@SZ . Annotation Database for

AMAROME Human S/MARs.

Overview:

MARome is a resource for annotation of Scaffold and Matrix Attachment Regions (S/MARs) in Human Genome such as associated genes, genomic region, associated

S/MAR binding proteins, associated Retroviral Integration sites for HIV and HTLV (Source: RID) etc. MARome is interlinked to other genomic resources such as, UCSC
Genome Browser (For visualization of S/MAR genomic location), ensemble, NCBI-Gene.
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» MARome is a simple web interface designed to access the data obtained in the present study. It is not a
prediction tool/server which you could use for S/MAR OR S/MAR like sequence prediction. In case of
sequence search utility you can search any DNA sequence against MARome. This utility searches the

input sequence using NCBI blastn (ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/)

program and retain a closet match along with all hits.

» We have integrated few search utilities for easy and complete search, like Coordinate search, Sequence
search, text and ID search. You can search your own data against MARome using these utilities.

» You can export your searched results into EXCEL/CSV/PDF/TXT formats.

» Complete dataset including protein wise BED files, complete S/MAR sequences in FASTA format and
complete annotation is available for download, you can find the same under download tab available on
menu bar.

» MARome holds data for two different assembly versions i.e. hg38 and hg19.


ftp://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/

"ZQSZQS‘) Annotation Database for

MAROME Human S/MARS.

You can Search MARome using four
different options. If you mouse over on
search option, given on menu bar you will
get options like:

pvided by MARome 10 represent unigue S/IMAR en

{0 plain text format 1. SEARCH BY SMAR ID (SMAR ID is

AT W (OS2 Stpmeee SMAR s an unique identifier for S/MAR entry
given by MARome database)

2. SEARCH BY CO-ORDINATE (You
can search MARome using coordinates
information in bed fomat)

3. SEARCH BY SEQUENCE (This
utility will allow you to search your
DNA sequence against S/MARs
present in MARome)

4. SEARCH BY GENE
NAME/SYMBOL (You can search
MARome using gene name/symbo

using this option)

Paste SMAR ID(s)":

Select Genome Assembly: Homo sapiens hg1YGRCh37

SUBMIT | CLEAR
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QZQSZ _ Annotation Database for
MAROME Human S/MARSs.

Instructions:
1. SMAR ID is an unique identifier provided by MARome to represent uniqgue S/MAR entry in database
2. If you have curated SMAR IDs enter them in plain text format.
3. Every newline separated character/string will consider as separate SMAR IDs. ( Click here to load

Il

L the samples data

Paste SMAR ID(s): [ nsMzr1 ) SeleCF an.assembly
hSMAR? version i.e. hgl9
Read these instructions very hSMARS or hg38 using
carefully and follow .the input hSMAR4 dropdown
format constraints.
Select Genome Assembly: Homo sapiens hg19/GRCh37 E‘

[ Click here to submit the form ]—Pm @4—[ Click here to clear the filled form ]
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Control view of

Export Your Result:

number of entries

Click here to export your
Show 10 |vjentries | regults in different format

EXCEL | | CSV KML-WORKBOOK

PDFJ

SMARID | Chromosome

[ crnmaraann)

hSMAR161324 | chr2

SMAR SMAR
SMAR SMAR SMAR Associated Associated
Start End Length Proteins Features

667186 667859 674 CEBPB, CTCF,
Kuautoantigen

Sort the result according to the field.
[t will lexicographically sort the result.

AT Richness,
MAR Signature

hSMAR19859 | chr1t

hSMAR226514 | chré
W

hSMAR265404 | chrg

hSMAR2B8ETT | chrd

—

Showing 1 to 5 of 5 entries

£

361564 362419 856 CTCF, ORI Complex,
Kuautoantigen, Kinked DNA,
Yy AT Richness
408490 409262 803 CEBPB, CTCF, ORI Complex,
Kuautoantigen, Curved DNA,
YY1 Topo-ll Site, AT
ness
MARome Id, click here to visualize
Complex,
an entry on UCSC Genome Browser |_;oua
AT Richness
6591227 6501790 564 CEBPB, ORI Complex,
Fast1_FOXH1 Kinked DNA,
AT Richness

35.289

77.29

32.502

13.755

Search:
Mormlized
Raw
Score pValue
0.179 0.032
0182 0.028
0.399 0.0
0.168 0.049
0.071 0.492

Use right scrolling to see the complete Result table ] [ Brevious Next }

Search a term
of your interest

MA,

MNA

A
Control the
pagination

>



When you search MARome using “search by co-ordinate” utility, this information will display. It will give a
clue for the association between provided coordinates and S/MAR present in the database.

HTLV1 HIV1 Distance Entrez

15 15 Genomic Gene Gene Gene Gene From Gene

Sites Sites Status Element Start End Length Strand TSS ID Ensembie ID
MA 1 SMAR overlapped with JTE 669189 670975 1787 - 3116 129787 ENSGO00DEA

input coordinates
(Chr2:667186:667859 ) v
Annotation associated with S/MAR entry in the database

MA 1 SMAR overlapped with Distal Intergenic 369796 372807 3012 + -7377 336707 ENSGO0O000:
input coordinates
(chr11:361564:362418 )

NA 5 SMAR overlapped with ~ 3' UTR 303270 305015 2637 + 15211 3662 ENSGO000001:
input coordinates
hrg:4084an-Anasas
Click this count to get the detailed information
NA NA about Viral Integration sites around the S/MAR. 332001 10655 ENSGO000001
input Coordmmar==
(chr9:1387615:1387899
)
NA NA SMAR overlapped with  Intron 6580207 6605272 16066 . 13482 2731 ENSG000001
input coordinates {uc003zKe 472731,
(chr9:6591227:6591790  intron 11 of 24)
)

Click this id to redirect Click this id to redirect on
on NCBI gene database Ensemble gene database




Download Viral integration

hSMAR3 Associated Viral Integration Sites. o .
site information

Genomic Location chr1:19370-21276

** Hint: For more information abeout perticular viral integraticn site on RID database, yocu can use S/MAR asscciated IS Site
Cocrdinates.

Download Result

Associated IS Site Distance from Upstream Distance from Downstream
Coordinate SMAR SMAR Status RID Origin ID

18342 -1028 1854 OutSide HL_S 1_HL3467_000005
SMAR

OutSide HL_S_1_HL3467_000005
SMAR

outSide HL_S_1_HL3467_000006
SMAR

Close




SZQS; Annotation Database for
A AROM Human S/MARs.

Your sequence is significantly hitting on
this MARome sequence, Click the hit id to
get detailed S/MAR associated information.

Download Alignment Result

Database Hit/ Sequence Alignment
Query ID SMAR Id Identity Gaps E-value Bit Score Length Action
NG _013238.1 Homo sapiens interleukin 9 receptor (IL9R), hSMARSE8914 183/258 (71%)  22/258 5e-028 129 bits 2430 :
RefSeqGene on chromosome X and Y, Partial Sequence (9%) (142) —

© Bioinformatics Centre and National Centre for Cell Science, Savitribai Phule Pune University Campus, Pune, India.

Click here to

view detailed
blast alignhment



Query ID

NG_013238.1 Homo sapiens interleukin 9 receptor (ILOR),

Database Hit/

SMAR Id

hSMAR88914

RefSeqGene on chromosome X and Y, Partial Sequence

> hSMAR280775

Length=762
Score = 1375 bits (1524), Expect = 0.0
Identities = 762/762 (10@%), Gaps = @/762 (0%)

Strand=Plus/Plus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query

Shijct

842

982

61

962

121

1822

181

TGATCGTGCCACTGTACTCCAGCTTGGGCGACAGAGAGAGACTCTGTCTCaaaaaaaaaa

TGATCGTGCCACTGTACTCCAGCTTGGGCGACAGAGAGAGACTCTGTCTCAAAARALAAA

aaazaaaaaaactttggaaaaaaaal TAATACTATATAAGTCCACTTATATGAGGTACCT

LEEERREEEEREEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e

ARAALAAAAAAACTTTGGAAAAAAAATTAATACTATATAAGTCCACTTATATGAGGTACCT

AGCATAGACAGAAAGTAGAATGGTGGTTAACAGGTGGT TGTCAAGT TGAGGGGAGGAGGG

LEEERREEEEREEEEEEEE R R e e e e e e e e e e e e e e e e eren |

AGCATAGACAGAAAGTAGAATGGTGGTTAACAGGTGGTTGTCAAGT TGAGGGGAGGAGGG

AATGGAGAGTTGTTGGT TAAGGGTACAAAGTTCCAGTTTTGCAAGATGAAAAGGATTGTG

LEFELEERREEEREEEEREEE R R P EEE R R EEE R R P T

AATGGAGAGTTGTTGGTTAAGGGTACAAAGTTCCAGTTTTGCAAGATGAAAAGGATTGTG

Sequence

Identity Gaps

183/258 (71%)  22/258
(9%)

961

60

961

120

1e21

180

1881

240

Download Alignment Result

Alignment
E-value Bit Score Length
2430

5e-028 129 bits

(142)

Export the
alignment
Result in text
format




DOWNLOADS

Download Complete Dataset:

« Download Complete S/IMARs Annotation data.

Sr.No. Title
4 Complete S/IMAR Bed / Annotation File
2. Complete S/MAR Bed / Annotation File

« Download S/IMARs Sequence data.

Sr.No. Title
1. Complete S/IMAR Sequences
2. Complete S/IMAR Sequences

Click here to
download the
complete S/MAR

bed file.

Format
(click to download)

Assembly Version
Homo sapiens hg38/GRCh38 bed / tsv

Homo sapiens hg19/GRCh37 bed / tsv

Click here to download
the complete S/MAR
sequence file in FASTA

format.

Format

Assembly Version (click to download)
Homo sapiens hg38/GRCh38

Homo sapiens hg19/GRCh37



Scoring Function




We ascribed the feature weight (Fw) to individual S/MAR associated feature as shown
equation 1. For example, OriC feature is present 271541 times in entire dataset (including
multiple occurrence in same sequence) then its weight will be 0.959. Similarly, Topoisomerase-
IT sites that occurs 9953 times in dataset will carry weight of 0.035.

o — Individual S/MAR Feature Abundance 1
Y = TTotal Number Of SMARs in dataset

Then for every SMAR entry and every SMAR associated feature we calculated the feature
score (Fs) as show in equation 2. To calculate Fs, we considered feature count per kilobase |
(Kb) of the S/MAR length and multiplied it with weight of a feature in consideration (calculated
in equation 1).

Feature Count
Fs = (

2
Length of the S/MAR (Kb)) x Fw

Such distinct calculated F's were then summed up and multiplied by the number of SMARBP
concomitant with the S/MAR entry. This S/MAR score is called as Raw Score and denoted by
‘S’ as shown in equation 3.



n
S = ZFsixPc 3

I=1

(wheren = S/MAR features present in an S/MAR entry ; Pc = Number of S/MARBPs)

Then the obtained raw score was subjected to Min-Max Normalization method using equation

4 to scale it between 0 and 1. Such normalized score is denoted by N.
N = S — min (S5)

~ max(S) — min (5)

To get the normal distribution, the individual raw scores were then transformed into z-score
using equation 5. The p-value was then calculated using the z-score. Database users can use
the Min-Max Normalized score for filtering quality S/MARs over others. they can also take
help of p-value.

S—u
Z = — (Where S = raw score; u = mean; o = standard deviation) 5
o



