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Research Background

(C

Our previous study explored the prokaryotic diversity

during the dry season (Ben Abdallah et al. 2016)

However, the diversity of prokaryotes inhabiting
Chott El Jerid during the wet season has so far not

been studied.
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Site description and sample collection
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Sample Site Longitude Salinity (%) pH Temperature (°C)
S3-14 Site 1 33°54'42.21"N 5 31" 98"E 33.8 122 19

S4-14 33°54'42.21"N 8°31"7.98°E 33.8 T2

55-14 33°54'42.21"N 8°31"7.98"E 33.8 122

56-14 Site 2 3395444 15"N 8°31"9.01"E 27.6 7.61

S7-14 33°54'44.13"N 8°31'8.98"E . b 7.09




[llumina Miseq sequencing

5 |#0%d

Bacteria : Pro341F/Pro805R

Archaea : Marc344F/March806R

[ NAEFT
94°C
94°C
55°C
72°C
72°C

4min
30s -

30s ~ 30x
45s

10min



DGGE analysis of 16S rRNA, dsrB and mcrA gene fragments and sequencing

DNA#EEX
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DGGE analysis of 16S rRNA, dsrB and mcrA gene fragments and sequencing

/

B£16S rRNAERIEYN  dsrBFImcrAE K4 5l B FwRER th iR
[RE A= R IREE DR ZE DT,

dsrBEEY 1=

dsrAB: 1.9kb dsrB: 350-bp

5|4%3: DSRIF and DSR4R 2|¥9%F: DSRp2060F-GC and DSR4R
95°C Smin 95°C Smin

95°C 40s =  95°C Imin

55°C Imin ~ 30x 57°C Imin - 30x
72°C 3min 72°C Imin

72°C 10min 72°C 10min



DGGE analysis of 16S rRNA, dsrB and mcrA gene fragments and sequencing

mcrA & K1
mcrA: 778 bp

IR Y
g49%F: mecrAF-GC and mcrAR

IR B
2|¥p%F: MEIL and ME2

04°C S 95°C Smin
94°C 405 ) 95°C 458
50°C Imin30s =~ 0% € 435 30x
S NI 72°C 2min
790C 10min 72°C 10min

4°C ®



DGGE analysis of 16S rRNA, dsrB and mcrA gene fragments and sequencing

DNA#EEX
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v DGGE analysis of 16S rRNA, dsrB and mcrA gene fragments and sequencing
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DGGE analysis of 16S rRNA, dsrB and mcrA gene fragments and sequencing
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Quantifcation of 16S rRNA, dsrB and mcrA genes by quantitative real-time PCR (qPCR)

BEILgPCRIF BN RO EIIHEREENFEEREE

VeSS

sulfate-reducing Bacteria methanogens

95°C 30s 95°C 10min
s

95°C 5s 95°C 5s -

54°C 30s 55°C 30s - 40x

72°C 30s
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[1lumina Miseq-based analysis of microbial diversity using the

prokaryotic universal primers

Table 2 Richness and diversity
estimation of microbial
communities in Chott El Jerid
samples

Sample Sequences Chaol Observed Shannon Simpson PD whole-
nchness esti- species  diversity diversity tree indices
mator index index

Prokaryote 165| 53-14 47573 246 226 EW LY 0.67 19.87
IRNAgene o414 55824 10007 95 1.66 0.49 9.26
universal ?

. 55-14 67,717 138 129 1.83 0.50 11.41
Primers

S6-14 38,621 125 118 1.67 0.47 11.11

57-14 35,820 115 100 1.69 0.49 9.53

Archaea S3-14 38473 53.66 52 2.49 0.73 2.73
I6StRNA 5414 16,653 39.80 38 1.69 0.58 1.98
EEDCSpECUIC oo 14 2695 50 47 2.20 0.73 223
pPrimers

S6-14 80,400 36.50 34 0.82 0.22 1.99

S7-14 103,145 56.66 55 2.40 0.76 2.38

The analyses were based on [llumina Miseq sequencing data targeting the 165 rRNA genes



[1lumina Miseq-based analysis of microbial diversity using the

prokaryotic universal primers

Fig.2 Relative abundance of

different prokaryotic taxa in
each sample of the Chott El
Jerid

(a)

Relatlve abundance of phyla/classes {%}
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Proteobacteria® 2B ] (93-98.8%)

Prokaryote 16S rRNA gene-universal primers

5414

55-14
Samples

56-14

5714

B Euryarchaeola

Gammaproteobacteria V-ZHE (0.7-6.8%)

Epsilonprofeobacteria
= Deltaproteobacteria S-THE (0.1-2%)

® Betaprofeobacteria B-THE (75-95%)

® Alphaprofeobacteria o-THE (2-8%)

% Planctomyceles
® Gemmatimonadetes

* Firmicutes [EEEE] (0.1-1%)

“ Cyanobacteris WS4 (0.005-2.9%)

» Chlorobi

» Bacteroidetes PHEAEI] (0.3-1.5%)

® Actinobacteria el ] (0.1-1%)

" SAR406
® Verrucomicrobia
® Unclassified



c

\ 4

83-94%

[1lumina Miseq-based analysis of microbial diversity using the

prokaryotic universal primers

Table3 Phylogenetic affiliation of the dominant bacterial OTUs obtained from Illumina Miseq sequencing analysis of Chott El Jerid samples

targeting the 165 rRNA gene

OTU no. |[GenBank
number|

Sequences per sample (%)

Closest related microorganism retrieved from NCBI nucleotide database

53-14 S4-14 55-14 S56-14 57-14

Taxonomy (phylum; class;
order)

Species (accession number) Similarity (%)

557211 IMGB56364] 113 0 001 002 0 Cyanobacteria, Synechoc- | Prochlorococous marinus | 96

occales subsp. Pastoris ATCC
700925 (AF18096T)

1016465 [MGE56365] 222 001 0 0.05 001 Proteobacteria, Alphapro- | Candidatus Pelagibac- 99
teobacteria; Pelagibac- ter ubigue HTCC1062
terales (NR_074224)

965129 [IMGE56366] 142 118 116 161 1.59 Proteobacteria, Alphapro- | Sphingomenas oligo- 99
teobacteria; Sphingomo- | phenolica JCM 12082
nadales (ABO18439)

20 [MG856367] 1759 2385 2153 20,19 2214 Proteobacteria; Betapro- Burkholderia vietnamiensis | 99
teobacteria; Burkholde- LMG 10929 { AF097534)
riales

177991 [MG856368] 5356 6658 67.03 6946 6755 Proteobacteria; Betapro- | Ralstonia pickettii ATCC | 99
teobacteria; Burkholde- 27511 (AY741342)
riales

37 [MGR36369] 1.11 1.26 1.17 1.45 1.32  Proteobacteria; Betapro- Ralstonia pickerii ATCC 99
teobacteria;, Burkholde- 27511 (AYT741342)
riales

759916 [MGE56370] 1 .25 125 117 1.11  Proteobacteria; Betapro-  Ralstonia pickertii ATCC 99
techacteria; Burkholde- 27511 (AYT741342)
riales

3526876 [MGBE56371] 110 006 013 023 045 Proteobacteria; Deltapro- | Desulfohalobium retbaense |99
teabacteria; Desulfovi- DSM 5602 (NR_074907)
brionales

T82953 [MGB56372) 384 0.5 0.15 0.18 0.07  Proteobacteria: Gam- Pectobacterium caroto- 09

maproteobacteria;
Enterobacterales

verum ATCC 15713
(NR_116341)

S IRERTE




[1lumina Miseqg-based analysis using the archaeal 16S rRNA gene-specifc primers

Table 2 Richness and diversity
estimation of microbial
communities in Chott El Jerid
samples

Sample Sequences Chaol Observed Shannon Simpson PD whole-
nchness esti- species  diversity diversity tree indices
mator index index

Prokaryote 165 83-14 47,573 246 226 3.19 0.67 19.87
rRNA gene g4 14 55824 100,07 95 1.66 0.49 9.26
universal ?

. 55-14 67,717 138 129 1.83 0.50 11.41
primers

S6-14 38,621 125 118 1.67 0.47 11.11

57-14 35,820 115 100 1.69 0.49 9.53

Archaea S3-14 38,473 53.66 52 249 (.73 2.73
I6StRNA 5414 16,653 39.80 38 1.69 0.58 1.98
EEDCSpECUIC oo 14 2695 50 47 2.20 0.73 223
pPrimers

Se-14 80,400 36.50 34 0.82 0.22 1.99

S7-14 103,145 56.66 55 2.40 0.76 2.38

The analyses were based on [llumina Miseq sequencing data targeting the 165 rRNA genes



v [1lumina Miseq-based analysis using the archaeal 16S rRNA gene-specifc primers

Euryarchaeota | | 1(99.9%)

20

(b) Archaea 16S rRNA gene-specific primers Halobacteria ESAFRIN
100
=
‘E’ 80 ® Methanohalophilus
s ® Natrinema fREEE(10.3 -37.8%)
& ® Haloterrigena | HfE4EEE
% 0. » Halorubrum T REE(24-91.9%)
E » Halohasta
_Halorhabdus
€ a0  ® Haloarcula | EEERE
§ m Halovenus
o » Novosphingobium
= B Rhnzobium
= ® Cylindrospermum

0
53 -14 55-14 5}"—14

-

o)
20.8% 13 goh0%




[1lumina Miseqg-based analysis using the archaeal 16S rRNA gene-specifc primers

[ Methanohalophilus porfucalensis DSM T4T1 (AY29071T)
83! Methanohalophilus mahii DSM 5219 (M59133)
Bfl Methanohalophilus halophilus QSM3094 (FR733671)
[ OTU2940299 [MG8T75067] -
% iqu 0TU4031 [MGE75068] AN — HEEERHTE
| ' Methanohalophilus levihalophilus DSM 28452 (ABBBS6OS)
' Methanococcoides vulcaniDSM 26966 (KC631821)
| Methanosalsum zhilinae DSM 4017 (F1224366)
Methanasarcina soligelici DSM 20065 (JF812255)

| OTU4032177 [MGB75069]

100 Methanohalobium evestigatum DSM3721 (FRT33675)

[ Uncultured archaeon KTK 4A (AJ133621)

{ Uncultured euryarchaeote clone ArcA08 (DQ103683)
Uncultured archaeon clone Kasin-A1-A04 (HEGD4413)
Uncultured archaeon clone Kasin-A2-D12 (HEGD4525)

. OTUT14 [MGBT5070]

Methanomassiliicoccus luminyensis DSM 25720 8a)
- OTUA04364 [MGBT5071]
“Uncultured archaeon clone JAFAHPTT (JQE78215)
1 93[ OTUZT75893 [MGB75072]
Uncultured marine archaeon clone SWAR-AD5 (KJ504338)
Desulfococcus multivorans DSM 2058 (AF418173)

Archaea
specific primers

100

Euryarchaeota

1

Prokaryotlc unlversal primers

0.050
H53-14 Bssga BS54 56-14 MHs7.14

Fig.3 Phylogenetic tree of the methanogenic archaeal 165 rRNA sequences originated from Chott El Jerid. The tree is based on the neighbor-
joining method. The scale bar represents 3% sequence divergence



[1lumina Miseq-based analysis using the archaeal 16S rRNA gene-specifc primers

Table 4 Phylogenetic affiliation of the dominant archaeal OTUs obtained from lllumina Miseq sequencing analysis of Chott El Jerid samples

targeting the 165 rRNA gene

OTU no. |GenBank
number|

Sequences per sample (%)

Closest cultivated relatives retrieved from NCBI nucleotide database

83-14 84-14 85-14 S6-14 57-14 Taxonomy (phylum; class; Species (accession number) Similarity (%)
order) (%)
304972 [IMGSRT75054] 003 0 0.01 0 2721 Eurvarchacota, Halobacte- | Halovenus salina JCM 05 +N —
ria: Halobacteriales 30072 (KJ661744) JIELéI )%
609811 [MGET75055] 4280 0 0.01 003 1592 Ewrvarchaeota, Halobacte- Halovenus rubra JCM 95
ria; Halobacteriales 17269 (HM 159605)
240020 [IMGET5056] 001 O 3422 001 002 Ewrvarchaeota, Halobacte- Haloarcula guadrata JCM 99
ria: Halobacteriales 11048 (ABO10964)
132088 [MGE75057] 0 ] 0 575 0 Eurvarchaeota, Halobacte- | Haloarcula marismortui 09 +RhO =
ria; Halobacteriales JCM 8966 (EF645693) HREFEE
563669 [MGSET75058] ] 0 0 166 0O Euryarchaeota, Halobacte- Haloarcula marismorui 99
ria; Halobacteriales JCM 8966 (EF645693) s Atn by
559445 [IMGRT5059] 1.06 0O 0 0 0 Eurvarchaeota; Halobacte- | Halohasta litorea JCM /g&/ 1EE¢$ZKS 3 1 4I:|:|1:‘—‘LIJ\U:I: IJ
ria; Haloferacales 17270 (HM159607)
574209 [MG8735060] 2264 5866 3169 8756 329  Ewrvarchaeota, Halobacte- | Halorubrum ezzemoufense | 99
ria; Haloferacales DSM 17463 (D0Q118426)
553907 [IMG875061] 1.05 219 147 352 1.44  Eurvarchaeota; Halobacte- | Halorubrum coriense DSM| 99
ria; Haloferacales 10284 (L00922)
551685 [MGRT75062] 10,76 001 O 0.01 001 Ewrvarchaeota, Halobacte- Haloterrigena jeotgali 99
ria: Natrialbales DSM 18794 (EF077633)
548723 [MGE75063] 833 002 004 002 001 Ewyarchaeota, Halobacte- | Haloterrigena jeotgali 99 +N ==
rit; Natrialbales DSM 18794 (EF077633) HhEEEE
4999 [MGE75064] Los 0 0 0or o Eurvarchaeota, Halobacte- Haloterrigena jeotgali 98
ria: Natrialbales DSM 18794 (EF(077633)
74122 [MGRT3065] B.37 2505 1277 003 1767 Ewyarchaeota, Halobacte- | Natrinema altunense JCM | 99 >
ria: Natrialbales 12890 (AY208972) %mg% J%;
3599 (MGSRT3066] 1.43 11.13 1739 0.03 1.33  Ewrvarchaeota; Halobacte- Natrinema altunense JCM 99

ria; Natrialbales

12890 (AY208972)




DGGE-based analysis of archaeal and bacterial 16STRNA gene

(a) Archaea (b) Bacteria (c)  Sulfate-reducing bacteria
53-14 5414 5514 S6-14 57-14 $3-14 54-14 55-14 56-14 57-14 $3-14 54-14 55-14 S6-14 57-14

. B111 « B117
B101 .B112 * B118
B124 Coum « B125 - B126
Lalr]- B106. + B113

. B114
B103 C:51i 1 + B115

:

52 &

[alizhe B]23«

Fig. 4 Denaturing gradient gel electrophoresis profiles of PCR-amplified archacal 165 tRNA (a), bacterial 165 rRNA (b) and dsrB (¢) gene frag-
ments obtained from all samples analyzed



Diversity of sulfate-reducing prokaryotes

Band FS31 [MG250587]

Band FS32 [MG250588]

Band FS$28 [MG250584]

Band FS$34 [MG250589]

Band FS37 [MG250590]

Band FS30 [MG250586]

Band FS29 [MG250585]

Band FS47 [MG250596]

Band FS42 [MG250593]

Band FS44 [MG250595]

Desulfohalobium refbaense DSM 5692 (YP 003197125)
Band FS38 [MG250591]

Band FS39 [MG250592]

Band FS43 [MG250594]

Desulfohalobium utahense DSM 17720 (ABD46859)

sulfite reductase Desulfovermiculus halophilus (WP 027370031)
Desutfonauticus submarinus DSM 15269 (AAO27365)

53

96

Desulfonafronovibrio hydrogenovorans DSM 9292 (AALS7468)

72 dissimilatory sulfite reductase beta subunit partial Desulfonatronospira thiodismutans (AFI113789)
Band F$51 [MG250582]

Band FS52 [MG250583]

Band FS50 [MG250581]

Desulfosalsimonas propionicica (ABD46861)

Desulfosarcina variabilis str. Mentpellier DSMZ 2060 (AAK58135)

sulfite reductase dissimilatory-type beta subunit Desulfafifalea fepidiphila (WP 054029293)
sulfite reductase Desulfafirhabdium butyrativorans (WP 028323467)

sulfite reductase dissimilatory-type beta subunit Desulfococcus multivorans DSM 2059 (EPR41198)
Desulfobacterium autofrophicum DSMZ 3382 (CAAT5653)

Desulfotignum baiticum DSM7044 (AAQO5956)

sulfite reductase Desulfospira joergensenii (WP 022667230)

sulfite reductase dissimilatory-type beta subunit Desulfobacterpostgater (WP 004072375)

4'7 Desulfofomaculum nigrificans DSM 574 (AAQ05962)

Desulfosporosinus orientis DSM 765 (AAK82965)

0.050

Fig. S1 Phylogenetic tree based on amino acid sequences of the dsrB gene. The DGGE

band number preceded by the fresh season (FS). Sequences of approximately 350 bp length
were used to construct the tree. An out-group of the DsrB proteins of Desulfotomaculum
nigrificans and Desulfosporosinus orientis was included to root the tree. Bootstrap values >
50% are indicated at nodes.
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Quantifcation of 16S rRNA and functional genes

Site 1

Site 2

100 -

gene copy numbers/g 104

20

ih.

5314 55-14

Samples

5714

u Bacterial 165 rRNA gene
m dsrB

gene copy numbers/g 104

200 -

180 -

Site 1

160 -

140 -

120 -

100 -

4_(}_
20 -
0_

Site 2

53-14 55-14

Samples

57-14

®m Archaeal 165 rRNA gene
® mcrA

Fig. S2 Abundance of the total Bacteria, total Archaea, sulfate-reducing Bacteria and methanogenic Archaea
determined by qPCR in the samples taken from Chott El Jerid.



v Microbial community abundance and structure between sites

Prokaryote 16S rRNA gene- universal primers

a b

B Furyarchaeola

F e

L] leroii 5 5

= Chiorobi Site 1

B Chioroflexi

¥ Cyanobacteria

B Firmicutes

= Gemmatimonadeies

¥ Planctomyceles

u Alphaproleobacteria

= Belaproleobacteria

u Deltaproteobactena
Epsilonproteobacieria
Gammaproteobacteria
SAR406

= Venrucomicrobia
Unclassified

Site 2

1

Site1

0 20 40 60 80 100

Percentage of sequences classified by groups (%) Site 2

Archaea 165 rRNA gene- specific primers
d

B Halovernus

= Haloarcuia

¥ Halorhabdus

= Halohasta

B Halorubrum

® Haloterrigena

® Natrinema

= Methanohalophilus

Site 1
Site 2

i

Site 1 I Cylindrospermum
¥ Rhizobium

 Novosphingobium

0 20 40 60 80 100

Percentage ofarchaeal sequences classifiedbygenera (%) Site 2

Fig. S3 Comparison of prokaryotic (a) and archaeal (¢) communities obtained by Illumina Miseq sequencing.
Venn diagrams demonstrating the numbers of unique and shared OTUs (3% distance level) of the samples
studied. Site 1 represents S3-14; S4-14; S5-14 samples; Site 2 represents S6-14; S7-14. (b) Average OTU of
prokaryotic sequences ; (d) Average OTU of archaeal sequences



v Microbial community abundance and structure between sites

Site 1 Site 2

54%

Euryarchaeola

= Crenarchaeola

B Unclassified Euryarchaeota

Site 2

B Alphaprofeobacteria
Gammaproteobacteria

m Deltaprofeobacteria

= Firmicutes

= Bacteroidetes

®m Deltaprofeobacteria

= Acfinobacteria

¥ Actinobacteria

c Site 1 Site 2

B Desulfohalobiaceae

u Desulfobacteraceae

Fig. S4 Comparison of taxonomic archaeal (a); bacterial (b) profiles using 16S rRNA sequences and sulfate-
reducing bacterial profiles using dsrB sequences (c¢) obtained by DGGE. The percentage was relative to the
total number of sequences.
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