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Biological identifications through DNA barcodes

Paul D. N. Hebert', Alina Cywinska, Shelley L. Ball
and Jeremy R. deWaard

Department of Zoology, University of Guelph, Guelph, Ontario N1G 2W1, Canada

Although much biological research depends upon species diagnoses, taxonomic expertise is collapsing.
We are convinced that the sole prospect for a sustainable identification capability lies in the construction
of systems that employ DNA sequences as taxof] ‘barcodes’.|[We establish that the mitochondrial gene
cytochrome ¢ oxidase I (COI) can serve as the core of a global bioidentification system for animals. First,
we demonstrate that COI profiles, derived from the low-density sampling of higher taxonomic categories,
ordinarily assign newly analysed taxa to the appropriate phylum or order. Second, we demonstrate that
species-level assignments can be obtained by creating comprehensive COI profiles. A model COI profile,
based upon the analysis of a single individual from each of 200 closely allied species of lepidopterans, was
100% successful in correctly identifying subsequent specimens. When fully developed, a COI identification
system will provide a reliable, cost-effective and accessible solution to the current problem of species
identification. Its assembly will also generate important new insights into the diversification of life and
the rules of molecular evolution.

Appl Microbiel Biotechnol. 20114 Apr,88(8):3425-38. doi 10.1007/200253-014-5550-8. Epub 2014 Feb 13.
Keywords: molecular taxonomy; mitochondri DNA barcoding to map the microbial communities: current advances and future directions.
Chakraborty C', Doss CG, Patra BC, Bandyopadhyay S,
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» Morfoloji temelli yontemler ...... nereye kadar?
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Biological questions
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host—microbiome
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Computational meta'omics for microbial community studies.

Segata N1, Boernigen D, Tickle TL, Morgan XC, Garrett WS, Huttenhower C.




Install MetaPp

Taxonomic marker DB abundances

(e.g., MetaPhlAn DB) /
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Example tool: HUMANN }———
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Mol Syst Biol. 2013 May 14,9:666. doi: 10.1038/msb.2013.22.

Computational meta'omics for microbial community studies.
Segata N', Boernigen D, Tickle TL, Morgan XC, Garrett WS, Huttenhower C.




@ Basit bir 6neri (hipotez !)
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-/ > Organizmalarin

' genomlarinin kiiciik S
parcalarindaki DNA dizisi # ; =
farkhliklar vardir. | 4 '

> Bu farkliliklar bir canlinin
tur seviyesinde
tanimlanmasini
saglayacak biyolojik
barkodlardir.
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I BARKOD kullanimi

Taksonomik
Isimlendirme
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Vieri Onaylama ve Analizi Halka Agik Genel Kullarom




Tek gen bolgesi ((!))

f » Tur seviyesinde belirgin bir genetik varyasyon ve
ayrim gucune sahip olmali

7~ Genis bir taksonomik olgekten canlilar igin uygun
i evrensel primerler ile gogaltilabilen, korunmus ug
bolgelerine sahip olmali

)~ DNA ekstraksiyonu ve PCR sirasinda sorun
@y yaratmayacak kisa dizi uzunluguna sahip olmall
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COI (mitokondriyal sitokrom oksidaz - altiinite 1)
geni

- Birden fazla tur icin belirgin ayrim gucu
- turler arasi uzakliklarin cakismamasi

rbcL , matK  ----- Bitkiler
[TS ----- Mantarlar
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PLeS Biol. 2005 Dec;3(12).e422. Epub 2005 Mov 29,

DNA barcoding: error rates based on comprehensive sampling. B

Meyer CP!. Paulay G. genetic distance




Analizde “ad-hoc” yontem - Yazilimlar
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» Dallandirma yontemleri
Bilinmeyen barkodun DNA barkod agacina yerlestirme
Parsimony, Neighbor joining, Bayesian Inference

» Benzerlik yontemleri

l': . ' .“.'\“"-'-:‘
ANNAY

Bilinmeyen barkod DNA barkodlari arasinda hangisine benzer ?
BLAST, NN, TaxonDNA

7 > Tanisal (Karakter temelli) yontemler

g ;,Vb Bilinmeyen barkodun yapilari var/yok olarak eslestirilir

i3t DNA-BAR, BLOG, CAOS, BRONX, PTIGS-Idlt, Linker

Weitschek E', Fiscon G, Felici G.
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+ » Mitokondriyal kompleks-1V eksikligi ..
: > Tekrarlayan myoglobulinemi ...
& > Kolorektal kanser ...

NCBI-Gene

Sagirlik; sendrom disi tasnif, sensorinoral

» Kazanilmis idiopatik sideroblastik anemi....

Juvenil noropati, ensefalopati, laktik asidoz, inme



DNA barkodlama ne deqildir ?

>

- /o DNA taksonomisi degildir; tek bir gen yeterl
olmaz.

1 # Barkod kumeleri filogenetik agac icin yeterl
2 degildir.

" % Barkodlama sadece COI degildir.

7 = Taksonomide molekuller yeni degildir, ancak
genis olcekleme ve standardizasyon yenidir.
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Kisithliklar

>

> Test edilen bolge farkli barkodlar ile “overlap”

» Veritabani karmasik
Ayni tur icin farkli DNA barkodlar
Hangi bolge uygun ?
» Tur olarak ayni gruba dahil, ancak hayat
dongulerinde farkliliklar var
Karisik ? Flora ?
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Mikrobiyolojide durum nedir ?
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Appl Microbigl Biotechnol. 2014 Apr;58(8):3425-35. doi: 10.1007/=00253-014-5550-5. Epub 2014 Feb 13.
DNA barcoding to map the microbial communities: current advances and future directions.
Chakraborty C1, Doss CG, Patra BC, Bandvopadhyay 5.




Viruslaricin ....

>
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» Molekuler dinamizm dogal bir surec¢
> Insan enterovirus
» Mavidil virus
» Avian influenza

Anahrst. 2010 Feb;135(2):337-42. doi: 10.1039/b8168210. Epub 2009 Dec 15.

Detection of avian influenza virus by fluorescent DNA barcode-based immunoassay with sensitivity comparable
to PCR.

Cao C' Dhumpa R, Bang DD, Ghavifekr Z, Hagberg J, Wolff A

2010

4 Wirol Methods. 2011 Dec;178(1-2):225-8. doi: 10.1016/] jviromet.2011.05.014. Epub 2011 May 17.

Nanoparticle-based bio-barcode assay for the detection of bluetongue virus.
Yin HQ', Jia Mx, ShiLJ Yang § Zhang LY, Zhang @M, Wang SQ, Li G, Zhang JG. 2011




Bakteriler icin ...
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>

COl

Solunum zinciri son enzimi

> IrpoB
Bakterial RNA polimerazin
[B-altunitesinin kodlanmasi

16S rRNA

Genis barkodlama alani

Nukleer DNA ve “housekeeping” genler
16S rDNA ile iligkili kodlanan genler

“. con60 (GroEL, Hsp60)

Annu Rev Biophvys Biomol Struct. 1998,27:328-56.

Cytochrome c oxidase: structure and spectroscopy.
Michel H' Behr J, Harrenga A, Kannt A

Cell. 2001 Mar 23;104(8):501-12.
Structural mechanism for rifampicin inhibition of bacterial rna polymerase.
Campbell EA', Korzheva M, Mustaev A, Murakami K, Nair S, Goldfart A, Darst SA. 2001

T —

J Clin Microbiol. 2007 Sep;45(3):2761-4. Epub 2007 Jul 11
168 rRNA gene sequencing for bacterial identification in the diagnostic laboratory: pluses, perils, and pitfalls.
Janda JM', Abbott SL

Clin Micrebiol Infect. 2008 Oct;14(10):908-24. doi: 10.11114].1469-0691.2008.02070.x.

Then and now: use of 168 rDNA gene sequencing for bacterial identification and discovery of novel bacteria in
clinical microbiology laboratories.

Woo PCY, Lau SK, Teng JL, Tse H, Yuen KY. 2008

T E————

PLoS One 2012;7(11):249755. doi: 10.137 1fjourna |.pone 0049755 Epub 2012 Nov 26.

The chaperonin-60 universal target is a barcode for bacteria that enables de novo assembly of metagenomic
sequence data. I
Links MG, Dumonceaux T, Hemmingsen SM, Hill JE. 2012




Protozoalar icin ...

>
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J Anim Sci 2003 Mar;81(3):812-5.

Technical note: Specific PCR amplification of protozoal 185 rDNA sequences from DNA extracted from ruminal

samples of cows.

Karnati SK', Yu Z, Svlvester JT, Deharity BA, Marrison M, Firkins JL. 2003
R —

Protozoal Kiguk subunite (SSU)

> OI Protist. 2012 May;163(3):415-34. doi: 10.1016/.protis. 2011.10.003. Epub 2011 Nov 30.
C COl barcoding of Nebelid testate amoebae (Amoebozoa: Arcellinida): extensive cryptic diversity and redefinition
of the Hyalospheniidae Schultze.
Kosakyan A1, Heger TJ, Leander BS, Todorov M, Mitchell EA Lara E. 2012

Amiplerin barkodlanmasi

Acta Trop. 2012 Oct;124{1):82-7. doi: 10.1016/]. actatropica.2012.07.001. Epub 2012 Jul 14.

P|r0p|asma barkodlama A DNA barcode for Piroplasmea. 2012

> ITS

Piroplasmalar icin ITS2 bolgesi

Proc Natl Acad Scil S A 2012 Apr 17;109(16).:6241-8. doi: 10.1073/pnas. 1117018109, Epub 2012 Mar 27.
Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA barcode marker for Fungi.
Schoch CL1, Seifert KA Huhndorf S, Robert, Spouge JL, Levesgue CA Chen W Funagal Barcoding Consaortium; Fungal Barcoding Consortium Author List.
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Mantarlaricin ... - |

.
>

~ /'  Multi-takson bir yapilanma !

2 T1bbi mikoloji alaninda tur duzeyinde tani !!!
i3 e Birgok mantar henliz tanimlanmamis durumda...
= @ Mikroskopik fenotiplemenin kolleksiyonu 777
i ] @ COIl --- uygun degil

7 2 Ginden giine degisim (NCBI - takip)




Mantarlar icin ... - I

>
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> C OI Proc Natl Acad Scill 5 & 1988 Nov 24;85(24):14244-5.

Explosive invasion of plant mitochondria by a group | intron.
Cho ', Qiu'YL, Kuhiman P, Palmer JD. 1998

Grup | intron igeren bolge
> RPB Progress towards DNA barcoding of ungl,
Seifert KA 2009 '
Ribozomal polimeraz 1 ve 2

Proc Matl Acad Scill S A 2012 Apr 17;108(16):5241-5. doi: 10.1073/pnas. 1117018108, Epub 2012 Mar 27. 2012
> I ’ S Nuclear ribosomal internal transcribed spacer (ITS) region as a universal DNA barcode marker for Fungi.
Schoch CL', Seifert KA, Huhndorf S, RobertV, Spouge JL, Levesque CA Chen W: Fungal Barcoding Consortium; Fungal Barcoding Consortium Author List.

H 1 P : Appl Microbiol Biotechnal. 2010 Jun;87(1):99-108. doi: 10.1007/300253-010-2585-4. Epub 2010 Apr 20.
Rlbozomal S|Str0n bOlgGSl Current state and perspectives of fungal DNA barcoding and rapid identification procedures.
Begerow D', Nilsson H, Unterseher 1, Maier W, 2010

> L S U Appl Microbiol Bistechnol. 2010 Jun;87(1):99-108. doi: 10.1007/200253-010-2585-4. Epub 2010 Apr 20.
. . Current state and perspectives of fungal DNA barcoding and rapid identification procedures.
28S LSU rRNA bOlgeS| VS... BeqerowD' NilssonH, Unterseher 1 Maier w. 2010

> SS U Appl Microbiol Bistechnol. 2010 Jun;87(1):99-108. doi: 10.1007/200253-010-2585-4. Epub 2010 Apr 20.
Current state and perspectives of fungal DNA barcoding and rapid identification procedures.

168 SSU rDNA bélgGS' VS_ . . Begerow D', Milsson H, Unterseher M, Maier W. 2010
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Persoenia. 2013 Jun;30:11-47. doi: 10.3767/003158513X665070. Epub 2013 Mar 4.

DNA barcoding in Mucorales: an inventory of biodiversity.

Walther G‘, Pawtow: Y- ierdo A I, Rodriguez-Tudela JL, Dolal Chakrabarti A, de Hoog



83 Mucor mucedo CBSI87.68 IN205430

Mucor mucedo CBSB40.67 HM849637 NT .
Mucorsp. ' pflasmaticus’ CBS122.23 JN206479

Mucorsp. CBS12|
Mucor sp. " pirifo .
Mucor pirformis C8
Mucor pirdonmis C8

Mucor nsequisporys CBSI51 50 IN206500

Mucor nsequisporus CB5495 .66 IN206501
tucor insequasporus CBS25536 IN20SS02T
Mucor nederfendicus CBST35.70 SN206503

Mucor vanicsporus CBSEI7.70 IN206S08 T
fucor indicus CBS226 29 HM849590 ET (designated here) | |
Mucer tafcatus CBS251 35 IN208509 HT
Mucor amphibionm CBS763 74 HMaw6a T Il
Kikomyces cordensis CBS223 63 N206505 T
fucor ucrincus CBSE74.88 JN206507
U7¥ tvcor azygospons CBS242 B3 MN206497 T
Mucor prayagensis CBS652.78 MN205438
ol Mucor prayagersis CBS816.70 IN205496
| Mucor ardhlaengkivs CBS650.78

Mucor ardhisengkius CBS2108(
Mucor odoratus CBS130.41 N2 "
™ Mucor zychevar. zychoe CBS41
R Mycofypfar microspors CBS230.
My cotypha sp. “microspora’ {
Mucor fuscus CBS282.78 JN205¢
Mucor nceclats CBS538.74 M
Zygorhynchus exponens v . expi
Mucor exorrfazus CBS14385 J

Prelis circnans CE 4
Pirella naumow CBS
Mucor fliavus CBS21(
tducor minutus CBSE
Mucor fiavus CBS23
Mucor flavus CBSAX
Mucor saturrinus C8

Circnedls unbelst
Circnedls umbefal
Circnedls minor CE
Circnells argaren
Croinells chnenss
Creinells muscae(
Creinells muscae(

Qreinels simplex CBS42880 JN Phascobmyces an
yphomucor assamensis CBS415 Zychaea mexcars
y phomucor assamensis CBS254 Thamnastyum ick

Ol Ohoenephora nfundbulifers C

Choarmphors cucurbiarum Cl el ¥ g

Fermellomyces hel

tducor tiemals . cor Blabesiey snensis CBS564 91
Rhizomucos erdep Polrase circnans CBS153 54 Thammostyium ng
- Fi in
Zygorhynchus psych. Giberfelfs perscars CBS 5327 ermellomyces
Satyncud, "ff& a2 Giberfells perscars CBS190 3 Thaarmnostyum pird
100 4| Bejaminielts youngii CBS103.8 Thamnostyum pird
Berjaminells poirasi CBS158 4 Thamnostylim reper

Zygorhyrchus moelle

it 2onstya CBS 14 Benamnell muibspora CBS42

Cokeromyces recunvahus CBS1
100" Cokeromyces recunvans CBS1
Mucorsp. “hiemalis’ CBS334.7

100 Mucor pgasponis CBS56691 N2/
Act var. (
Act “var. meite

Actinomucor efegans var. kuwaber
Acnmum elogars CBS15486 ¢
Backuselly lamprospors C

Backysells & ora C
contaminant g}u ‘g
Mucor sp. ‘recurvus var. n
Mucor ourvus v indcus C
Mucor grands CBS 18687 JN
Mucor variabiis CBS564.66 J
Backuselts circna CBS128.0
Mucor recurvus var. recurvus
Mucor mourvus va. eourvus

Mucor recunus var. recuras
871 pvcor tuberculsporys CBSS

Mucor cbbrgisliptcus CBS56
Mucor obliongisporus CBS569.7

Utharamyces epelbca
Pilcbolus umbonatus CBS

Rhzopus mETCspons var. mc

Rluogs mirosporus C85112

Rhizopus merosporus var. i
Ahizopus caespitosus CBSA27.
Rhizopus schipperae CBS131
Ahizopus homothalicus CB8SA3
hizopus hamathabcus CBS11
Rhizopus anhzus var. arheusC o
15 Cl
haopus sp. “stolonifer unsuze.8 7 JrevsIID
Rhizopus stolorifer AFTOL-ID 632 Av997085 @

Sporodinielly unbelktx C8S195.77 JN206405
Ahizopus sexuals CBSI36.39 HMBLKE7AT
100] Rhizopus amencanus CBS340.62 HMAL9674T

Syzygites megelocarpus CBSI72.39 MN205401

1004

100

Absidia coerviea CBS102.28 IN205584

Absidia coerubaCBS101.28 IN203585

Absidia coervieaCBS104.08 HM349703

Absidis macrospors CBSE97.68 HM3L 04T
Abzidis califomicaCBS31478 JN205582
Absidie califomica CBS 12668 JN206583 T
CHiamydoabsida pedersi CBS172 67 IN206585 T
Absidis glavca C8S5100.48 MR06531

sevdocylindrospors CBS100.62 IN206591 T
b&& spinoss var. bappendodafaCBS18764 MR068321T

Absidia spinosavar. spinosaCBS106.08 MN206530
Absida anomals CBS125 68 IN206533 T
Absider cyfindrospors var. nga CBS127.68 MN206583 T
Absida cyindrosporavar. cyindrospors CBS100.08 JIN205538
Absida repens CBS 115583 HM849706 IT
Absidis psye hrophilie CBS 128 68 IN208587 T
Absidis fusca CBS102.35 HM849707 T
Absidix cylindrospons v . riazomophs CBS1583.63 IN20G5SS T
Absidia heterospors CBS 101 29 IN206595 T
Halteromyces mdahs CBS162.75 IN206596 T
Absidiy cuneospors CBS10259 IN206579
Absidis cuneospory CBS101.59 IN206580 T
Curninghamells binere CBS158.28 JN208602
Cunninghamells binarire CBS481.66 JN205603
Cumngrnnu"egnrs C8S5167.53 HM3«9 700l

CB569268

aeaoepweybujuuny

Cmnrgimmlh bhkcs!eam CBSTa2 63 IN206501 .
CB5693 .68 ) NT of C.
lenymndla bertholletive CBS190 82 M2 701 I
CQuminghamedlx bertholietise CBS779 68 IN206599
Curnnghamells homoalica CBS168 53 IN206605 T
Cmmgr-lmlhdmh CBS100178 MN205604 T
echinuata CBS156.28 HMa&a702 @
Cumnymndh echinulats CBS545.75 IN205597 T of C. echinulatavar. anfarcicy
Cunninghamells echinulats CBS556 .85 IN205598
Cunnnghamells vesicufosa CBS33996 HMAL953 T
Cunninghamella infermedia CBS347 69 JN206605 T of C. brunnea
100y Circnells lrcrymispora CBS 101757 JN206608 T
Gongronells lacospora CBS244.62 JN20660S T
= dos 2 CBS197.68 IN205609 IT
Gongronela bulleri CBS157 25 MN206607 T of G. urceolfert
Gmgmdh butlen CBS216.58 HM349638 T of M. vesculosus
™ CB5104.75 HM849561 T Lichtheimiacese
'rl L ik CBS174 67 JN206535 NT Lentamy cetacene
Pr o densis CBS661.86 MN205558 T Lichtheimiaceae
Apcphysomyces vanabils C85659 93 HAW965 Tl
Apcphysomy ces elegans CBS477.78 IN206536
Saksenses oblongspors CBS133 90 HM349694T
100y Radiomyces embreei CBS205.77
Radiomyces embreei CBS254 60 JN206533 T

Sakseneaceae

Radiomycetaceae

Rudomyces spectabilis CBS255 60 IN206537 T
Spinelius fusiger CBS405 63 HM349654
Phycomyces blakesieeanus CBS270.32 HMA49682

Umbelgpsis autotophica CBS212.72 MN206561
Umbelgpsis sp. “vnaces’ CBS913485 MN206562
Umbelgpsis ramanniana CBS101226 IN206566
Umbelgpsis swartu CBSA68 85 IN206567 T

Umbelbpsis gibbers pors CBS109328 JN206564 T
Umbelopsis gbbenspora CBS 101745 IN206565

Umbebpsis sp. ' westese’ CBS559 86 IN205563
Umbedopsis ramanniana CBS112976 IN206568
Umbedopsis fusionmis CBS319.85 IN205559

Phycomycetaceae

Umbelopsidaceae

100" Umbedgpsis fusformis CBS385.85 IN205560 T

Umu.-lqms isabeliny CBS56063 IN205573
CB8525095
Umbequls ovafaCBS49982 JIN2055721T of Mortesmelle ovats
Umbelgpsis isabelling CBS100559 IN206571
Umbelgpsis vingces CBS236 82 IN206563 T of U muflispony
Umbelgpsis virrces CBS212 32 IN206570 AUT of Modtierells vinsces
Umbelgpsis dimorpfe CBS 110033 HM8Q709HT

parve pors CBSI11.52 HM849583 ST

LSU

Persoenia. 2013 Jun;30:11-47. doi: 10.3767/003158513X665070. Epub 2013 Mar 4.
DNA barcoding in Mucorales: an inventory of biodiversity.
Walther G‘, Pawtowska J, Alastruey-lzquierdo A Wrzosek M, Rodriguez-Tudela JL, Dolatabadi 8, Chakrabarti A, de Hoog GS.
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[Evaluation of a new medium, eggplant (Solanum melongena) agar as a
screening medium for Cryptococcus neoformans in environmental samples].

[Article in Turkish]
Sengul M', Ergin C, Kartal T.




TIMM10017 (AB702967)
TIMM10018 Rhodotorula oligophaga sp. nov.
TIMM1D012
Rivredarerrsda Bbeahica JOM 109017 (AB26001 )
Riwetororsla pallide CBS 3207 (AF 189062 )
4 Rhodesrida sp. CBS 9086 { AF444T34)
Amanctic veast CBS 8923 (Y033643)
Rhodagrula pinicola CBS 91307 (AFRI44203)
BT Roelarorsda larvagis CBS 22217 {AF 89937
Rherelr ks dviaeree oM 3TTTT { ABO2GOLE)
Rhedoraridde iyvigpheae TANM 14903 (ABO55194)
Catebensielism frerarinm ZP 3617 (EF450543)
Rhwotorarula slooffiae CBS 57067 (AF189965)
W' Rivoelarorsda sp. CBS T295 (ARM4T2T)
Amtarctic yeast CBS 8913 (A Y0648
Rl sl sp. CBS 10222 EUGO284 1)
Rhaderarula sp. CBS B0LE (CBS strain database, 07/02/2006)
BB Rioelororade sp. CBS 8018 {CBS sirain database, (6,21 2007
Riwwtororuda calyprogenas IOM L0R99T (ABO25906)
Rholororsde coassiicola TAM 4906 (A BDS519T)
Rfdororid st neae TANM 14904 (ABO55195)
Rheleterude Ty siniphila JOM 59517 (ABOTES01)
Oecadrifir extenus 1GC 48177 (AF 13 1062)
Cyree bt ele gy CCM FT91 (EF450544)
Rherloso ek arme nigce CBS 80767 { AF| 899200
Spovebolomyce s phyilanearls CBS TIO8T { AF 159901 Aurantiaca Group
o7 Sparabolmnvees salicines CBS 69837 (AF1§9995)
2ol Rhodororids auvaiac CBS 3177 (AF]89921)
TR Sporobolonvee s kbvve ri-nielii CBS TI68 T {AFIR998R)
53 Spurrabolom yees symunefricus AS 222997 { AY364836)
Sporobolomyees vermieadans JOM 102247 {AFI60176)
Riwndorersia marina CBS 23657 | AF 1 8904.4)
3 porobalmmces procilis CBS 717 (AF189085) Marina Group
19| DY Sporabalomyces coprosmae CBS THROT (AF | 89080)
Sporabolomyces oryzicola CBS TX2ET (AF1 §9990)
— 85 Sparabolomyces folilcola CBE R0T5T (AF189084)
Sparabaolomvees bischafive M 103387 (ABOR25T2)
S s bl e e engeseowarensis JIOM 103267 { ABOR2ST0)
Bentmtent hetfearfimensis JOM 103367 { ABOR2ST1)
™ Sperebalomyvees syovgli JOM 103377 (ABOB2ST3)
Sporobolomyces elongans CBS 80807 {AF | 89983)
E rytfradbsasiaism b asegawioman CBS 82537 { AR 0890)
W= Sporobolomyces vonanensis JOM LOGRTT (EF45054 1)
Rhadetarila lacrosa CBS 58267 (AF189936)
k] Rhedororda kunellibrachii JIOM 109077 | ABO25900)
Rhelesorula sp. CBS 5 143 { AF387145) Sakaguchia Group
Rhoddarorula eryzae AS 2.2363T{ AY3I5161)
93 Sakaguchia docrvoilea CBS 63337 AFI89972)

Nerohiden sebeces CBS 8477 (AF131061)
Rhodowrula glurinis CBS 207 (AR 30)
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Cystobasidiales
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Fig. 1 Cryptococeus lacticolor TIMM 10013". Growth on 5 %
malt extract agar after 7 days at 17 °C. Scale bar = 10 pm i =

| Nuchidenles

Antonie Van Leeuwenhoek. 2013 Jul;104(1):83-93. doi: 10.1007/s10482-013-9928-y. Epub 2013 May 8.
Cryptococcus lacticolor sp. nov. and Rhodotorula oligophaga sp. nov., novel yeasts isolated from the nasal
smear microbiota of Queensland koalas kept in Japanese zoological parks.

Satoh K1, Maeda M, Umeda Y, Sugamata M, Makimura K.

Erythrobasidiales



] Y&Supplementa\ry Table 4. Similarity comparison of ITS 1+2 between Cryptococcus lacticolor sp. nov. TIMM10013" and closely related species.

T T T ATCC CBS IMUFRJ : ATCC

\ TIMM 10013" CBS 7227 CBS 8290 18803 1397 51996 U2 HBZ 194 CBS 7810 RJB2846-8 201820 CCJ 1192 CCJ1418

IMM 100137 (AB375774) - 78.5 77.4 77.0 77.0 77.8 77.7 82.9 74.9 83.7 75.6 75.6 75.6

w g ra pseudoalba CBS 72277 (AF444399) 785 - 82.9 89.3  89.0 89.6 86.8 81.2 75.1 80.7 79.6 79.4 79.1

X *“_Bullera unica CBS 82907 (AF444441) 77.4 82.9 - 81.7 80.8 82.4 78.8 78.7 73.8 78.2 77.6 77.4 77.2

D7 ryptococcus laurentii ATCC 18803

v' , EU266564) 77.0 89.3 81.7 - 100.0 96.7 94.5 80.0 76.5 80.3 80.1 79.1 78.8

Cryptococcus laurentii CBS 1397 (AF410468) 77.0 89.0 80.8 100.0 - 97.8 94.5 80.0 76.5 79.4 78.3 78.3 7.7
Cryptococcus laurentii IMUFRJ 51996 _

(FN428921) 77.8 89.6 82.4 96.7 97.8 94.9 79.7 76.3 79.7 78.8 79.0 78.7

Cryptococcus laurentii U2 (GU943490) 7.7 86.8 78.8 94.5 94.5 94.9 - 81.9 75.9 80.5 76.4 76.4 76.0

Tremella indecorata HBZ 194 (AF042432) 82.9 81.2 78.7 80.0 80.0 79.7 81.9 - 74.7 86.2 74.2 74.2 73.5

Tremella moriformis CBS 7810 (AF444331) 74.9 75.1 73.8 76.5 76.5 76.3 75.9 74.7 — 73.6 84.3 84.3 83.3

‘Tremella moriformis RIB2846-8 (AF042426) 83.7 80.7 78.2 80.3 79.4 79.7 80.5 86.2 73.6 — 75.4 75.2 74.8

remella nivalis ATCC 201820 (DQ680073) 75.6 79.6 77.6 80.1 78.3 78.8 76.4 74.2 84.3 75.4 - 99.8 98.5

remella nivalis CCJ1192 (AF042414) 75.6 79.4 77.4 79.1 78.3 79.0 76.4 74.2 84.3 75.2 99.8 - 98.3

remella nivalis CCJ1418 (AF042419) 75.6 79.1 77.2 78.8 77.7 78.7 76.0 73.5 83.3 74.8 98.5 98.3 —

., Supplementary Table 5. Similarity comparison of D1/D2 LSU between Cryptococcus lacticolor sp. nov. TIMM10013" and closely related species.

TIMM 10013" CBS 72277 CBS8290" CBS 139" CRUB 1395 IMUFRJ 51996 U2 HBZ 194

CBS 7810 MW 335 RJB2846-8 CCJ1192 CCJ1418 GY15L04

-“‘ TIMM 100137 (AB375775) - 93.2 94.9 95.0 94.5 95.2 92.7 94.7

94.4 925 95.8 914 88.4 90.8

L4 Bullera pseudoalba CBS 72277 (AF075504) 93.2 - 95.7 96.7 96.1 96.7 94.3 94.4 92.2 915 92.9 94.3 87.2 89.2

“;Bullera unica CBS 8290" (AF075524) 94.9 95.7 - 94.9 95.0 95.7 94.3 94.7 93.3 91.1 94.2 89.5 86.7 88.7

. Cryptococcus laurentii CBS 139" (AF075469) 95.0 96.7 94.9 - 99.7 99.8 97.0 95.8 93.3 92.2 93.2 90.1 875 89.5

ryptococcus laurentii CRUB 1395 (EF585173) 94.5 96.1 95.0 99.7 - 99.5 96.6 95.4 93.2 91.7 92.8 89.4 87.2 88.9

ryptococcus laurentii IMUFRJ 51996 (FN428921) 95.2 96.7 95.7 99.8 99.5 - 97.2 95.8 93.2 924 93.3 90.1 874 89.6

X fCryptococcus laurentii U2 (GU943503) 92.7 94.3 94.3 97.0 96.6 97.2 - 94.0 90.8 90.2 915 87.1 84.4 87.4

' . Tremella indecorata HBZ 194 (AF042250) 94.7 94.4 94.7 95.8 95.4 95.8 94.0 - 93.3 92.6 95.2 90.0 875 89.5

e L;I'remella moriformis CBS 7810 (AF075493) 94.4 92.2 93.3 93.3 93.2 93.2 90.8 93.3 - 93.7 92.8 92.7 89.9 92.1

v ” remella moriformis MW 335 (AF042269) 925 915 91.1 92.2 91.7 924 90.2 92.6 93.7 - 91.9 915 88.9 91.0

‘Tremella moriformis RIB2846-8 (AF042244) 95.8 929 94.2 93.2 92.8 93.3 915 95.2 92.8 91.9 < 89.6 87.0 89.0

5 g “Tremella nivalis CCJ 1192 (AF042232) 91.4 94.3 89.5 90.1 89.4 90.1 87.1 90.0 92.7 915 89.6 - 96.8 99.7

: i %,‘I’remella nivalis CCJ 1418 (AF042237) 88.4 87.2 86.7 875 87.2 874 84.4 875 89.9 88.9 87.0 96.8 - 97.1

i : ;,‘/( i Tremella nivalis GY15L04 (FJ527111) 90.8 89.2 88.7 89.5 89.6 89.6 87.4 89.5 92.1 91.0 89.0 99.7 97.1 -
2

Satoh K', Maeda M, Umeda Y, Sugamata I, Makimura K.

Antonie Van Lesuwenhoek. 2013 Jul;104{1):83-93. doi: 10.1007/310482-013-8%28-y. Epub 2013 May 8.

Cryptococcus lacticolor sp. nov. and Rhodotorula oligophaga sp. nov., novel yeasts isolated from the nasal
smear microbiota of Queensland koalas kept in Japanese zoological parks.
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The BOLD |dentification System (IDS) for ITS is the default identification tool for Fungal barcodes and accepts sequences from the Internal Transcribed Spacer Region
and returns a species-level identification when possible. Further validation with independent genetic markers will be desirable in some forensic applications.
The BLAST algorithm is employed in place of the standard BOLD identification engine for ITS sequences.
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