, there is the option to limit the number of gene isoforms (tables)
shown per page provided here.

As mentioned earlier, each drawing is divided into three regions relative to genes.
Sometimes, these regions of all drawing are not in the same direction. In other words, in
the same column of the result table, there can be the drawings of both the upstream
regions and the downstream regions (Figure C.10). This leads to the difficulty when
users need to compare across the drawings. Thus, there is an additional option provided
here to draw all figures in the same direction. The option is called “comparing mode”.
You can create the drawings in the same direction by putting a tick in front of the terms
“comparing mode” (Figure C.10). This would reflect the drawings of the genes located
on the minus (-) strand resulting in the drawings in the same direction.

You can also go to the tabular result of a particular gene isoform by selecting on the
gene symbol/UCSC gene ID (Figure C.10). An example of the linked table is shown in
Figure C.12 (See “Visualizing neighboring HERVs of interested genes” for more
descriptions of the result table). Furthermore, you can find out for more details of some
HERVs in a particular regions and strands by clicking on the labels of the number of
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HERYV elements above the drawings (Figure C.11). This link would also lead you to the
tabular result too.

Gene and Its Neighboring HERV Details

Gene symbol: GABRD UCSC gene id: uc001aip.2 Chromosome: chrl [l UCSC Links ||
Transcription start: 1950767 Transcription end: 1962192 Strand: +
Coding sequence start: 1950862 Conding sequence end: 1961721 The number of exons: 9

Celement -
- g hame

1 e311  ERV3-16A3 ERV3-16A3' ERVL 488 solo LTRs
e312 HERV16 . HERV16 ERVL 1088  both truncated|

upstream g = e ‘ SRR & &
3| e313 MLT1F2 MLT1  ERVL-MalR 363 solo LTRs i i 01
; §3i4 ; “LT1F2 “L%i » ERVL—MSLR 7{1‘7 i ;;[u LTR; 0 [ “0

ingene | 1| e315 MLTIC | MLT1 ERVL-MaLR ; lli1 solo LTRs | 0 0 |
1 €316 LTRIGE! HERVIS ERVL | - 194899194956 2706 68 soloLTRs | 0| o
2, e37 MLT1C MLT1  ERVL-MalR - 71’564680,1965543‘ i?B% 7 36; ] SOI;I LTRs 085 m (; 0 7 CI‘ick
3! e318 LTR16E1 HERV16 ERVL - 1965688 1965741 3495 54 soloLTRs 1 01 0 O clici
4 e39 ERVLE ERVL ERVL = 1967003 1987272 ;810 276 both truncated 0 0[]6 ‘0 @

downstream 5 e320 MLT1A0 MLT1 ERVL-MalLR - 1968425 i963765 6232 341 solo LTRs l 1 Q 0 click
6 e3n MLT1C MLT1 EéW-MaLé . 1’96905‘8‘19654677 6é65 416 solo LTRS o 97“\ 70‘ o | click
7! @322 EéVLE ERVL i ERVL ¥ 19697&071"56&80'7 : 7527 88 hl:;mtruncale‘rlrji-rﬁr I 001 ‘ﬂ/ c_lg_k
8 323 LTR16E1 A HERV16 ERVL - 196998519704;4 ‘ i772“ 4§U solo LTRs D.9§ i EI” 6 0 M
9 e324 LTR40a vHERVLdU ERVL ! + 1972146 1972239 i ’99(7’v ‘ 100 solo LTRs VIJ 22 0 i 0’ er
“~ Back to the graphical display Go to the summary page =

Figure C.12 An example of the tabular result linked from the graphical displays
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PROFILING NEIGHBORING HERV's
OF THE GENES IN A GENE LIST

HERYV profiling, or profiling for short, is another feature provided in HERV Profiler.
This is a process to primarily observe shared HERV characteristics, so-called over-
represented HERV types, present among a gene list. These over-represented HERV
types are considered to be substantially present in this gene list more than a random
chance by a statistical approach. Thus, in a group of differential expressed genes, those
HERVs can serve as potential candidates which may influence their neighboring genes
under a studied condition. In addition, HERV Profiler can purpose potential candidates
of genes in the gene list by ranking them based on their HERV types. There are three
steps to complete the profiling, including constructing HERV profiles, finding over-
represented HERV types, and ranking genes in the gene list. In this section, each step of
the profiling for a gene list would be illustrated.

CONSTRUCTING HERY PROFILES

This is a primary step which should be completed before doing other further processes
of the HERV profiling. How to construct HERV profiles of a gene list is illustrated step
by step below.

1. Begin with specifying your gene list and HERVs that you would like to include into
the system at the Search/Profiling page.

2. Choose the button “HERYV profiling” in the summary page (Figure C.13). The profile
constructing page would be shown like in Figure C.14.



96

Summary Results of Your Queried Gene List

; 1 : symbels inputtad {ganesi 10
Category of gene symbols Count % Chart Link
HERV-hosting genes 10 100% [ [ more
MNon-HERV-hosting genes ] 0% [& more
Invalid gene symbols 0 0% 3 more
Total genezoforms found lisoforms): 34
Category of gne isoforms Count % _ Chart Link
HERV-hosting gene isoforms 33 97.06% W [ more
Non-HERV-hosting gene isoforms 1 2.9%% | 2 more

[ Diiplay in tabular format ] [ Display in graphical format ] HER’théﬁl;é

Figure C.13 Location of the button of HERV profiling

HERV Profiler

Home Search/Profiling User Guide Contacts

> Select HERV characteristics to determine your set of HERV types

[ tocation relative to genes (3} [ superfamily (s} [ HERV orientation (2} [ Type of truncation [ intactness ratio
[] separate in gzne location [ Family {133) patterns (S) : - The number of bins:
into introns and exons (4) [ Group/Mame {413) 5 S § i

Please specify your set of interested HERV characteristics

Figure C.14 Profile constructing page

3. Select HERV characteristics to determine a set of HERV types from the profile
constructing page (Figure C.14). A number in parentheses after a characteristic term
indicate the number of possible categories of that characteristic. For example, “Location
relative to genes” has three categories: upstream, in gene, and downstream. The all
possible categories of other characteristics are listed in Table C.1.

The HERYV types are the results of all possible combinations of the categories of the
chosen characteristics. For example, if “Location relative to genes” and “HERV
orientation” are selected, there will be six HERV types defined: sense-upstream,
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antisense-upstream, sense-in-gene, antisense-in-gene, sense-downstream, and antisense-

downstream.

Table C.1 List of the categories of each HERV characteristics

HERYV - The number of Categories of the
- Description % i
characteristics categories characteristics
Location relative to Location of HERVs 3 upstream, in gene,
genes relative to genes’ regions downstream
. Location of HERVs
Separate in gene ; S s .
gz 4 relative to genes’ regions upstream, intron, exon,
location into introns . . 4
with more specifying the downstream
and exons —
regions in gene.
ERV1, ERVK, ERVL,
Superfamily HERV superfamily 5 ERVL-MalLR, unclassified
HERVs
Family HERYV family 133 see Appendix A
Name/Group HERYV name or group 413 see Appendix A
Direction of HERVs
HERYV orientation relative to transcription 2 same, opposite
direction of a gene
The truncation types complete, 5’-truncated, 3’-
Types of truncation | regarding to truncated 5 truncated, both 5°- and 3°-
patterns part(s) of an HERV truncated element, and solo
element LTRs
The ratio indicating h . : :
S (depend on the List of the intervals

Intactness ratio

much an element is intact
comparing to full length of
a reference sequence

number of bins
specified-default
number of bins = 4)

separating the original
interval lying on 0 and 1

4. After selecting the HERV characteristics to define a set of the HERV types, click the
button “Submit” to begin constructing the HERV profiles. When it already finishes, the
summary results of the profiles and the menu for further works would be provided as
shown in Figure C.15. The descriptions of both the summary information about the
profiles and the menu shown in this page are discussed in Table C.2 and Table C.3,
respectively.
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-
-

Location relative to genes (3)
Separatein genelocation
into introns and exons (3)

4 superfamily (s)
[ ramity (133

Summary information about the constructed profiles

About the HERV profiles

- Input gene symbols in total {genes): 10
- Gene symbols used in the profile 10
- The number of rows in the profiles 34
{each row represented an isoform):

- Total defined HERV types: 40

1
1
1
1
1
1
1
1
1
1
1 construction {genes):
1
1
|
1
1
1
1
1
1
1
1

<= Back to the surimary page

Select HERV characteristics to determine your set of HERV types

- [ eroup/Name (313)

[4] Hery erientation (2
G

Menu for further sworks of the profiling

=M Show full table of the HERV profiles

=N Show full table of the defined HERV types

=M Find over-represented HERV types

=N Chserve genes and their over-represented HERVs

-

Figure C.15 Results shown after finishing constructing HERV profiles

Table C.2 Descriptions of terms shown in result summary of constructed profiles

Terms Descriptions
Input gene symbols in total | The number of the gene symbols which are
(genes) firstly input into HERV Profiler

Gene symbols used in the profile
construction (genes)

The number of the gene symbols which are
included in constructing profiles (exclude only
invalid gene symbols)

in the
profiles (each row represented an
isoform)

The number of rows

The number of rows in the profile table, which is
equivalent to the number of isoforms, of the
used gene symbols, found in HERV Profiler

Total defined HERV types

The number of HERV types which are defined
following to selected characteristics. This is
equivalent to the multiplications of the possible
categories of all selected characteristics.




99

Table C.3 Descriptions of terms shown in the menu after constructing profiles

Terms Descriptions
Show full table of the HERV profiles To show details of the HERV profiles
constructed
Show full table of the defined HERV types | To show details of the HERV types
defined
Find over-represented HERV types To find over-represented HERV types

among the gene list by using the
previously constructed profiles

Observe genes and their over-represented | To rank genes in the gene list following to
HERYV types possessing of the over-represented HERVs

PROFILE DISPLAY AND RETRIEVAL

After already constructing HERV profiles, you can display the profiles in details by
clicking “Show full table of the HERV profiles” in the page of profile constructing

result (Figure C.15). An example of the full table of the profiles is shown in Figure
C.16.

@ Back to the profile constucting page

'—b Downlaad full table of the HERV profiles

Profile table 1

HERV|HERV| HERV|HERV| HERV|HERV|HERV] n:
Gene symbols Chromosome twe twe tvpe type twe tvpe type
10 13

1 GABRD uch0laip.2 chrl v 0 0 0 0 0 0 0)
2 LOC388312 wucO0laav.3 chrl 1] 0 0 Q ] 0 0 0 0 0
3 LOC388312 ucO0labe3 chrl 1] 0 0 ] a Q 0 ¢ a 0 ] ] 0 0]
4 LOC388312 uc002khh.2 chrl 1 ] 0 0 0 0 0 (1] i} 1 0 (1] 0 0
S LOC388312 uc009vjm.2 chr1 0 0 0 0 0 0 0 0 0 0 0 0 0 0)
6 ATAD3C uc001aft.2 chrl 1} 6 1 0 1 1 2 1 1] ] ] 0 0 0]
7 ATAD3B uc00lafv.2 chr1 2 1 0 0 0 0 0 S 0 0 0 0 0 0
8 ATAD3B uc0lafx.2 chrl 2 1 0 0 0 Q 0 ) (1] 0 0 0 ] 0
9 ATAD3B uc00lafus.2 chrl 2 1 0 0 0 0 0 1] 0 0 0 0 0 0
10 ATAD3B uc001afy.2 chrl 0 0 Q 0 1] [ 0 5 a 0 ] 0 0 0
11 AK094692  uc00lagfl chrl 1 0 0 0 (4] o 2 3 o ] 0 0 0 0
12 LOC643837 wuc00labrl chri 0 0 0 2 (] 0 0 1 1] 0 Q 0 0 0

2 loccaanaz 001 mbem i alent a a a a a a a 1 o, A o al

Figure C.16 Full table of the HERV profiles

According to Figure C.16, each row represents a profile of a gene isoform. The numbers
in the table indicate the numbers of occurrences of an HERV type in a gene.
Abbreviation information of each HERV types is shown when moving a mouse over the
terms HERYV type, as shown in Figure C.16. In case that the profile result contains more
than 500 isoforms or rows, there will be more than one profile tables shown in this
page, and each table contains no more than 500 rows only. You can freely go to any
table by just selecting at the link of that profile table. Furthermore, you can export the
profiles for utilizing or analyzing outside the tool by clicking on “Download full table
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of the HERV profiles” (Figure C.16). The profile tables would be saved as a text file
where each filed is delimited by a tab character (Figure C.17).

B full_herv_profiles.txt - Notepad
Fle Edt Format View Help
gene_symbol ucsc_id  gClu char_setl char_set2 char_set3 char_setd char_set5 char_set6 char_s &
GABRD  uc001aip.2 chrl 0 0 0 0 0 0
LOC388312 uc00taav.3 chrl 0 0 0 0 0 0
LOC388312 uc00tabe.3 chil 0 0 0 0 0 0
LOC388312 uc002khh.2 chi1 1 0 0 0 0 0
LOC388312 uc009vjm.2 chrt 0 0 0 0 0 0
ATAD3C ucO01aft.2chrl 0 6 1 0 1 1 2 1 |
ATAD3B uc001afv.2 chrl 2 1 0 0 0 0 0 |
ATAD3B uc001afx.2 chit 2 1 0 0 0 0 0 o
ATAD3B uc001afw.2 chrt 2 1 0 0 0 0 0 4
ATAD3B uc001afy.2 chrt 0 0 0 0 0 0 0
AK094692 uc001agf.1 chrl 1 0 0 0 0 0 2
LOC643837 uch01abr.1 chil 0 0 0 2 0 0
LOC643837 uch01abp.1 chil 0 0 0 2 0 0
LOC643837 uc001abq.1 chrt 0 0 0 2 0 0 g
LOC643837 uc009vjo.1 chr1 0 0 0 2 L] 0 |
LOC643837 uc009vjn.1 chrl 0 0 0 2 0 0
LOC100132287 uch0tlaau.2 chrl 0 0 0 0 0 0 =
LOC100132287 uc009vjk.2 chrl 0 0 0 0 0 0
LOC100132287 uc010jiw.2 chi5 0 0 0 0 0 0
LOC100132287 uc003mns.2 <l 1 0 0 0 0 0
LOC100132287 uc010jiv.2 chi 0 0 0 0 0 0 0
BC036251 uc00taax.1 chrt 2 0 0 0 0 0 1
BC036251 uc003mny.1 chid 2 0 0 0 0 0 1
BC036251 uc003qyc.1 chib 2 0 0 0 0 0 1

v
. | ¥

Figure C.17 An example file of the HERV profiles retrieved from the tool

HERYV TYPE DISPLAY AND RETRIEVAL

In addition to the full table of the HERV profiles, you can also look at the full table of
the defined HERV types by clicking on “Show full table of the defined HERV types” in
the page of profile constructing result (Figure C.15). An example of the tale of the
HERYV types is shown in Figure C.18.
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« Back to the profile consttucting page
==y Download full table of the HERV tvpes
HERV | Location relative | Location in HERV
1 upstream o ERV1 same
2 upstream - ERV1 opposite
3 in gene intron ERV1 same
4 in gene intron ERV1 opposite
S in gene exon ERV1 same
6 in gene exon ERV1 opposite
7 downstream - ERV1 same
8 downstream - ERV1 opposite
9 upstream = ERVK same
10 upstream - ERVK opposite
11 in gene intron ERVK same
12 in gene intron ERVK opposite
13 in gene axan ERVK same
14 ingene exon ERVK opposite
15 downstream = ERVK same
16 dowinstream - ERVK opposite
17 upstream - ERVL same
18 upstream - ERVL apposite
19 ingene intron ERVL samea
20 in gene intron ERVL opposite
21 ingene 2xon ERVL same
22 ingene exon ERVL opposite
23 downstream - ERVL same

Figure C.18 Table of the defined HERV types

You can also download this table as a text file with tab delimits by clicking on
“Download full table of the HERV types” (Figure C.18). An example of a file retrieved
from the tool is illustrated in Figure C.19.

B full_herv_types.txt - Notepad

File Edt Format View Help

jd part_of_gene part_in_gene superfamily

1 1 0 ERV1 same

2 1 0 ERV1 opposite

3 2 1 ERV1 same

4 2 1 ERV1 opposite

5 2 2 ERV1 same

6 2 2 ERV1 opposite

7 3 0 ERV1 same

8 3 0 ERV1 opposite

9 1 0 ERVK same o
10 1 0 ERVK opposite =
1" 2 1 ERVK same

12 2 1 ERVK opposite

13 2 2 ERVK same

1 2 2 ERVK opposite

15 3 0 ERVK same

16 3 0 ERVK opposite

17 1 0 ERVL same

18 i 0 ERVL opposite

19 2 1 ERVL same

20 2 1 ERVL opposite -
< i >

Figure C.19 An example file of the HERV types retrieved from the tool
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FINDING OVER-REPRESENTED HERYV TYPES

You can begin finding over-represented HERV types by clicking on “Find over-
represented HERV types™ in the page of profile constructing result (Figure C.15).
HERYV Profiler would perform the task for a while and then the results would be shown
as illustrated in Figure C.20.

Over-representation of the Defined HERV types

/= Backto the profile constructing pags Total numb

4 Dovnload results Tatal number of o
Total records found {recardsi: S
Maximwun p-value: @’1 i r © Miniwmcount: 1| - Show 50 Lrecomspupauo
MM@-mm

downstream apposite 60% [ 2.35¢-3
2 upstream - ERV1 same 6 60% .- 4.00e-3
3 upstreaam - ERVL-MalR sama 7 70% 2.31e-3
k] upstream - ERVL same 4 40% - 0.045
S upstream - ERVL apposits 4 40% . 0.067

1]

#= Back to the profile constructing page

Figure C.20 Results of finding over-represented HERV types among a gene list

According to Figure C.20, there are two parts of the results shown in this page. The first
one written at the top right corner of this page is a result summary. Another one written
in the table is a list of HERV types which are consistent with the criteria. There are two
parameters and one option to limit the results shown in this page, including maximum
p-value, minimum count, and the number of records shown per page. The descriptions

of both the results and the limiting parameters and option are discussed in Tables C.4-
C.6.

Table C.4 Descriptions of terms shown in the result summary

Terms Descriptions

Total number of genes in used (genes) The number of gene symbols used in
constructing profiles (not include invalid
gene symbols)

Total number of observed HERV types | The number of HERV types previously
(types) defined in the profile construction

Total records found (records) The number of HERV types shown in the
result table
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Table C.5 Descriptions of terms shown in the result table

Terms p Descriptions
No. The integer number used to label rows or HERV types
Gene count The number of genes which are related to a particular HERV

type. The possibly lowest value is zero, while the possibly
highest value should no more than the number of genes included
into the system.

% Percentages of the number of gene counts

Chart Charts of the percentages. The width of this column represents
the percentage of one hundred.

P-value P-value of an HERV type obtained from Fisher’s exact tests

Table C.6 Descriptions of limiting parameters and option

Limiting parameters and option Descriptions

Maximum p-value The highest p-value that can be acceptable. The
input value should be between 0 and 1 (default
value = 0.1).

Minimum count The lowest gene count that can be acceptable. The
input value should be a positive integer (default
value = 1).

Show ... records per page The number of records shown in a page

In addition, you can rank the HERV types shown in the table following to two criteria
available, including “gene count” and “p-value”. To begin the ranking, you just click on
either “Gene count” or “P-value™ at the table headers. The result ranked by the gene
count is always in a descending order, while the result ranked by the p-value is always
in an ascending order. The default ranking system is following to the values of the p-
values. Furthermore, you can export the results as a tab-delimited text file by clicking
on “Download results”. An example of a file is shown below (Figure C.21).

B sig_herv_types(3).txt - Notepad
Fle Edt Format View Help

o Location relative to genes  Location in genes Superfamily HERV orientation  Gene count % P.values =
HERV type 8 downstream - ERV1 opposite 6 60 0.002852558

HERV type 1 upstream - ERV1 same 6 60 0.004004973

HERV type 25 upstream - ERVL-MaLR same 7 70 0.008314141

HERV type 17 upstream - ERVL same 4 40 0.04521481

HERV type 18 upstream - ERVL opposite 4 40 0.0673849

Figure C.21 An example file downloaded from the tool of the finding over-represented
HERYV types
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RANKING GENES IN A GENE LIST FOLLOWING TO THEIR HERYV TYPES

You can begin ranking the genes in a gene list by clicking on “Observe genes and their
over-represented HERVs” in the page of profile constructing result (Figure C.15). After
finishing the task, the results would be shown as illustrated in Figure C.22.

Observation about the Over-represented HERVs in Genes

S Byt the profile constiuqing paze Tatal numbert of genesm nwied Jenesc 10
&uﬂ».,g'sp e Yotal number of ohser ed HEF . tpes
— Th ber of selected HEF /1
> ~ BT of seletac ¥ ey Lypess.
m & s C Deseteaa e nurmbe ¢ R/ tipe
- g — . 5
T Maximum p.value: 0! Show 10 v records per page
IDAVIDlink
" YThe number of occurrences of up to top 3 HERV types
Qene wymbol 83 o B Graghical dispiay Tautar disptay
TYop 1 TYop2 Top3
HERV type 1 HERV type 13 HERV type 8
0 ATAD 3¢ 17.92 ] moce dhick chick
e 2 03651 3266 - - - moee hck ek
3 AHOMNGP2 31.92 - - L moce click dack
) g2 3155 et L] L moce chick check
S ATAD B 2947 R el . moe chick clach
C 6 (PGIS613 1803 - - e ik dack
] 17.81 i “ St mote chack chck
[ 8 LOC 388312 17.2 1 . e et more chck dhack
9 GABRD 1675 — L more chck chck
10 LOC613837 8.3 - mote chck ik
1 ; .
DAVIDIlink
I | X
2 Badk to the profile constinctng page L Functional amotation anatvsis by DAVID N
_ e - — = -

Figure C.22 Results of ranking genes following to possessing of the over-represented
HERYV types

According to Figure C.22, there are two parts of the results shown in this page. The first
one written at the top right corner of this page is a result summary. Another one written
in the table is a result of the ranking. Also, there are one parameter that is important to
the ranking and one option to limit the results provided here. The descriptions of the
results, the parameter, and the available option are discussed in Tables C.7-C.9.
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Table C.7 Descriptions of terms shown in the result summary

Terms

Descriptions

Total number of genes in used (genes) The number of gene symbols used in

constructing profiles (not include invalid
gene symbols)

Total number of observed HERV types | The number of HERV types previously

(types)

defined in the profile construction

Total number of selected HERV types | The number of HERV types included into

(types)

the calculating scores of the genes in a
gene list. This is specified by the value of
the parameter maximum p-value (see
Table C.9 for more details).

Table C.8 Descriptions of terms shown in the result table

Terms Descriptions
No. The integer number used to label rows or gene
symbols.
Gene symbol Gene symbols which are included into the system
Score

Scores of gene symbols indicating how much they are
related to their over-represented HERV types. The
score is the summation of the multiplications between
the number of occurrences of over-represented HERV
types and the scores of the over-represented HERV
types.

The number of occurrences of
up to top three HERV types

Charts representing the numbers of occurrences of up
to top three HERYV types.

Graphical display

Links for finding out a graphical display of a
particular gene symbol

Tabular display

Links for finding out a tabular display of a particular
gene symbol

Table C.9 Descriptions of the available parameter and option

Parameter and option

Descriptions

Maximum p-value

The highest p-value that can be acceptable for the
HERV types which would be included to
calculate scores for all genes in a gene list. The
input value should be between 0 and 1 (default
value = 0.1).

Show ... records per page

The number of records shown in a page
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HERV Profile Chart of AK094692
P
'—'b Dowinload results Total numbar of HERY typas itypas) 40
Show |10 jrecords per page :
Location relative to Location in The number of occurrences
genes genes orie ntahon in chart

HERV type 8 downstream ERV1 opposite 2.85e-3

HERV type 1 upstraam - ERVL same 4.00e-3 ] <5 1
HERV type 25 upstraam - ERVL-MalR same 8.31e-3 s s 1
HERV typ2 17 upstream - ERVL same 0.045 s 5 1
HERV type 138 upstream - ERVL opposite 0.067 5 o
HERV type 2 upstream - ERV1 opposite 0.113 5 (]
HERY type 32 downstream - ERVL-MalR opposite 0.178 5 1]
HERV type 7 downstream - ERVL same 0.198 L] 5 2
HERV type 26 upstream - ERVL-MaLRr opposite 0.203 5 0
HERY type 6 ingene exon ERV1 apposite 0.203 5 [

1]2]3]4]Next>>

Figure C.23 Profile charts of a particular gene

According to Figure C.22, the numbers of occurrences of up to only top three HERV
types are shown. However, the details of each gene can be observed more by clicking
on “more” in the page of ranking results (Figure C.22). Then, the results of the number
of occurrences would be shown as illustrated in Figure C.23 Furthermore, you can go
further to find out the graphical or the tabular displays of the genes by selecting at
“click” in the last two columns of the table. Also, the annotation details of each gene of
the UCSC database can be found by clicking on the names of the desired gene symbols
(See Figure C.8 for more details about the UCSC database). Also, the results of both the
ranking and the profile charts of a certain gene can be downloaded as tab-delimited text
files by clicking on “Download results”. Examples of the files are shown in Figure C.24
and Figure C.25.

E: gene_scores(3).txt - Notepad E@@

No. Gene symbol Score
AK094692 30.985

ATAD3B 30.2536

BC036251 24.3871

CR615613 16.5089

miB2 15.024
LOC388312 13.5902
LOC100132287 12.4108
LOC643837 10.6493
GABRD  6.19266

ATAD3C 5.85954

- @D ND N bW -

=3

Figure C.24 An example file downloaded from the tool of ranking genes following to
possessing over-represented HERV types



B occurrence_no_ATP6VIGT.txt : Notepad Q@’@

Fle Ed Format View Help

HERV type 1D
HERV type 169
HERV type 487
HERV type 50
HERV type 559
HERV type 551
HERV type 37
HERV type 194
HERV type 33
HERV type 391
HERV type 788
HERV type 1002
HERV type 506
HERV type 529
HERV type 497
HERV type 24
HERV type 280
HERV type 226
HERV type 171
HERV type 912
HERV type 953
HERV type 360
HERV type 456
HERV type 482
HERV type 56
&

Locatlon relative to genes Location In genes Superfamily Family HERV otlentation  P.values The number of occurrences ~
upstieam - ERV1 HERVH  same 0.0007271042 0 =
downstieam - ERV1 MER34  same 0.001309796 0
upstream - ERV1 HERV30 opposite 0.001928843 0
downstream - ERV1 MER61  same 0.002310062 0
downstream - ERV1 MERS7  same 0.005561813 0
in gene exon ERV1 HERV23 same 0.006212091 0
upstieam - ERVI HERVIP10 opposite 0.008502166 0
upstieam - ERV1 HERV23 same 0.009144316 2
downstieam - ERV1 LTR61  same 0.01060828 0
in gene intion ERVL HERVAT  opposite 0.01346882 0
upstieam - ERVL MalR MLT1  oppesite 0.01377614 0
upstieam - ERV1 MER41  opposite 0.01595578 2
upstieam - ERV1 MERS1  same 0.01844556 0
upstieam - ERV1 MER4 same 0.01925705 0
downstieam < ERVI  HERVIS opposite 0.01972468 0
downstieam - ERV1 LTR25  opposite 0.01972468 0
upstrean - ERV1 HUERSP1 opposite 0.02135356 0

in gene lation ERV1 HERVH  same 0.02635212 0
downstieam - ERVL  HERVLT4 opposite 0.02802638 0
upstream - ERVL LTR83  same 0.02807695 0
downstieam - ERVI  LTRS4  oppesite 0.03259911 )
downstieam - ERV1 LTR78  opposite 0.03455479 0
upstieam - ERVI MER34  opposite 0.03668817

downstream -

ERV1 HERV30 oppesite 0.03677053 0

1

Figure C.25 An example file of profile charts of a particular gene
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Additionally, HERV Profiler also provides the links to a functional annotation analysis
tool or DAVID (Database for Annotation, Visualization and Integrated Discovery) on
this page (Figure C.22). To begin using DAVID, you have to select genes which you
would like to include in the functional annotation analysis first by put ticks in front of
your desired gene symbols. Then, select at the DAVID links to send a list of the
selected gene symbols to the DAVID system. There are two DAVID links provided in
HERYV Profiler as illustrated in Figure C.22. After submitting the gene list to DAVID,
DAVID would take for a while for running, and then the DAVID summary would be
shown as illustrated in Figure C.26.

Functional Annotation Tool

JAYID Bioinformatics Resolrces 6,7, NIAID/KIH

Home Start Analysis Shortcut to DAVID Tools - Technical Center  Downloads & APIs Term of Service Why DAYID? . About Us

Upload EListd

Background

Annotation Summary Results

Help and Tocl Ivlanual

Current Gene List: List_1 4 DAVID IDs

Current Background: Homo sapiens Check Defaults

M Disease (1 selected)

B Functional_Categories (2 selected)
B Gene_0Ontology (3 selected)

B General Annotations (0 selected)
B Literature (0 selected)

B Main_Accessions (0 selected)

@ Pathways (3 selected)

B Protein_Domains (3 selected)

B Protein_Interactions (0 selected)
B Tissue_Expression (0 selected)

***Red annotation categories denote DAVID defined defaults***

Combined View for Selected Annotation
[ Functional Annotation Clustering J

[ Functional Annotation Chart ]

[ Functional Annotation Table ]

Figure C.26 Annotation summary results of DAVID
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