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Abstract.- Anthropogenic activities are dumping heavy metals into the environment as waste effluents or
integral part of some compounds. This has resulted in an increase in the metal concentration, beyond the permissible
threshold, leading to metal toxicity for all forms of life. Metal resistant ciliates remove metal ions from contaminated
water, mainly by the process of bioaccumulation. This bioaccumulation is due to low molecular weight, metal ions
chelating proteins known as metallothioneins. In the present study, a new species of Tetrahymena (Tetrahymenal.7)
is being reported from the local industrial wastewater. Analysis of Tetrahymena 1.7 SS rDNA showed 99% homology
to seven different species of the genus Tetrahymena. SS rRNA secondary structure appeared in 40 helices with 18
variations, including 17 substitutions and one deletion. All the variations are present in 6 variable lengths, namely, V2,
V3, V4, V7, V8 and V9. Cytochrome c oxidase subunit 1 (COX1) gene sequence was quite variable, with 91%
homology to its closest relative T. thermophila. Since this value was higher than the intraspecific variations (>99%
homology), Tetrahyemnal.7 has been considered as a new species i.e., Tetrahymena farahensis. Phylogenetic analysis
based on both SS rDNA and COX1 using maximum likelihood and neighbor joining methods showed that
Tetrahymena farahensis, new species was related to T. thermophila and T. malaccensis. Thus, it appeared to be a new
member of riboset Al and coxiset Al on the basis of SS rRNA and COX1 gene, respectively.
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INTRODUCTION

Among protozoa, ciliates are found in

almost all types of aquatic habitats including
marine, freshwater, soil and within animal bodies
(Small and Gross, 1985). Ciliates are thought to
have evolved during early Cambrian period, well
before the evolution of other eukaryotes (Finlay et
al., 2000). They are considered as grazers of
bacteria and other microbes (Fenchel, 1987; Finlay
et al., 2000) thus improving the effluents and
increasing turnover rate (Nicolau et al., 2001).
Ciliates lack cell wall and give a quick response to
environmental changes, which indicates that ciliates
are better pollution detectors, compared to bacteria
and fungi (Gutierrez et al., 2003).
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Tetrahymena is a genus of small ciliates
which were previously studied by the names of
Leucophyres and Glaucoma (Furgason, 1940). Most
of the Tetrahymena species are cosmopolitan in
distribution. They have eight ciliated membranous
structures including four oral, one undulating and
three adoral membranelles. Macronuclei of all the
members of genus Tetrahymena are
transcriptionally active (Simon et al., 2008).
Tetrahymena species rapidly grow in axenic
medium and thus become a model organism for
research in physiology and biochemistry (Hill,
1972; Elliott, 1973). Tetrahymena show closer
genetic resemblance to human as compared to yeast
model and share a higher degree of functional
conservation to human genes (Eisen et al., 2006).
This is a valid point to use Tetrahymena instead of
other organisms for ecotoxicological studies
(Martin-Gonzalez et al., 1999).

Although Tetrahymena is the best studied
organism among ciliates, yet it is ambiguous to
discriminate among species of Tetrahymena on the
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basis of physical and morphological characteristics
(Kher et al., 2011; Gruchy, 1955), particularly when
grown in different culture media (Corliss, 1973;
Struder-Kypke et al., 2001). Use of silver staining
for morphological identification has been used as
primary method for identification (Corliss, 1973).
Mating technique has also remained an effective
tool to identify the cryptic species within genus
Tetrahymena as they are reproductively isolated
(Doerder et al., 1995; Nanney et al., 1998). This
technique, however, is not only laborious and
impractical (Sonneborn, 1959), but is also useless
for amicronucleate strains of Tetrahymena which do
not adopt sexual reproduction (Nanney and McCoy,
1976).

Several of molecular biology techniques have
also been used to discriminate among Tetrahymena
species. Initially these approaches included isozyme
mobility and RFLP (Chantangsi et al., 2007). Later,
it was found that several species of Tetrahymena
have identical RFLP pattern (Jerome and Lynn,
1996), while in the case of isozyme mobilities,
similar polymorphism was observed (Nanney et al.,
1998). Nucleotide sequences of histones and
SSrRNA genes have also been used to discriminate
among different species of Tetrahymena, but there
are several species which have identical SSTRNA
genes (Jerome and Lynn, 1996; Struder-Kypke et
al., 2001). So, SSrRNA subunit is considered as too
conserved for species identification (Boenigk
et al.,, 2012).

Analysis of cytochrome ¢ oxidase subunit 1
(COX1) technique is an effective approach to
identify different species of invertebrates (Folmer et
al., 1994). Using 980bp fragment of COX1 as DNA
barcode, Lynn and Struder-kypke (2006) could
successfully identify the reproductively isolated
species of Tetrahymena. Intraspecific sequence
divergence for T. thermophila was less than 1%,
while interspecific distance divergence was up to
12%. Similar results from other experiments suggest
that sequence divergence of <1% might be used to
identify different isolates of a species, while a
divergence higher than this threshold particularly
near to 10% can be used to discriminate different
species (Chantangsi et al., 2007) and to identify new
species.

Phylogenetic relationships among different

species have also been established on the basis of
DNA-DNA hybridization (Allen and Li, 1974), and
analysis of SSrRNA gene (Sogin et al., 1986;
Jerome and Lynn, 1996; Chantangsi and Lynn,
2008). There is a need, however, for a sequence
which is variable enough but not up to the extant
where homologues are difficult to arrange (Pace et
al., 1989). Hebert et al. (2003) have suggested the
use of a 650bp long fragment of COX 1 as universal
barcode, since its variable domains are useful in
establishing phylogenetic relationships among
Tetrahymena.

In this study we have used the analysis of SS
rRNA and COX1 genes for identification of a
ciliate protozoan.

MATERIALS AND METHODS

Samples of industrial wastewater collected
from Preliminary Tanneries Wastewater Treatment
Plant, Kasur were brought to the lab for microscopic
observation. On the basis of size, shape, pattern of
ciliary lining and pattern of locomotion of the
organisms (Edmondson, 1966; Curds et al., 1983;
APHA, 1989), they were identified as Tetrahymena
1.7. Wastewater samples, besides ciliates also
contained algae, fungi and bacteria. Algae were
eliminated by keeping the cultures in dark.
Fungizone/Amphotericin B (1pg/ml) was also added
to remove fungal contamination. Ampicillin
(100pg/ml), kanamycin (50pg/ml) and
chloramphenicol (20pg/ml) were used to inhibit the
growth of bacteria when required.

Primarily, this culture was maintained in
Bold-basal salt medium (Shakoori et al., 2004).
Considering that identification of Tetrahymena was
not reliable, exclusively on the morphological
characteristics, molecular tools were used to identify
and discriminate among different species. SS rRNA
and mitochondrial COX 1 genes were used as
markers genes for identification up to species level
and for further phylogenetic analysis.

DNA barcoding

For this, isolated DNA was amplified for SS
rDNA and COX1 genes which were afterwards
cloned, sequenced and analyzed for nucleotide
homologies and analyzed for variations.
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PCR amplification and nucleotide sequencing of SS
rRNA gene

Genomic DNA was isolated from rapidly
growing log phase Tetrahymena cells. SS rRNA
gene was PCR amplified using the following
primers:

EukF (5’-AATATGGTTGATCCTGCCAGT-3’)
EUukR (5’-TGATCCTTCTGCAGGTTCACCTAC-3).

The reaction mixture (50 pl) contained 1X
NH,4(SO,), buffer, 2 mM MgCl,, 0.2 mM dNTPs
(Fermentas #R0181), 0.4 pmol each primer, 2.5 U
Taq DNA polymerase (Fermentas #EP0402) and
1pug genomic DNA. PCR was performed in
GeneAmp thermocycler with initial denaturation of
5 min at 94°C, followed by 35 cycles, each of
denaturation at 95°C for 50 sec, annealing at 51°C
for 45 sec and elongation at 72°C for 50 sec. It was
followed by a final elongation step at 72°C for 7
min. PCR product was loaded on 1% agarose gel
and electrophoresis was performed at 80V for
45min.

Amplified PCR product of SS rRNA gene
was ligated in pTZ57R/T cloning vector using
InstaClone PCR cloning kit (#K1214). E.coli DH5a
competent cells were transformed with these
recombinant plasmid (Sambrook and Russel, 2001).

Purified recombinant plasmid (about 300ng)
containing SS RNA gene was sent to Macrogen
Korea for nucleotide sequencing. Sequence
homology was performed by Basic Local Alignment
Search Tool (Altschul et al., 1990).

PCR amplification and nucleotide sequencing of
COX1 gene

A fragment (986nt long) of COX1 gene was
PCR amplified using the following primers (Lynn
and Strider-Kypke, 2006; Folmer et al., 1994):

CoX-F (5’- TCAGGTGCTGCACTAGC-3’)
Cox-R (5°-TAAACTTCAGGGTGACCAAAAAATCA-3’)

The composition of the PCR mixture was the
same as for SS RNA gene amplification.

PCR was performed in GeneAmp
thermocycler with initial denaturation at 94°C for
5min followed by 35 cycles, each of denaturation at
94°C for 45sec, annealing at 53°C for 35 sec and

elongation at 72°C for 40sec; final extension was
given for 7 min at 72°C. Amplified PCR product of
COX1 gene was ligated in pTZ57R/T cloning vector
using InstaClone PCR cloning kit (#K1214). E. coli
DH5a competent cells were transformed with
recombinant plasmids. This cloned gene was sent to
Macrogen Korea for automated sequencing by ABI
sequencer.

Phylogenetic analysis

Phylogeny of Tstrahymena 1.7 was studied
by drawing phylogenetic tree based on maximum
likelihood and neighbour joining methods using
SSrRNA gene and COX1 gene sequences. The
phylogenetic tree was constructed through Mega 5.2
software (Tamura et al., 2011).

RESULTS AND DISCUSSION

Tetrahymena isolates

Tetrahymena 1.7 was found in two water
samples (pH 6.8-7.9, temperature 33-37°C) of
Preliminary Tanneries Wastewater Treatment Plant.
Ciliates are integral part of land and water
ecosystems (Finlay et al., 2000). They have been
found in a number of heavy metal polluted
wastewater ponds. This shows they have capability
to survive in metal stressed environment (Rehman et
al., 2006).

Tetrahymena 1.7 cells were recognized by
one pointed and the other broader end, centrally
positioned nucleus, ciliated oral groove near the
pointed end and the characteristic longitudinal
pattern of ciliary linings (Fig. 1). Average size of
Tetrahymena varied from 26.5um - 43um in length
and 21um-35.5um in width. Different stages of
asexual reproduction were also clearly visible under
the microscope (Fig. 2).

Molecular identification of Tetrahymena 1.7 on the
basis of SS DNA analysis

Genomic DNA of Tetrahymena 1.7 was
isolated (Fig. 3a) and amplified for small subunit
ribosomal RNA gene (see 1.8kb bands in Fig. 3b)
and cloned in pTZ57R/T.

Nucleotide sequencing of the gene showed
1753 nucleotides (accession No. HE820726).
nNBLAST of 1753 nucleotides of SS rRNA gene of
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Fig. 1. Microscopoic observation of
Tetrahymena farahensis, new species at 100X.
Different cellular structures including nucleus,
oral groove, contractile vacuoles are easily
visible.

Tetrahymena 1.7 showed 99% homology with seven
different  species of genus  Tetrahymena.
Comparative analysis of SSrRNA gene sequence
with  GenBank derived sequences of other
Tetrahymena spp. revealed 98.3-99.1% homology of
Tetrahymena 1.7 with other members of the genus
(Table 1). Through multiple alignment of theswe
sequences four regions within the SSRNA gene i.e.,
268-277, 485-488, 1329-1343 and 1660-1672 were
identified as more variable (Fig. 4). Only one
insertion (C) was observed at nucleotide 488. Both
transition and transversion mutations were observed,
however transversions were of relatively higher
frequency. Transition T—A was observed at 268,
277, 285, 486 and 519 nucleotide positions, while
transition A—T was observed at 487, 661 and 1037.
There was no C—G or G—C transition observed in
the sequence.

Fig. 2. Different stages of asexual reproduction in Tetrahymena farahensis, new species. A, interphase cell; B,
nuclear division proceeds and cytokinesis also starts; C, nuclear division has completed while cytokinesis is at its final

stage; D, birth of two daughter cells.
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Fig. 3. A, Agarose gel electrophoresis of genomic DNA of Tetrahymena farahensis, new species. Lanes 1 and
2, genomic DNA; M, DNA marker. B, PCR amplification of SS rRNA gene. Lane 1, amplified SS rRNA gene; M,

DNA Marker.
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T malsooensis . AACCTGGTTGATCCTOCCAGT TACATATGCTTGTCT TARATAT TAACCCATGCATGTGCCAGT TCAGTAT TGAACAGCGARAC TECCAATGGC TCAT TAARACAGT TATAGTTTATTTGATAAT TARAGAT TACATGGATAACCGAGET
T thermophizs - AACCTBGTTGATCCTGCCAGT TACATATGCTTGTCT TAARTAT TAACCCATGCATGTGCCAGT TCAGTAT TGAACAGCGARAC TECEAATGGC TCAT TAARACAGT TATAGTTTATTTGATAAT TARAGAT TACATGBATAACCGAGET
T farshensis TAATATGGTTEATCCTGCCABTTACATATGCTTGTCT TARATATTAACCCATGCATOTGCCAGT TCAGTATTGAACAGCGAAACTOCGAATGOC TCAT TAAAACAGT TATAGTTTATTTGATAAT TAAAGAT TACATGGATAACCGAGET
T. borealis - AACCTOBTTOATCCTOCCAGT TACATATGCTTGTCT TARATAT TAACCCATGCATGTGCCAGT TCAGTATTGAACAGCGAAAC TECGAATGOC TCAT TAARACAGTTATAGTTTATTTGATAAT TARAGAT TACATGGATAACCGAGET
T. canadensis SAACCTOOTTOATCCTGLCAGT TACATATGLTTOTCT TARATAT TAACCCATOCATOTOCCAGT TCAGTAT TGAACAGC GAAACT GEGAATGECTCAT TARAACAGT TATAGTTTATTTOATAAT TAAAGAT TACATGOAT AACCOAGCT
T. pymiarmiz S AACCTOBTTOATCCTGLCAGT TACATATGETTGTCT TARATAT TAACCCATGCATGTGCCAGTTCAGTAT TGAACAGC GAAAL T GLGAATGOCTCAT TAAAACAGT TATAGTTTATTTOATAAT TAAAGAT TACATGEAT AACCEAGCT
T. mobilis “ARCCTOETTOATCCTGCCAGT TACATATGLTTGTCT TARATAT TAACCCATGCATGTGCCAGT TCAGTAT TGAACAGCGAAACT GLGAATGECTCAT TARAACAGT TATAGTTTATTTOATAAT TAAAGAT TACATGGAT AACCEABET
T tropicalis S AACCTGETTGATCCTGCCAGT TACATATGLTTGTCT TARATAT TAACCCATGCATGTGCCAGT TCAGTAT TGAACAGCGARAL T GCGAATGECTCAT TARAACAGT TATAGTTTATTTGATAAT TAAAGAT TACATGGAT AACCCAGCT
TPSRMDMEN L iiiaaaaiiiaiaiaon TTAARACAGT TATABTTTATTTGATAAT TAAAT - TTACATGGATAACCEABCT

R —

S AACCTOOTTOATCCTGCCAGT TACATATGLTTGTCT TARATAT TAACCCATGCATOTGCCAGT TCAGTAT TOAACAGCOARAC TOCGAATGOC TCAT TARRACAGT TATAGT TTATTTGATAAT TARAGAT TACATGGATAACCOAGET
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T malacomnsis a7 7GTTGEECTAATACATGETTAARAT TECBTGT CCTBEBAGEGEAACETAT TTATTABATAT TAGAC CAATCOCABCAAT GT GAT TBAGAT GAATCARAGTAACTBAT CGGAT C f{si{Tir TR CATCTAAGTTTCTGC
T thermophils AATTBTTBEGETAATACATBCT TAAAATTCEGTETCOTBCBALCGGAACETATTTAT TABATAT TABACCAATCOCAGEAAT BT BAT TRAGAT GAATCAAABTAACTBATEGGATC T T CATETAAGTTTCTGE
T farshensic AATTOTTOEGETAATACATGCT TARAATTCCGTGTCOTBEBACEGGAACGTATTTATTAGATATTABACCAATCGLAGEAATGT GAT TEAGAT GAAT CAAAGTAAC TGAT COAATCQHGHTIT TAKC] CATCTAAGTTTCTGE
T bareals AATTGTTGEGCTAATACATGCT TARAATTCCGTGTCCTBCEACCEEAACGTATTTATTAGATAT TABACCAATCOCAGCAATGT GAT TEAGAT GAATCAAAGTAACTGAT COARATC QAR TIGHT ATCTAAGTTTCTGE
l;x?;;:z‘s AATTGTTBEGCTAATACATGCT TARAATTCOGTGTCCTBCEACEEEAACGTATTTAT TAGATAT TABACCAATCOCAGCAAT BT BAT TRAGAT GAAT CAAABTAACTBAT COAATC GA-IRCT TIGHT ATCTAAGTTTCTGO
bl AATTOTTOEGCTAATACATGCT TARAATTCCOTETCOTBTRACEGGAACETATTTATTABATATTABACCAATCOLAGLAAT BT BAT TEAGAT GAATCAAABTAACTHAT COAATC RARCT TIHHT ATCTAAGTTTCTGE
T tropioalis AATTOTTOOGCTAATACAT LT TARAATTCCGTETCOTOOOACCEGAACGTATTTAT TAGATAT TAGACCAATCOCAGLAATGT DATTOAGAT GAATCAAAGBTAACTOATLGAATC TT[GHT CATETAAGTTTCTGE
T parsvarsx AATTGTTGEGCTAATACATGCT TARAATTCCGTGTCCTGCEACCEGAACGTATTTATTAGATAT TAGACCAATCOCAGCAATGT GATTEAGAT GAATCAARGTAACTGATCGAATC TT[5ET CATCTAAGTTTCTGC

AATTBTTBEGCTAATACATGCT TARAGT - CTACGEC TBOAABGEEBAGATETATTTATTAGATATCABACCAATCTECGAAABGC BAT TRAGETGAT TCAARBTAACTBATCGAATC OHAIRET AR ARAICATCTAABTTTCTEE

Fensensus “

AATTOTTOOGCTAATACATGLT TARAATTCOGTGTCOTBLBACEGGAACETATTTATTAGATATTABACCAATCGLAGLAATHT GAT THAGAT GAAT CAAARTAACTHAT COAATCGABGLTTHLT TLGATAAATCATCTAAGTTTCTGE
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T malsccensis O T AT CAGCTCTCGATEOTABTGTATTGEAC TACCATOGCABTCACEGETAACBBAGAAT TABGGTTEGAT TECEBAGAASGABLCTEAGAAACGECTALTACAAL TACGOTTEEGLABCABBGAAGAAAAT TEECCAATCCTAATTEAG
T thermophia O TATCAGCTCTCGATOOTAGTGTATTGEAC TACCATOGCAGTCACGGETAACGOAGAATTAGGGTTCOAT TEEEGAGAAGGAGCCTEAGAAACGECTACTACAAL TACGGT TEOGCAGCAGGGAAGAAAAT TEECCAATCCTAATTCAG
T farshansis CCTATCAGCTCTCOATGGTAGTETATTGEACTACCATGGCAGTCACGGETAACOGAGAAT TAGGGT TCGAT TCCGGAGARGGABCCTGAGAAACGECTACTACAACTACGGT TCOGCAGCAGGGAAGARAATTEECCAATCCTAATTCAG
T baresiis CCTATCAGCTCTCOATGGTAGTOTATTEEACTACCAT GECAGTCACGGETAACOGABAAT TABGET TCOAT TCCOGAGAAGGABCCTHAGANACGECTACTACAAC TACGGT TCOGLAGCARGEAAGARAAT TEECCAATCCTAATTCAG
Toansdensis  0OTATCAGCTCTCBATGOTAGTBTATTGOAC TACCATGGCABTCACGGETAACOBAGAAT TABEGT TCOAT TCEBGAGAABBABCCTBABAAACGGCTACTACAACTACGETTCOGCABCABBBAAGAAAAT TGECCAATCCTAATTCAR

?"y”b'm CCTATCAGCTCTCBATOOTAGTOTATTOEAC TACCAT GOCAGTCACG OO TAACOEAGAAT TAGGETTEGAT TCOGGAGAKSGABCCTOAGAAACGELTACTACAALTACGGTTCOECADCAGGGAAGARAATTOOCCAATCCTAATTCAG
Tt ;‘S CCTATCAGCTCTCBATGGTAGTOTATTGEAC TACCAT GHCAGTCACG OO TAACOHAGAAT TAGEETTEGATTCOGGAGAAGCABCCTOAGAAACGELTACTACAALTACGGTTCOECADCAGEGAAGARAATTGOCCAATCCTAATTCAG
T p;;;mx CCTATCABCTCTCBATEGTAGTOTATTGEAC TACCATGECAGTCACGEETAACGHAGAAT TAGGETTCBAT TCCBGAGAAGGABCCTRAGAAACGECTACTACAALTACGGTTCOECABCAGGGAAGARAATTGECCAATCCTAATTCAG

CCTATCAGCTTACBATEGTAGTOTATTGEAC TACCATGRCGLTCACGEETAACGRAGAAT TAGEETTCGAT TCLOGAGAAGGABCCTBAGAAACGECTACTACACC TACGGGTAGECABCABGGGLGTAMAT TACCCAATCCTAATTCAG

Consensus _

CCTATCAGCTCTCBATGGTAGTHTATTGEAC TACCATGECAGTCACGEETAACGHAGAAT TAGEETTEGATTCLGGAGAAGGABCCTGAGAAACGECLTAC TACAALTACGGTTCEECABCAGGGAAGARAATTGOCCAATCCTAATTLAG
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T malscosnsis  BOAGCCAGTACAAGAAATAGCAAGCTORGARACAT M T TTCTACGOCATTBAAAT GAGAATRETOTHAATCTE TTAGE BAGGAACAAT TGOABEECAAGTCAT GG TOLCAGCABCCOLGOTAATTCCABCTCEAATAGCOTATATTAA
T thermophila  BOAGCCAGTOACAAGAAATAGCAAGCTOEBARAC T ACETTTCTACEECATTCAAAT BAGAACIOTETHAATCTCT TABL CADGAACAAT TOGAGEECAAGTCATEETOCCAGCAGCCOE GOTAATTCCAGCTCCAATAGCOTATAT TAR
C

T farshensis GBABCCAGTBACAABAAATABCAAGL TEGGARACA TTTCTACGGCATTBARATGAGARCRETE TCTETTAGCBAGEAACAATTGOAGEECARGTCATGETHCCABCABCCECGHTAAT TCCAGCTCLAATAGCBTATATTAA
T. borealis GOABCCAGTOACAABAAATAGCAAGCTHEGARAL - TTTCTACGBLATTGAAAT TG TCTETTAGCBABBAACAATTGOAGEBCAABTCATGRTGCCABCABCEELGHTAATTCCABCTCCAATAGEBTATATTAA
T. canadensis GHAGCCAGTGACAABAAATAGCAAGLTHGGARAL - TTTCTACGGLATTGAAAT TG TCTETTAGCBABBAACAATTGEAGEECAABTCATGRTGCCABCABCEALGHTAATTCCABCTCCAATAGEBTATATTAA
T. pymfarmiz GOAGCCAGTOACAAGAAATABCAAGL THEGARAL - TTTCTACGGLATTGARAT TG TCTETTAGCGAGGAACAATTOOAGEECARGTCATHETOCCAGCABCCOCGHTAATTCCABCTCCAATAGCOTATATTARS
T. mobilis GBABCCAGTBACAAGAAATAGCAAGC TOEGARAL - TTTCTACGGLATTBARAT T8 TCTCTTAGCBAGBAACAATTGOAGEECAABTCATGRTOCCABCABCCOCGRTAATTCCABCTCCAATAGCGTATATTAR
T tropicalis GOAGCCAGTOACAABAAATAGCAAGCTOEGARAL - TTTCTACGGLATTBAAAT TG TCTCTTAGCEAGGAACAATTGOAGEECAAGBTCATHOTOCCABCABCCOCGHTAATTCCABCTCCAATAGCBTATATTAA

T parmvaras GOAGGTAGTGACAABAAATAGCAAGTCOGGAAGT -

GBAGCCAGT GACAAGAAATAGCAAGE TOGGAAACACTAGTTTCTACOE CAT TOAAAT GAGARAAGTOTARATLTCTTAGE GAGGAACAAT THOAGE G CAAGTCATGGTOCCAG CAGCCOLHGTAATTCCAGCTECAATAGCGTATATTAR

PCTTCTACGACATTGAAATBAGAACIE TETHAATCTC T TAGE BAGGAACAAT THOAGEECAAGTTCAGGTHCCABCABCCOCGHTAATTCC TCTCLAATAGCGTATAT TAA
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T melsccensis  AGTTOTTBCAGT TAAAAAGETCOTAGTTBAACTTCTOTTEAGGTTCAT TTCOATTCETCHI6TGAAACTEEHEATACE T TTHCARAE TAARAT COBCETTCACTEGTTCBACTTAGEBABTARACATTTTACTGTGARARAAT TAGASTS
T thernophis  AGTTOTTGCAGTTAAAAAGETCOTAGTTGAAC TTCTOTTCAGGTTCATTTCOATTEGTCONG T BAAAL TGO ATACG T TTOCARAL TAAAATCOBLCTTCAL TGO TTCGALTTABGGAGTARACATTTTAC TG TOARAAAAT TAGAGTG
T. farahensis AGTTETTOCAGT TAAAARGCTCATAGTTGAACTTCTGTTCANGTTCAT TTCBACTCATCHTGT GARACTGRACATACE T TTECAAACTAGA. CCOGCCTTCACTGOTBCOACCTARGEAGTARACATTTTACTGTGARAAAAT TABAGTE

Tﬂn’*’iﬂs ABTTOTTRCAGT TAAAAABCTETAGTTEAACTTETETTCABG TTCAT TTOBACTCATCATIE T BAAACTBHAEATACE T TTOCAMAETAAAAT COBCETTEACTOOTTEOACT TAGGRABTARACATTTTACTBTBAAAAAAT TAGABTE

T canadensis AGTTETTOCAGTTAARAAGCTEOTAGTTHAALTTETOTTCAGGTTCAT TTEACTCGTOA TG T BAAAC TGOACATACG T TTOCAAAL TAAAATCOBCETTEACTGOTTEGACTTABGGAGTARACATTTTAC TATCAARAAAT TAGAGTG
T pyriformis AGTTETTOCAGTTAARAAGCTCOTAGTTEAAL TTCTOTTCAGGTTCAT TTCOACTCOTCOAG T BAAAC TG OAEATACG T TTOCARAL TAAAATCOBCCTTCALTGOTTEGALTTABGGAGTARCATTTTAC TG TOARAAAAT TAGAGTG
T. mabils ABTTBTTGCAGT TARAARBCTCGTAGTTGAACTTCTBTTCAGGTTTATAACGACTCRTCH TG TAARACTERACATACG T T TECAAAC TAARAT CEBCCT TEACTEGT TCGACTTAGGRAGTARACAT TTTACTRTOAAARAAT TABAGTE
T. tropicals ABTTOTTHCAGT TAAAARGCTCGTAGTTOAACTTCTOTTCAGGTTTATAACGACTCOTCHTG T AARACTOY ATACGTTTGCAAACTAAAATDGGCCTTCACTGGTTDGACTTAGGGAGT CATTTTACTOTOAARRAAT TABAGTE

T. paravarsx AGTTOTTOOAGT TAAAAABCTERTARTTHARTTTETBATERAETTTEBETE - AL TARTBANAL ARAGAAGTITATACS TETBEAGAL TARAAT LOBEETTTALTRGT T BALTT ARG GAGTALATATTTTAL THTGARARAAT TABAGTE

Censensus “

ABTTBTTGCAGT TARAARGBCTCGTAGTTGAACTICTGT TCAGGTTCAT TTCGACTCOTCGT 6T GARACTEGACATACGT T TOCAAAC TAARAT COBCCTTCACTGGT TCGACT TAGGRAGTARACAT T TTACTOT GARARAAT TAGAGTE
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AGECAGGTTTTAGLCCEAATACAT TAGCATGGAATAATGAATAGGACTAAGTCCATTTTATTGET TCTTOGAT TTOOTAAT GAT TAATAGGEACAGT THGGEGCATTAGTAT T TAATAGTCAGAGETCAAATTCTTGEATTTATT

T malsoosnsis T

T thermophils TT|CEAGECABGTTTTABCCCGARTACAT TAGCATOGAATAATBGAATABGACTARGTCCATTTTATTGGT TCTTBGAT TTRGTAAT BAT TAATAGGBACAGT TEBEGGCATTAGTAT T TAATAGTCAGAGETGARATTCTTGGATTTATT

T farshensis TTCEAGECABBTTTTABCCCGAATACAT TAGCATGGAAT AATBBAATAR- ACTAANTOCATTTTATTGGT TCTTBGAT TTRGTAAT BAT TAATAGGBACAGT TEBEGGCATTAGTAT T TAATAGTCAGAGETGARATTCTTGGATTTATT
TTCLAGGCAGGTTTTAGCCCGAATACAT TAGLATGOAAT AATBOAATAGGACTAAGTCCATTTTATTOGT TCTTOOATTTOG TAAT AT TAATAGHGACAGT TOBGGHCATTAGTAT T TAATAGTCAGAGETGARATTCTTGOATTTATT
TTCAGECAGGTTT TAGC CCGANTACAT TAGLAT GOAATAAT B OAATAGGACTAAGTECATTTTATTOGTTCTTOOAT TTOG TAAT AT TAATAGHGACAGT TOBGGGCATTAGTAT T TAATAGTCAGAGETCARATTCTTOOATTTATT
TTCEAGECABGTTTTABCCCGAATACAT TAGCATGGARTAATBOAATABGACTAAGTCCATTTTATTGGT TCTTGGATTTEGTAAT AT TAATAGGGACAGT TEBEGGCATTAGTAT T TAATAGTCAGAGETGARATTCTTGOATTTATT
TTCEAGECABBTTTTABCCCGAATACAT TAGCATGGAAT AATBBAATABGACTAAGTOCATTTTATTGGT TCTTBGAT TTRGTAAT BAT TAATAGGBACAGT TEBEGGCATTAGTAT T TAATAGTCAGAGETGARATTCTTGOATTTATT

T. tropicalis TTCEAGGCABGTTT TABCCCGAATACAT TAGCATGRAAT AATBOAATABGACTAAGTCCATTTTATTOGTTCTTOOAT TTOG TAAT BAT TAATAGHGACAGT TOBEGHCATTAGTAT T TAATAGTCABAGETGARATTCTTGGATTTATT

T. paravorac TTAGECAGGTTTTTOC TLGARTACAT TAGLAT GOAKT AAT BOAATAGGACTBAGTCCATTTTAT TGO T TCTTOOAT TTAGTAAT AT TAATAGHGACAGT TOGGGGCATTAGTAT T TAATAGTCAGAGGTOARATTCTTOGATTTATT

Bonsensus _

TTCCAGGCAGGTTTTAGCCCGAATACAT TAGCATGOAATART GOAATAGGACTAAGTCCATTTTATTGGT TCT TGGAT TTGGTAAT GAT TAATAGGGACAGT TEBGEGGCATTAGTATT TAATAGT CAGAGET GARATTCTTGGATTTATT

s LI | @ 40 @0 gn L a0 0 0o 1010 om 030 1040 1050
T malzooensis  AAGGACTAACTAATGLGAAAGCATTTECCAAAGATOTTTTCAT TAATCAAGAACGAAAGT TAGHGGATCAAABACGAT CAGATACCETCOTAGTCTTAACTATARACTATACCGACTCGGBATOEGCTGGAAT GTCCABTCOGOAC
T. thermophils AAGGACTAACTAATGCHAAAGCAT T TECCAMAGATETTTTCAT TAAT CAAGAACGAAAGT TAGGHGATCARAGACGATCAGATACCHTCOTABTCTTAAC TATAAAC TATACCOAC TCOE0ATCOOC THOAAT, GTCCAGTCOGCAC
T. farshensiz AAGGACTAACTAATGCOAAAGCATTTEC - - AAGATGTTTTCATTTATCA - GAACGAAABT TAGGHGATCARRGACGBATCAGATACCGTCOTAGTCTTAACTATAAAC TATACCBACTCGEGATCGEC THOAAT, GTCCABTCOGCAC
T. borealis AABGACTAACTAATBCGAAAGCAT T TECCAAAGATGTTTTCAT TAAT CAABAACGAAABT TABGHEATCAAAGACBATCAGATACCETCOTAGTCTTAACTATAAAC TATACCBACTCEEGATCGEC THEAAT, GTCCABTCOGCAC
T AAGGACTAACTAATGCHAAAGCAT T TECCAAAGATETTTTCAT TAAT CAAGAACGAAAGT TAGGHGATCAAAGACGATCABATACCHTCOTAGTCTTAAC TATAAAC TATACCGAC TCEEGATCOGC THEAAT, GTCCABTEGBGCAC

AAGGACTAACTAATGCHAAAGCAT T TECCAMAGATETTTTCAT TAAT CAAGAACGAAAGT TAGGHGATCARAGACGATCAGATACCOTCOTABTCTTAAC TATAAAC TATACCOAC TCOE0ATCOOC THOAAT, GTCCAGTCOGCAC
AAGGACTAACTAATGCGAARGCAT T TECCAMAGATGTTTTCAT TAAT CAAGAACGAAAGT TAGGGEATCARAGACGATCAGATACCGTCOTAGTCTTAACTATAAACTATACCGACTCGEGATCOECTHOAAT, GTCCAGTCGGCAC
T tropiosis AABGACTAACTAATBCGAAAGCAT T TECCAAAGATGTTTTCAT TAAT CAABAACGAAABT TABGHEATCAAAGACBATCAGATACCETCOTAGTCTTAAC TATAAAC TATACCBACTCGEGATCGEC THEAAT, GTCCABTCGOGCAC
T. paravorax AAGGACTAACTAATGCGAAAGCAT T TECCAAAGATGTTTTCAT TAAT CAAGAACGAAAGT TAGGGRAT CAAAGACGATCAGATACCGTCOTAGTLC TAAC TATARACTATACCEAC TCGEBATCOBETGRAATAT T GTCCABTCOGOAC

AAGGACTAACTAATGCGAAAGCATT TOCCAAAGATOTTTTCAT TAAT CAAGAAC GAAADT TAGGGOAT CARAGACGATCAGATACCGTCOTAGTCT TAAC TATARAC TATACCOACTCOOGATCGOETGRAATARAT GTCCAGTCOGCAC
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COTATBABAAATCAAABTCTTTGEBTTCTBOGGEAABTAT GETACBLAAGTCTBARACT TAAABBAAT TEACBBAACAGEACACCAGAAGTBBAACETGEGECT TAATTTGACTEAACAC TEACGABLEE

T. thermophils COTATOAGARATCAAAGTCTTTEOGTTCTOGEGGAAGTAT OO TACGLAAGTCTHAAALT TARAGGAAT THAC DEAACAGCACACCAGAASTOEAACC THCGECT TAATTTHAC TCAACAC DEGGARALT CACGAGE DLAAGAL ABAGAAS

T. farshensis COTATGAGARATCAAAGTCTTTGGGTTCTGOGGGAAGTATGETACGCAAGTCTEAARCT TAAAGEAAT TEACGEAACAGCACACCAGARGTBEAAL - TECGECT TAATTTGACTCAACAC GEGGAAACT CACGAGC GLARGACAGAGAAR
T. borealis COTATEAGARATCAAABTCTTTEGGTTCTBGEEGAAGTATGETACBEAAGTCTBAARCT TAAABGAAT TBACGBAACAGCACACCAGARETBEAACC THCGECT TAATTTACTCAACAC TCACGAGCGL
T. canadensis COTATBAGAAATCAAAGTETTTRGETTCTBGEGGAAGTATBETACGCAAGTCTBAAACT TAAARGAAT TEACBBAACAGCACACCABAABTHEAACC THCOECT TAATTTHACTCAACAC TCACGABCGE,
T. pymiformiz CGTATOAGARATCAAAGTCTTTEOGTTOTOGGGGAAGTAT OO TACGCAAGTCTOAAALT TARAGGAAT TEAC DEAACAGCACACCAGAAGTOEAACC THCGECT TAATTTHAC TCAACAC DEGGARALT CACGAGE DLAAGAL ABAGAAS
T. mobiis COTATGAGARATCAAAGTCTTTGGGTTCTBGGGGAAGTATGETACGCAAGTCTGAARCT TARAGGAAT TEAC GEAACAGCACACCAGARGTGEAACCTGCGECT TAATTTGACTCAACAC GEGGAAACTCACGAGC GLARGACAGAGAAR
T. tropicalis COTATGAGARATCAAABTCTTTEGGTTCTBGBEGAAGTATGETACBCAAGTCTEAARCT TAAABGAAT TEACGBAACAGCACACCAGARETBEAACC THCGECT TAATTTBACTCAACAC TCACGABCGE)
T. paravorax CGTATBAGARATCAAAGTCTTTEGGTTETBGEGGHAGTATATGTCCAAGGCCEAAALT TARAGGAATTEAC BEAACAGCACACCAGAAGTHEAACC THCGECT TAATTTHAC TCAACAC BEGHAAALT CACGAGE BLAAGAL AGAGAAG

fonsensus _

COTATGAGARATCAAAGTCTTTGO0 T TCT OG0 GAAGTAT OO TACGCAAGTCTOAAAL T TAAAGEAATTHAC DEAACAGLACAC CAGARGTHOAACCTHCOECT TAATTTHACTLAACAC DEGBAAALT CACGAGE DLAAGATAGAGAAS

s 12w 120 17 1240 150 1260 17 1280 a0 1300 30 [ 330 T 1350
T mslzocensis  GGATTGACABATTGAGAGCTCTTTCTTOATTCTTTGOOGTGOTOOTGCATGHCCETTOTTAGTTOOTHGASTGATTTETCTOGTTAATTOCOT TAALGAACGAGACCTTAACCTGLTAACTABTCTOCT O GAATALCATETTRTACTTE
T. thermophils GOATTEACABATTBAGAGETCTTTCTTOATTCTTTGOGTOOTOOTOCATGHCCETTCTTAGTTOOTHGAGTGATTTETCTOGTTAATTCCOTTAACGAACGAGACCTTAACCTGLTAACTABTCTGE AAATHACAGGTTETACTTC
T. farshensiz BOATTBACABATTBABAGCTCTTTCTTBATTCTTTGGETGETGGTBCATGHCCETTCTTABT TOGTHGABTGATTTBTCTGGTTAATTCCGTTAACGAACGAGACCTTAACCTGLTAACTABTCTEE GAMTAACAGGTTETACTTC
T. borealis GGATTBACABATTBABAGCTCTTTCTTBATTCTTTOGETGETGGTBCATGHCCETTCTTAGT TOGTHOASTGATTTETCTGGTTAATTCCGTTAACGAACGAGACCTTAACCTGLTAACTABTCTGE GAACARCABBTTRTACTTE
T. cansdensis GGATTBACABATTBABAGCTCTTTCTTBATTCTTTGOGGTGOTGGTGCATGHCCETTCTTAGTTOGTHGASTGATTTOTCTGGTTAATTCCGTTAACGAACGAGACCTTAACCTGLTAACTABTOTGE GAMCAACABBTTRTACTTE
T. pymiformiz GOATTEACABATTBAGAGETCTTTCTTOATTCTTTGOGTOOTOOTOCATGHCCETTCTTAGTTOOTHGAGTGATTTETCTOGTTAATTCCOTTAACGAACGAGACCTTAACCTGLTAACTABTCTGE GAMCHACAGGTTRTACTTC
T. mobiis GGATTGACABATTBAGAGCTCTTTCTTGATTCTTTGGETGETGGTGCATGRCCETTCTTAGT TGO TGGAGTGATTTETCTGGTTAATTCCGTTAACGAACGAGACCTTAACCTGLTAACTABTCTGE GAACARCAGGT[TETACTTC
T. tropicalis BOATTBACABATTBABAGCTCTTTCTTBATTCTTTGGETGETGGTBCATGRCCETTCTTABT TBGTHGABTGATTTBTCTGGTTAATTCOGTTAACGAACGAGACCTTAACCTGRTAACTABTCTEE GAACAREABET[TRTACTTE
T. parsvorax GOATTEACABATTBABAGETCTTTCTTBATTETTTOGETGETOOTGCATGHCCETTCTTABT TRGTHOASTGATTTETCTGGT TAATTCLOATAACGAACGABACCTTAACCTGETARATABTCAGCATATAAATOATGTETTRTACTTE

GGATTOACABATTBAGAGLTCTTTCTTOATTCTTTGGGTOOTOGTGCATGHCCETTLT TAGT TOOTHGASTGATTTOTCTGGT TAATTCLGT TAALGAACGAGACC T TAACCTGLTARCTABTCTOLTTGTGARCARCAGGTTOTACTTE
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TAGAGEBACTATTGTHCAATAAG COAATOGAAGTTTAAGGCAATAACAGGTCTETGATGCCCCTAGACGTBCTCOBLCGLACGCOEETTACAATGACTEGOEL GTATTTCCTOTCCTORGAABGTACGEGTAATETTATTAATA
T. thermophils TAGAGEEACTATTOTOCAATAAG COAATOGAAGT T TARGGCAATAACAGGTCTETOATGCCCCTAGACGTBCTCOBECGLACGCGEETTACAATGACTEGOGE GTATTTCCTGTOCTOOGAAGGTACGEOTAATETTATTAATA
T. farshensis TAGAGGBACTATTGTOCAATARGCCAATEGAAGT TTARGGCAATAACAGGTCTETGATGCCCCTAGACGTGCTCGGECGLACGCGEGTTACAATGACTEGCEE GTATTTCCTGTCETGEGAAGGTACGEGTAATCTTATTAATA
T. boreslis TAGAGEBACTATTGTHCAAGAAECCAATEGAAGT TTARGBGCAATAACAGBGTCTETGATGLCCCTAGACGTBCTCOBLCGLACGCGLGT TACAATGACTEGCECAGAARGTATTTCCTETCCTGRGAARGTACGEGTAATCTTATTAATA
T. cansdensis T CAATBOAARTTTAABECAATAACARGTCTGTBATECECC TAGACGTBCTOEGECGCACGEGCET TACAATGACTHEC LA RGTATTTCCTGTCCTOGHAAGTACGBETAATCTTATTAATA
T. pymiformiz TAGAGEEACTATTOTHCAAGAAECOAATOOAAGT T TARGGCAATAACAGGTCTETGATGCCCETAGACGTGCTCOBECHLACGCGEE T TACAATGACTEGCGCAGAMMGTATTTLCTOTCCTOOGAAGG TACGEOTAATCTTATTAATA
T. mobiiz TAGAGEEACTATTOTHCAAGAAECOAATOGAAGT T TAAGGCAATAACAGGTCTETGATGLCCCTAGACGTGCTCOBECHLACGCOLETTACAATGACTEGCGCAGAMAGTATTTCCTETCCTONGAAGGTACGEGTAATCTTATTAATA
T. tropicalis TAGAGEBACTATTGTBCAAGAAECCAATEEAAGT TTAAGBGCAATAACAGBGTCTETGATGCCCCTAGACGTBCTCOBLCGLACGCGLGTTACAATGACTEGCECAGAARGTATTTCCTETCCTGRGAARGTACGEGTAATCTTATTAATA
T. parsvorax T COATBOAARTTTAARE CAATAACABGTCTGTBATBCECC TAGACGTBCTCEGECGCACGEGCET TACAAT GG THEC T ARG TATTTCLTGTCCTBGAAAGDCACGBETAATCTTTT TARRA
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TAGAGGEACTATTOTHCAAGARGCCAATOGAAGT TTARGGCAATAACAGGTCTOTGATGOCCETAGACGTGCTCOBECGLACGCGEGT TACAATGAC THGD G CAGARAGTATTTLCTOTCCTOOGAAGG TACGEOTAATCTTATTAATA
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L TCTTGAACGABGAATTTCTABTARBTBCAABTCATCABE TTECGTTEATTATGTCCCTGCCET T TR TAGAGAC CBECCETEEET TETAG TAACGAATGETCTGATGAACCTTCT
CCABTCOTBT TAGGGATABTTCTTTBBAATTBTEATCTT BAAC GABBAATTTE TAGTARBTOCAAGTEATCABC TTBCETTBATTATETCCCTAEEBTTTGTACACAC CBECCOTCOCTTOTAB TAACGAATBETCTEETBAACCTTET

T. farshensiz CCAGTCOTGT TAGGOATAGTTCTTTGCAATTOTAHATCTTOAACGAGDAATTTCTAGTAAGT GCAAGTCATCAGC TTECOTTHATTATGTCCCTOOCGTTTGTACACACCOCCCOTCOCTTETAGTAACOAATGOTCTGOTGARCCTTCT
7. borealis CCAGTCGTGT TABGGATAGTTCTTTEGAAT TOTRGATCTTGAACGAGGAATTTCTAGTAAGTGLAAGTCATCAGCTTBCOTTGATTATGTCCOTGOCGTTTGTACACACCGCCCGTCGCTTETABTARCGAATGETCTGETGARCCTTCT
T. canadensis CCABTCGTGT TABBGATAGTTCTTTEGAAT TBTAGRTCTTGAACGAGBAATTTCTAGTAABTGLAAGTCATCABCTTBCETTHATTATGTCCOTGOCGTTTGTACACACCGOCCATCOCT TETABTAACGAATGETCTGGTBAACCTTCT
T. pymiformis CCAGTCOTGT TAGGGATAGTTCTTTEGAATTOTHHATCTTOAACGAGGAATTTCTAGTAARTGCAAGTCATCARC TTBCOTTHATTATGTCOLTOOCGTTTHTACACACCOCCOOTCOLTTHTABTAACGAATGOTCTGETBAACCTTCT
T. mobiiis CCAGTCOTGT TAGGOATAGTTCTTTGCAATTOTAHATCTTOAACGAGDAATTTCTAGTAAGT GCAAGTCATCAGC TTECOTTHATTATGTCCCTOOCGTTTGTACACACCOCCCOTCOCTTETAGTAACOAATGOTCTGOTGARCCTTCT
T. tropicalis CCABTCGTGTTABBGATAGTTCTTTEGAAT TBTHGATCTTGAACGAGEAATTTCTAGTAABTGLAAGTCATCABCTTBCETTHATTATGTCCOTGCCGTTTGTACACACCGCCCOTCGCT TETABTARCGAATGETCTGGTGAACCTTCT

T. paravorax CCABTCOTGT TABGGATAGTTCTTTEGAAT TOTHGATCTTOAACGAGBAATTTCTAGTAAT TGCAAGTCATCABC T TBCETTBAT TATGTCCOTGOCGTTTGTACACACCOCCCOTCOCT TETABTAACGAATGOTCTGGTBAACCTTCT

CCAGTCGTGT TAGGOATAGTTCTTTOGAAT TOTGHATCTT GAACGAGDAATTTLTAGTAASTOLAAGT CATCAGC T TECOT THATTATGTCOLTOOCGTTTGTACACACCOCCOOTCOLT THTAS TAACGAATGOTCTGOTGAACCTTCT
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aeacToCoACHEdaaTaTT TAABTAAACCCTACCAT TTOGAACAACAABAAGTCG TAACAAGG TATCTOTAGET BAACCTOCABATBBATCATTA
T. thermophi's BEACTOEGACAATTTAC AR AAAT AAGTAAACEE TAC CATTTGOAACAACAAGAAGTEATAAC ARG G TATETGTAGGTBAAC CTBCABATERATCAT TA
T farahensis BEACTOEGACAATETTAC A AAAT AAGTAAACEC TAC CATTTGRAACARCAAGARGTE A TAAC ARG G TATETGTAGETBAACCTBEABAAGGATCA - -
T borealis BEACTOEGATAEAATACTAC A RAAAT AAGTAAACEE TAC CATTTGOAACAACAAGAAGTEATAAC ARG G TATETGTAGGTBAAC CTECABATERATCAT TA
T. canadensiz BEACTOEGAT S AATACTAC AR AAAT AAGTAAACEC AL CATTTGOAACAACAAGARGTEOTAAC ARG G TATCTGTAGGTGAAC CTECAGATEGATCAT TA
T. pyriformis BOACTOEGATSAATACTAC O RAAAT AAGTAAACEE AL CATTTGOAACAACAAGARGTE O TAAC ARG G TATC TG TAGGTGAACCTBCAGATGEATCAT TA
T. mobilis BOACTOEGA T AATATTAC A RAAAT AAGTAAACEC TAC CATTTGOAACAACAAGARGTEO TAAC ARG G TATETGTAGETGAACCTBEAGATERATCA - -
T. tropicalis BEACTOEGA T AATATTAC o AAAT A TAAACECTAC CATTTGOAACAACAAGAMGTC TAAC ARG G TATCTGTAGETGAAC CTECAGATOGATCATTA
T. paravorsx GEACTGAGT|C - GAC TAAGTAAACCETACCAT TTGGAACAACAABAAGTEG TAACAAG G TATCTETAGET - - -« v et s

Gensenzus _

GEACTOCGATAGCAATATTGCGGAAAAAT AAGTAAACCCTACCATTTOGAACAACAABAAGTCOTAACAAGGTATCTGTAGGTGAACCTGCAGATGRATCATTA

Fig. 4. Multiple alignment for SS rRNA gene of T. farahensis along with closely related Tetrahymena species
shows variable regions V1-V9. Transversions and transitions are enclosed by rectangle and oval shapes, respectively.

Insertion is indicated by a symbol ¢.

In case of transverions, A—G mutations were
observed at 269, 274, 672, 723, 724, 1343, 1458,
1662, 1671 and 1674. Similarly, C—T transversions
were observed at 271, 276, 753, 1329, 1330, 1337,
1660, 1663 and 1672 positions. While there was
only one A—C transversion at 513 nucleotide
position and two G—T transversions at 1373 and
1535 nucleotide positions.

nBLAST results of SS rRNA gene of

Tetrahymena isolate showed 1% divergence with
more than seven different species of Tetrahymena
including T. malaccensis and T. thermophila. This
shows SS rRNA gene is too conserved to resolve the
closely related species. The mean sequence
divergence of SS rRNA gene for 45 species
of Tetrahymena is 1.56+0.16. Most of
the Tetrahymena species showed sequence
divergence of 0-2% (Chantangsi et al., 2007). This
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Fig. 5. Secondary structure of SS rRNA of locally isolated T. farahensis, new species, variations are highlighted
as red marks. These variations (red marks) are observed in V2, V3, V4, V7 and V9 variable regions.

Table I.- Distance matrix for SS rRNA gene of T. farahensis, new species shows its percent identity and divergence with
other closely related Tetrahymena species.

Percent |dentity
3 4 5 B [ 8
B85 8859885 :984 :9581 :985
898.9:998 (9980
894 ;99.0 (1000

T.farahensis
T.malaccensis
T.mobilis
T.borealis
T.canadensis
T.pyrifarmis

T thermophila
T tropicalis

13+ 1.0
1.3 110
14+ 1.2
07 : 02
13+ 1.0

Divergence

o=l imitnikiwing
wimimimisiwin =

is insufficient to discriminate among closely related Tetrahymena showed that the gene was highly
species (Chantangsi and Lynn, 2008). The conserved with the exception of few intragenic
comparison of SS rRNA gene sequence of semi-conserved regions which are helpful in
Tetrahymena 1.7 with other species of genus establishing the phylogenetic relationships among
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different members of genus Tetrahymena.

Secondary structure of SS rRNA

The secondary structure models of SS rRNA
gene are being used as topographical markers for the
analysis of phylogenetic affiliations. These
indispensable marker systems have proven to be
helpful in exploring potentially useful information
among closely and remotely related organisms.
Secondary structure models for SS rRNA genes
have been documented by various authors (Hirt et
al., 1994; Struder-Kypke et al., 2001; Wuyts et al.,
2001; Xia et al., 2011; Lee and Gutell, 2012). Due
to the slowly evolving property of SS rRNA, the
basic molecular structure of all eukaryotes is
conserved throughout evolution except the nine
expansion segments (V1-V9). Among these major
lengths variable regions, V2, V4 and V7 have been
reported as fast evolving segments (Hwang et al.,
2000; Alkemar and Nygard, 2003, 2004; Alvares et
al., 2004). V6 is thought to be the least variable
region in all eukaryotes (Gonzalez and Schmickel,
1986). Secondary structure model of SS rRNAs of
Tetraymena 1.7 shown in Figure 5 is folded into 40
helices. Helices numbering system was followed by
Nelles et al. (1984). Comparison with other
members of genus Tetrahymena showed that all of
the variability is contributed by 6 major variable
lengths, namely, V2, V3, V4, V7, V8 and V9, while
V1, V5 and V6 regions appear as more conserved
with compound single helices. From the conserved
arrangement of these helices it can be deduced that
all of the mutations are found either in internal or
terminal bulges which retained the stable structural
configuration in species.

Phylogenetic analysis of Tetraymena 1.7 on the
basis of SS rRNA gene

Phylogenetic analysis of Tetraymena 1.7 with
other species was performed by drawing
phylogenetic tree using neighbour joining method
(Fig. 6) on the basis of their SSRNA gene. All
different species of Tetrahymena are clustered in
different groups, termed as ribosets by Nanney et al.
(1989). Tetraymena 1.7 appears along with T.
malaccensis and T. thermophila which are members
of ribose Al. While considering the major grouping
T. farahensis appears to be a member of borealis

group instead of australis group.

Tetrahymena sp.3
T furgasoni
Tetrahymena
Tetrahymena sp.5
T lwoffi

T farleyi

T mobilis

T tropicalis

E e

100 T.malaccensis
27 95

T thermophila
31 T rostrata

64 T canadensis

4 T borealis

T limacis

T
o pn 29 vorax
— Tsilvana

22 1Tetrahymena sp.1
T leucophrys

q El T pyrifarmis
85 T.setosa

Telliotti

T mimbres

T.corlissi

T.bergeri

T.caudate

T.americanis
21 T.hegewischi
T.australis

a0 T.shanghaiensis

T.patula

T.asiatica

100 T.capricomis
T.hyperangularis
T.nanneyi
T.pigmentosa
T.sonnebomi

T.cosmopolitanis

T.nipissingi

T.empidokyrea
G.chattoni

o { C.colpoda
a7 C.campylum

Ophryoglena catenula.

Fig. 6. Phylogenetic tree of locally
isolated T. farahensis using SS rRNA gene
sequence based on neighbour joining method.
The organism showed a close evolutionary
relationship with T. thermophila and T.
malaccensis.

Sogin et al. (1986), using molecular markers,
worked on the phylogenetic relationships among
members of genus Tetrahymena. They are separated
into two major groups i.e., australis and borealis
(Struder-Kypke et al., 2001). The australis group
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consists of riboset C which is homogenous while
borealis group with riboset A and B is quite
heterogeneous (Preparata et al., 1989). Because of
very little genetic differences, the branches are not
strongly supported by high boot strap value
(Struder-Kypke et al., 2001). Some species with
similar SS rRNA gene can be distinguished on the
basis of their morphology (Roque et al., 1970).

Molecular identification of T. farahensis on the
basis of COX1 gene

COX1 is more variable and used by the
protozologists to discriminate different species of
Tetrahymena and other ciliates. A 986 nucleotide
fragment of COX1 gene was amplified (Fig. 7),
cloned in pTZ57R/T.

Cloned fragment of COX1 gene was
sequenced from Macrogen Korea using M13
forward and reverse primers. Peaks read through
Chromas Lite 2.1 showed a 986 nucleotide fragment
of COX1. NCBI nucleotide BLAST showed its 91%
homology with T. thermophila with 99% query
coverage.

3 kb S

1kb

0.5 kb

Fig. 7. In vitro amplification of a selected
fragment of cytochrome c oxidase. L1, DNA
ladder mix; L2 and L3, amplified fragment of
cytochrome c oxidase appearing =~ 1 kb size.

The amplified sequence was submitted to
EMBL nucleotide sequence database under
accession No. HG710169. Multiple sequence

alignment of Tetrahymena 1.7 COX1 with already
reported COX1 of different Tetrahymena species
showed that the gene is highly variable as compared
to SS rRNA (Fig. 8). Homology of COX1 gene of
Tetraymena 1.7 with most closely related species of

Tetrahymena falls in the range of 89.1-91.1%

(Table 11).

Table Il- Distance matrix for COX1of T. farahensis, new
species shows its percent identity and
divergence with other closely related
Tetrahymena species.

Percent Identity
5 ] T 8 2]
1 9211881:91.0190.0:907 ! 1 T.borealis
2 3 88.3 190.9 :90.7 ;90.3 2 T.canadensis
3 6 :89.1:904 1906 894 3 T.farahensis

21 87.9 893 4 T.malaccensig

Sls 5 T.mobilis

g 6 6 T.paravorx

7 T T.pyriformis
8 T thermophila
] T.tropicalis

Tetrahymena isolates having <1% variation in
COX1 sequence are considered as same species,
while sequence divergence between 1 to 12%
indicates different species (Lynn and Struder-kypke,
2006). Kher et al. (2011) also used COX1 gene as
identification marker for Tetrahymena species.
However, according to the intraspecific divergence
in Tetrahymena is likely to increase with spreading
geography, so it would be safer to say that strains
with higher than 5% divergence are separate
species. The GC content of the Tetraymena 1.7
COX1 was 27.7% which was slightly higher than T.
pigmentosa, T. mobilis (25% in both) and T.
hyperangularis (26%) (Lynn and Struder-kype,
2006). Chantangsi et al. (2007) has also elaborated
the role of COX1 in species identification and
calculated the wvalue for mean intraspecific
divergence for COX1 as 0.95%, while interspecific
divergence as 10.47%. Thus interspecific
divergence is 11 to 58.2 folds higher as compared to
intraspecific divergences. Keeping in view the
above parameters Tetrahymena 1.7 can be
considered as a new species, which is named here as
Tetrahymena farahensis, after my supervisor
Dr. Farah Shakoori.
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T. bomals TCTOOTOCTOCT TTAOCAACTATOATTAGRATOGAAT TAOCCCATCCAGG CADCCCTTTTTTTAARGOTOACTCTTTAACATACT TACAAGTAATTACTOCTCATGOAT TAATTATOGTOTTTTTTGTTOTTOTACCTATTTTATTTGOT
T Gamadengks  TCTOGTOCTOCTTTAGCAACTATOATTAGRATGOAAT TADCCCATCCAGGCAGCCCTTTTTTTAAAGOTOATTCT TTAAGATAT TTACAAGTAATTACTOCTCATOOAT TAATTATOGTATTTTTTGT TGTAGTGCCTATTTTATTTGAT:
T. apills TCAGGTOCAGCATTAOCTACAATOATAAGAATOGAAT TADCCCATCCCORAADCCCATTTTTTAAAGGTOATTCATTAABATAT T TACAAGTAATTACTOC TCATGGTT TAAT TATGGTTTTTTTTGT TOTAGTACCTATTTTATTTGGT
cal TCADGTOCABCATTATC TACAATOATAAGAATORAAT TADCTCACCCTORAAGLCCCTTCT TTAARGOTGATTCATTAADATAT T TACAAGTAATTACTOC TCACOE TT TAAT TATGGTTTTTTTTGT TGTAGTTCCTATTTTATTTGOT

TCAGGTOC THCACTAGCAAC TATOAT TAGGATGOAAT TADCACACCCCOBAADCCCATTTT T TAAAGOAGACTCT TTAAGATAT T TACAAGTAGT TACAGCCCACGLTT TAAT TATOGTCTTTTITTGT TGTTOTTCCTATTTTATTTGAT
TCAGGTOCTHCATTADCAACAATOATTCGTT TAGAGT TADCACACCCAGGTAGTCCTTTCT TTAAAGGTGATTCATTACG T TACT TACAAGT TRTAAC TOCACATGR TC TAAT TATOGTATT TTTCOT TGTAGTACCTATTTTATTTGAT
TCAGGAGC THCATTAGCTACTATOAT TAGAC TTGAGT TAGC TCATCCAGG TAGT COOT TTT T TAAAGOAGACTCTCTAAGATAT T TACAAGT TRTOACADCCCACGOTT TAAT TATOGTTTTTTITTGT TGTAGT TCCTATTTTATTTGAT
TCAGGTOC THCACTAGCTACCATOAT TAGAT TAGAGT TAGCACATCCTORAAGCCCOTTCT TTAARGEAGATTCTTTACG T TAT T TACAAGT TRTTACAGC TCATGGTT TAAT TATEGTCTTTTTTGTAGTTOTACCTATTTTATTCEGT

Corsensus

TCAGGTGE THOATTAGCsAC TATGAT TAGAATGEAAT TAGC +CATCCAGRAAGCCCTTTTT T TAAMGETGATTCT T TAAGATATT TACAAGTALTTACTOCTCATGETT TAAT TATGGTTTTTTITTGT TGTAGTACCTATTTTATTTGET

w0 w0 w0 W0 W P M M @ W m . m
T. bomals GOTTT TG CAAAT TT T T TAAT CCCATATCATGTAGGATCTARAGA TG TAGC TTATCCTAGAC TARA TAGTAT AGGTT T T TEAAT T CARCCTTOTOGTTATAT TT TATTAGCAARART TOGT TTTTTAAGACCTCAATT TTCGAAGATATTAT
T Ganedsnss GOTTT TG CAAAT TTTTTAAT TCCTTATCATGTAGGATC TARAGATGTAGC TTATCCTAGAC TARA TAGTATAGGTTT T TOAAT T CAACC T TOTOGTTACAT TTTATTAGC TARART TOGT TTTTTAAGACCTCAATT TTCAAGATATTAT
T. s GOTTT TG AT TT T T TAAT TCCT TATCAT T TG T T TARA A TG TAGCATATCCTACAT TARA TAGTATTGGTTTC TAA T T CAA T TETOCTTATAT TT TAT TAGCAAAARTAGGT TTCT TAAGACCACAATT TTGAAGATATTAT
T Tmplcals GOTTT TG AT TT T T TAAT CCCCTACCAT T TG T T T AR A A TG TAGCATATCCTACAT TARA TAGTATAGGTT T T TOAAT T CAAC CATGTOCTTATAT TT TAT TAGCAAAARTAGGT TTTCTAAGACCTCAATT TTGAAGATATTAT
o el BGTTT TG AR TT T T TAAT T CATATCA TG TAGG T T TAAAGA TG TAGC AT ACCCTAGAT TARA TAGTAT TGGT T T T TOAATACAACCATG TG T TATAT TTTATTAGCAASAAT TGGTTT TTTAAGACCTCAGTT TTGAAGATAT TAC
T TS BOTTT TG CAAAT TT T T TAAT T T TATCA TG T TG T T AR AGA TG TAGC AT ACCCAAGAT TARA TAGTAT TGGT T T T TOAA T TCAACCC TE TG T TATATAC TAT TAGCAASAAT TOGTTT TTTAAGACCTCAATT TTGAAGATATTAT
T hprmaaile GGTTT TG TAAT TT T T TAATACC T TATCACGT TG T T TAAAGATG TAGC TTACCCAAGAT TARATAGTAT TGGTTT T TGAATACAACCTTGTG BTTﬂE.ﬂTQ TATTAGC TAAAAT TOGT TT TT TAAGACCTCAATT TTGAAGATATTAT
T RS BETTT TG TAAT TT T T TAAT TG TAT CA T G TAGG T T AR A GA TG TAG AT AT CC TAGAT TARA TAGTAT TEGT T T T ToAA T A AN T TE TG T TATAT TTTAT TAGC TASAATCGGT TT TTTAAGACCTCAATT TTGAAGATAT TAT

Consensus m

BT T T AT T T T T TAAT IO LT TAT CAT G T« GG T TCTARAGAT G TAGCATAT L TAGAT TARA TAGTAT TOGT T T T TAAT TCARCCTTETOET TATAT TT TAT TAGCAARART TGET TT TT TAAGACCTCARTT TTGAAGATAT TAT
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T. bomalls BATARAACATCTTTTTCTTTTCCATTTT TAGARAARATOARATATAAT CAAT ACARAGAATAT AAAAATOAT TATCTTTTTTAT T TAGAT T TT TTAAAARAAGAAAT AACT CATGATCATTCTTTTTTTTRAAAAGC TAGAARAGTTATT
T GaedsUSF  CATARAACATCTITTTCTTTCCCATTTT TAGAAAAAATOAAATATAAL CAATAT AMATAATATAAAAATOATTATCTTTTTTATTTAGAT TTTT TAAAAAAAGARATAACT DATGATCATTCTTTTTTT TRAARADCAADAARADTTATT
T iz BATARAACATCATTTTCTTTCCCAT T TT TAGAAAARATOAAATATAAT CAATAT ARAGAATATAAAARTOATTATTTATTTTATTTAGAT TTTT TAAAAAAAGAAAT TACT CATRATCATTCTTTTTTT TRAAAADC TAGAARADTAATA
AT AAAACATCATTTTETTTTCCATT TT TAGAAAARATGARATACAAT CAAT AT ARATAATALAAAAATOATTATTTATTTTACC TAGAT TTTT TAAARAAAGARAT TACTDATBATCATTCTTTTTTT TRAAAAGC TADARAADTAATA
BATAAAACATCATTTTCOTTCCCAT T TT TAGAAAARATOAAATATAAT CAATAT ARAGAATAT AAAAATOACTATTTATTTTATTTAGAT TTTT TAAAAAAAGARAT TACTCATGATCATTCTTTTTTT TRAARAGC TAGAARAGTTATT
AT AR AT T AT T T T AT T T T T T T A AR A AR A T A A T AT AAT CAAT AT AR A AT AT AR A A AT AT TATT TAT T T TAT T TAGAT T T T T TAAAAAAAGARAT TACT GACGATCATTCTTTTTTTTRASAAGC TAGAARAATAATT
BT AR TTCTT T T T AT T e T T T T TAG AR A AR A T AR A TATAAT CAAT AT ARG AATAT AR AR TOAT TATT TATT T TAT T TAGAT T TT T TAAAARAAGARAT AACT GACGATCATTCTTITCTTTTGASAAGC TAGAARAGTTATT
T SRR GATARAACATCTTTTTCATTCCCTTTTT TAGARAAAATGAAA TATAAT CAAT AT ARAGAATAT AARAATOATTATTTAT T TTAT TTAGAT T TT T TAARAAAAGAAAT TTCAGATGATCATTCTTTTTTT TGARRAGC TAGARRAGTAATT

Consansus

GATARAMCATCHTTTTCTTTCCCATTT T TAGARAMAATGARATATAMT CAMTAT ARAGAATATARAAATGAT TATTTATTTTATT TAGATTTTT TARAARAAAGAAMT TACT GATGATCATTCTTTTTTT TGAAMAGE TAGAMRAGT oATT

WO ew gm0 e @ gm0 . W W om ™ W
T. bomalls CADCTAGAACATTAALAACAGCTOGTTOAAC TT T TATAACACCTTTTAGT TCARATG T TAAATATACAGGTOTTOOTTCAC AADATATTTTAATTTTATCTGT TG TTTTTOC TGO TATAAGTAC TACAATTTCATTTACTAATTTATTAATTACA
T. Gaopdsosh CADCTAGAACATTAACAACTRCTOGTTOAACTT TTATAACACCTTTTAGT TCOAATG T TAAATATACAGGTOTTOOT TCACAADATATATTAATTTTATCAGTTOTOTTTOC TGO TATAAGTAC TACAATCTCTTTTACTAATTTATTAATTACA

T phllls CAGCAADAALTTTAACAACAGCTOGTTGAACTT TTATCACACCAT TTAGTTCARATG TTARATACAC TG HTOTTOGTTCTCAAGATATTTTAATTTTATCTGTCOTTTTTOCAGGTATTAGTACAACAATATCATTTACAAATTTATTAATTACA
T. Tronlcals CAGCAAGAALTTTAACAACABCTOOTTOAACTT TTAT TACACCAT TTAGTT CARATG T TARATATACTHATOTCOOT TETCAAGATATATTAATTTTATCOGTTOTTTTTOCTHOTAT TAGTACAACAATATCAT TCACARATTTATTAATTACA
T siRmls CTGCTAGAACTTTAACTACAGCTOOTTOAACT T TTATAACACCAT TCAGTTCARATATAARATATACAGGTOTAGGTTCTCAAGATATAT TAATTTTATCCOTAGTOTTTOCAGGTAT TAGTACAACTATATCATTTACAAACTTAT TAATTACA
T EMRRRES  CTOCTAGAACTTTAACTACTOCTOOT TOAACT T TTATAACTCCAT TCAGT T CAAATACAARATATACARETOTTO0TTCACAAGATATTTTAATTTTATCTOTAGTTTTTOCTOOTAT TAGTACARCTATTTCTTTTACTARTTTATTAATTACT.
Tioemaall®  CTOCTAGAACTTTAACAACTGLTGOTTGAACT T TTAT TACACCAT TEAGT TCTAATAT TARATACAC TG GToT TOGT TCTCAAGATAT TTTART TTTATCAGT TGT T T T TGCAGGTAT TAGTAC TACAATTTCTTTTACTAAT T TAC TAATTACT
T SRAIEE CAGCAAGAACT T TAACAAC TG T T T GAAC T T T TAT AACACC T T T TAGT T CARATA T AAAATATACAG TG TAGG T TCACAAGATAT T TTAAT T TTATCAGTAGTTTTTCCAGGTAT TAGTACAACAATTTCTTTTACTAATTTAC TAATAACA

Contaniue

CAGCTAGAALTTTAACAAC+GLTOETTGAACT T TTATAACACCAT TTAGT T CARAT + TTARATATACAGGTGT TGO T TC+ CAAGATAT T TTAATTTTATC+GTTGTTTTTGC+GOTATTAGTACAACAATTTC+ TTTACTAATTTATTAATTACA. ..
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T. bomals AOAAGARACT TTAGCARTOCCAOGAATOAGACATAGARADAGTTTTAATGLCTTTTOTAACTATATCTATAT TTTTAALT TTAAGRATGT TAGC TACAAT TACACCAGTTTTAGOTGCTOCTOTTATTATOATOOCTTTTOATAGACATTOA
T Gaoadsoss ADAAGAACTTTAGCAATOCCAUGTATOAGACATAGAADAGTTTTAATGCCTTTTGTAACTATTTCTATAT TTTTAACT TTAAGAATGT TAGC TACAAT TACACCTOTOTTAGOTGCTOCTOTTATTATOATOOCTTTTOGATAGACATTOA
T AGAAGAACTTTAGC TATOCCADG TATOADACATAGAADAGTTTTAATGLCTTTTOT TACRAT TTCTATTTTTTTAACATTAAGAATGT TAGE TACTATAACTCC TOTT TTABOTGCAGCTOTAATTATOATOOC TTTTOATAGACAT TOA
T. Troalcals AGAAGAACTTTAGC TATOCCADD TATOADACATAGAADAGTTTTAATOLCTTTTOT TACRAT TTCTATTTTCT TAACACTAAGAATGT TAGCAACTAT AACTCC TOTT TTABOTOCAGCTOTAATTATOATOOC TTTTOATAGACAT TOA
T el AGAAGAACTTTAGC TATOCCADD TATOADACATAGAADAGTTTTAATOLCTTTCOTTACTATATCTATAT TTCTAACT TTAAGAATGT TAGC TACTAT TACACCAGTATTABOTGCAGCTOT TATCATOATOOC TTTTOATAGACAT TOA
T SMRTTARES  AGAAGAACTTTAGCOATOCCTOOT T TAAGACATAGAADAGTTTTAATGECTTTTGT TACTAT TTCTATTTTCTTAAL T TTAAGAAT GT TAGL AACTAT TACTCC T TATTAGOTGLAGCTOTAATTATOATOOCTTTTOATAGACAT TOA
T Ll ADAAGAACTTTAGCTATOCCTOOTT TARGACATAGAADAGT T TTAATGLCTTTTOTAACAAT TTCTATCT TTTTAACACTAAGAATGTTAGCTACTAT TACCCCTOTTTTACOAGCAGCTOTTATTATOATOOCTTTTOGATAGACATTOA
T ERusAss ADAAGAACT TTAGCTATOCCTOOC T TAAGACATAGAADAGTTTTAATGCCATTTOTAACTAT TTCTATTTTCTTAACAT TAAGAAT BT TAGCAACAAT TACTCCAGTACT TOGTGCTOCAGT TATTATOATOGC TTTTOATAGACATTOA

Consensus

AGAAGAACTTTAGCTATOCCAGG TATOAGACATAGAAGAGTTTTAATGLCTTTTGT+ACTATTTCTATTTTTTTAAC+TTAAGAATGT TAGC TACTAT TACTCCTGTT T TABGTGCAGCTGT TATTATGATGOCTTTTGATAGACATTOA

L . . AT . . N . AN L T
T bomalls A TR T T T T T T T GAATATGC T TATEG GG TOATCCTAT T TTATCACARCATT TATT TTGATTTT TTGGTCATCCTGAMGTTTA
A TR T T T T T T T GG TATGC T TATEG T GG TOATCCTATT T TATCACARCATT TATT TTGATTTT TTGGTCATCCTORAGTTTA
AR AT TTT T T TGAATACGCT TATEG TGETOATCCTAT TCTATCTCARCATT TATT TTGATTTT TTGOACACCCTORAAGTATA
A T T T T T T T T GAATATGC T TATEG TEETOATCC TATAC TATC T CAMCACT TATT TTGATTTT TTGOACACCOCGAMGTATA
A TR AT T T 1T TGAATACGC T TACGGAGGTOATCCTATAT TATC T CAMCATT TATT TTGATTTT TCGGTCATCCTOAMGTATA
A AT T T T T TGAATATGCT TACGGAGGTOATCCTAT T T TATCTCAMCATT TATT TTGATTTT TTGOACATCCAGAAGTATA
A T AT T T T T T BT AT T TA T B G T EETOAT CCTATAT TATE T CAACATT TATT TTGATTTT TTG6TCATCCAGARGTTTA
A AT T T T T T AT ATGC T TACGG GG TOATCCTAT T T TATCACARCACT TATT TTGATTTT TTGGTCACCCTORAGTTTA

ACARACTAC e TTTTT TEAATATGCT TAT GG TGO TGATCCTATTT TATCTCARCATT TATT TTGATTTT TTGGTCATCCTGAAGT « TA

Fig. 8. Multiple alignment for Cytocrome ¢ oxidase subunit 1 (1.7 cox) of T. farahensis along with closely
related Tetrahymena species shows frequent variations as compared to SS rRNA gene.

Phylogenetic analysis of T. farahensis on the basis homology with the same species as in case of SSr

of COX 1 gene sequence RNA gene. The branching pattern is supported by a
COX1 appears to be more variable high boot strap value.

phylogenetic marker as compared to SS rRNA gene. Phylogenetic tree drawn on the basis of T.

Figure 7 shows phylogenetic tree inferred on the farahensis COX1 nucleotide sequences clearly

basis of neighbour joining method using COX1 shows its close homology with T. malaccensis, T.

nucleotide sequences. T. farahensis retains its thermophila and T. paravorax.



NEW TETRAHYMENA SPECIES FROM LAHORE 1443

T.nanneyi
T.nipissingi

T hyperangularis
T.pigmentosa
T.cosmopolitanis
T.sonneborni
T.patula
T.australis
T.shanghaiensis

T.asiatica

il

T.capricomis

— T.americanis
f) — T.hegewischi

34|:‘ T.paravorax
W‘—': T.malaccensis
26 a7 T.thermophila
% Telliotti
L Tmimbres

a4 T.silvana
£|—£ .
7 T.leucophrys

T.pyriformis
Tl

100

T.setosa

43 T.canadensis
T rostrata
T.borealis

T farleyi
T.furgasoni
% T lwoff
T.mabilis

93 T.tropicalis

— T.bergeri
7L Tcorlissi

T.caudate

T.limacis

G_chattoni

Fig.9. Phylogentic tree of T. farahensis,
new species on the basis of the sequence of
fragment of COX1 using neighbour joining
method. T. farahensis falls in the same clade
along with T. thermophila and T. malaccensis
as observed in the tree based on SS RNA gene
sequence.
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