SUPPLEMENTARY MATERIAL

1. Figures
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Figure 1: Relative abundance of bacterial genera identified in the produced water sample based on 16S rDNA sequencing. The figure shows the taxonomic composition at the genus level, highlighting the predominance of Firmicutes and Proteobacteria phyla. Genera such as Caminicella, Desulfonauticus, Desulfoplanes, and Halanaerobium were among the most abundant, suggesting potential microbial contribution to the biocorrosion observed in the system.
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Figure 2: Relative abundance of Sulfate-reducing bacteria (SRB) genera identified in the produced water sample. SRB taxa were filtered from the overall dataset to highlight key genera implicated in microbiologically influenced corrosion (MIC). Desulfonauticus, Desulfoplanes, and Desulfothermus showed high relative abundance, corroborating their role in sulfate reduction and possible H2S generation in oilfield environments.
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Figure 3: Agarose (2.0%) gel of real-time PCR amplification products of dsrB genes with five different samples. Lane M: Marker DNA; lane 1: D. desulfuricans; lane 2: D. vulgaris; lane 3: D. nigrificans; lane 4: Mixed culture from wastewater; lane 5: Negative control without DNA sample.
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Figure 4: A. Agarose (2.0%) gel of PCR specificity test of the BRS-DsrB-F and BRS-DsrB-R primers with five different samples. Lane M—Marker DNA; lane 1 D. desulfuricans; lane 2 E. coli; lane 3 S. cholerasis; lane 4 P. aeruginosa; lane 5 S. epidermidis. B. Agarose (2.0%) gel of PCR specificity test of the BRS-DsrB-F and BRS-DsrB-R primers with five different samples. Lane M—Marker DNA; lane 6 S. aureus; lane 7 C. acnes; lane 8 S. gougerotii; lane 9 B. cepacia; lane 10 C. xerosis.
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Figure 5: The standard curve was obtained by plotting the concentration of D. desulfuricans gDNA using the primer set BRS-DsrB-F/BRS-DsrB-R for the dsrB gene.
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Figure 6: Distribution of SRB quantification results obtained by qPCR and MPN methods. The boxplot highlights the greater consistency and higher sensitivity of the qPCR method, which detects broader concentration ranges with less variability across replicates.


2. Tables

[bookmark: Tab1]Table 1: Oligonucleotides used for real-time polymerase chain reaction (qPCR). (F) and (R), direct and reverse primers, respectively.
	Primer name
	Sequence 5’ - 3’
	Primer binding site
	Product size (bp)

	DsrB-F
	TTG TGG GTA TCC ACC GCA A
	187–202
	198

	DsrB-R
	GGC ACA TGG TGT AGC AGT T
	391–408
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Table 2: Comparison of the results of the quantification of planktonic bacteria in the inoculum samples, first day and after 30 days of testing by qPCR and MPN methodologies. The tests were carried out in technical triplicates and the average of the results was calculated.
	Planktonic samples
	qPCR (copies/mL)
	MPN/mL

	D. desulfuricans - Inoculum
	8,89E+07
	9,50E+04

	D. vulgaris - Inoculum
	2,62E+07
	2,50E+00

	D. nigrificans - Inoculum
	6,51E+04
	0

	Produced water - Inoculum
	2,11E+04
	4,50E+05

	D. desulfuricans – 1st day
	5,01E+07
	2,50E+03

	D. vulgaris - 1st day
	1,27E+07
	2,50E+00

	D. nigrificans - 1st day
	2,60E+02
	0

	Produced water - 1st day
	1,48E+03
	4,50E+03

	D. desulfuricans – 30 days
	2,29E+07
	2,17E+00

	D. vulgaris - 30 days
	2,38E+07
	1,07E+01

	D. nigrificans - 30 days
	1,51E+03
	0

	Produced water - 30 days
	6,14E+04
	1,15E+03




Table 3: Comparison of the results of the quantification of sessile bacteria after 30 days of testing by qPCR and MPN methodologies. The tests were carried out in technical triplicates and the average of the results was calculated.
	Sessile samples
	qPCR (copies/mL)
	MPN/mL

	D. desulfuricans - 30 days
	7,77E+05
	2,17E+00

	D. vulgaris - 30 days
	1,01E+04
	7,59E+00

	D. nigrificans - 30 days
	1,35E+02
	0,00E+00

	Produced water - 30 days
	1,08E+04
	0,00E+00




3. Annex

Annex 1 – Sanger sequencing of the pGEM-BRS-DsrB plasmids.

1 – BRS-DsrB-F forward primer sequencing.
TCRGACTSMYASSSKYCTTCTTGAWTGSGATGGAGTTCACCTTGTTGCCGTTGTATTCCACCTTGGTGGGACGCACATTGGCGGTGGGGCAAGCAGAAACAGCCAAAGGAATTTCGTATAGYTGGWCAGCCCATTCGTGGTCGACCATCGGGGGCTTGCGGTGGATACCCACAAAATCACTAGTGAATTCGCGGCCSCCTGCAGGTCGACCATATGGGAGAGCTCCCAACGCGTTGGATGCATAGCTTGAGTATTCTATAGTGTCACCTAAATAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCKCTTTCCWGTCGGGAAACCTGTCGTGCCMGCTGCWTTAWTTGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTKAGCMAAAAGGCCAGCAAARGGCCAKGAACCCGTAAAAARGCCGCGTTGCTGGCGTTTTTTCCATAGGCTCCYGCCCCCYTGACGAGCATYACMAAAAWTCGACGYTCAWGTCARAGGKGGYSWAAACCCGAYAGGAYTATAAARAAWCCAGGGKTTCCCCCTKGRAWGYTCCCTTSTTSSGYTCTCYGTTCCYGACYCTGSCSCTTACCGGATAAYTGTCKSMCTTTCYTCCCTTCGGGAASMGKGSSCCTTYTCYCAWSCYMCRCGYGTMGSRMTCCCATTWCTGGKGTAGGWTGSTCGSYYMCAGCCTGGMSWGKGTGYGCACRAACMCCCCCGG


















2 – BRS-DsrB-R reverse primer sequencing.
AGCWAACCRSAAWGGGGYTGACAGCTCTGCGAATTCCTTTGGCTGTTTCTGCTTGCCCCACCGCCGCTGTGAGAATGACCAAGGTGGAATACAACGGCAACAAGGTGAACTTATCGMCATCAAGGAAGACCGCTGCATGTACTGCGGTAACTGCTACACCATGTGCCAATCGAATTCCCGCGGCCGCCATGGCGGCCGGGAGCATGCGACGTCGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGWCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAARAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGYGGCKCATTAAGCGCGGCGGGYGTGGYGGTTACKCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACTCCWAAAAACTTGATTAGGGTGATGGGTCACGTAKTGGGCCATCSCCYTGAAGASGTTTTTCGCCCTTTGACKTRGAGTCCAMGTTYTTTAWASTGKACTCTTGGTCCAAACTGGAACAACACTCACCCTATCTCGGMCTWTTCTTTGRWTTATAAGGATTTGSCGATTTCGGCCTWWTGGTTAAAAAATGAWCTGATTWACAAAAATTTAACSGAATTTTMACAATATWACSCTTAMATGTCCTGTAKCGGAWTTWYCTCTTACSYWYGKCCGGAWCTTCCACCGMATCAGTGGACATTTCSGGRAAATKCGCSGRAMCCCCTATTTGTTRTTTTCCATC



















Annex 2 – qPCR amplification graphs of the microcosm assays extracted from the StepOnePlus™ software.
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1 – Amplification of planktonic samples using primers BRS-DsrB-F1/BRS-DsrB-R1. (a) D. desulfuricans; (b) D. vulgaris; (c) D. nigrificans; (d) Mixed culture (P-40).
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2 – Amplification of sessile samples using primers BRS-DsrB-F1/BRS-DsrB-R1. (a) D. desulfuricans; (b) D. vulgaris; (c) D. nigrificans; (d) Mixed culture (P-40).


Annex 3 – Comparison between the primer sets developed in this work and the DSR1F/RH3-dsr-R primers from Ben-Dov et al., 2007.
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A – Amplification of planktonic samples using primers BRS-DsrB-F1/BRS-DsrB-R1. B – Amplification of planktonic samples using primers DSR1F/RH3-dsr-R from Ben-Dov et al., 2007.
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A – Melt curve of planktonic samples using primers BRS-DsrB-F1/BRS-DsrB-R1. B – Melt curve of planktonic samples using primers DSR1F/RH3-dsr-R from Ben-Dov et al., 2007.



Annex 4 – Sequence comparisons with the qPCR primers for dsrB and the corresponding region of the genes of some BRS genera. The aligned colors indicate identical nucleotides in relation to those of the primers. No data available in nucleotide databases is represented by dashes.
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Annex 5 – Standard curve of D. desulfuricans using the BRS-DsrB-F/BRS-DsrB-R primer set for the dsrB gene.
[image: ] [image: ]




image1.png
Relative Abundance (%)

75%

50%

0%

Bacterial Diversity in Produced Water

Genus

Bacteria_unclassified
Caminicella
Clostridia_unclassified
Clostridiaceae_2_unclassified
Clostridiaceae_4_unclassified
Deltaproteobacteria_unclassified
Desulfonauticus

Desulfoplanes

Desulfothermus

Desulfovibrionales_unclassified

Desulfuromonadales_unclassified

Firmicutes_unclassified
Gammaproteobacteria_unclassified
Halocella

Kosmotoga

Others

Pelobacter

Petrotoga

Thermosipho

Thermovirga

unknown_unclassified




image2.png
Relative Abundance (%)

Sulfate-Reducing Bacteria Diversity in Produced Water

100%

75%

50%

0%

Genus

Desulfobacteraceae_unclassified
Desulfobacterales_unclassified
Desulfobulbaceae_unclassified
Desulfobulbus

Desulfococcus
Desulfohalobiaceae_unclassified
Desulfomicrobium
Desulfonauticus

Desulfoplanes

Desulfothermus

Desulfovibrio
Desulfovibrionaceae_unclassified
Desulfovibrionales_unclassified
Desulfuromonadaceae_unclassified
Desulfuromonadales_ge
Desulfuromonadales_unclassified
Desulfuromonas

Pelobacter

uncultured




image3.png




image4.png




image5.png




image6.png
Amglification Pict

T B/ ¢/ o/ e/ F
"

uuuuuuuuuuuuuuuuuuuu




image7.png
Cycle threshold (Ct)

35

30

25

20

15

10

Standard Curve

x Data Points

—y=

3.335x + 33.488

Slope: -3.335
Yintercepr: 33.488/
R 0.998

0 5
Log10 Copy Number




image8.png
Gene Copies or MPN (log scale)

Quantification of Sulfate-Reducing Bacteria by qPCR and MPN

1e+08

1e+05

1e+02

NMP gPCR
Quantification Method




image9.jpeg
R0

Ampificaon Pt

Ampitcation Pt

o0t

000001

R0

oo

o0t

00001

0000001

0000001

oxele

Ampifcation ot

000001

01

000001





image10.jpeg
R0

0000001

R0

Ampifcation Pot

Ampifcaton Pt

(

R0

000001

0000001

o001

00001

0000001

000001

g ﬂ“‘“(\%_‘i\\ %

cyle





image11.png
ARn

ARn

01

oot

0.001

0.0001

0.00001

0000001

01

001

0.001

0.0001

0.00001

0.000001

RN





image12.png
A Melt Curve B Melt Curve
i
|
I =
It i
I | I [
/ | IMRl T
I 1|
[ I ~u i
n rd l‘ C 11 s=ssa=N1l [
| N [ el w
1 —= — | N ek [
- ™~ — 11 - |
i s o 7/ T
I L ‘ o | I ™ ' .
— - il
/A
f i
850 700 750 80.0 850 850 700 750 80.0 850
Tm: 85.20 Tm: 84.55
Temperature (°C) Temperature (°C)





image13.png
‘Speciesiabbny
1.1, Desulfovibrio desulfuricans (AF273034.1)

2 Desultacinum infermum (AF482454.1)

2. Desufatglans anilini (AF452455.2)

. Desultosroulus basri (AF224600.1)

5. Desultobacter cunatus (AF415195.1)

. Desulfobacter postgatei (AF413135.1)

7. Desulobacterium autotrophicum (AF418182.1)
5. Desultobacterium vacuolatum (AF415202.1)

5. Desulfobulbus elongatus (A1310430.1)

10. Desulfobulbus mabdoformis (AJ250472.1)

11. Desufocsla halophils (AF418200.1)

12 Desulfocoseus mulivorans (U58122.2)

12, Desulfocoscus oleovarans (AF432424.1)

1. Desulftab fasicioss (AY208852.1)

15, Desuotaba gelida (AF334593.1)

16. Desulfotusts glycolicus (AF482457.1)

17. Desulfonalobium retoasnse (AF432458.2)

18, Desulfomicrobium baulstum (AF482460.1)
18, Desulfonatronovbrio hydrogenovorans (AF418197
20, Desulfonstronum lacustrs (AF#18189.1)

21, Desulfonsma ishimotoni (AY626020.1)

22 Desulforabdus amnigena (AF337501.1)

23, Desulforhopalus singaporensis (AF418196.1)
24, Desulfosarcina varissilis (AF191507.1)

25. Desulfospra josrgensenii (AHO13051.2)

26, Desulfotignum baltium (AF452¢63.1)

27, Desulfotomaculum acstoxidans (AF271728.1)
25, Desulfotomaculum geothermicum (AF273029.1)
29, Desulfotomaculum kuznetsovi (AF272021.1)
20, Desulfotomaculum nigrifcans (AF482465.1)
31, Desuifotomaculum putel (AF273032.1)

22, Desulfotomaculum ruminis (US8118.2)

23, Desulfotomaculum thermobsnzoicum (AF273030.1
24, Desulfovitrio serotolerans (AY749035.1)

25, Desulfovibio sficanus (AF271772.1)

26, Desulfovibio alkalitolerans (AY884850.1)

27, Desulfovirio burinensis (AF£18182.1)

25, Desulfovibio ructosivorans (AF415187.1)

29, Desulfovirio intesinalis (AF#18182.1)

40, Desulfovibio termiticis (AF#18185.1)

41, Desulfovitrio vlgaris (U16723.1)

42, Synrophobacter fumaroxidans (AF£18152.1)
43, Syntrophobacter wolini (AF415192.1)

44, Themodssulomabaus (AF224597.1)





image14.jpeg




image15.png
Standard Curve





