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Quasi metagenomics- Microbiological steps to recover individual
isolates of Salmonella

UPBJVMBPW, 24 hrs RV, TT 24 hrs XLD, HE 24 hrs 24 hrs

GFSANO30113 2015-02-17 USATTX fo0d.
‘CFSAND29801 2015-02-13 USA:SC, Lexinglan distribution center *
‘CFSAN029796 2015-01-29 USA:SC, Lexington distribution center *
*GFSANO29803 2015-02-13 USA'SC, Lexington distribution center *
Ha6_R1
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Ha40_Ra

GFSAN034259 2015-04-09 USATX ice cream
| CFSANO34234 2015-04-09 USATX ice cream
H36_Ra.

PNUSAL000635 missing USA missing
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R
‘GFSAN030793 2015 USA: TX, Brenham environmental swab
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FDA0005851 2011-07-11 USA: IL swab 699817 27-8
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Challenges on metagenomics dataset on Salmonella serotyping

Papaya Outbreak- 2017
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bettercallsal

Salmonella

Nextflow — Domain Specific Language (BCS —
HTML) Platform, portability layer between logic
and execution, checkpoint tracking, execution
resumed at any step.
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MASH — Genome/metagenome distance
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bettercallsal

Obtain precise Salmonella serotype/serovar
information for each sample insilico.

Characterize presence of potential multiple
Salmonella serotypes in a single sample.

Work well with both metagenomics and quasi-
metagenomics (enriched) datasets. Very fast.

Leverage Salmonella WGS isolate data made
available (FDA GenomeTrakr) at NCBI.

Automated workflows. v0.4.1:
https://github.com/CFSAN-
Biostatistics/bettercallsal

Latest version is on Galaxytrakr- bcs 0.6.0.
https://galaxytrakr.org/root/login?redirect=%2F



https://github.com/CFSAN-Biostatistics/bettercallsal
https://github.com/CFSAN-Biostatistics/bettercallsal
https://galaxytrakr.org/root/login?redirect=%2F

Comprehensive multiQC report

BETTERCALLSAL

The following table is an aggregation of serotype calls from all samples which also includes read counts from salmon quant results.

| Copy | | Print | | Excel | | CSsV | Search:
. Agona | Gaminara | Newport | Senftenberg | Thompson |
Sample 4:f,g,s:- 16:d:1,7 8:e,h:1,2 1,3,19:9,s,t:- 7:k:1,5 NCEBI Pathogens Isolate Browser
Farmi-Papaya2-
av - 167404 (0. 79%) - - 131418 (0.62%) PDTO01117224 1 PDTO00027683.3
FarmA-Papaya2- . . . . PDT001297912.1 PDT000234048.2
- 157566 (0.76%) 117713 (0.57%) - 249136 (1.21%) 170751 (0.83%) SDT000344927 1 POTO00520012 1
F c-P 13-
j:" apava - - 3109383 (37.51%) _ - PDT000559817.1
m
MLST Previous | Next
The results table shown here is a collection from all samples.
‘ Copy || Print || Excel | | csv | Search:
FILE - SCHEME ST aroC dnaN hemD hisD purg SucA thrA
FarmA-Papaya2-RV senterica_achtman_2 - 1907 12752 3 18237 ~1082 10047 ~979 E
FarmA-Papaya2-TT senterica_achtman_2 - 7 13 8 12897 1267 8 ~149 f
FarmC-Papayal3-mTT senterica_achtman_2 2370 16 2 45 43 36 39 547 Q
Showing 1 to 3 of 3 entries Previous | 1 | Next d
2
ABRICATE_NCBIAMRPLUS
The results table shown here is a collection from all samples. A
| Copy |l Print |l Excel | | csv | Search: [
#FILE - NUM_FOUND cdtB_Salmo golS golT mdsA mdsB pcoA pcoC pcoD PcoE pcoR pcoS qnrB19 silA
Farmi-
Papaya2- 0]
RV
Farma-
Papaya2- 19 82.35 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.87




Papaya Outbreak 2017

https://cfsan-pub-xfer.s3.amazonaws.com/Kranti.Konganti/bettercallsal/manuscript/papaya outbreak results.html

O chinical, 2020-12-07, Canada, stool, PNCS013481,
environmental/other, 2017-08-23, Mexico, papaya, FDA1019761-002-011, PDT000235715.2

PD1000905464.1

clinical, 2017-10-03, USA, PNUSAS022866, PDT000247360.2
2019-08-10, Mexico, papaya, CFSANO089311, PDT000559817.1

environmental/other,
environmental/other,
environmental/other,
environmental/other,
environmental/other,

2017-08-23, Mexico, papaya, FDA1019761-001-001,

PDT000235716.2

2019-08-10, Mexico, papaya, CFSANO089314, PDT000559812.1
2019-08-10, Mexico, papaya, CFSAN089312, PDT000559816.1
2019-08-10, Mexico, papaya, CFSAN089313, PDT000559810.1
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environmental/other, 2017-08-25, Mexico, papaya, FDA1019661-5020-001, PDTO00236323.2
environmentaliother, 2017-08- 16, Mexico, papaya, FDA1019657-5008-001, PDTO00233871.2
environmentaliother, 2018-07-12_ Mexico, papaya, Sa_UT75 PDT000347469.1
environmental’other, 2017-08-25, Mexico, papaya, FDA1019651-S004-001
environmental/other, 2017-08-25. Mexico, papaya, FDA101
environmental’other, 2017-08-25 Mexico, papaya, FDA101966
enviranmental/other, 2019-05-31, USA'DE, environmental, CFSANO74579, PDTO00510570.1
environmental/other, 2017-08-16, Mexico, papaya, FDA1019657-5003-001, PDTOD0233863.2
environmentaliother, 2017-08-25, Mexico, papaya, FDA1019661-5015-001, PDT000236333.2
environmental/other, 2017-08-25, Mexico, papaya, FDA1019661-5022-001, PDT000236319.2
clinical, 2017-09-22, USA, PNUSAS0Z3300, PDTO00242694.2
environmental/other, 2017-08-25, Mexico, papaya, FDA1019661-5026-001, PDTO00236320.2
environmentaliother, 2017-08-18, Mexico, papaya, FDA1018858-5006-001, PDTO00233861.2
envirenmentaliother, 2017-08-18, USA:MD, papaya, MD-DOH-18-000049-8, PDT000234048.2
emvirenmentaliother, 2017-08-16, Mexico, papaya, FDA1019658-S008-001, PDT000233886 2
environmental'other, 2017-08-16, Mexico, papaya, FDA1019658-S012-001,
emirnnmentalinther 2017-NA-26 Mexirn nanava FNAIN1SRR1-S001-001
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Antigen formula:
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B formula:
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Antigen formula:
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GCA_D06135955.1
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Antigen formula:
1,3,19:g,51:-



https://cfsan-pub-xfer.s3.amazonaws.com/Kranti.Konganti/bettercallsal/manuscript/papaya_outbreak_results.html
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Florida

* A total of 9 sites were samples across the State
of Florida

* Sites were selected from Developed, Agriculture
& Natural hotspots

* 3 Developed
* 3 Agriculture
* 3 Natural

* 3 treatment groups were collected, prepared,
sequenced & analyzed:

* Culture Independent (Cl)
* General Enrichment (2x BPW)

* Salmonella selective enrichment (RV/TT)

Key West =

Developed Agriculture Natural



FL-Agr-RV-Site4-A
FL-Agr-RV-Site8-A
FL-Agr-RV-5Site9-A
FL-Agr-TT-Site4-A
FL-Agr-TT-Site8-A
FL-Agr-TT-Site9-A
FL-Dev-RV-SiteZ2-A
FL-Dev-RV-Site3-A
FL-Nat-RV-Site5-A
FL-Nat-RV-Site6-A
FL-Nat-RV-Site/-A
FL-Nat-TT-Site5-A
FL-Nat-TT-Site/-A

Baildon

@ Saintpaul

0 25M

@ Barranquilla
® 14,[5],12:i:-

IV 50:z4,z23:1,7
@® Typhimurium

Salmon: Read counts

50M /5M 100M 125M 150M 175M

Number of reads

Hartford
@® Ib61:r:z
Rubislaw

@® Gaminara @ Glostrup or Chomedey
@ b 35:1,v:z35 b 47:k:z53 @ 1lIb 60:r:z
Litchfield Muenchen Poona

@ Weltevreden

Created with MultiQC



Organism group Strain Isolate identifiers =~ Serovar Isolate Create date Locat.. Isolation source Isolation ...  Min-same BioSample Assembly Computed types
Salmonella ente... PNUSASDZ7067 POTOOO274118.2 @ 2017-12-22  USA stool clinical 19 SAMMNOFE30261 GCA_010133595.1 Serotype:
SR52783364 Baildon
Antigen formula:
9, d6:a:e,n,x
Salmonella ente...  FL_FLDACS... FL_FLDACS-0926 FOTOOOOO0423.2 | 2013-08-28  USA:FL  alligator meat Environm... 10 SAMMNDZ253011 Serotype:
SR5470635 Baildon
Antigen formula:
9,46:a:e,n,x
Salmonella ente...  NY_IDR110.. MOP - 10-00066 Baildon POTOOO00Z519.5 @ 2018-06-26  USA: .. | food Environm... 13 SAMMNO1202381 GCA_D07773065.1 Serotype:
NY_IDR1100001; Baildon
SR5528562 Antigen formula:
0,46:a:e,n,x
Salmonella ente... FL-MDD-75 FL-MDD-75 Baildon FOTOOO0Z4367.2 | 2014-03-26  USA:FL  surface water environm... 33 SAMMO2664723 GCA_010656465.1 Serotype:
SRS580059 Baildon
Antigen formula:
9,46:a:e,n,x
Salmonella ente...  FLDOH-38 CFSANDLB028 POTOOOO34001.2 | 2014-06-27 | USA:FL clinical 22 SAMMNOZB022584 GCA 011444175.1 Serotype:
FLDOH-38 Baildon
SR5649114 Antigen formula:
0,46:a:e,n,x
30 21-05-14, PNUSAS201409, PDT001025943.1

I 7-29, PNUSAS216445, POTO01088335.1

! {}cllnlcal 2019-06-12, USA, PNUSAS0TE569, POT000521412.1
&0 clinical, 2020-02-11, USA, PNUSAS134081, PDT000682646.1
“0 clinical, 2020-03-24, USA, PNUSAS138747 PDTO00712722.1
& O clinical, 2017-07-19, USA, PNUSAS01TE97, PDTO00225670.2
O clinical, 2019-09-17, USA, PNUSAS089358, POT000557746.1
O clinical, 2021-06-14, PNUSAS206655, FOTO01069364.1
O clinical, 2021-03-20, FNUS5A5221853, PDT001113602.1
O clinical, 2019-11-27, USA, PNUSAS119195, POTO00G36767.1
O clinical, 2020-01-17, USA, PNUSAS120824, POTOD0G65041.1
clinical, 2017-06-26, USA, stool, PNUSAS016151, PDTO00220707.2
clinical, 2017-10-12, USA, stool, PNUSAS025904, POT000250399.2
{l’: O clinical, 2019-12-11_ USA, PNUSAS120830, PDTD00642769_1
¢0CIIHII:EI 2023-01-26, USA, PNUSAS329551, PDTO01592396. 1
O clinical, 2020-12-22, USA, PNUSAS185473, POT000920170.1
O clinical, 2017-03-28, USA, stool, PNUSAS010648, PDTO001980838.2
QO clinical, 2022-10-25, PNUSAS311493, PDT001465947 1

FL-Agr-RV-Site4-A

{)%) ({} O environmental/other, 2018-03-14, USAFL_ juvenile white ibis feces. MOD1-Dr-1, FDTO00294529 .2
O clinical, 2018-05-11, USA, PNUSAS040569, PDT000313260.2
© clinical, 2020-01-17, USA, PNUSAS128517, PDTO00665023. 1
O clinical, 2017-02-02, USA_ urine, PNUSAS002063, POT000184633.2
& O clinical, 2020-06-05, USA, PNUSAS 146447, POTO00760406.1
{é O clinical, 2019-08-21, USA, PNUSASOV1176, PDTO00570231.1
clinical. 2017-12-22. USA. stool. PDTOD0274118.2

https://www.ncbi.nlm.nih.gov/pathogens/isolates/#PDT000274118.2



https://www.ncbi.nlm.nih.gov/pathogens/isolates/#PDT000274118.2

Comparing betterca

Isal to WGS

Group Site RV/TT Bettercallsal (RV/TT QMGS) Isolates
1 RV NA NA
TT NA NA
Developed 5 RV Barranguilla* Gaminara
TT Gaminara Gaminara
3 RV Muenchen Muenchen
TT Muenchen Muenchen
c RV Weltevreden NA
TT Weltevreden Na
ST 6 RV [llb 35:1,v:z35 | lllb 60:r:z l11b 60:r:z
TT NA NA
7 RV lllb 60:r:z lllb 60:r:z
TT lllb 60:r:z lllb 60:r:z
4 RV Baildon | lllb 61:r:z | Rubislaw Baildon | Rubislaw
1T Baildon | Rubislaw Baildon
RV [llb 47:k:z53 _| vV _50:24,223:1,7 | b 47-k:253
8 Litchfield
T Gaminara | lllb 47:k:z53 | Gaminara | lllb 47:k:z53 |
Agriculture Litchfield | Litchfield Rubislaw
RV GIost;uupbizac\,t\c;n;:ﬂiggull°c|>ona | Rubislaw | Abaetetuba | lllb
. . 47:k:z53
9 Typhimurium
Glostrup or Chomedey | Hartford
1T | 14,[5],12:i:- | Poona | Rubislaw | Rubislaw | Saintpaul
Saintpaul




Arkansas

* A total of 15 sites were samples across
the State of Arkansas

* Sites were selected from Developed,
Agriculture & Natural hotspots
* 5 Developed
*5
* 5 Natural

* 3 treatment groups were collected,
prepared, sequenced & analyzed:
e Culture Independent (Cl)
* General Enrichment (2x BPW)
* Salmonella selective enrichment (RV/TT)
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Salmonella serovars (Bettercallsal

AR_Agr_RV_Site10_A
AR_Agr_RV_Site11_A
AR_Agr_RV_Sitel2_A
AR_Agr_RV_Site13_A

AR_Agr_RV_SiteS_A

AR_Agr_TT_Site10_A

Culture Positive
e Culture positive Salmonella
] found in the following sites:

Site Dev/Agr/Nat

AR_Agr_TT_Sitel2_A
AR_Agr_TT_Site13_A

AR_Agr_TT_Site9_A
AR_Dev_RV_Site14_A

AR_Dev_RV_Sitel15_A

N

AR_Dev_RV_Site6_A Natural
AR_Dev_RV_Site7_A 3 Natural
AR_Dev_RV_Site8_A 4 Natural
AR_Dev_TT_Site8_A
e 6 Developed
AR_Nat_RV_Sitel_A
| 7 Developed
AR_Nat_RV_Site2_A
_ 8 Developed
AR_Nat_RV_Site3_A :
AR_Nat_RV_Site4_A 9 Agriculture
AR_Nat_RV_Site5_A . 10 Agriculture
arna TTsites A [ 12 Agriculture

AR_Nat_TT_Sited_A

] 2.5M 5M 7.5M 10M 12.5M 15M 17.5M 20M 22.5M 25M 27.5M 30M 32.5M 35M 37.5M 40M 42 5M 45M 47.5M SOM 52,
Mumber of reads
Anatum @ Bareilly @ Berta @ Braenderup Cubana @ Duisburg @ Give Hartford b 16:(k):z35 @ b 16:210:e,n,x,215 b 60:i:[e,n,x,z15]
b 60:r:z Ibadan or Mississippi Newport Norwich @ Paratyphi B var. L(+) tartrate+ @ Rubislaw

Created with MultiQC



metadata

		Site #		State		Name		Sample Name		Developed/Agriculture/Natural		Salmonella Culture Results		latitude		longitude		Collection Date		isolation_source		*geo_loc_name

		1		Arkansas		Nat 1 Big Piney Creek		AR_Nat_CI_Site1_A		Natural		Negative		35.67721		-93.235078		5/24/23		Big Piney Creek		USA:AR, Hagarville

		2		Arkansas		Nat 2 Little Piney Creek		AR_Nat_CI_Site2_A		Natural		Positive		35.620897		-93.291273		5/24/23		Little Piney Creek		USA:AR, Hagarville

		3		Arkansas		Nat 3 Little ? Piney Creek -Edge of Ozark Forest area		AR_Nat_CI_Site3_A		Natural		Positive		35.579889		-93.303354		5/24/23		Little Piney Creek		USA:AR, Hagarville

		4		Arkansas		Nat 4- on the way to Little Mo Falls Caney Creek?		AR_Nat_CI_Site4_A		Natural		Positive		34.435279		-93.881337		5/24/23		Little Missouri River		USA:AR, Alf

		5		Arkansas			Nat 5 Caddo - (Norman)		AR_Nat_CI_Site5_A		Natural		Negative		34.449016		-93.834331		5/24/23		Caddo River [GAZ:00165439]		USA:AR, Alf

		6		Arkansas		Dev1 Hot Springs Creek -Hot Springs City Site		AR_Dev_CI_Site6_A		Developed		Positive		34.480494		-93.046123		5/24/23		Hot Springs Creek		USA:AR, Hot Springs

		7		Arkansas		Dev 2 Burns Park Victory Lake		AR_Dev_CI_Site7_A		Developed		Positive		34.787022		-92.30796		5/24/23		Arkansas River [GAZ:00165683]		USA:AR, North Little Rock

		8		Arkansas		Dev 3 Conway Gatling Park		AR_Dev_CI_Site8_A		Developed		Positive		35.101734		-92.461544		5/24/23		Tucker Creek		USA:AR, Conway

		9		Arkansas		Ag 1 Trench		AR_Agr_CI_Site9_A		Agriculture		Positive		35.839415		-90.92831		5/25/23		off of Cache River?		USA:AR, Egypt

		10		Arkansas		Ag 2 Egypt		AR_Agr_CI_Site10_A		Agriculture		Positive		35.855512		-90.932185		5/25/23		Cache River [GAZ:00194888]		USA:AR, Egypt

		11		Arkansas		Ag 3 Cash River		AR_Agr_CI_Site11_A		Agriculture		Negative		35.640677		-91.056331		5/25/23		off of Cache River?		USA:AR, Grubbs

		12		Arkansas		Ag 4 another Cash River site (under bridge)		AR_Agr_CI_Site12_A		Agriculture		Positive		35.563178		-91.141464		5/25/23		Cache River [GAZ:00194888]		USA:AR, Amagon

		13		Arkansas		Ag 5 White River Augusta		AR_Agr_CI_Site13_A		Agriculture		Negative		35.28186		-91.367881		5/25/23		White River [GAZ:00165386]		USA:AR, Augusta

		14		Arkansas		Dev 4 Private Lake on the way to Willow Park		AR_Dev_CI_Site14_A		Developed		Negative		34.717325		-92.11978		5/25/23		Willow Beach Lake		USA:AR, North Little Rock

		15		Arkansas		Dev5 Willow Beach Recreation Area and Campground		AR_Dev_CI_Site15_A		Developed		Negative		34.701982		-92.14013		5/25/23		Arkansas River [GAZ:00165683]		USA:AR, North Little Rock
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isolates

		IsolateNo.		Strain_Name		Site		Site_Cat		Collection_Date		latitude		longitude		State		Preenrichment		Selective		Genus 		Species 		Subspecies		Serovar

		1		2RX1		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		2		2RX2		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		3		2RX3		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		4		2RX4		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		5		2RH1		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		undecided

		6		2RH2		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		7		2RH3		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		8		2RH4		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		9		2TH1		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		arizonae/diarizonae

		10		2TH2		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		arizonae/diarizonae

		11		2TH3		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		undecided

		12		2TH4		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		arizonae/diarizonae

		13		2TX1		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		undecided

		14		2TX2		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		15		2TX3		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		16		2TX4		2		Natural		5/24/23		35.620897		-93.291273		Arkansas		2x mBPW		TT		Salmonella		enterica		arizonae/diarizonae

		17		3RX1		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		18		3RX2		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Enterobacter

		19		3RX3		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		20		3RX4		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		21		3RH1		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		22		3RH2		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		23		3RH3		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		24		3RH4		3		Natural		5/24/23		35.579889		-93.303354		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		25		4RX1		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		26		4RX2		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		27		4RX3		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		arizonae/diarizonae

		28		4RX4		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		29		4RH1		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		30		4RH2		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		No Id

		31		4RH3		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		32		4RH4		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		33		4TX1		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		34		4TX2		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		35		4TX3		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		36		4TX4		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		37		4TH1		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		38		4TH2		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		39		4TH3		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		40		4TH4		4		Natural		5/24/23		34.435279		-93.881337		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		41		6RX1		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		42		6RX2		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		43		6RX3		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		44		6RX4		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		45		6RH1		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		46		6RH2		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		47		6RH3		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		48		6RH4		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		49		6TH1		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		TT		Enterobacter

		50		6TH2		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		TT		Enterobacter

		51		6TH3		6		Developed		5/24/23		34.480494		-93.046123		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		53		7RX1		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		54		7RX2		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		55		7RX3		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		56		7RX4		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		57		7RH1		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		58		7RH2		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		59		7RH3		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		60		7RH4		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		61		7TX1		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		62		7TX2		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		63		7TX3		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		64		7TX4		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		65		7TH1		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		66		7TH2		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		67		7TH3		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		68		7TH4		7		Developed		5/24/23		34.787022		-92.30796		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		69		8RX1		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		70		8RX2		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		71		8RX3		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		72		8RX4		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		73		8RH1		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		74		8RH2		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		75		8RH3		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		76		8RH4		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		77		8TX1		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		78		8TX2		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		79		8TX3		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		80		8TX4		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		81		8TH1		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		82		8TH2		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		83		8TH3		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		84		8TH4		8		Developed		5/24/23		35.101734		-92.461544		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		85		9RX1		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		86		9RX2		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		87		9RX3		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		88		9RX4		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		89		9RH1		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		90		9RH2		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		91		9RH3		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		92		9RH4		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		93		9TX1		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		94		9TX2		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		95		9TX3		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		96		9TX4		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		97		9TH1		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		98		9TH2		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		99		9TH3		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		100		9TH4		9		Agriculture		5/25/23		35.839415		-90.92831		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		101		10RX1		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		102		10RX2		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		103		10RX3		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		104		10RX4		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		105		10RH1		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		106		10RH2		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		107		10RH3		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		108		10RH4		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		109		10TX1		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		110		10TX2		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		111		10TX3		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		112		10TX4		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		113		10TH1		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		114		10TH2		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		115		10TH3		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		116		10TH4		10		Agriculture		5/25/23		35.855512		-90.932185		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		117		12RX1		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		118		12RX2		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		119		12RX3		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		120		12RX4		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		121		12RH1		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		122		12RH2		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		123		12RH3		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		124		12RH4		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		RV		Salmonella		enterica		enterica

		125		12TX1		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		126		12TX2		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		127		12TX3		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		128		12TX4		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		129		12TH1		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		130		12TH2		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		131		12TH3		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica

		132		12TH4		12		Agriculture		5/25/23		35.563178		-91.141464		Arkansas		2x mBPW		TT		Salmonella		enterica		enterica
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CFSAN- Florida sampling- Culture Independent

6 Sites- South Florida

Dr. Rebecca Bell and Dr Eric Brown

Samples collected- Aug 2015 to July 2016
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Correlation of relative abundance of Salmonella to water
temperature

6% -

4% -+

2%

Salmonella Relative Abundance

0%

20 25 30 35
Water Temperature (C)



Culture independent samples- 1% genome coverage

Salmon: Read counts
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Conclusions and next steps

» Bettercallsal helps in detection of multi serovars of Salmonella in metagenomics dataset. Could
be used in WGS when serotype information is not available.

 Many check points to avoid false positives. CFSAN longitudinal study on environmental
samples, we observed close to “20% samples are dual serovars,~10% are 3 serovars

» Easy to access/navigate report with Sequence typing and computed serotype information
Next steps
* mashtree +iTOL for the main workflow and then gunc + checkm2 check for the db creation

* Expand the workflow for other organisms. We are already working on Cronology for
Cronobacter.

* Use bettercallsal for WGS data and make some custom changes.
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