PULSENET STANDARD OPERATING PROCEDURE FOR LOCAL CLUSTER DETECTION AND MATCHING
AGAINST THE NATIONAL DATABASE

Doc. No. PND06 Ver. No. 01 ‘ Effective Date: §/23/2020 Page 1 of 28

1. PURPOSE: Genomic sequences generated by PulseNet participating laboratories for
PulseNet surveillance are processed using the BioNumerics software and a two-phase
analysis approach utilizing the RefID database (PND20) and the organism-specific databases
(PNDO5). Fully analyzed sequences can be used for local and national cluster detection. The
purpose of this document is to outline the standardized procedures for local cluster detection
in the organism-specific databases and querying and matching against the national database.

2. SCOPE: This procedure applies to whole genome sequence data generated by PulseNet
participating laboratories for PulseNet surveillance.

3. TABLE OF CONTENTS - HYPERLINKS TO THE PROCEDURE

3.1
3.2.

3.3.
3.4.
3.5.
3.6.
3.7.
3.8.

Local Cluster Detection Using a 60- Or 120-Day cgMLST Dendrogram

Local Cluster Detection Using Fast Character Matching (FCM) — Compare a Sequence
Or a Group of Sequences Against the Entire Local Database

Local Cluster Detection Based on Allele Codes

Query the National Database and Download Bundles

Match Against Server

Generate Reports

Appendix PNDO06-1. PulseNet Settings for Creating cgMLST or wgMLST Dendrograms
Appendix PNDO06-2. Instructions to Customize the View in the Local Database

4. DEFINITIONS/ACRONYMS:

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.
4.7.
4.8.

7-gene MLST: Multi-Locus Sequence Typing scheme based on seven conserved
housekeeping genes.

Allele: One of two or more alternative forms of a gene that arise by mutation and are
found at the same place on a chromosome.

Allele code: A downloadable sequence type name, assigned in the national database,
that is based on comparing cgMLST profiles using single linkage clustering and
hierarchical similarity thresholds. Composed of multiple digits, e.g., LMO1.0 -
5.1.1.2.5.1 where each digit corresponds to a specific similarity threshold (allele
difference). The more digits two sequences have in common from left to right, the more
closely related they are.

Analysis Certified: An individual who is certified for checking the quality, performing
analysis and uploading WGS data to the PulseNet National Database and NCBI using
BioNumerics.

BioNumerics: Analysis software used by PulseNet, developed by Applied Maths (Sint-
Martens-Latem, Belgium).

CDC: Centers for Disease Control and Prevention.

cgMLST: Core Genome Multi-Locus Sequence Typing

Cluster (outbreak) code: A downloadable name assigned to a detected cluster of cases
in the national database that populates the “Outbreak” field. Follows the format year-
month-location-organism-cluster number. For example: 2005GAEXH-1 was the first
STEC 0157 cluster detected in Georgia in May 2020; 2005MLJPX-2 was the second
multi-state Salmonella Typhimurium cluster detected in May 2020.
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4.9. Core genome: Genes shared by a vast majority (e.g., >99% of strains Listeria

monocytogenes strains) of strains of the same species.

4.10. FCM: Fast Character Match. A database screening tool in BioNumerics that can be
used to quickly search for matches in the local or national database for the sequence(s)
of interest.

4.11. Organism-specific Database: A BioNumerics database, v 7.6 or higher, used for
comparing isolate sequences for surveillance. Part of the standard PulseNet workflow.

4.12. PN: PulseNet.

4.13. PulseNet Central: PulseNet team at CDC comprising of the Database Unit
(PulseNet@cdc.gov) and the Next Generation Subtyping Methods Unit
(PulseNetNGSlab@cdc.gov).

4.14. QC: Quality Control.

4.15. RefID Database: A BioNumerics database, v 7.6 or higher, used for quality control of
raw sequence data, assembly of sequences, contamination detection and species
identification. Part of the standard PulseNet workflow.

4.16. SOP: Standard Operating Procedure.

4.17. WGS: Whole Genome Sequencing.

4.18. wgMLST: Whole Genome Multi-Locus Sequence Typing.

5. RESPONSIBILITIES:

5.1. Analysis certified PulseNet public health laboratory personnel perform local cluster
detection and matching and querying against the national database using the
BioNumerics 7.6 or higher organism-specific surveillance databases. The detected
clusters are reported through appropriate channels.

5.2. PulseNet Central Database Unit personnel perform cluster detection at the national level
and report clusters through appropriate channels.

6. PROCEDURE:
6.1. Local Cluster Detection Using a 60- Or 120-Day cgMLST Dendrogram.

6.1.1. Find and select the relevant entries by querying the database using the “Find
entries in list” icon and/or by arranging the “PulseNet_UploadDate” field. For
example, you can find all entries of a certain serotype by using the “Find entries in
list” functionality, select and open them in a comparison and then arrange the

~ “PulseNet_UploadDate” field to bring the latest uploads on top.
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6.1.2. Create a comparison by clicking on the green plus in the “Comparisons” panel in
the main BioNumerics window or pressing alt+c on the keyboard. The “Comparison”
window will open.

6.1.3. Inthe “Experiments” panel in the “Comparison” window, choose “Core” or “Core
loci” (depending on the organism database) from the “Aspect” drop-down menu. and
click on the eye next to “wgMLST”.

6.1.4. Click on the “Cluster analysis using current settings” icon to create a cgMLST
dendrogram. NOTE: this quick cluster tool creates a dendrogram using the PulseNet
settings outlined in Appendix PNDO6-1.

e o g 36 R D g 2 g WANLST S gy E v R,

o

jry Dendrogranm l_iu_ Information fields
[ EA Y =7 W | P T P ST W o A .
] wgMLST,
B &
& 8
3 3
wMLST_v3 (Core)
rm— < 3 (core) 100 @ = te WGS_id MLST ST - -
e — =
= PHUSAS053828
Loy -]
e b T4 PHUSAS052557
e b7 PHUSAS053826

PNUSAS051258
PNUSASD48115.
PNUSAS052556
PNUSAS051329
PNUSAS053530
FDADD013492

FDA00013494

PNUSAS053831

PHUSAS051323
PNUSAS050073
PNUSASDS1330

R e A e A A N SIS S S S S

SRESSSSNSESSNSNSESSSENSSN

- PHUSAS056152
z Ij wglLST_! <All Characters> FDAD0013453
L Ig‘ wgs <Selected Characters> PHUSASDSS747
‘Jg' wgs_Trimr All loci PNUSAS053832
Chremoesome-associal ted loci BHUES O R
PHUSAS053830
Core

PNUSASD52056

6.1.5. Toview allele differencés, right-click on the appropriate node and select the
desired option from the drop-down menu.

| § 4 1 2 [ 14 PNUSAS052556
Select root
e [}  Collapse/expand branch

ET  Move branch up
[E} Move branch down

“[E  Reroottree

Advanced tools ¥

] —— Label tree node with within-branch distances
Label tree node with between-subbranch distances

Label subtree with within-branch distances
100, 1) Label subtree node with between-subbranch distances
Label tree with within-branch distances

Label tree with between-subbranch distances

Remove node label
Remove all labels in subtree

Remove all tree labels

E Cluster analysis (similarity matrix)...
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6.1.5.1.  The following labeling options are most useful:




PULSENET STANDARD OPERATING PROCEDURE FOR LOCAL CLUSTER DETECTION AND MATCHING
AGAINST THE NATIONAL DATABASE

Doc. No. PNDO06 Ver. No. 01 Effective Date: g/23/2020 Page 4 of 28

6.1.5.1.1. “Label tree node with within-branch distances”: labels the node with
the median allele difference and the range for the minimum and
maximum number of alleles detected W|th|n node.
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6.1.5.1.2. “Label tree node with between-subbranch distances”: labels the node
with multiple subbranches with the median allele difference and the range
for the minimum and maximum number of alleles detected between the
subbranches within the node.
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6.1.5.1.3. “Label subtree with within- branch distances”: labels each branch of
the subtree with the median allele difference and the range for the
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6.1.5.1.4. “Label tree with within-branch distances”: labels each branch in the
tree with the median allele difference and the range for the minimum and
maximum number of alleles.
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6.1.6. Exporting a dendrogram.
6.1.6.1.  If the allele calls are shown, turn off the allele calls by clicking on the eye
next to the “wgMLST” experiment.
6.1.6.2.  In the “Comparison” window from the “File” drop-down menu, choose
“Print preview”.
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6.1.6.3.  In the “Comparison print preview” window, you can customize the view:
6.1.6.3.1. Move the yellow nodes to hide or display fields.
6.1.6.3.2. Add the field headers by choosing “Show field names” from the
“Layout” drop-down menu.
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6.1.6.3.4. You can switch to landscape orientation by choosing “Printer setup”

from the “File” drop-down menu. In the “Print Setup” window under

“Orientation”, select “Landscape”.
File Edit Layout Window Help

7L Printer setup... ﬁ Prnt Setup *
s Prirt
Print all pages e

e Name Canon MGE800 series [UPD:PS] from Davi ~ Properties...

z
[F]  Printthis page
i

Status: Ready
Copy page to clipboard e Type:  Remote Desktop Easy Pnnt
Where:  TS001
Export... Comment:
Exit Paper Orientation
Size: Letter O Portrait

Source: | Automatically Select

(® Landscape

Network ... Cancel

6.1.6.4.  Once the image is set, choose “Copy page to clipboard” from the “File”
drop-down menu.
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6.1.6.5. “Copy to clipboard” window will open. Choose “Enhanced metafile” and
click “OK”.

Copy to clipboard @

Preferred clipboard format:

@ Enhanced Metafile
)75 dpi bitmap
1150 dpi bitmap

) 300 dpi bitmap

_) 600 dpi bitmap
Cancel

6.1.6.6. The image can now be pasted into PowerPoint or Word.

6.1.6.7.  Steps 6.1.6.4. — 6.1.6.6. need to be repeated for each page you wish to
copy.

6.1.7. View allele differences entry by entry in a similarity (allele) matrix.

6.1.7.1.  Inthe “Comparison” window, select the entries you want to include in the
matrix.

6.1.7.2.  From the “File” drop-down menu, choose “Export” and from the
appearing drop-down menu, choose “Export differences”.
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6.1.7.3.  An Excel file with the similarity matrix opens displaying pairwise allele
differences between the strains.

WGLMO00002879 WGLMO0002880 WGLMO0002889 WGLMO0002946 WGLMO0002947 WGMLST_LMO0000977

WGLMO00002879 0 0 1 1 1

WGLMO00002880 0 1 1 1 4
WGLMO0002889 1 1 0 0 0 5
WGLMO00002946 1 1 0 0 0 5
WGLMO00002947 1 1 0 0 0 5
WGMLST_LMO0000977 4 4 5 5 5 0

6.1.8. View allele differences between clades in a similarity (allele) matrix.
6.1.8.1.  Inthe “Comparison” window, select the entries belonging to the same
clade.
6.1.8.2.  Inthe “Groups” panel, click “Create new group from selection” or press
ctrl+g on the keyboard and in the appearing “Create new group” window, enter
the name of the group, e.g., “Clade 1”.
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6.1.8.3.  Repeat steps 6.1.8.1. and 6.1.8.2. for the remaining clades.

6.1.8.4.  Select the entries in the clades of interest.

6.1.8.5.  From the “File” drop-down menu, choose “Export” and from the
appearing drop-down menu, choose “Export group differences”.
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6.1.8.6.  An Excel file with the similarity matrix opens displaying the pairwise
median allele differences between the clades and the minimum and maximum
ranges for each pairwise comparison.
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6.1.9. Keep species/serotype-specific comparisons saved for the past 60 or 120 days and
update them by adding new entries and removing old (past 60/120 days) entries.
6.1.9.1. To save a comparison:
6.1.9.1.1. From the “File” drop-down menu, choose “Save as”. “Save
comparison as” window appears.
6.1.9.1.2. Name the comparison and select the data storage option.
6.1.9.1.2.1.  Choosing the “File” option means that only the creator of the
comparison can see it and work on it in a shared database.
6.1.9.1.2.2.  Choosing the “Database” option will save the comparison
within the relational database so other users of the shared database
can see it and work on it.
6.1.9.1.3. Click “OK”.
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= i l E [+ Maintain list of member entries Cancel
it M E
6.1.9.1.4. Saved comparisons are listed in the “Comparisons” panel in the

main window.
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6.1.9.2.  To add new entries to the comparison:

6.1.9.2.1. Select the entries to be copied to the comparison.
6.1.9.2.2. In the main BioNumerics window, click “Copy selected entries to i
clipboard”. j
6.1.9.2.3. In the target comparison window, click “Paste selection”.
6.1.9.3.  Toremove old entries from the comparison:
6.1.9.3.1. In the comparison window, select entries to be removed.
6.1.9.3.2. Click “Cut selection (ctrl+x)”. A confirmation window appears. PELE

Click “Yes”. NOTE: the cut entries will remain selected in the database.
To de-select, press F4.
6.2. Local Cluster Detection Using Fast Character Matching (FCM) — Compare a
Sequence Or a Group of Sequences Against the Entire Local Database.
6.2.1. Inthe main BioNumerics window, select the entries of interest.
6.2.2. From the “Analysis” drop-down menu, choose “Fast wgMLST matching”.

@ wgSalmonella-client - BioMumerics
File Edit Database Analysis Scripts MCBI WGStools Window Help

Compare two entries Ctrl+2

Sequence types ¥

Spectrum types >
Sequence read set types > | AntigenForm_wgs

@7 ldentify selected entries... 17:9.ms15
19:1,2281,5
Run decision network...
Fast matching > |igany
Fast wgMLST matching... 14:d:1,7
Update wgMLST matching cache... 14:d:1,7
Find clusters... 14217
19:g,m-
1A, Chart and statistics... F7 14:d:1,7
19:g,m-

Field diversity indices... |orgm-

6.2.3. In the “Fast character matching settings” window, define the parameters:
6.2.3.1.  Use the default values for “Input data”:
6.2.3.1.1. Experiment type: wgMLST
6.2.3.1.2. Character view: Core
6.2.3.2.  Quality filtering: check the box for “Enforce minimum locus presence of ”
if you only want to compare against sequences that passed the minimum core
percentage threshold. Enter 95.0 for Listeria and 85.0 for Escherichia,

Salmonella and Campylobacter. Leave the box unchecked if you also want to
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6.2.3.3.

6.2.3.4.

6.2.3.5.

6.2.3.6.

include sequences that may not have passed the core percentage present.

NOTE: in an outbreak situation for timeliness of results it may sometimes be

necessary to include lower quality sequences to the comparison while waiting

for repeat sequencing.

The search can be restricted by defining values for “Reference filtering”:

6.2.3.3.1. Check the box for “Use date restriction” if you want to narrow down
the search for a specific date range, e.g., the past 60 or 120 days.

6.2.3.3.2. Check the box for “Use field value restriction” if you want to narrow

down the search based on a specific field, e.g., serotype or allele code.

“Match parameters” — type in the allelic distances you are interested in for

primary and secondary matches.

“Qutput” — define how you want to see the results displayed:

6.2.3.5.1. Update your original selection with either primary hits (entries that are
within the primary match threshold defined under “Match parameters™) or
all hits (entries that are within the secondary match threshold under
“Match parameters”).

6.2.3.5.2. Create a comparison with either primary hits or all hits.

6.2.3.5.3. Open a match window with either primary hits or all hits.

Click “OK”.

Fast character matching settings ? X

Input data Quality filtering

Experiment type: | wgMLST_v3 ~ Enforce minimum relative locus presence of 95.0 %

Character view: c [ Enforce minimum absolute locus presence of | 0.0
d ore hd

Reference filtering

[ Use date restriction

Date infield | UploadDate

between Wednesday, October 10, 2018 |Eﬂd ‘ Tuesday , Januan

[] Use field value restriction

Value in field Serotype equals Javiana

Match parameters

Use allelic distance [use homogenized distance

Secondary match threshold:

Minimurm overlap: %

Output

Primary match thresheld: Primary match thresheld: 1.0 %

Secondary match threshold:

Update current selection to include | primary hits ~
Create comparison with | all hits =

Open match window with | all hits il

Cancel

6.2.4. A message will be displayed if entries found during the matching are of poor

quality, e.g., percent core <95/85%. Click “Yes” to continue. The poor quality entries
will be included in the output.
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Fast character matching

The following 7 query entries have been found to be low quality:
AL__ 1807016544
AL__ 1808012190
FCF__1081755-5003-001

! L FCF__1081755-3005-006

TH___N18E226465-01B
TH___N18E234058-01B
TH___N18E252295-01B

Do you want to continue anyway?

Yes ] Na

6.2.5. Viewing the FCM output in a comparison. NOTE: this example is based on the
FCM settings from the above screenshot.
6.2.5.1.  All hits (within 10 alleles) are displayed in the comparison.
6.2.5.2. (anly the original selection and primary hits (within 5 alleles) are selected.

Comparase

et Fegueim. Charmrien Sampuras  Tmdfiots Rt s " e

ST S [
R R I I T et gs N

> TN, W T

Croun.

DR

[—— Anpa =

NARRARAAA AN RN S

!
ARARARA A

IS;K'J:.;?.»‘.;'-{._ -— L

~
I'(ri“ :
6.2.6. Viewing the output in the FCM window. NOTE: this example is based on the
FCM settings from the above screenshot.
6.2.6.1.  The “Entries” panel in the top lists the original entries chosen to be
compared.
6.2.6.2.  The “Matches” panel in the bottom displays the results of the FCM. All
hits (within 10 alleles) are listed but only primary hits (within 5 alleles) are
selected. NOTE: the original selection is also listed in the bottom panel
because they are being matched against themselves.
6.2.6.3.  The “Distance” field in the bottom panel shows the allele differences
between each entry in the top panel vs. the entries in the bottom panel.
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Fast character matching for experiment type wgMLST_v3, aspect core7 (wgMLST_v3) - o X
File Window Help

Ki
| AL__ 1807016544 2018-08-27 14:47:01
¥ | AL___1808012190 2018-09-27 14:48:59
1| FCF__1081755-5003-001 2018-09-27 14:47:04
|| FCF__1081755-5005-006 2018-08-27 14:46:59
#|| TN__N18E220156-01B  2018-10-22 03:11:19
¥ | TN__N1BE226465-01B  2018-09-18 11:57:27
#|| TN__N18E234058-01B  2018-08-18 11:57:26
#|| TN__N18E235762-01B  2018-09-18 11:57:27
¥ | TN__N1BE236645-01B  2018-10-19 16:36:14
# TN__N18E252285-01B  2018-10-21 01:50:55
/| TN__N18E257409-01B  2018-10-11 11:48:24

< >

Modified date cdc_id AntigenForm_wags Serotype_wags s

2
> [4

<nimnoe Key Modified date cde_id AntigenForm_wgs  Serotype_wgs
2.000 | TH__N18E267004-01B  2018-10-17 10:58:43
2.000 | TH__N18E245442-01B  2018-09-18 11:57:27
2.000| TH__N18E243531-01B  2018-09-18 11:57:26
2.000 | TH__N18E243033-01B  2018-09-18 11:57:26
3.000 | TH__N18E245443-018  2018-09-18 11:57:27
3.000| TH__N18E245611-01B  2018-10-21 15:36:50
3.000| TH__N18E243532-01B  2018-08-18 11:57:26
3.000| TH__N18E245612-018  2018-09-18 11:57:26
6.000| MD__WDA18052877  2018-10-19 16:53:12
9.000 | 2015AM-0688 2018-11-15 08:36:56
9.000 | IN__C18036851 2018-10-20 14:45:22
10.000 | WI___18MP005406 2018-10-11 13:32:54
10.000 | IN__C18024426 2018-10-21 20:55:15
10.000 | TH__N18E286115-018  2018-10-11 13:32553
10.000 | NC___MBO0E0718-0047 2018-10-11 13:32:50
10.000 | N__C18022757 2018-10-11 13:32:54
10.000f g T IR 3

6.3. Local Cluster Detection Based on Allele Codes. NOTE: see PNDO5 (PulseNet
standard operating procedure for the organism-specific database workflow) step 6.9. for
how to download allele codes from the national database.

6.3.1. Inthe main BioNumerics window, choose “Find clusters” from the “Analysis”
drop-down menu.

)[4

ANAEANAANN

v

@ E. coli Training - BioMumerics
File Edit Database Analysis Scripts MNCBl  PulseMet WGStools

Compare two entries Ctrl+2
Sequence types 3
Spectrum types >
Sequence read set types ,  T——
t? Identify selected entries... Allele_
Run decision network... B:22 EC1.0-
Fast matching y 14
B:43
Fast wgMLST matching...
07
Update wgMLST matching cache... 804 EC1.0-
Find clusters... 814 EC1.0-
2:20 EC1.0-
LA, Chart and statistics... FT o s
Field diversity indices... f1:25

6.3.2. Inthe “Found clusters” window, define the parameters. NOTE: the below

recommendations are for Listeria.

6.3.2.1.  Under “Similarity profile” define the “WGS Tier”: 1.1.1.1.1 (up to the 5"
digit equals to a difference of approximately 7 alleles).

6.3.2.2.  Under “Options”, you can choose to include non-human isolates or
historical isolates.

6.3.2.3.  Define the “Minimum cluster size”: nationally 3; locally 2 may be more
appropriate depending on the size of jurisdiction.

6.3.2.4.  Define the “Past days to check”: 120.
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6.3.2.5.  Found clusters are displayed with the number of cases in the “Select”
panel.

1
Found Clusters ? »
Similarity Profile
WGST Tien | 1,1.1.1.1 ~
Options

[Jinclude non-human sources

[[linclude historical isolates

Minimum cluster size
Cluster Size: [ 3 ] |
Past Days to Check: |
Days: | 120 | [Recalculate |
Select:  |[] 5123L1.1-3

|0 &1.1.1.51-4

0] 51.265.1-4

|0 23810011 -6

|[] ss0.1.1.25- 2

1

oK Cancel

6.3.3. Select the cluster(s) of interest by checking the box next to it and click “OK” to
open a comparison window of the entries belonging to the cluster(s). Select the
entries and use the quick clustering tool to view the clustering.

File Edit Lasyout Groups Clustering Statistics Fingerprints Characters Sequence TrendData GenomeMaps Readsets Spectra Composite PulseNet Window F

Found Clusters ? *

- WgMLST . i o)
Similerity Profiles
WGST Tier  [1:1.1.1.1 v
=Y
e — =y
- Dendrograi EX..
Options |5 Experiment ypes- s 3 =
N A T ]
[include non-human sources e’ Appact 15 (RO R .
2| | w <Defaut> @ 5] wghiLS|
[ include historical isolates j = £
#[ 28 desove <Defaut>
Minimum cluster size ‘J_l LT coreies a

wghiLST (Core loci)
] 20 ©

Allele_code AMNI_ce

Cluster Size: | 3 r
| 2 quay <Al Characterss

© o 1w
Past Days to Check: | 2 antivio <Al Characterss
Days: [120 | | Recslculate # | ] prophages <Al Charactars>

* | 2 resistance <Al Characiers>

Select: [ 51.2311.1-3 2| ] pasmas A CharacEre |
E & 1551 : = 3 vigs, Trimmedstats <Defauts v
& 2381111.1-6 mummmm}

LMO1.1-6.1.1.1.51.2
LMO1.1-6.1.1.1.51.2
LMO1.1-6.1.1.1.51.1
LMO1.1 - 6.1.1.1.51.1
LMO1.1 - 238.1.1.11
LMO1.1 - 238.0.1.11
LMO1.1 -238.0.1.11
LMO1.1 - 238.4.1.41
LMO1.1 - 238.4.1.11
LMO1.1 - 238.4.1.11
LMO1.1 - 650.1.125.4
LMO1.1 - 650.1.125.1
LMO1.1 - 650.1.125.1
LMO1.1 - 51.26.5.1.1
LMO1.1 - 51.26.5.1.1
LMO1.1 - 51.26.5.1.1
LMO1.1-51.26.5.1.1
LMO1.1-51.231.1.12

e
Name =

6.4. Query the National Database and Download Bundles.
6.4.1. Authenticate to the PulseNetWGS firewall and connect to the national database to
the number of days you want to include in your search.
6.4.2. The “PulseNet web server connection” window will open and display the number
of entries you are connected to.

LMO1.1-51.231.012
LMO1.1-51.231.0.12

RN NN N NE N NN NN NN NN RN
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@ PulseMet web server connection

File PulseMNet Window Help
- . b
o v by Y

Server overview

— Statisti

Loaded entries: 29
—— Selere =30}
Loaded files: 72082

— Entry fields

AntigenForm
cde_id

Exposure
Foodhet

Manuo

6.4.3. To perform a basic query:
6.4.3.1.  Click on the “Query the server using the generic query form” icon o8
(magnifying glass) to begin your query.
6.4.3.2.  The “Query server” window will open. Choose the search field from the
“Select server information field” list and enter the “Query string” for that
information field, e.g., an outbreak code.

6.4.3.3.  Select the appropriate output (*Add to list”, “Search in list” or “New list”)
and click “OK”.
Cuery server ? *
Select server information field: Cuery string:
NCEI_ACCESSION 1706MLII-1
OGroup \ | /
OtherStatelsolate
[ Negtive query
E::::::g:Days [J Use regular expression
PatientAgeMeonths X
PatientAgeYears O Addtolist
PatientSex
PFGE-Binl-file O Searchin list
PFGE-Binl-pattern v
< N @ Newlist

6.4.4. To perform an advanced query:
6.4.4.1. Inthe “PulseNet web server connection” window; click on “Query the
server using the query form” (green question mark). | &
6.4.4.2.  The “PulseNet query form” window will open. YoU can query entries from
a particular state and/or from a particular upload date range.
6.4.4.3.  Select the appropriate output (*Add to list”, “Search in list” or “New list”)
under “Query settings” and click “OK”.
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PulseMet query form ? *
Query settings
Selection: | Add to list ~ [ Negative query [1Use regular expressions

[ SourceState: [ From PulseNet_UploadDate: | Tuesday , January 9, 2018 |

[ To PulseNet_UploadDate: | Tuesday ., January 9, 2018 |

Reset to default Cancel
6.4.5. The information window will display the current server selection. Click “OK”.

Information o4

Current server selection: 6 entries.

OK

6.4.6. Click “Download the current server selection as a bundle”. NOTE: a maximum
of 100 entries can be downloaded as a bundle.

@ PulseMet web server connection — O

File PulseMet Window Help

PR Yy

L T UG Download the current server selection as a bundle.

- Statistics
—— Loaded entries: 30
—— Selected entries: 6

Loaded files: 72052

6.4.7. A comparison widow showing the downloaded entries opens automatically in

your local database. NOTE: the download is temporary. The downloaded entries
disappear as soon as the database is closed.

| @ campaseon

| e ot Loy Gioups Chomering Sinitics Fngerprints Chatscters Soguence TiendDuts Gonomeblaps Rasdiets Specra Compbains Pubser Window  Help

a. %

R =
|2 B woesT
e
i 5 Growe =3 = = |
< > e 9100
Laca compoate datn_ ssen e
T 2w 2171220
—————————— = WA
. o EALAE ]
ama =~ sz 171220
+ >
e Mame =
[TEartran m
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6.4.8.

If performing multiple different searches, you can clear the previously selected

entries by clicking “Clear the entry selection on the server” between the searches.
You can refresh the server connection by clicking “Renew the server session using

the current login”.

@ PulseMet web server connection @
File PulseMet Window Help File

PulseMet

Window Help

E Et
—F—
Clear the entr'_.f selection on the server. Server overview Renew the server session using the current login i

5 Statistics

Loaded entries: 30
Selected entries: 6
Loaded files: 72082

6.5. Match Against Server.

- Statistics

Loaded entries: 30
Selected entries: 0
Loaded files: 72082

6.5.1. Authenticate to the PulseNetWGS firewall and connect to the national database.
NOTE: the “Match against server” functionality will match against the entire
database regardless of the number of days you choose to connect to.

6.5.2.

In the main BioNumerics window, select the entry/entries to match against the

server and click on “Fast match selection against complete server”.

®

File Edit Database Analysic Scripts PulseMet

IW_ED‘ al“l-lm‘

WGS tools  Window

Help

Database entries

Fast match selection against complete server.

<All Entries=

.ﬁ.f&hﬁ‘f}|"¢..

v

Modified date

2018-04-02 14:40:04
2018-04-02 13:51:26
2018-05-
2018-05-
2018-05-
2018-05-17 12:56:05
2018-05-17 12:56:12
2018-05-17 12:56:17
2018-05-17 12:56:23
2018-04-16 11:16:00
2018-04-16 11:16:00
2018-04-16 11:16:00
2018-04-11 14:48:03
2018-04-16 11:14:51
2018-04-16 11:14:51
2018-04-16 10:12:58
2018-04-11 14:55:47
2018-04-11 14:55:53
2018-05-17 12:56:33
2018-05-17 12:56:37

Key Level
TestvTwos_ML_003
TestvTwgs_ML_004
Testv7wgs_ML_005
TestvTwos_ML_006
TestvTwogs_ML_009
TestuTwgs_ML_007
TestvTwgs_ML_008
Testvywogs_ML_007
TestvTwgs_ML_010
TestvTwogs_ML_011
Testv7wgs_ML_012
Testviwos_ML_013
TestvTwos_ML_014
TestvTwos_ML_015
TestvTwgs_ML_016
TesteTwos_ML_017
TestvTwos_ML_018
TestvTwos_ML_019
/  LAC_ T15684_Salmon

OH__SALM18-0342

PulseNet_UploadDate Allel
2018-04-02
2018-04-02
2018-01-28
2018-01-26
2018-01-27
2018-01-30
2018-02-15
2018-02-18
2018-02-20
2018-04-16
2018-04-18
2018-04-16

2018-04-18
2018-04-16

2018-03-08
2018-03-06

6.5.3. The “Fast match Wlndow will open Deflne the match parameters:

6.5.3.1.  Experiment type to match: wgMLST
6.5.3.2.  Distance type: categorical

6.5.3.3.  Character view: cgMLST

6.5.3.4.

Max distance: the maximum number of allele differences you are

interested in. For example, choosing 25 here will mean that you will get results
from the national database that are within 25 alleles of your local sequence.

6.5.3.5.

Result set: The maximum number of matches to be displayed for your

query. For example, choosing 50 here will mean that up to 50 closest matches

will be displayed.
6.5.3.6.  Click “OK”
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Fast match ? x
Select experiment to match: Distance type: Categorical w
PFGE-Xbal -N
antibio Character view: | <All Characters> w
biochem
quality
wgML5T Min. shared: %
v

Max. distance:
Result set:

QK Cancel

6.5.4. The “PulseNet fast match results” window will open.
6.5.4.1.  The “Entries” panel in the top will show your local entry/entries being
matched against the server.
6.5.4.2.  The “Matches” panel in the bottom will show the closest matches in the
national database. The “SimilarityDistance” field lists the allele differences to
your local entry.

— ]

| File PulseNet Window Help

Key PulseNet_UploadDate Allele_code AntigenForm cdc_id
# |LAC_T15664_Samonela  2018-03-06

7

Similarity/Distance Key Allele_code AntigenForm cdc_id B‘_v‘
4.05293 CDC__NC___MB121117-0030
511450 CDC_ Testv7_BTS4
7.33708 CDC__WA__ R180114444
19.35202 CDC__OH___ SALM18-0343
21.55806 CDC__IL__ C17ENO0137T

6.5.4.3.  To view the match results locally:
6.5.4.3.1. Highlight the entries on the “Matches” panel.
6.5.4.3.2. Click “Add selected matches to the server selection” (icon with the
green plus) or “Replace server selection with selected matches” (icon
without the green plus).
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n I ol
Fulseldet Fast matct
1

.Fi|E PulseMet Window

6.5.4.3.3. In the “PulseNet web server connection” window, the number of
selected entries is displayed. Click on “Download the current server
selection as a bundle” to view the matches in a comparison.

E PulseNet web server connection E@

File PulseNet Window Help

- + o

U,

Download the current server selection as a bundle.

e

- Statistics
Entries: 55

Selected: &

Files: &

6.6. Generate Reports.
6.6.1. Export a line list.
6.6.1.1.  From the “File” drop-down menu in the comparison window, choose
“Export database fields”.

Statihes FRQeTmA  CRAUCle SeChenes DORATAE CARIPDS  PRASTS WA ©AMEAKIE PLSINGT )t

i

6.6.1.2.  An Excel file will open containing the information fields seen in your
comparison, this can include demographic data, serotype, stx subtype, 7-gene
MLST type, allele code, cluster code, etc. NOTE: you can customize the view
(which information fields are visible) in your local database by following the
procedure in Appendix PNDO06-2.
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7 From

G
() POSSIMEDATA 658 Som e

AL - 2

s 3 c o : C 5 [ a v z 4 e ar =
1[eroen wey = additionaslizle_cose Atigentcantigenform_wgs I:0lotDate LbID  MLST_ST NARMSCINCHI ACCESSION Outbreak &
z N 12013001623 SAUKLD 245341253 1419,2 asfsMN sTIS SAMNIOS3SS29  TB12MUPK 1 5
f 2 nsmazes 142z smfmswn sn SAMNLALSE:S  J5L2MUPK-1 21}
< 0-245341203 14,2 ysms N sTs SAMNIOSISE)  1E1IMURX-1
5 . 1432,2 a/Ais N ST SAMNIOSES179  TH12MLIPK-1
. BN_12013002555 212/ Mn_ SAMNLLIZIESS  ISI2MUPK-1
i MN__ 101300001 SALLO 245341200 14,2 12/2/E N T1 SAMNIOSEED  1ELIMUPX-1 10
f N 12013000285 142 UGS N SIS SAMNIOSEZI6E!  TR1IMUPK 1
v MN_ 12013019720 L0-295311253 14112 L/smEnn sns SAMNIO2167  ISLIMUEK-1
n| HM_Eanis01ae; 10 245341292 18,2 1152008 MN_ TI9 SAMNIOSESSEA  TELZMUPK-1
1 E2012000652 1402 /113012 MN_ SAMNIOBI0312  T208WAIPK-1 2
12 nevs 2284 seafalds 700 do not up SALMLE - 24539120 SAMNL0E5277
n car 00 o not up SALMLD 245341231 SaMN130E527S
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12w SAMNLDES27
1 en asiaomon 120, vmEco s SAMNIDGESIS  1219MUIRK1 10f
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B 14112 SAMNIOZIANS  ISL2MUPK-1 o
© 1411,2 1 SAMNIDTISET  T8I2MUIPK 1 22}
2| 12 Yrsfmnsa s SAMNLLISUS2  T612MUBK-1 x|
z 14122 wiymEmo_ st SAMNIOGSS?S)  LELMUSK-1 3
i aj1ifams SAMNTISEIISS  TI9MIIPK 1
i _K180100 112 dwfansva s SAMNLIISUS  T52MUBK-1 )
ME_M003is4e 14122 0/sEME_ ST SAMNIOSINED  1ELMUPX-1 =)
APHI 18 03003 ik sam1ERR
14::1,2 33118 N s SAMNLISLSSE  ELIMUEX-1
T __rAMUEDETS el 25 14122 Josfs T 5T SAMNLLASS27A  LSL2MUPK-1 | 14111000
KV 16 RMSHIS D 1099120151518 SAIMLD 743341208 14522 WasMs KT sTIe SAMTISTAOR 151201 7K 1 2

Export a dendrogram: see step 6.1.6.
Export a similarity (allele) matrix: see step 6.1.7.
6.6.4. Export resistance or virulence information: see SOP PNDO5 step 6.6.5.
6.6.5. Create and export a frequency chart (epi curve).

6.6.5.1.  Inthe main BioNumerics window, select the entries to be included in the

chart.

6.6.5.2.  From the “PulseNet” drop-down menu, select “Create epi chart” or click

on the “Create epi field chart from the selected entries” icon.

File Edit Database Analysis Scripts NCBI PulseNet WGS tools Window Help

6.6.2.
6.6.3.

el Lt g il 2 Web logon..
[P TRy o ) . & Fast match against server... ]
> r = . £ Match against server selection...
pdl g * L KR N Y g cAlEniness ) )
Key Serotype_wgs Patho —~# Submit selected entries... ReceivedDate
/] | HuM-2010014891 O157:H7 4] Get server entry info... 2013-03-14
| | 0SOE0650 0157:H7 . 2017-03-14
7] | 590261701 0157:HT STEC Get server files event log... 2018-05-18
o1 | 701785 0157:H7 STEC Get server files... 2019-03-11
/] | oTENTO371 O15T:HT STEC Get WGS IDs 2017-03-11
/| | IBIiB000S27 O15THT STEC 2016-08-22
/] |Baco7o0006171 O157:H7 EPEC Local query... 2017-06-03
/) |oTe0t7a7 O15THT STEC . 2018-12-13
Calculate turnaround time
/] | Bnson14s0 O15T:H7 STEC 2019-03-13
/1 |o7E01242 0157:H7 stEc iy Create PulseNet bundle.. 2019-01-11
¥ | HUM-2010014887 O157:HT ', - 2018-02-15
/] |DR1100020126-1 O15THT I Create epi chart.. 2018-08-15
M15X05927 H18 eecs %% Standardize fields 2019-03-13
100EQ0S1 0145:H28 STEC 2010-02-02
16Y0107864 0121:H18 STEC Settings... 2018-05-14
16MP008208 0121:H18 STEC Check fOl' updates 2018-05-16
16MP00BE44 0121:H19 STEC 2018-06-14

6.6.5.3.  In the “Choose chart input” window, choose the input parameters.
6.6.5.3.1. Date field: PulseNet_UploadDate
6.6.5.3.2. Date period: select the appropriate time interval for the chart X-axis.
6.6.5.3.3. Category field and category value are optional, e.g., by choosing
“SourceType” for category field, the human and non-human isolates will
be color-coded on the chart.
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Choose chart input ? x
Date field PulseNet_UploadDate hd
Date period Week v
Category field  SourceType v
Category value | |
Cancel
6.6.5.3.4. Click “OK”. The “Charts and statistics” window will open displaying

the chart.

File Datasel Plol Windew Felp
[enaren

N ST T -
Name Tree

il

P er—

6.6.5.4.  Export the chart:

6.6.5.4.1. From the “File” drop-down menu, select “Export”.
@ Charts and statistics

File Dataset Plot Window Help

"ﬁ Save as report template... =
Delete plot template... [P—
Print...
T ncy bar grap..-
Exit

6.6.5.4.2. In the appearing “Export image” window, you can define the file type
to be exported, e.g., if you choose “Metafile to clipboard” you can paste
the chart into PowerPoint or Word. Click “OK”.
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Export image T X

PNG image (".png)

| JPG image (“jpg)

TIFF image (*.tiff)

Bitrmap image (*.bmp)
PODF document (*.pdf)
Postsenpt document (".ps)
| 5VG image (*.5vg)

Bitmap to clipboard

Scope
[ Export visible part only
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Analyzed (allele calls, genotyping results) [] PNDO06
sequences with passing QC (PNDO05) [ ] PNDO3
Local cluster detection
60/120-day FCM against the local Find clusters tool based
dendrograms (6.1.) database (6.2.) on allele codes (6.3.)

|

Local cluster identified

l

No local cluster identified but the sequence is:

Listeria

STEC

Rare serotype of Salmonella
Of food origin

l

Match against the server (6.5.)
Query the national database (6.4.)

l

Generate reports (6.6.):

Line lists

Dendrograms
Similarity matrices

Epi charts

l

e Report clusters to local epis (PNDO3)
e Post on SharePoint (PNDO03)
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Appendix PNDO06-1. PulseNet Settings for Creating cgMLST or wgMLST Dendrograms

1. In the “Comparison” window, highlight “wgMLST” in the “Experiments” panel, choose
“Core loci” or “Core” (depending on the organism database) from the “Aspect” drop-
down menu if creating a cgMLST dendrogram or leave the default as “All characters” if

creating a wgMLST dendrogram.
File Edit Layout Groups Clustering Statistics Fingerprints Characters m

Expenments
[ M Exparmant typas> e
Name Aspect

4 ig wgs <Defauk=> Ll

= 2 denovo <Default=

S Core lod = woMLST (Core k
- | _:J quality <Al Characters> . 0

“| £ antio <Al Characters>

| &1 prophages <Al Characters>

1 I'—'i resistance <Al Characters>

| & plasmiss <Al Characierss

*| 2| wogs_Trimmedstats <Defaut> v

2. Click on the clustering icon and choose “Cluster analysis (similarity matrix)” from the
drop-down menu.

21y Jeguence Inenuwdid UENUIMEVIdPS REJUDELS Jpetlid WUITpUsiLe

Cluster analysis (similarity matrix)...

Pairwise similarities

o Advanced cluster analysis...
o Advanced tree or network inferring

Quick clustering
Perform clustering of the current experiment type and

| |
3. “Comparison settings/Pagel/Similarity coefficient” window will open. Choose
“Categorical (values)” and click “Next”.

| Comganson settings T X

Page 1
Srrelaiy coellicient

~ [ Cakculste as distance
[ Fuazy bogic

Toleranee | ©

o Categorical (difference)
@ Categorical {mappings)
- Bimary
© Jotcand cemelsten

3 Show sl

[ Save b2 ey it 12 database

I Back Cancel
4. In the “Comparison settings/Page2/Cluster analysis” window, choose “UPGMA” for
“Method” and click “Finish”.
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Appendix PNDO06-2. Instructions to Customize the View in the Local Database

1. In the top right panel of the BioNumerics main window, select the “Entry fields” tab.

P56 T80 ame Freid type ™
~ WS Faced A
e | PIGL-Xbalpamern Foied
| PRGF. Bl patten Foxed
e PFOE-Mothpamern Faoed
g | Aeie_code Tied
ol | Oulbreak Faumd
e | SacreeType Faced
- SourceSle Faed
| Typelwinis Faed
| SaurceCouniry Faced
e | Soarcesy Foed =
e
oy < e sl Fomme fiese Jehis®
File name Experment fype Link Marfied nate sour
T GERIEL M BEAE Rl lenmiET

2. Check the boxes next to the information fields you wish to include in your customized
view. If you want the fields in any particular order, use the up and down arrows to move
the fields around.

3. Click on the drop-down menu at the top of the “Entry fields” panel and choose “Manage
user defined views”. The “Manage Entry field views” window opens.

Entry fields

9 101 Name Field type <Loaded Entry fields> [P
Al s |wGs id Fixed v <Al Entry fields> -
o abd | PFGE-Xbal-pattern Fixed .
o/ abe | PFGE-Binkpattern Fixed IS
abel | PFGE Mot patiern - <Selected Entry fields>
#|abel | Allels_cods R <Manage user defined views...>
/labe | Qutbreak Fixed
V) abd | SourceType Fixed Standard View
o abd | SourceSite Fixed
/labe | TypeDetais Fixed
# abd | SpurceCountry Fixed
o abd | SourceState Fixed 4
Experiment types  Entry fields |

4. Click “Add”. The “New Entry fields view” window opens.
5. Enter the name of the new layout, leave all other settings as default and click “OK”.
6. Back at the “Manage Entry field views” window, you can make the new layout you just
saved your start up view by choosing it from the “Startup view for all levels” drop-down
menu. Click “Exit”.
Miensge ey Feld s ! * MNew Entry fields view ? x
Show predefined views
[ <Loaded Entry fields> [7] <All Entry fields> L —
<My Entry fields> <Selected Entry fields> <NEI*E:| o 571 )
Name Type Level
Standard View Subset Level: <All levels> ~
Type of view
Subset based
® An explicit enumeration of Entry fields, based on the
current selection.
Query based
Add... dit... Rename... Delete... Properties...
O A dynamic query using the Entry field information
Startup view for All levels fields.
_> <All Entry fields> ~
Load complete set at start of session _ E—
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