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Outbreaks- Salmonella 

Salmonella outbreak- one among 
the leading cause.

NORS – CDC – Mostly foodborne

~3% of Salmonella outbreaks are 
multi-serovar

https://wwwn.cdc.gov/norsdashboard/



Quasi metagenomics- Microbiological steps to recover individual 
isolates of  Salmonella

UPB, MBPW, 24 hrs RV, TT 24 hrs XLD, HE 24 hrs 24 hrs

180 hrs- total

130 hrs- total



Challenges on metagenomics dataset on Salmonella serotyping

Papaya Outbreak- 2017

Thompson, Kiambu

Senftenberg, Agona Infantis, 
Newport Anatum



Kallisto abundance

SERO-BLAST

• Pulling Salmonella reads -
• Assembly based approaches
• SeqSero2 on the Salmonella only reads
• SeqSero2 on the assembly
• SISTR/SRST2
• Many other tools



Nextflow – Domain Specific Language (BCS – 
HTML) Platform, portability layer between logic 
and execution, checkpoint tracking, execution 
resumed at any step.

MASH – Genome/metagenome distance 
estimation using MinHash, generates sketch to 
represent large datasets.

KMA – kmer alignment, ConClave score to address 
ties, reference assembly and statistics.  Good for 
highly redundant databases.

SALMON – quantification of reads, performance 
superior to kallisto, G+C content and positional 
bias adjustment.



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



Papaya Outbreak 2017 
https://cfsan-pub-xfer.s3.amazonaws.com/Kranti.Konganti/bettercallsal/manuscript/papaya_outbreak_results.html

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


Environmental sampling- application of bettercallsal

Chief Scientist Grant 
CVM

Brandon Kocurek, Andrea Ottesen, and Errol Strain



Florida

Developed Agriculture Natural

• 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 (CI) 

• General Enrichment (2x BPW) 

• Salmonella selective enrichment (RV/TT)





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

FL-Agr-RV-Site4-A

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


Comparing bettercallsal to WGS
Group Site RV/TT Bettercallsal (RV/TT QMGS) Isolates

Developed

1
RV NA NA
TT NA NA

2
RV Barranquilla* Gaminara
TT Gaminara Gaminara

3
RV Muenchen Muenchen
TT Muenchen Muenchen

Natural

5
RV Weltevreden NA
TT Weltevreden Na

6
RV IIIb 35:l,v:z35 | IIIb 60:r:z IIIb 60:r:z
TT NA NA

7
RV IIIb 60:r:z IIIb 60:r:z
TT IIIb 60:r:z IIIb 60:r:z

Agriculture

4
RV Baildon | IIIb 61:r:z | Rubislaw Baildon | Rubislaw
TT Baildon | Rubislaw Baildon

8
RV IIIb 47:k:z53 | IV 50:z4,z23:1,7 | 

Litchfield
IIIb 47:k:z53

TT Gaminara | IIIb 47:k:z53 | 
Litchfield | Litchfield

Gaminara | IIIb 47:k:z53 | 
Rubislaw

9

RV
Glostrup or Chomedey | Poona | 

Rubislaw | Saintpaul | 
Typhimurium

Rubislaw | Abaetetuba | IIIb 
47:k:z53

TT
Glostrup or Chomedey | Hartford 

| I 4,[5],12:i:- | Poona | Rubislaw | 
Saintpaul

Rubislaw | 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 Agriculture
• 5 Natural

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

• Culture Independent (CI)
• General Enrichment (2x BPW)
• Salmonella selective enrichment (RV/TT)



Salmonella serovars (Bettercallsal)

Culture Positive
• Culture positive Salmonella 

found in the following sites:
Site Dev/Agr/Nat

2 Natural
3 Natural
4 Natural
6 Developed
7 Developed
8 Developed
9 Agriculture

10 Agriculture
12 Agriculture


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





Sheet1

		Site 		Dev/Agr/Nat

		2		Natural

		3		Natural

		4		Natural

		6		Developed

		7		Developed

		8		Developed

		9		Agriculture

		10		Agriculture

		12		Agriculture





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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Samples collected- Aug 2015 to July 2016

Site Type

A Canal Near Agriculture

B Canal Near Agriculture

C Natural Swamp

D Natural Swamp

E Man Made Canal

F Man Made Canal



Correlation of relative abundance of Salmonella to water 
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Culture independent samples- 1% genome coverage



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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