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Phylum Ciliophora

Characterized by

- Infraciliature

- Nuclear dimorphism

- Conjugation



The Cytochrome Oxidase Subunit 1 
Gene in Ciliates

First successfully amplified in Tetrahymena
thermophila, T. pyriformis, and Paramecium 
aurelia

CO1 is 2000-2200 nucleotides long and very AT-
rich

Barcoding region is 980 nucleotides long, due to 
an 108 aa insert



Origin of the sequenced species

METHODS

ATCC (Tetrahymena spp.)

Spain (scuticociliates endosymbiotic in fish)

Italy (Colpidium sp., Dexiostoma sp., Drepanomonas revoluta, Dexiotricha sp.)

Russia (Paramecium spp.)

Guelph (mostly undetermined species)

Grand River Basin (Carchesium polypinum and other peritrich species)



Sampling

- cultures received from colleagues or culture collections

- water samples from various lakes and rivers

- petri dishes submersed for 1-2 weeks in rivers of the Grand River 
Basin

Cultures

- Cells are isolated and - if possible - clonal cultures are established

- various media, e.g., Cerophyl, PPYE, spring water and grains

METHODS



Lab Procedures

DNA extraction
- Epicentre Masterpure Kit or Chelex®

PCR amplification
- Diamond Taq
- various amplification protocols necessary for different groups
- several primer pairs developed

Purification
- MinElute Kit
- sometimes direct sequencing possible

Sequencing
- both directions with 3730 DNA Analyzer

METHODS



Post-sequencing analyses

- Contigs constructed with Sequencher

- BLAST Search

- Alignment with Mega 3.1

- Phylogenetic analyses with MrBayes, PAUP, PHYLIP

METHODS



- Culture Collections have only few genera available

- Axenic cultures only sometimes possible

- Maintenance of cultures is time consuming

- Determination of species requires in many cases Protargol staining 

and microscopical analysis

- Primer design progresses very slowly

- Standardisation of molecular procedures not (yet?) possible

METHODS

Problems



Most CO1 gene sequence data available are restricted to 

members of the Class Oligohymenophorea

We have...
77 isolates of 28-35 species in 16 genera, representing the four 

subclasses Hymenostomatia, Scuticociliatia, Peritrichia, and 
Peniculia

We also have...
Sequences of 2 or 3 species from other classes

RESULTS

Where do we stand?



RESULTS

A) Insert Region
thermo  FGGFANFLIP YHVGSKDVAY PRLNSIGFWI QPCGYILLAK IGFLRPQFWR YYDKTSFSFPFLEKMKYNQY KEYK--NDYL FYLDFLKKEI T-DDHSFF-- WKARKVIKLP QYSVFSFVPL KLMMW----- ----K
berger  .......... .......... .......... .......... .......... .......... ....L..... .D..--..F. .......... S-...T..-- .......... .......... ...F.----- ----.
colpo  ........L. .......... .......... .......... .......... .......... ....I..S.. ....--.... .......... .-......-- .......... .......... ...F.----- ----.
ostoma  .......... .......... .......... .......... .......... .......... ....I..S.. ....--.... .......... .-......-- .......... .......... .....----- ----.
chatt  .......... .......... .......... .......... .......... ........Y. L...L.TS.F D..R--GE.. .F...I...L S-.Q..I.-- ..I..TVE.S ..QS...I.. ..LI.----- ----.
multi  .......... .......... .......... ....F..... .......... .....A...N L...L.FYKT .PFN--..M. L.VNY..-DT .INNNYII-- ..V..NLSDL S.DN.N.T.I ..FF.----- ----N
caten  .......... .......... .......... ....F..... .......... .....A...N L...L.FYKN .INNNN..MI L......NKA K-E.NKIV-- ..N.VAT.EF K.EF.N.I.I ...Y.----- ----N
tylis   L ......L. .........F .....L.... .....L.I.. ...M.NVY.T NNE.VENY.K M-KNSTTHTN AFFL--DETI NFPITKFTGS FFKEGNRDPK KYDAET..IL TENH.TLKTP TIIEN-SSWK LFFW.
polCR3  LE....YFL. .......... ....NL.... ....FL.I.. M.SM.LEY.T TEV....FSG L-T.VDNFLQ QYKY--DEIF HNIKKSISNY DYSRLELLVK DATKDID.KL HDF.TYRKLR DQAIL-DAEL HKGM.
olCR23  ----..YFL. .......... ....NL.... ....FL.I.. M.SM.LEY.T TEV....FSG L-T.VDNFLQ QYKY--DEIF HNIKKSISNY DYSRLELLVK DATKDID.KL HDFATYRKLR DQAIL-DAEL HKGM.
icella  ----..YFL. .......... ....NL.... ....FL.I.. M.SM.LE..T TEL....YSG L-S.VDHFLQ TYFY--DELT STIQKALNNN DYLNLWNIVD KLLEDID.TI SKKSYL.RQ. QIEKIIEAEL FKKT.
otrich  ..A....... .......... .......... ..V.F..V.. .A.....Y.. ......YY.. L.D.SSHRKF N.FR--D.NI .QFRA.QRF. L-.E.TW.-- ..GKSKTRYE N.ENY.GT.. ..LF.----- ----.
hryoid  .......... ..I....... .......... ....F..V.. .A.....H.. ....V.YY.. L...SHNRK. A.FNN-.ENI .Q.RA..RYF L-.E.TI.-- QLTKNKEV.. N.EDY.ST.. ..LF.----- ----.
nophry  .......... ..I....... .......... ....F..V.. .A.....Y.. ....VAYY.. L.D.SNHRKH R.FS--DENI .Q.RA...YL L-.ENTL.-- ..PKLSE.FS NFDNY.GI.. ..LF.----- ----.
ienavi  ..A....... ..I....... .......... ....F..VS. .A.....Y.. ....A.YY.. L.D.SNNRAF N.FNNT.-NI .QFRA.QRYV L-.E.TL.-- ..PKLTN.YT N.ENY.GI.. ..LF.----- ----.
gl_SD  .......... ..I.....S. .......... ....F..V.. .A.....Y.. ......YY.. L...SSIRNE I.F.NN--S. .SNN..TQYL F-N.GTL.-- ..GKIKT.FS NSKE..GI.F R.LF.----- ----.
i SR10  .......... ..I.....S. .......... ....F..V.. .A.....Y.. ......YY.. L...SSIRSE I.F.NN--NF .SNN...QYL V-N.GT..-- ..GKVKN.YS SFKE..G..F R.LF.----- ----.
tetGB  .......... .........F .......... ..L.FL.V.. .A...TTS.K .......FLQ PYN.SL.RDF FNFL--TGE. SFNP.-..SL --.ESL.LFL ..P..K.TNT E.TS.F.N.. N.SFL----- ----D
cauda  .......... .........F .......... ..L.FL.V.. .A...TTS.K .......FLQ PYN.FV.KNF FHFL--TGE. SFNS.-.QSL --.EVL.LFL ..P..K.TNT D.TS.F.N.. N.SFL----- ----D
multi  ....S..... .........F .......... ..L.FL.V.. VA...TTS.K ...R...FLQ PYN.SILKDF FHFL--TGE. SFKS.ENV-F --.ESL.LFL ..PK.KLSNS IHTS.FWN.. N.SFL----- ----D
bursa  ........L. .........F .......... ..L....V.. .A...STN.K ....S.HF.N .FN.F.LSKN YYFS--QEEF LNATV.NDIK NSQYLIESKS S.KI.DLNNQ FFLKSF.GSI F.NFF----- ----N
woodr  .......... .........F .......... ..L.F..V.. .A...TTY.H .......FLQ PYN.AV.KDL FSAI--HENT QFNKISNN-A --E.SF..FQ ..P..K.VGF DIPNLY.N.I LSSFL----- ----E
ne_WS  .......... .........F .......... ..L.F..V.. VA...TTY.H .......FLQ PYN.AV.KDL FSAT--.EST LFNKISNN-A --.SSF..FQ ..P..K.IGF DTPSLY.N.I LSSFL----- ----E
anomon  ..C....F.. .........F .........L T.AAFLVV.. TA.V.Q...H .....A.Y.. LFD.SLKQNF QQF.--F.DI LTHKA..RYL I-.E....Y- -.P..K.D.D N.Q....I.. .FLF.----- ----S
coKMP2  .......... ..I....... .......... ....F..V.. .A.....Y.. ......YY.. L.D.S.HREI LYSS--F.S. .NKKLCAIDF F-Q.FFIT-- ..GKSKD.IQ G..GVLGI.S .FFF.----- ----S
o ambi  ...LG.YFL. VQ..AR.... ....NFS..V L.SALVIALR TLWEGMKVSP LSI.YESN.G QRDWEW-VDN NSL---FLVF RNNKV.YTFS --.YNFLSEA KSWISIYEND T--SLFLTN- --FLI----- ----D
thecod  ....G.YF.V IFQ..PE.V. ..V.NFSIL. LSLS.L..IL SIISE----- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- -----

thermo  TMINY-PESF WYAASRVVQ- ---------- -------SRR KKVFVTKCSA RTLTTAGWTF ITPFSSNIKY TGVGSQDILI LSVVFAGIST TISFTNLLIT RRTLAMPGLR HRRVLMPFVT ISIFLTLRML AT
berger  .....-.... .........- ---------- -------... .......... .......... .......... ..I....... .......... .......... ........I. ........I. .......... ..
colpo  .....-.... .........- ---------- -------T.. .......... .......... ......ST.. .......... .......... .......... ....S...I. .......... .A.L...SL. ..
ostoma  .I...-.... ....D....- ---------- -------... ..I....... .......... ......S... .......... .......... .......... ........I. .......... .......... ..
chatt  DI.S.-.... ....D....- ---------- -------... .....S.... .......... ......SV.. .......... .......... .......... ........I. ........I. .......... ..
multi  NI...-.... ...S...LK- ---------- -------... ..I..S.... ...V...... .......L.. .......... ...I...V.. .......... ....S...I. .....L..IS .GL..A.... .I
caten  LISS.-.... ...SD..IK- ---------- -------... ..I..S.... ...V...... .......L.. .......... .......... .V........ ....S...I. .....L..IS .G...A.... .I
tylis  -Y...FI.... .FLVQ-NAK- ---------- ------TIK. Q.RHIV..TN AAQ.V..... ......K... ....I..M.. .G.YY..V.. ...LV...S. ....SI.... N..I.L..IS .TVL.M..A. .V
polCR3  YNL.IFD.N. YSYKLIFWKD IYNSTDTFWS LTKNALKFK. Q.R.LV..IS ANQ.V..... .......TE. ..F.I..M.. .G.YY..... ...LV..... ....S..... N..I.L..I. .TLL.M..A. SV
olCR23  YNL.IFD.N. YSYKLIFWKD IYNSTDTFWS LTKNALKFK. Q.R.LV..IS ANQ.V..... .......TE. ..F.I..M.. .G.YY..... ...LV..... ....S..... N..I.L..I. .TLL.M..A. SV
icella  LNL.IVD.N. YSYKLIFWKD LYNSTDTFWS LTKNALKQK. Q.R.LV..IS ANQ.V..... .......TE. ..F.I..M.. .G.YY..... ...LV..... ....S..... N..I.L..M. .TLL.M..A. SV
otrich  DIVS.-.... ........K- ---------- -------A.. ...Y.....N .......... .......T.. ..I....... .G.I.....S .V........ ....S...M. ...I.L.... LA...AF... .I
hryoid  DV...-.... ...I..INK- ---------- -------I.. ...YF....N S......... ....A..T.. S...A..L.L V..I.....S .V........ ....C...M. .....L.... .G..FA.... .I
nophry  DIV..-.... ..VVN..DK- ---------- -------V.. ...Y.A...N .V........ ....A..V.. ....A..L.L V........S .V........ ....S...M. .....L.... .GT.FA.... .I
ienavi  DI...-.... ..VV..INK- ---------- -------V.. ...YF....N .......... ....A..V.. ..I.A..L.L V........S .V........ ....C...M. .....L.... .G..FA.... .I
gl_SD  DV...-.... ..L.....K- ---------- -------A.. ...YF....N .......... .......V.. ..I.A..L.L I..F.....S .......... ....C...M. ...I.L..I. ..MLFC.... .L
i SR10  DVV..-.... ..L.....K- ---------- -------A.. ...YF....N .......... .......L.. ..I.A..L.L I..F.....S .......... ....C...M. ...I.L..I. ..MLFC.... .L
tetGB  SFFY.-SDNL .SL.NK..S- ---------- -------... ..IY.....N .AAV...... .......M.. S.F.A..V.S VA..L..... ...LLT.I-. ....VA.... N....I..I. ..LL....L. .I
cauda  SFFY.-SDNL .SL.NK..S- ---------- -------... ..IY.....N .AAV...... .......M.. S.F.A....L V...L..... .......... ....VA.... N....I..I. ..LL....L. .I
multi  SFFY.-VDNL .SLTNK.IS- ---------- -------... ..IY.....N .AAV...... .......M.. S.F.A....L V...L..... .......... ....VA.... N....I..I. ..LL....L. .I
bursa  SL.DF-CDN. .SL..KLTS- ---------- -------N.. R.T..S...N ..AV...... .......L.. ..Y.A....L V...L..... .......... .....T...K N..S.L..IA .A.L...... .I
woodr  WLYS.-CDNL .CL.EKT.S- ---------- -------... ....F...AN ..AC...... .......L.F ..F.A....L ....L..... .......... ....IA.... N....I..I. ..LL...... .I
ne_WS  WLYS.-CDNL .CL.EKTTS- ---------- -------... ....F...AN ..AC...... .......L.F ..F.A....L ....L..V.. .......... ....IA.... N....I..I. ..LL...... .I
anomon  NI...-.... ..V.N..SS- ---------- -------M.. R.IYI....N ....LS.... ...Y...T.. ....G..MI. .A.IV...T. ..G....... ....S..... .....L..I. .AL...M... .L
coKMP2  DLVK.-.... ..G...ITK- ---------- -------M.. ...YF....N .......... .......... ....A..L.L I..F.....S .V........ ....T...M. .....L...S .G..FAF... .L
o ambi  CA-SL-.SN. SNL-DSFLP- ---------- ---------- --.ITV-E.D I.N.M..... T....HS-RF ..-APL.WAL AALIV.TV.S .LTLI..VV. W.Y.RGR.S. YQ.EFY.IAL L...IS..I. II
thecod  ---------- ---------- ---------- ---------- ---------- -FGGGT...L YP.L.TSFMN LSPS.IGNI. FGLLIS...S VLTSL.FW.. ILS.RSI.IT LKTISLFPWS LL.TSG-ML. L.



RESULTS

Genetic distances:

T. thermophila d = 0 - 0.01

P. caudatum d = 0 - 0.08

Tetrahymena spp. d = 0.03 - 0.13

Paramecium spp. d = 0.11 - 0.39

Peritrichia d = 0.14 - 0.21 

Hymenostomatia d = 0.03 - 0.20

Scuticociliatia d = 0.05 - 0.28 

B) CO1 as marker 
for species 
identification



RESULTS

C) Identifying 
Species



RESULTS

C) Identifying 
Species



RESULTS

D) Phylogeography

Populations of 
Carchesium polypinum

 CR16COX(2)

 GR13COX

 NR22COX

 NR19COX

 GR16COX

 CR28.COX

 ER16COX

 GR6COX

 NR13.COX

 ER17COX

 ER2COX

 NR11COX

 NR18.COX

 GR17COX

 Cr26cox

 NR16.COX

 NR7COX

 CR15COX

 CR23COX

 CR25COX

 SR14COX

 CR3COX

 CR14COX

 Cr10cox

 SR11.COX

57

60

50

46

78

18

98

99

23

5

8

GR - Grand River 
NR - Nith River
ER - Eramosa River
CR - Conestogo River
SR - Speed River
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RESULTS

C) Identifying
and Validating 

Species

 ATCC 205154

 ATCC 30832

 ATCC 30833

 ATCC 205057

 ATCC 205056

 ATCC 30840

 ATCC 30834

 ATCC 30838

 ATCC 30835

 ATCC 30039

 ATCC 30352

 ATCC 205058

 ATCC 205045

 Ich G2 theront COX

 Ich G6 theront COX

 Ich G7 theront COX

 Ich G2 tomont COX

 Ich G4 theront COX

 Ich G3 theront COX

 Ich G5 theront COX

 Tet NI5

 TET NI

 Tet NI 4

98
100

100

100

100

100

100

82

80
100

51

29
26

56

55
74

52

63

44

100

0.02

Ichthyophthirius
multifiliis

Tetrahymena

T. hegewischi
T. hegewischi
T. hegewischi
T. hegewischi
T. hegewischi
T. nanneyi
T. sonneborni
T. nipissingi
T. sonneborni
T. pyriformis
T. tropicalis
T. hegewischi
T. tropicalis



RESULTS

B) CO1 as marker 
for species 
identification

Genetic distances:

T. thermophila d = 0 - 0.01

P. caudatum d = 0 - 0.08

Tetrahymena spp. d = 0.03 - 0.13

Paramecium spp. d = 0.11 - 0.39

Peritrichia d = 0.14 - 0.21 

Hymenostomatia d = 0.03 - 0.20

Scuticociliatia d = 0.05 - 0.28 
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