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Legal Notices

For Research Use Only. Not for use in diagnostic procedures.

This material is protected by United States Copyright Law and International Treaties. Unauthorized use of this
material is prohibited. No part of the publication may be copied, reproduced, distributed, translated, reverse-
engineered or transmitted in any form or by any media, or by any means, whether now known or unknown,
without the express prior permission in writing from Bionano Genomics. Copying, under the law, includes
translating into another language or format. The technical data contained herein is intended for ultimate
destinations permitted by U.S. law. Diversion contrary to U. S. law prohibited. This publication represents the
latest information available at the time of release. Due to continuous efforts to improve the product, technical
changes may occur that are not reflected in this document. Bionano Genomics reserves the right to make
changes in specifications and other information contained in this publication at any time and without prior
notice. Please contact Bionano Genomics Customer Support for the latest information.

BIONANO GENOMICS DISCLAIMS ALLWARRANTIESWITH RESPECT TO THIS DOCUMENT, EXPRESSED
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THOSE OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE.TO THE FULLEST EXTENT ALLOWED BY LAW, IN NO EVENT SHALL BIONANO
GENOMICS BE LIABLE, WHETHER IN CONTRACT, TORT, WARRANTY, OR UNDER ANY STATUTE OR
ON ANY OTHER BASIS FOR SPECIAL, INCIDENTAL, INDIRECT, PUNITIVE, MULTIPLE OR
CONSEQUENTIAL DAMAGES IN CONNECTIONWITH OR ARISING FROM THIS DOCUMENT, INCLUDING
BUT NOT LIMITED TO THE USE THEREOF WHETHER OR NOT FORESEEABLE AND WHETHER OR
NOT BIONANO GENOMICS IS ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Patents
Products of Bionano Genomics may be covered by one or more U.S. or foreign patents.
Trademarks

The Bionano Genomics logo and names of Bionano Genomics products or services are registered trademarks
or trademarks owned by Bionano Genomics in the United States and certain other countries.

Bionano Genomics®, Irys®, IrysView®, IrysChip®, IrysPrep®, IrysSolve®, Saphyr™, Saphyr Chip™, and
Bionano Access™ are trademarks of Bionano Genomics, Inc. All other trademarks are the sole property of
their respective owners.

No license to use any trademarks of Bionano Genomics is given or implied. Users are not permitted to use
these trademarks without the prior written consent of Bionano Genomics. The use of these trademarks or any
other materials, except as permitted herein, is expressly prohibited and may be in violation of federal or other
applicable laws.

© Copyright 2017 Bionano Genomics, Inc. All rights reserved
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XMAP v0.2 File Format Specification Sheet

This file format specification sheet details the file format specifications for the XMAP file, version 0.2. This file
is backwards-compatible with XMAP vO0.1.

Introduction
The Bionano Genomics .xmap file is a cross-comparison between two maps.

The .xmap file reports the comparison derived from the alignment between an anchor .cmap file and a query
.cmap file. The data line displays the map start and end coordinates and the locations of the labels on the
map using a tab-delimited text based file.

The .xmap file presents the information in two sections: the XMAP information header, which describe the
specific format of the data; and the map alignment information block, which contains the data rows. This file
format specification sheet provides descriptions, with examples, of the XMAP header and map alignment
information block format of the file.

When imported into Bionano Access™, the .xmap file is automatically filtered and ready for downstream
analysis. XMAP files can be opened in Excel for easy readability or in any tab-delimited, text-based editor.
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Green1 23 4 5 67 59 10 1112 98 7 65 4 32 1

Format
The XMAP file contains the following sections:
* XMAP header

* # XMAP File Version:

* # Reference Maps From:
 # Query Maps From:

o #h

o #f

Alignment information block (each row as defined by the column headers in #h)

« After the 3 IDs, is the first alignment of a reference map label to a query map label with orientation and
confidence

* Then the (pseudo)-CIGAR string displays in HitEnum, followed by query and reference length and label
channel

« The final string shows the alignment label site in the map and is repeated for all label sites indexed per label
color channel

Header Specifications

Header rows are prefixed by the pound sign (#).

Table 1: Header Order

Header Line Tag Header Line Description
# XMAP File Version: Indicates the version of the XMAP file*
# Reference Maps From: A string denoting the path to the corresponding _r.cmap*
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Header Line Tag Header Line Description

# Query Maps From: A string denoting the path to the corresponding _g.cmap*
#h Defines the columns for each data row**
#f Defines the numerical data type for each data column**

Note: *Denotes the required header line tags for Bionano Access to read an XMAP file. Required header
line tags must be present and must precede the Alignment Information Block to read an XMAP file.
Header lines which are not required are optional and may be omitted. **Denotes the required header line
tags for importing into Bionano Access.

Header Specification Details

The following tables provide the XMAP header's descriptions (including any specific formatting, limitations and
requirements) and examples.

# XMAP File Version

Header # XMAP File Version:
Description Indicates the version of the XMAP file.
Example # XMAP File Version:<TAB>0.2

# Reference Maps From
Header # Reference Maps From:

Description A string denoting the path to the corresponding reference map, which contains the
reference or anchor data.

Example # Reference Maps From:<TAB> ExampleXmap_r.cmap

# Query Maps From

Header # Query Maps From:

Description A string denoting the path to the corresponding query map, which contains the query
data.

Example # Query Maps From:<TAB>ExampleXmap_g.cmap

#h

Header #h

Description Description of the required tab-separated columns in #h:
XmapEntrylD A unique line number for the data lines in

the XMAP file.

' Note: For 2-color, the XmapEntrylD
will begin with the number 2.

QryContigID Map ID of query map (Contig ID from
.cmap file for query)

RefContigID Map ID of the reference map from the
.cmap reference file (the .cmap file may
contain multiple reference maps).

' Note: RefContiglDs must be
integers, but they need not be
sequential.

QryStartPos Coordinates of the first aligned label on
the query map (Start position of hit on
query map)
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#h
QryEndPos

RefStartPos

RefEndPos

Orientation

Confidence

HitEnum

QryLen
RefLen
LabelChannel
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Coordinates of the last aligned label on
the query map (Stop position of hit on
query map)

Coordinates of the first aligned label on
the reference or anchor map
Coordinates of the last aligned label on
the reference or anchor map

The relative orientation of the query map
relative to the reference: forward (+) or
reverse (-). The convention is that the
reference is always positive orientation,
so if the query aligns in reverse, it is shown
as having negative (-) orientation.

»
Note: For 2-color, the orientation
will be the same.

Statistical Confidence of result: Negative
Log10 of p-value of alignment (without
Bonferroni Correction for multiple
experiments).

»
Note: For 2-color, the confidence
number is the combined confidence
of the alignment for both colors.

Pseudo-CIGAR string representing
matches (M), insertions (1), or deletions
(D) of label sites with respect to the
reference or anchor map. Count begins at
the leftmost anchor label of that color.

»

- Note: When 2 or more anchor sites
resolve into a single query site, only
the rightmost anchor site is shown
matched with the query site and the
leftmost associated anchor sites are
shown as deletions.

Length of query map from _g.cmap.
Length of reference map from _r.cmap.
Color channel of alignment from cmap
files.

« For 1-color data, LabelChannel is 1.

* For 2-color data:

« Using -usecolor N, the LabelChannel is
N (N =1 or 2), and there is only one
XMAP entry per alignment for the color
channel specified by N.

* Without -usecolor N, LabelChannel is
1 or 2. Inthis case, there are two XMAP
entries (two lines), one for each color
channel.
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#h
Alignment Indices of the aligned site ID pairs. (When
the query orientation is reversed ("-"), the
query IDs are in descending order.) Count
begins at the leftmost anchor label of that
color.

/" Note: When two sites in the
reference align with the same site in
the query, it is an indication that the
two sites in the reference failed to
resolve. Alignment provides a view
of aligned pairs which would
normally be ignored by HitEnum
(CIGAR string).

Example #h XmapEntrylD<TAB>QryContigID<TAB> RefContigID

<TAB>QryStartPos<TAB>QryEndPos<TAB>RefStartPos
<TAB>RefEndPos<TAB>Orientation<TAB>Confidence <TAB>HitEnum
<TAB>QryLen<TAB>RefLen<TAB>LabelChannel<TAB>Alignment

/P Note: Additional columns may be present but are not defined by XMAP Version 0.2.

#f

Header #f

Description Defines the numerical data type for each data column.
Example

#f iInt<TAB>int<TAB>int<TAB>float<TAB>float<TAB>

float<TAB>float<TAB>string<TAB>float<TAB>string

Alignment Information Block Specification

The data is grouped such that each data row represents an alignment between one reference or anchor map
and one query contig/map.

/, Note: Depending on the parameters used during alignment, there may be more than one alignment for
each reference and/or query map. Even for the same query and reference ID pair, different local alignments
(alignments of the same region of the query with different regions of the reference) can be present.

I XMAP File Vers 0.2
# Labe] Channels 2
# Reference Map twocolor_r.emap
# Query Maps Frc twocobor_g.cmap

Bh XmagEntryiD  OryContiglD RefContig Qrys! ¥Ende fatarti Refendio ConfidentHitEnum Qrylen Reflen  LabelChar Alignment
uf int int int float float float float sring  float sring  float float int sring
2 106000337 1 18975 17TME73 9749 1TETE2 + 23.74 IM1IZM1I 1802958 5139685 1{12)12.3)(2.4)(4.6)(6,7)(7.9)(8.10)(9.18}{10.15)
3 106000337 1 2920.1 1771248 10905 183608 + 23.74 IM1D2M2 1802958 5139685 2 13,1)(4,2)(6,3)(7.4)(9,5)( 10.5)(13,6)(14,6)( 15, 7)( 16,8)(17,9]{ 18,10){ 19, 11){20,12)(22,13)( 23, 14)( 26.15]
4 101000333 1 39231 1961375 9743 2768656 + 2303 IMIIMI 1967623 5139685 1{L,3)(2,7)13,9)(7,12){9,15){ 10, 18} 12, 20)(13, 21) {15, 25){16, 23]
5 101000333 1 6744 194285 B2367 275962 + 23,13 AM1DEM1 198762.3 5139685 2 {17.1}(18,2){19.3){ 20,4)(22,5){23,6)[24,7){25,8){ 26,9)(27,10) (28,11} 79,12){ 31,13}{ 32,14){33,15){ 34,18
6 101000798 1 1379397 S8 IEIB0  1659SE - 19.25 IMLIMI 1645711 5139685 1 (2,12)(2,10)(4,8)(5, 7)(6,6)( 7.4)(8,3)(9,1)
000298 1 148980 20803 1SRA6 163433 19.25 IMIDIM2 1645211 8139685 2 {8,18)(7,15)(9,18){10,18)(11,13){13,12){18,21){15,10){16,%){ 17,2} (18, 7){19,8){ 20,5){ 22, 3){23,2){24.1)
g 101000145 1 1348552 4851 50004 183857 18.89 IM1I3M1I 171060.3 5135635 1 {3,13)(4,11){5,200{6.9)(7.7)(8.6]{9.5){10.2){ 11,1}
9 101000145 1 1657506 1568 10905 183608 - 16.59 SM1D2M3 171060.3 5139685 2 {3,15)(4,24)(5,13{6.12)(7.11 {9, 20}{ 10,9)( 1 2.B){ 14,8)( 15,7){ 17.6}(18,5)( 19.4){22.3){ 23.2}{27.1)
1o 101000158 1 1683777 M58 50004 264214 - 1341 IMLIIMI 1832111 5139685 1 {3,24){4,22){5,18){€.17){7,15){11,11){12,0){13,9)14,5){ 15,1}
u 101000188 1 1431705 §913.7 123414 257851 - 1341 IM1DIMI 1832111 51390685 2 {20,16){22,15)(23,14)(29,13)( 26,12}(27,11}{ 28,10} 30,8)( 31.8]{ 32,6} 33,5)( 34,41 36,3)( 37,3){ 38.2) (39,2
12 102000242 1 19793 26TIILS 50004 314303 + 38,35 SMIMID 2736015 5139685 1(3,2)(8,2)(3,3)(6,4)1 7,508 7) 09,8011, 90112, 100(13,02 (13, 14) 15, 16) (16,1 7} 19,18} 20,190 21, 20){ 22,22
1 104000242 1 115643 265770.1 62228 314757 + 32.15 BM1SMID 2736015 5139685 2 (13,2){14,2){15,3){16,4){17,5)(18,6)({ 19, 7){ 20,921, 10){22,11}{23,12)(24,13( 26, 14){ 27,15){ 29,16)(20,%
14 102000221 1 436388 1629576 T6158 187830 + 20.28 ZMIIDEY 1783519 5139685 1 {4,1){5.2)(7.6)(8,7)(9.8){10,9){11.10){12.11)
15 102000221 1 30897 1428859 32214 168206 + 20,28 2M1DIM3 1783519 5139685 2 (7.1)18.2)(9,3)(10,3}{12,4)(18,4){15.6}( 16, 7){17.8){ 18,9} 19, 10}( 20,11){ 22,12}{ 23, 13){ 24, 14){ 26,15)
16 103000534 1 1534567 147106 89565 227268 - 27.61 IMBIMI 163286.2 5139685 1 (5,25)(6,24)(7,20)(8,18)(%,14){10,11){11,10){ 12,5){13,8){ 14,4)

Figure 1: Results map or .xmap
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