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ABSTRACT

The intestinal microflora of fishes is essential for digestion, absorption of nutrients, immunity, and general well-being of
the hosts. Gut microbiota composition depends on both host and environmental conditions. It greatly contributes to fish
physiology and adaptation. This study focused on determining the bacterial diversity of two economically relevant tuna
fish species, i.e., Euthynnus affinis (Kawakawa) and Thunnus albacares (Yellowfin tuna) that were sourced from different
geographic regions of the south-west coast of India, which includes Thoothoor, Kanyakumari, and Trivandrum. Intestinal
tissue was dissected aseptically, homogenized, serially diluted, and inoculated in Nutrient Agar plates for isolation of
bacteria. Isolates were then subjected to DNA extraction and 16S rRNA PCR amplification followed by Sanger
sequencing. The six isolated bacteria included Microbacterium sp. and Bacillus cereus (Trivandrum), Bacillus cereus and
Lacrimispora amygdalina (Thoothoor), and Escherichia coli and Oceanisphaera ostreae (Kanyakumari). The results offer
baseline information regarding composition of the gut microbiota associated with E. affinis and T. albacares from the
Indian south coast and also provide knowledge on host-microbe relationships in natural environments.
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1. INTRODUCTION

Microbiomes in fish guts play a vital role in the physiology of the host, helping in digestion, nutrient uptake, metabolism,
immune system, and resisting diseases (Egerton et al., 2018). The microbial composition and diversity of fish gut
microbiomes depend on various host factors as well as environmental factors. The host factors include fish species, genetic
makeup, and age, while environmental factors comprise geographical location, water chemistry, temperature, and habitat
type (Lokesh & Kiron, 2016). As fishes are continuously exposed to their environment, any change in environmental
conditions causes significant alterations in the gut microbial community composition that ultimately influences fish health
and physiology (Sylvain et al., 2020).

Tuna species constitute one of the most ecologically and economically valuable groups of marine fish, playing a critical
role in marine ecosystems and global fisheries. These highly migratory pelagic fishes are widely distributed in tropical
and temperate oceans, where they act as apex predators and play an important role in marine food webs. Euthynnus affinis
and Thunnus albacares are two commercially viable fishes that commonly found in the Indian Ocean. The body of E.
affinis is streamlined and fusiform in shape with distinctive dark oblique stripes on its dorsal side, while T. albacares is
easily distinguished by its metallic blue colored dorsum, silver belly, and extended yellow dorsal and anal fins. Both
species serves as commercially valuable fish resources and provide a good source of protein for human consumption. Due
to their wide geographic distribution, migratory behaviour, and ecological significance, these species provide suitable
model for studying gut microbiota and host-microbiome relationships.

The development of molecular biology technology has greatly contributed to research on microbial diversity and
taxonomy. In the existing range of molecular technologies, DNA sequencing of the 16S ribosomal RNA gene is one of
the most popular and successful methods for bacterial identification and phylogenetic investigation. The gene is
characterized by highly conserved and highly variable areas, allowing precise differentiation between various bacteria
taxa at the genus and species levels. Hence, the DNA sequencing of the 16S rRNA gene became a standard method for
bacterial isolate description and diversity assessment. Bacterial identification and taxonomic classification can be
significantly refined through sequence comparisons utilizing database searches, including NCBI BLAST databases (Janda
& Abbott, 2007; Clarridge, 2004).

Despite significant advances in studies on the fish gut microbiota, data concerning culturable bacterial diversity of wild
tuna from the coastal region of India is relatively sparse. Previous studies on the bacterial microbiota have concentrated
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on farmed species or employed a non-culture method in regions like the Pacific Ocean, Atlantic Ocean, and South China
Sea. Hence, there is a relative dearth of information regarding the composition and geographical variations in culturable
gut bacteria associated with E affinis and T albacares from the south-west coast of India is limited. Isolation and molecular
characterization of culturable bacteria are crucial since some of these bacteria may have probiotic characteristics, facilitate
nutrient digestion, improve fish wellbeing, and produce industrially relevant molecules (Gupta et al., 2020).

Thus, the present study was designed to isolate and characterize the culturable gut bacteria associated with E affinis and
T albacares collected from three geographically distant coasts of South-Western coastal region of India, i.e., Thoothoor,
Kanyakumari, and Trivandrum. The bacterial strains isolated were characterized based on the identification of 16S rRNA
sequences through BLAST analysis. This investigation will contribute to the existing literature with baseline information
on the culturable gut microbiota of tuna fish.

2. MATERIALS AND METHODS

2.1 Sample Collection and Bacterial Isolation

Samples of tuna fish were collected from three geographically different regions located in the south-west coastal region
of India, such as Trivandrum, Thoothoor, and Kanyakumari. The samples collected were taken to the lab and processed
on the very same day. The gut tissues were aseptically removed and sterilized with sterile distilled water and 70% ethanol,
followed by homogenization in 1 mL of sterile distilled water. Serial dilution was performed up to 10-5 using sterile
distilled water.

The aliquots of 10-3 and 10-4 dilutions were spread on Nutrient Agar plates and incubated at 37°C for 24 hours. Colonies
with morphological difference were isolated and sub-cultured and further grown in Nutrient Broth at 37°C overnight.

2.3 Isolation of Genomic DNA

Extraction of genomic DNA was done from overnight cultures of bacteria through the sodium dodecyl sulfate (SDS)
extraction method but with minor adjustments. Pelleting of the bacterial cells was achieved by centrifugation at 21,500 x
g for 5 minutes at 4°C then suspension in TE buffer followed by lysozyme and RNase A treatment to allow cell lysis and
RNA degradation, respectively.

The DNA extraction procedure involved phenol:chloroform alcohol (25:24:1, v/v/v) and chloroform alcohol (24:1, v/v)
extractions to purify the cell lysate. Precipitation was carried out through the addition of sodium acetate and ice-cold
ethanol, washed with 70% ethanol, dried using an air stream, and finally resuspended in deionized water for further
processing.

2.4 Agarose Gel Electrophoresis of Genomic DNA

To determine the purity and integrity of the isolated genomic DNA, agarose gel electrophoresis analysis was done
according to existing protocols. For this process, an 0.8% agarose gel was made by mixing 0.4 g agarose with 50 mL of
1x Tris-Acetate-EDTA (TAE) buffer solution. The mixture was warmed to dissolve the agarose completely followed by
cooling and addition of ethidium bromide.

The cooled agarose was poured into a gel mold containing a comb. After the agarose had been solidified, the gel was
transferred to an electrophoresis unit containing 1x TAE buffer solution. DNA samples were loaded onto individual wells
after mixing with loading dye. Electrophoresis was performed at 100 V for migration of the tracking dye to about two-
thirds of the total distance covered by the gel.

2.5 Polymerase Chain Reaction (PCR) Amplification of the 16S rRNA Gene

Identification of the bacteria was achieved through PCR amplification of the 16S ribosomal RNA (rRNA) gene, which is
conserved within all bacterial genera and serves as a basis for bacterial taxonomy and classification.

PCR amplification was done using universal primers for 16S rRNA of bacteria:

Forward primer: AGAGTTTGATCMTGGCTC

Reverse primer: AAGGAGGTGWTCCARCC

PCR amplification mix contained 25 pL. Red Taq Master Mix, 2 puL forward primer, 2 pL reverse primer, 10 uL. template
DNA (50 ng puL-1), and 11 pL nuclease-free water in a total volume of 50 pL.

The PCR thermocycling parameters were as follows: initial denaturation step at 94° C for 5 min; then 35 cycles with 94
°C for 30 s, 55 °C for 30 s, and 72°C for 45 s; followed by 72° C for 7 min.

2.6 Identification of PCR Products

PCR products obtained in the study were analyzed through gel electrophoresis using agarose gels. A 1% agarose gel was
prepared by mixing 0.5 g of agarose in 50 mL of 1x TAE buffer. After solidifying the agarose gel, the PCR products were
run together with a 1 kb DNA ladder at 80 volts for 45 minutes. Amplified DNA fragments of about 1500 bp in size were
detected under UV light and photographed through a gel documentation system.

2.7 DNA Sequencing and Sequence Analysis

PCR products displaying positive amplification reactions were isolated and sequenced by Sanger sequencing methods.
Approximately 1500 bp internal regions of the bacterial 16S rDNA gene were sequenced using the same primer pair
utilized for amplifying the genes.

The sequenced nucleotide sequences were then subjected to BLAST analyses using the Basic Local Alignment Search
Tool found in the NCBI database. Bacteria were classified based on the highest homology between the obtained sequence
and the sequences available in the GenBank database. Identified bacteria were used to evaluate the culturable diversity of
the gut bacteria associated with tuna fish collected from various geographic origins.

3. RESULTS AND DISCUSSION
3.1 Isolation of Gut Bacteria from Tuna Fish
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Tuna specimens belonging to E affinis and T albacares were collected from three different geographical sites, viz.
Thoothoor, Kanyakumari, and Trivandrum, which were used right away after being collected in order to maintain the
indigenous microbiome of the fish samples. Samples of the tuna fish used in the present study are depicted in Figure 1.
After performing aseptic dissection and sterilizing the surface, gut tissues were homogenized and subjected to serial
dilution in order to isolate bacteria.

Figure 1. Samples of the tuna fish collected for the present study: (1) Thoothoor, (2) Kanyakumari, and (3)
Trivandrum.
Bacterial colonies formed upon incubation in Nutrient Agar media and were characterized in terms of size, shape,
elevation, and texture, thereby indicating that the samples contained diverse bacteria populations. Typical examples of
isolated bacterial colonies are illustrated in Figure 2.
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Figure 2. Isolated colonies of bacteria isolated from tuna gut after serial dilution. (1) Thoothoor, (2)
Kanyakumari, and (3) Trivandrum.

The occurrence of colonies exhibiting different morphologies indicates a heterogeneous microbial population within the
tuna gut. This finding is consistent with previous studies showing that the intestinal microbiota of marine fishes is shaped
by dietary, environmental, and habitat-related factors (Egerton et al., 2018; Tarnecki et al., 2017). The highly migratory
nature and diverse feeding habits of tuna may further influence the composition and diversity of their gut microbiota.

3.2 Genomic DNA Extraction

The genomic DNA was successfully extracted from chosen bacterial isolates using the SDS extraction technique. The
extracted genomic DNA was then subjected to analysis by agarose gel electrophoresis. The electrophoresis apparatus
employed in analysing the DNA is illustrated in Figure 3.

Figure 3. The set-up for agarose gel electrophoresis for DNA analysis.
Clear and distinct DNA bands were observed following agarose gel after electrophoresis, indicating the successful
extraction of the bacterial genomic DNA. The agarose gel picture captured during bacterial genomic DNA isolation is
provided in Figure 4.

1 2 3 4 5 6

Figure 4. Agarose gel picture depicting bacterial genomic DNA extracted from tuna gut bacteria. Lanes 1-2:
Thoothoor isolates; Lanes 3-4: Kanyakumari isolates; Lanes 5-6: Trivandrum isolates.
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Identification of clear DNA bands without much degradation suggested that the genomic DNA extracted was good enough
for PCR amplification and sequencing analysis. Good quality genomic DNA is required for bacterial identification through
molecular techniques (Teletchea, 2009).

3.3 Amplification of the 16S rRNA Gene

Amplification of the 16S rRNA gene from the extracted genomic DNA was carried out using universal bacterial primers.
Sequences of the primers used in this study are shown in Table 1.

Table 1. Universal bacterial 16S rRNA primers for amplification

Primer Sequence (5'-3")
Forward Primer AGAGTTTGATCMTGGCTC
Reverse Primer AAGGAGGTGWTCCARCC

The PCR products were amplicons of ~1500 bp in all bacterial isolates. The amplicons were resolved by running the
samples on 1% agarose gels and stained with ethidium bromide followed by UV observation.

Il 2 3 4 56 M

Figure 5. PCR products (~1500 bp) amplified by universal bacterial 16S rRNA primers. Lane 1-2: Thoothoor
isolates; Lane 3-4: Kanyakumari isolates; Lane 5-6: Trivandrum isolates.

This result indicated that the purified genomic DNA was ready for further sequencing and taxonomic characterization.
The use of 16S rRNA is one of the best methods for identification of bacteria due to the conserved character of this gene
(Alikunhi et al., 2017).

3.4 Sequence Analysis and Identification of Bacterial Isolates

The amplified PCR products were subjected to Sanger sequencing and the sequences generated were analyzed via NCBI
BLAST database. Sequence analysis revealed that Trivandrum isolate 1 had a close resemblance with Microbacterium
species. The graphical representation of BLAST hits, significant sequence alignments, and sequence comparison have
been illustrated in Figures 6, 7, and 8.

Distribution of the top 101 Blast Hits on 100 subject sequences

1 1 1 1 1 1
i 100 200 Z00 400 [=n]a]

Figure 6. Graphic Representation of Top BLAST Hits Obtained for Trivandrum Isolate 1.
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Figure 7. Slgnlﬁcant sequence alignments obtained for Trivandrum isolate 1.

Microbacterium sp. strain AtecerdN 165 ribosomal RNA gene, partial sequence
Sequence ID: MT386149.1 Length: 1380 MNumber of Matches: 1

Range 1: 171 to 726 GenBank Graphics

Score Expect Identities Gaps Strand
1003 bits(543) 0.0 552/555(95%) 1/556(0%:) Plus/Plus

Query 1 GCGOCCTATCAGCTTATTGATGAGGTAATGEC TCACCAAGGCGTCGACGAATAGCCGGCC 6@

Sbict 171 GCGGCCTATCAGCTTGTTOOTGAGGTAATGGCTCACCAAGGCGTCGACGOATAGCCGGCC 2389

Query &1 GAGAGGAETGACCAGCCACACTEEEACTOAGACACGECCCAGACTCCTACGOGAGGCAGD 128

Shict 231 TGEAGAGGGTGACCAGCCACACTGEGACTGAGACACGACCCAGACTCCTACGERAGGRCAGE 299

Query 121 AGTGGGGAATATTGCACAATGEGCGCAAGCCTGATGCAGCAACGCCGOGTGAGRGATGAC 188
FLEETECTTETE T e e e e e e e e e e e ernnn

Sbict 291 AGTGGEEAATATTGCACAATGGGCACAAGCCTGATGCAGCAACGCCGCATOAGGRATGAL 358

Query 181 GCCTTCGEaTTATAAACCTCTATTAGTAGGEAAGAAGCCTTOGCGTEACGOTACCTGT 248

Skijct 351 GGCCTTCGEGTTAETAAACCTCTTTTAGTAGGEAAGAAGCCTTCGOATRACGATACCTGCA 418

Query 241 GAAASAGCGCCGOCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGOGCGCAAGCGTTA 3648

Sbjct 411 GAAAMAGCGCCGECTAACTACGTGCCAGCAGCCGCGATAATACGTARGGCGLAMGCGTTA 478

Query 381 CCOGAATTATTGGGCGTAARGAGCTCOTAGECGGTTTATCGOGTCTGLTOTGAARA 358

Sbhijct 471 TCCGGAATTATTEGGCGTAAAGAGCTCATAGECGGTTTATCACGTCTALTATEARRACT 538

Query 361 GAGGCTCAACCTCCAGCCTGCAGTAGOTACGGOCAGACTAGAGTGCGAGTAGOOGAGATTG 428

Sbjct 531 GAGGCTCAACCTCCAGCCTGCAGTGGATACGRACAGACTAGAGTGCAATAGOOGAGATTG 598

Query 421 GAAATCCTGOTGTAGCGGTGOAATGCOCAGATATCAGEAGGAACACCOATAGCGAAGGT 488

) [l ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Sbjct 591 GAATTCCTGGTGTAGCGETGGAATGCGCAGATATCAGGAGGAACACCGATGGCGAAGGCA 658

Query 481 GATCTCTGGGCCOTAACTOACGCTOAGGAGCGAAAGAGTEOOGAGCAAACAGOCTTAGAT 5448

Sbjct 651 GATCTCTGEGCCATAACTGACGCTEAGGAGCGAAAGAGTARGGAGCAAACAGOCTTAGAT 718

Figure 8. Sequence alignment showing similarity between Trivandrum isolate 1 and the nearest bacterial match.
Identification of Microbacterium species indicates the possible existence of environmental bacteria having survival and
adaptation ability to marine host-associated environment. Environmental bacteria belonging to genus Microbacterium are

common inhabitants of aquatic environments, involved in the cycling of nutrients (Zhou et al., 2022). In the same way,
Trivandrum isolate 2 had maximum similarity with Bacillus cereus.
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Figure 9. Graphic Representation of Top BLAST Hits Obtained for Trivandrum Isolate 2.

Figure 10. Significant sequence alignments obtained for Trivandrum isolate 2.

Genetics and Molecular Research 25 (10s): 2026

Descnptions Graphic Sumimtary ARgnments Taxanory
‘Sequences producing significant alignments Downioad - Selectcolumns - Snow | 100Y | @
select all 190 segumces seecing Garlank Geaphics Distance e of jeculle  MSA Viewss
Cescruaen Soenttc tame ::_ ;::‘ :‘:" “:- ::‘ MELS acommen
- - v - v
e caraun abMn SZARNN e Frchea s W TN N Ses3 B7.16% SIMSESE CPRIaon!
Hactun Oamud sk SOARED chIutodirg LOOLISIR Censan Badda iz 23 27H 38N  Se58 B716% SAMTISE LPQITEON
Bectin s JCHL 0400 101 103 rOomarne HINA Qune. pate tecimnce fecha w G0 1:) W I NN SetS ETEN TR IR
Bactun usuastrcosien siMn 51 185 rhaunal Al oans Sattlsl asoutnss Baciea Ut Oes 237 237 38R 2057 BA4N 82 ONDSEROL)
@ tectun browss shisin FOAMRGOS TID stramosame. comglels Qenotre fiaciey hprsuy I S BN W BET0N SD60NM2 RSNt
0 Hestia bisses stuen A06-CGP4 | dvamescns NE%a R 233 351 3% 58 B570% S29080 CPMN0TRI
Eoctua s un Eackne st MOUR 14 155 nbssumdd FHA 00 St aouencs Sachasn. e Samauiey ) 233 233 @R 258 570N 836 MTEGEAN
Hachun oreys shan OLOU Vil cupmesame_ coogile genprs Uactsy uwwue I OIMQ %N IwSE BAY0% S291T4T CPO0MR L
St se, 00, Bacaenet abne (AR 103 ceaunodd AILIA DaDs . SROML BT ICH St e et 253 3 BN ZeSE E70% AR WeRESL)
Pectus grrarvoades S9b oene fin 185 reassnl BNA. et seseecs Uacton (M1 mvrosdes 2 I WS D WS 10s L3014
Bectun s JAS4-D cupmosome somsuie ORI Bachen 0 25043 B3I YN0 MR SE BT0R SI2S4E0 CPODIUGY !
Bl owaua ahain ASYNEA 1 IES earanal B cans . QANMLsesutce Faa Leau) 233 233 38N 2056 B5T0N TR MOS0
|63 Bectun roce sirmn SA2D 1S reawamsl HNA gene. parte secuence flecha ltomos I T W 4 WI0% 088 Mreenaal)
Baciun anttvacis stan HODCSVSET shoathaasine GO sename Sacha mbach 33 351 3B%  2nSE BATON T204TTY CPONNAL
Unziftermd bactenam clone fooenen 300 105 shesoms SA qene gont s seqeerce Encaftnet Saciernm IN I BN eS6 BN T MO0
St sarpuy shiwn (51 shimumamme sty yemne % s 29 N BN S B0% TSN RO
st o Bachua se Qoog ECG12016 153 reosceni BHA Sss DA Asuuencs WGt Baciie su 233 253 3% 56 BETON Y0 MYSHIIMLL
Ungutsing tectenum cizne 33 80 165 ibosomel RINA gene jjartist secusoce naftute) tacteryrn 2N I ¥R S8 M0N0 KYEM
S s, 00 Simesstun! 155 nhsaunal F15A Gune SeSal sisnce Qe . . STmaten) 233 233 W S BN a2 el



Descriptions Graphic Summary Alignments Taxonomy

Alignment view | Pairwise v | [ | cDS feature ©

100 sequences selected 9

& Downloadv  GenBank Graphics Sortby: | E value v |

Bacillus cereus strain SGAir0260 chromosome
Sequence ID: CP028009.1 Length: 5945656 MWumber of Matches: 12

Range 1: 1821401 to 1821618 GenBank Graphics ¥ Next Match
Score Expect Identities Gaps Strand

239 bits{129) 5e-58 150/218(87%) G/218(4%) Plus/Minus
Query 11 COAGCOAAGGEATTAAGAGCTTOCTCTTATGAAGT TAGCGGLGEAGGOOTEAGTARCGCG 7@

Sbjct 1821618 CGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGECGGACGAATAGAGTAACACG 1821559
Query 71 TEEATAGCCTGCC-GTA-GACTOGEOATAG- TCCGOGAG-CCTAAACTAR-ACCOOGAGAC 125

Shjct 1821558 TGGGTAACCTGCCCGTAAGACTGEGATAACTCCGLRGAAACCGGAACTAATACCGRATAAC 1821499
Query 126 ATTTTAARACCGOCAGGOTTCTAAATTOAAGGG-GECTTCGGCTATCO-TTATGRATGRACC 183

LLLLE TERLEEY CTEEEE PELREEE L0 LR ERLen et FELririrnrd
Sbjct 1821498 ATTTTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCGCTTATGEATGGACC 1821439

Query 184 CCCCTCQCATTAGCTAGETOG-GAAGTAG-GGCTCACC 219

A
Sbjct 1821438 CGCGTCGCATTAGCTAGTTGETGAGGTAACGGCTCACC 1821401

Figure 11. Sequence alignment showing similarity between Trivandrum isolate 2 and Bacillus cereus.

The bacterial species within the genus Bacillus have been isolated from fish gut tracts and are characterized by their ability
to secrete extracellular enzymes responsible for the breakdown and digestion of nutrients (Ray et al., 2012).
Furthermore, Thoothoor isolate 1 was found to be Bacillus cereus through BLAST search results.

Alignment Scores W =40 W 40 - 50 50 - 80 B 20 - 20

Distribution of the top 127 Blast Hits on 100 subject sequences

i | 1 Query | [

1 100 200 300 <00 S00

Figure 12. Top BLAST matches for Thoothoor isolate 1.
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Flgure 13. BLAST matches with s1gn1ficant alignments for Thoothoor isolate 1.
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Bacillus cereus strain AAF3 165 ribosomal RNA gene, partial sequence
Sequence ID: ME191709.1 Length: 816 HNumber of Matches: 1

Range 1: 2 to 209 GenBank Graphics

Score Expect Identities Gaps Strand
309 bits{167) 4e-79 194/207(94%) 1/207(0%) Plus/Flus

Query 2 ACTTOCAAGTCOAGCOATEEATTAAGAGLTTGCTCTTATGAAGT TAGCGOCE0ACOEGTE &1

Sbjct 3 ACTTOCAAGTCOAGCOATEEATTAAGAGLTTGCTCTTATGAAGT TAGCEOCE0ACOEGTE 62
Query 62 AGTAACACGTEGOTAACCTGCCCATAA-ACTEGOGATAACTCCOGGOAAACCOECACTAATA 128

Sbjct 63 TAACACGTEEATAACCTACCCATAAGACTGOEATAACT AAACCEGEG 122
Query 121 GOEATAACCTTTTEAACCOCAGOGTTCTAAATTTAAAGGCGECTTCCGCTGTCCTTTAT 158

Sbict 123 COGGATAACATTTTEAACCGCATGATTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTAT 182
Query 181 GOATGGAACCGCOTACCAATAGCTAGT 287

Sbjct 183 GGATGGACCCGCOTCGCATTAGCTAGT 289

Figure 14. Sequence alignments for Thoothoor isolate 1 and Bacillus cereus.
In view of the findings obtained, it is likely that Bacillus cereus is a common culturable member of the tuna gut microbiome

population. Second Thoothoor isolate was found to show highest identity at the sequence level with Lacrimispora
amygdalina.
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Figure 15. Graphical representation of top BLAST hits for Thoothoor isolate 2.
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Lacrimispora amygdalina strain JB20 165 ribosomal RNA gene, partial sequence
Sequence ID: MT264911.1 Length: 1437 Number of Matches: 1

Range 1: 272 to 816 GenBank Graphics

Score Expect Identities Gaps Strand
985 bits(533) 0.0 541/545{99%) 0/545(0%) Plus/Plus

Query 1 CCOACCTOAGAGOGTEACCOOCCACATTOCGACTOAGACACGOCCCARACTCCTACGEOA 68

Sbict 272 CCOACCTRAGAGOETEACCGGCCACATTOEGACTEAGACACGRCCCAAACTCCTACGREA 331

Query 61  GGCAGCAGTGGGGAATATTGGACAATGGGGGAAACCCTGATCCAGCGACGCCGCGTGACT 120
CLELLELLEEREEE LT e p e e et e e e e e ety

Sbjct 332 GOECAGCAGTGEGGAATATTGGACAATGGOGGARACCCTGATCCAGCGACGCCGEGTEACT 391

Query 121 GAAGAAGTATTTCGGTATGTATAGGTCTATCAGCAGGOAAGAATATOACGATACCTGACT 184

Sbjct 392 GAAGAAGTATTTCGGTATGTAAAGGTCTATCAGCAGGGAAGAAAATGACGETACCTGACT 451

Query 181 AAGAAGCCCCOOCTAACTACGTGCCAGCAGCCGLGOTAATACGTAGOGEGCAAGCGTTAT 244

. CREELELLEEEEEY L rE e e e e ey e e e eeyrtl
Sbjct 452 AAGAAGCCCCGOCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGEGGGCAAGCGTTAT 511

Query 241 CCEGATTTACTGOGTGTAAAGGGAGCGTAGACGECGATGCAAGTCTAGAGTGAAAGCCCS 384

Sbict 512 CCGGATTTACTGOGETGTAAAGGGAGCATAGACGGCEATGLAAGTCTORAGTGARAGLCCCE 571

Query 381 CAACCOCOGRACTECT TTAGAAACTATATTOCTAGAGTGCAGGAGAGATAAGTEGE 368
N .
Query 361 TTCCTAGTATAGCGATOARATECOTAGATATTAGGAGGAACACCAGTCOCGAAGGEGE 428
ey ittt

Query 421 CTTACTGGACTGTAACTGACOTTGAGOCTCOARAGCOTOOEGAGCARACAGOATTAGATA 488

Sbjct 692 CTTACTGEACTGTAACTGACGTTGAGGCTCGAAAGCGTGAGGAGCAALCAGGATTAGATA 751

Query 481 CCCTGGTAGTCCACGCCGTAAACGATGAATACTAGGTGTTGGGGAGCAAAGCTCTTCGGT 540
CEEREEETER R E e et e e e e e e e e e e e ernnd

Skhict 752 CCCTGGTAGTCCACGCCGTAAACGATEAATACTAGGTGTTGAGEAGCAAAGCTCTTOGAT 811

Query 541 GCCGE 545

Figure 17. Sequence alignment depicting identity between Thoothoor isolate 2 and Lacrimispora amygdalina.

Lacrimispora genera consist of anaerobes which undergo fermentation metabolism and can break down organic
compounds. Presence of such isolates suggests that anaerobic niches are present in fish intestines (Sivasubramanian et al.,
2012). Sequence analysis for Kanyakumari isolate 1 showed identification of Escherichia coli.

Distribution of the top 1772 Blast Hits on 100 subject sequences

#
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Figure 18. Graphical representation of top BLAST hits for Kanyakumari isolate 1.
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Flgure 19 Important sequence allgnments for Kanyaklimarl 1solate 1.

Escherichia coll partial 16S rRNA gene, strain RFR-3
Sequence 1D; LT599761.1 Length: 862 Number of Matches: 2

Range 1: 1 to 494 GenBSank Craphics ¥ Next Match
Score Expecs ldenttias Geps Serand
851 bits(482) 0.0 490/494(99%) 0/494(0%) Plus/Plus_
Query 1 GOCCOCAACGCCTOATCCAGCCATGCCOCATATATCAACAAGGCLTTCAOATTCTALAAGTA &0
IIIIHIIHIHHIIIHIHHIHIIIIHIIIHIHllllllllllllllllll
Spjct 1 GGGLGC TGATGCAGCCATGLCGCATG GAAGAAGGCC 62
Query 61 GOGAGGAAGGGAGT, CTTTG GTT 129
umnumlmmnnnu|||||1u|n|||| IHI SIS
Spict 81 GCGGGGAGGAAGGGAGTAAAG ACCCGCAGA 128
Query 121 AGAAGCACC ACGGAGGGTGCAA is8e
nmanitmtintnnonnidinniinniinttn
Sbict 121 AGAAGLCACCGGLTAALTCCGTGLCAGLCAGCCGCGGTAATACGGAGGGTGLAAGCGTTAAG 180
Query i81 TGGACGAAGACTGACGLTCAGGTGCGAAAGLCGTGGGGAGCATACAGGATTA 249
|||||||||||||||||||||u||u|||||||m||||||||||m yni
sbict 183 ACGAAGAC GAAAGCGTGGGGAGCAAA 249
Query 241 CCCTGG AGTCCACGCT TAAAC TTIGGAGGTTGTGCC T W 30
VI IIH IIllllllllllllllllllllllll Hi;
Sbict 241 CTGGTAGTCCACGCO TGGAGGTT: W 300
i ||V 111351 Tt u?‘l“ﬁ e
Sbjct 301 é«T}CAMMCYAA&éé 40&“‘&7& Oé é TAAAAL 2380
Query 38t HMITHTITITIITioT u|||||| I
Sbjct 361 l &Aﬁ &( éﬁlﬂ(A#G% } 4 4(&7“& 420
Query 421 CGAAGAACC CTTGACA 420
||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||
Sbijct a421 480
oery 481 G
Sbjct 481 CGGGAACTGTGAGA

Figure 20. Sequence alignment indicating identity between Kanyakumari isolate 1 and Escherichia coli.
Presence of E. coli could either be due to environmental contact or transient colonization via food consumption, which

has been shown earlier in marine fishes (Luna et al., 2012). Maximum similarity of second isolate from Kanyakumari is
observed with Oceanisphaera ostreae.
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Distribution of the top 114 Blast Hits on 100 subject sequences
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Figure 21. Graphical representation of top BLAST hits for Kanyakumari isolate 2.
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2 Download + GenBank Graphics

Oceanisphaera ostreae strain 20_KNS1_Sed_R1 165 ribosomal RNA gene, partial sequence
Sequence ID: MN0OS0177.1 Length: 1408 Number of Matches: 1

Range 1: 214 to 840 GenBank Graph

Score Expect Identities Gaps Strand
1120 bits(606) 0.0 620/627(99%) 0/627(0%) Plus/Plus
Query 1 CCAAGECEACGATCTCTAACTGATCTOAGAGOATCGACCAGTCACACTAAOACTGAGACAC &2
. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|II|IIII|II|II|
Sbjct 214 CCAAGGCGACGATCTCTAACTGGTCTGAGAGGATGACCAGTCACACTGROACTGAGAZAC 273
Query 61 GECCCAGACTCCTACGGEAGRCAGCAGTOOGOAATATTOCACAATAGCCAOARACCCTGAT 128
. o LTEETEE e e e e e e e r e e L el TEeernnernry
Sbjct 274 GGCCCAGACTCCTACGGGAGGCAGCAGTGOGOAATATTGLACAATEOGOOARACCCTEAT 333
Query 121 GCAGCCATGCCGCGTGTATGAAGTAGOCCTTCOGATTATAAAGCACTTTCAGTGOTGAGG 188
COECLEETEE T LT e ey Ce e e e e e et e e e e e e ey
Shjct 334 GCAGCCATGCCGCETETGTGAAGAAGGCCTTCGAGTTGTAAAGCACTTTCAGTGOTGAGG 393
Query 181 ALAGETAAGGGETTAATAACTCCTTGCTAGTGACGTTAACCACAGAAGAAGCACCOOCTAA 248
. CECTRETEE T T e e e e e e e e e e e e L e eernry
5bjct 394 AAAGGTAAGGEGGTTAATAACTCOTTGCTGTGACGTTAACCACAGAAGAAGCACCOOLTAA 453
Query 241 CTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATAACTORGCG 08
. CECLRETEE T e e e e e e e e L e eennry
5bjct 454 CTCCETGECCAGCAGCCGCGATAATACGGAGGOTACAAGCGTTAATCOGAATAACTORGCG 513
Query 381 TAAAGCGCACGCAGECGATTTGTTAAGCCAGATATOAAAGCCCOGAGCTCAACTCOGGAA 368
. CECLECTEEL LT L e e e e e e e e L e ey
5bjct 514 TAAAGCGCACGCAGGCGGTTTGTTAAGCCAGATATOAAAGCCCCGAGCTCAACTCOGGAA 573
Query 381 CTGCATTTGGAACTCGCAAACTACAGTCTTGTAGAGGGOGOTAGRATTTCCAGTGTAGCG 428
. CECTRETEETTEY VR e e e e e e e e L e eernry
5bjct 574 CTGCATTTGEGAACTGGCAAACTAGAGTCTTGTAGAGGGOGOTAGAATTTCCAGTATAGCG 633
Query 421 GTGARATGCOTAGAGATTGGAAGEAATACCAGTGGCGAAGGCGGCGOGLTGOACARAGAC 4388
. CECEECTEEN TN L e e e e e e e e e e ee et TEReErernry
5bjct 634 GTGARATGECOTAGAGATTGGAAGEAATACCAGTGOCGAAGGCGOCCCCCTORACAMAGAC B93

Figure 23. Alignment of sequence demonstrating similarity to Kanyakumari isolate 2 and Oceanisphaera ostreae.
Oceanisphaera ostreae is a bacterium associated with the marine environment that can be found in seawater and marine
life forms. It emphasizes yet again the impact of the surrounding marine environment on the bacteria community within

the gut of tunas.

Table 2. Bacterial isolates identified through 16S rRNA gene sequencing

Location Isolate Identified Species
Trivandrum Colony 1 Microbacterium sp.
Trivandrum Colony 2 Bacillus cereus

Thoothoor Colony 1 Bacillus cereus

Thoothoor Colony 2 Lacrimispora amygdalina

Kanyakumari Colony 1 Escherichia coli
Kanyakumari Colony 2 Oceanisphaera ostreae

The bacterial taxa identified in the present study are consistent with existing literature describing diverse gut microbial
communities in marine fishes. Members of the genus Bacillus have frequently been observed within the intestinal tracts
of fish and are recognized for their involvement in nutrient breakdown and the production of enzymes (Ray et al., 2012).
Similarly, Microbacterium species are commonly found in aquatic environments while Oceanisphaera bacteria are linked
to the existence in the marine environment. The detection of different groups of bacteria in samples taken from Thoothoor,
Kanyakumari, and Trivandrum suggests the potential impact of environmental factors on gut microbial diversity. Such
findings are also supported by previous studies where habitat, food preference, and environment parameters played
significant roles in determining the gut microbiome of fish species (Lokesh & Kiron, 2016; Egerton et al., 2018; Cao,
2025).

4. CONCLUSION

Gut microorganisms associated with E affinis and T albacares were isolated and identified from specimens obtained from
three geographic regions, which included Thoothoor, Kanyakumari, and Trivandrum. The gut tissues were homogenized,
serially diluted, and then inoculated in Nutrient Agar medium to isolate pure colonies of bacteria. The selected colonies
were purified through subcultures, preserved as stocks, and grown in liquid media for further molecular studies. Genomic
DNA was extracted from bacterial cultures and subjected to molecular characterization by 16S rRNA gene amplification
and sequencing. Sequences were compared with the NCBI BLAST database to identify bacteria. Sequence analyses
showed the presence of Bacillus cereus and Microbacterium species in samples from Trivandrum, while those from
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Thoothoor had Bacillus cereus and Lacrimispora amygdalina. On the other hand, Kanyakumari samples had isolates such
as Escherichia coli and Oceanisphaera ostreae. These results show that there are diverse culturable bacterial communities
found inside the intestines of tuna fishes, with differences in bacterial community composition from different geographic
locations. The study provides baseline information of culturable bacteria in the gut microbiome of E. affinis and T.
albacares, and helps us gain more knowledge regarding microbe diversity in tuna fish populations.
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