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1. Uvod

Na tomto misté bych rada vysvétlila, jak doSlo k tomu, Ze se predmétem mého studia staly
pravé ryby rodu karas. Podle ocekavani by mozna méla nasledovat pasaz pojednavajici o
tom, Ze jsem se o kardsky zajimala jiz od Utlého détstvi a v akvariu mi zavojnatky plavaly
dfive, neZ jsem zacala chodit.... Ne, tak to nebylo. V détstvi jsem méla jasno. Nejprve jsem se
chtéla stat kosmonautem, postupem c¢asu jsem uvaZovala o draze prezidentky. Nasledné
pfislo obdobi vzdoru, kdy jsem chtéla byt popeldfem. To nastésti rychle odeznélo a vysnila
jsem si drahu veterinarky. S ndstupem puberty a stim spojené znacné hormonalni
nerovnovahy jsem si usmyslela, Ze budu Zokejem. Toto krizové obdobi jsem diky rodi¢ovské
péci ustala bez jakékoliv Ujmy a nastoupila na vSeobecné gymnazium. Po jeho dokonceni
jsem Sla na ,zemédélku”. To jsem v planu neméla, ale nevzali mé na , Karlovku®, takze jsem
vzala, co bylo. Mladickd nerozvaznost mi fikala, Ze pracovat v zoo a uklizet tam exkrementy
po velkych africkych kopytnicich je také fajn. Jenze hned v prvnim semestru jsem narazila na
Lukase Kalouse, ktery mé intenzivné presvédcoval o tom, Ze nejzajimavéjsi véci na svété jsou
karasi a Ze bych u néj mohla délat bakalarku na toto téma. Nejprve jsem pfilis nechdpala, co
po mné vlasné chce, ale nakonec jsem souhlasila. Vtu chvili zmizely mé détské sny
v propadlisti déjin a zacala éra karasologie.

Tato dizertaéni prace volné navazuje na bakalafskou praci ,Pfibuznost domestikovanych
forem karase zlatého (Carassius auratus) k ostatnim zastupcim rodu karas na zakladé
porovnani sekvenci mitochondridlniho genu cytb” a diplomovou praci ,Fylogeneticka analyza
a geografické rozsiteni rodu karas (Carassius)“. Otazky kladené v téchto pracich byly vétsSinou
zodpovézeny, nicméné mnohonasobné vice jich na zakladé zjisténych vysledkd vyvstalo.

Predkladana dizertacni prace na téma Fylogenetickd struktura a zoogeografie rodu karas

(Carassius) si dala za cil, jich co nejvice objasnit.



2. Prehled o soucasném stavu poznani

2.1. Taxonomie rodu Carassius

Rod karas (Carassius) patii do celedi kaprovitych (Cyprinidae); rddu maloostni
(Cypriniformes). Madloostni predstavuji viibec nejvétsi a pravdépodobné i evolucné
nejuspédnéjsi fad primarné sladkovodnich ryb. Celed Cyprinidae je po ¢eledi Gobiidae
druhou nejvétsi celedi obratlovcli. Nejstarsi fosilni nalezy téchto ryb pochdzeji jiz z obdobi
Eocénu (Zardoya et Doadrio, 1999; Nelson, 2006).

Vzhledem k problematické taxonomii rodu karas povazuji za nutné vysvétlit pojmy,
které budou v nasledujicim textu pouzity. Termin taxon je druhové jméno, které je v této
praci pfifazeno k samostatné mitochondrialni linii v rdmci fylogenetickych vztahd rodu karas
a zahrnuje ryby, které svym geografickym plvodem a morfologii odpovidaji plvodnimu
popisu taxonu. Za biotyp se povaZuji razné ploidni a rlznym zplsobem se rozmnozujici
formy, které lze rozliSovat v ramci jednotlivych mitochondridlnich taxond. Komplexem se
rozumi skupina blizce pribuznych taxonl, vsSech jejich biotypl, vzajemnych hybrid( i
doposud nespecifikovanych genotypu, které jsou k nim vzhledem k podobné morfologii
fazeny.

Rod karas Jarocki (1822) zahrnuje jen nékolik malo taxon(. Jako prvni byli Linném
(1758) popsani karas obecny (Carassius carassius) a karas zlaty (Carassius auratus). Nasledné
Bloch (1782) popsal karase sttibtitého (Carassius gibelio). Dalsi ¢tyti zastupce, vyskytujici se
na japonskych ostrovech, popsali Temminck a Schlegel (1842) jako karase gengorobunu
(Carassius cuvieri), karase ginbunu (Carassius langsdorfii), karase nagabunu (Carassius
buergerii) a karase nigorobunu (Carassius grandoculis). Do skupiny japonskych karas(
oznacovanych jako ,buna” jsou fazeni jeSté dalSi dva zastupci, ktefi nemaiji védecka druhova
jména a oznaduji se jako Carassius auratus subsp.1 a Carassius auratus subsp.2. Poslednim
popsanym karasem je Carassius (auratus) argentheapthalmus (Nguyen a Ngo, 2001).

Vlastni struktura a fylogenetické vztahy uvnitf rodu jsou nejasné. V soucasnosti
existuje nékolik riznych pojeti, kterad se daji zobecnit a usporadat do dvou zakladnich verzi.
Jeden pftistup rozliSuje pouze dva druhy rodu karas — karase obecného (C. carassius) a karase

zlatého (C. auratus). V pripadé karase zlatého je pak rozliSovano nékolik geografickych forem



a biotypd, které jsou uvadény jako poddruhy (C. auratus auratus, C. a. gibelio, C. a. cuvieri,C.
a. langsdorfii, C.a. buergeri, C.a. grandoculis, C.a. subsp.1 a C.a. subsp.2). Takto nahlizi na
strukturu rodu napfiklad Hensel (1971), Baru$ et Oliva (1995), Hosoya (2000) nebo
Szczerbowski (2002) a to vétSinou na zakladé morfologickych Setfeni. Dvoudruhové pojeti
rodu je stale zastavano i pfes skutecnost, Ze napf. karas gengorobuna byl ze systému
poddruh(l vyclenén a potvrzen na Urovni samostatného druhu C. cuvieri (napf. Murakami et
al., 2001; Takada et al.,, 2010). Druhd skupina autorl (napf. Kottelat, 1997; Kottelat et
Freyhof, 2007; Kalous 2005; Kalous et al., 2007) naopak povazuji taxony gibelio, auratus,
langsdorfii a cuvieri za samostatné druhy, pfiCemZ se opiraji o genetickd data a Udaje o
biologii jednotlivych druh. Status ostatnich taxon( by mél byt teprve vyjasnén. Molekuldrni
analyzy (Papousek et al., 2008; Kalous et Slechtova, 2004; Rylkova et al., 2010; Takada et al.,
2010; Yamamoto et al., 2010; Kalous et al., 2012; Gao et al., 2012; Rylkova et al., 2013; Wang
et al., 2013; Luo et al., 2014) navic ukazuji, Ze druhova diverzita rodu karas je vétsi, nez se

doposud uvadélo.

Problematika taxonomie rodu vychazi jiz ze zakladu, kdy bez ohledu na pfistup autord,
neni jasné, k ¢emu jednotliva jména taxon( vztahnout.

Karas zlaty byl popsdn na zakladé jedince, o jehoZ pokrocilé domestikaci a vlivu
zamérného Slechténi neni pochyb. Linné popisoval rybu nejen barevné ale i morfologicky
znacné vzdalenou puvodnimu divokému fenotypu. Nejnovéjsi genetické studie analyzujici
pocetny vzorkovy materidl pochazejici z mnoha rlznych lokalit ukazaly, Ze oznaceni C.
auratus pokryva rozsahly geneticky soubor karast (Gao et al., 2012; Takada et al., 2010;
Rylkova et al., 2013). Luo et al. (2014) navic identifikovali nékolik linii, které jsou z pohledu
genotypl u geografie pomérné samostatné. Naproti tomu studie zamérfend na
domestikované a ferdlni formy C. auratus prokazala, Ze geneticka diverzita téchto ryb je pres
morfologickou variabilitu velmi nizka (Komiyama et al., 2009; Rylkova et al., 2010; Wang et
al., 2013). Vyvstdva tak otazka, co je pravy C. auratus, kde jsou hranice vnitrodruhové
diverzity a ke kterému genotypu vztahnout Linného popis.

V ptripadé C. gibelio zjevné doslo k zdméné ¢&i ztraté typového jedince a nebylo tak
jasné, k jakému morfotypu se popis vztahoval. K dispozici je pouze kresba, na jejimz zédkladé
nelze provést revizi a jedinec, ktery popisu ani zminénému vyobrazeni neodpovida (Paepke,

1999; Kalous, 2005; Kalous et al., 2012). Bylo tak nutné fixovat védecké jméno k urcitému
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genotypu a morfotypu. V pfipadé C. gibelio byl jako neotyp vybran diploidni samec
pochazejici z oblasti popsané Blochem (Kalous et al., 2012).

Vzhledem k riznému znaceni, kdy nelze jednoznacné fici, o jakou genetickou entitu se
jednd (predevsim starsi literatura zaloZzend na morfologickych znacich), jistou biologickou
provazanosti a genetickou blizkosti, kterd neodpovidd klasickému pojeti druhu, se
v soucasnosti pouzivd oznaceni Carassius auratus komplex. Do této skupiny spadaji taxony
auratus, gibelio a langsdorfii. Tendence zahrnovat do komplexu i taxon langsdorfii ale zacala
prochdzet zménou, jelikoz geneticky klastr C. langsdorfii je od komplexu C. auratus
jednoznacné a vyrazné oddélen. Navic je sdm o sobé velmi diverzifikovany. Vytvari tfi
oddélené sublinie, jejichz vzajemné genetické vzdalenosti jsou pfilis velké, aby se daly
vysvétlit vnitrodruhovou variabilitu. Vychazi tak najevo, Ze se ve skutecnosti jedna o druhou
nevyreSenou skupinu, kterou Ize analogicky oznacit jako Carassius langsdorfii komplex (napf.
Takada et al., 2010; Rylkova et Kalous, 2013). Nasledujici studie pak pravdépodobné zodpovi
otazku existence tfi sublinii v ramci skupiny C. langsdorfii komplex. V Gvahu ptipadaji taxony:
ginbuna (C. langsdorfii), nagabuna (C. buergerii), nigorobuna (C. grandoculis), C. auratus
subsp.1 a C. auratus subsp.2. Velkou genetickou diverzitu C. langsdorfii komplex zminuji i
Murakami et al. (2001) a Yamamoto et al. (2010) s tim, Ze C. buergeri a C. grandoculis jsou
diploidni biotypy C. langsdorfii.

Fylogenetické analyzy posledni doby identifikovaly genotypy, které nenalezi k zddnému
doposud popsanému taxonu. Nejvyraznéjsi je mitochondrialni linie pracovné oznacovana
jako ,M“ podle Mongolska, kde byla poprvézaznamenana (Kalous et Slechtova, 2004). Periaz
et Dulmaa (1987) na tento taxon pravdépodobné narazili, ale na zdkladé morfologického
Setfeni dospéli k zavéru, Ze se jednd o mistni populaci C. gibelio. Pfislusnost k taxonu C.
gibelio byla ale vyloucena; mitochondridlni linie stoji mimo cely C. auratus komplex

(Papousek et al., 2008; Kalous et al., 2012; Rylkova et al., 2013).

Redeni problematické taxonomie rodu komplikuji pfedeviim biologické vlastnosti jeho
zastupcu. Je to hlavné gynogeneticky zplsob rozmnoZovani, existence polyploidnich biotyp(
a s tim spojeny vznik klondlnich linii, kterymi je charakteristicky C. gibelio (napf. Kottelat et
Freyhof, 2007) a C. langsdorfii (napf. Murakami et al., 2002). Taxonomie téchto linii se

vymyka klasickému pfistupu a je tfeba na ni pohlizet odliSnym zplsobem (Dowley, 1989;



Dubois, 1990; Echelle, 1990). Dale je tfeba brat v dvahu skutecnost, Ze karasi se plodné ktizi

jak mezi sebou, tak i s jinymi druhy ryb (napf¥. Liu et al., 2001; Hanfling et al., 2005).

Ploidni uroven drive patfila mezi taxonomické znaky, kdy byli diploidni (2n=100) jedinci
povazovani za C. auratus, kdezto morfologicky podobni jedinci s triploidni sestavou (3n=150)
automaticky za C. gibelio (Arai et Fujiki, 1977; Vasil'eva et Vasil'ev, 2000; Sczczerbowski,
2002). C. gibelio se ale vyskytuje jak v triploidni, tak i v diploidni formé (Abramenko et al.,
2004; Luskova et al., 2004; Apalikova et al., 2008). Soucasné studie navic prokdzali triploidni
sestavu u C. aquratus (Takada et al., 2010; Xiao et al., 2011; Rylkova et al., 2013); U C.
langsdorfii komplex jsou taktéz znamé diploidni i triploidni biotypy (Hosoya, 2000; Iguchi et
al., 2003; Takada et al., 2010). Mongolské populace podle dosavadnich Setfeni také vykazuji
rdznou ploidni droven (Apalikova et al., 2011; Rylkova et al., 2013). Taxony, u kterych Ize
ploidii povaZovat za taxonomicky znak jsou karas obecny (C. carassius) a karas gengorobuna
(C. cuvieri), u kterych jsou znamy pouze diploidni jedinci (Sczczerbowski, 2002; Iguchi et al.,

2003; Apalikova et al., 2011).

U zhruba 50 v soucasnosti znamych taxonU - napfiklad nékolika Zivorodych ryb rodu
Poecilia a Poeciliopsis (Vrijenhoek, 1994; Avise, 2008), nebo nékterych druh( rodu Cobitis
(Janko et al., 2007a), které se mnozi gynogeneticky a sexudlné parazituji na sympatrickych
diploidnich biotypech; a je znamo, Ze gynogenetické polyploidni biotypy jsou vysledkem
mezidruhového kfiZeni diploidnich, sexudlné se mnozicich druhl. Z tohoto pohledu patfi
polyploidni karasi mezi vyjimky, u kterych nebyl hybridni plivod zatim potvrzen.

Nejnovéjsi studie ale naznacuji, Ze by to tak mohlo byt. Ukazalo se, Ze hybridizace a
polyploidie u karasti ma uzkou souvislost. Mezhzherin et al. (2012) zjistili nejen vysoky pocet
hybrid( v sledované populaci karast, ale také to, Ze vice nez 70% hybridizaci diploidnich
parentalnich jedincd mélo za ndsledek vznik polyploidnich samic. Pfi hybridizaci tak musi
dochazet ke spojovani chromozédmovych sadek a to vrlznych kombinacich. Genomovy
mechanismus vzniku téchto tzv. allopolyploidd neni zcela jasny; dalezitymi faktory jsou
biotypy (pfislusnost k taxonu) a ploidni Urovné jedincl, ktefi se na vzniku allopolyploida

podili (Knytl et al., 2013).



Objasnéni fylogeneze, genetického pozadi a biologickych principl rozmnozovani C.
gibelio a C. langsdorfii komplex je Zadouci pro pochopeni jejich ekologického potencidlu.
Rychlé invazivni Sifeni a pfizpUsobivost jejich polyploidnich a gynogenetickych biotypd ma
negativni vliv jak na produkcni rybarstvi, tak na plvodni ichtyofaunu v nové osidlenych
oblastech. Wouters et al. (2012) a Mezhzherin et al. (2012) oznaduji Siteni jednotlivych
taxon( pomoci hybridizace s taxony plvodnimi za tzv. tichou, nebo kryptickou invazi, ktera
muZe vyustit v potladeni, nebo Uplné nahrazeni plvodniho taxonu. Ztoho hlediska se
v soucasnosti jevi nejvice ohrozenym karas obecny.

Kryptickd invaze je vedle jiz zmifovanych dovozl ve formé pfimési u Koi (kapru)
(Kalous et al., 2007) jednim z dalSich moznych vysvétleni, jak se do evropskych vod dostaly

sublinie komplexu C. langsdorfii.

2.2. Zoogeografie rodu Carassius

Mnoho nejasnosti je také okolo geografického plvodu a soucasného rozsifeni
jednotlivych zastupcl rodu. Za pavodni oblast kaprovitych ryb se povazuje jihovychodni Asie,
kterd je centrem jejich evoluce. Odtud byly kolonizovdny vSechny oblasti, kde se nyni
kaprovité ryby vyskytuji — cely eurasijsky kontinent, subsaharska Afrika a Severni Amerika.
Tuto skute¢nost dokladaji i fosilni ndlezy. Zatimco v Asii se kaproviti vyskytovali jiz v obdobi
Eocénu, na uzemi dnesni Evropy a severni Ameriky se objevili az v Oligocénu. V Australii a
Jizni Americe se pfirozené nevyskytuji; byli sem zavle€eni az ¢lovékem (Banarescu, 1991;
Banarescu et Coad, 1991; Nelson, 2006).

Jako primarné sladkovodni druhy se mohou témér vsechny kaprovité ryby vyskytovat a
pohybovat pouze v fi¢nich a jezernich systémech. MozZnost jejich Sifeni mezi jednotlivymi
povodimi je tak velmi omezena. Z tohoto ddvodu jejich rozsiteni dobrfe odrazi
biogeografickou historii jednotlivych zastupcli (Zardoya et Doadrio, 1999; Nelson, 2006).

Pres vySe zminéné informace je velmi obtizné stanovit geograficky ptvod jednotlivych
zastupcld rodu karas; predevsim kvili mnohacetnym introdukcim. Oblast vyskytu rodu
zahrnuje celou palearktickou oblast véetné Evropy, arkticka povodi Sibife a mirné a teplé
oblasti stfedni a vychodniAsie (Szczerbowski, 2002). U polyploidnich biotypl taxonu C.
gibelio je ale znama i tolerance vic¢i vyssi salinité vody. Jeho vyskyt je zaznamendvan

v pfibfeznich vodach Pobalti a Skandindvie (Pihu et al., 2003; Vatemaa et al., 2005; Wouters



et al., 2012). Tato skutecnost potencidlné znacné rozSifuje moznosti jeho Sifeni mezi

povodimi.

Na uUzemi Evropy se vyskytuje pét popsanych taxonl — C. carassius, C. gibelio, C.
auratus, C. langsdorfii a C. sp. ,M”. PGvodnim je zfejmé pouze C. carassius (napf. Kottelat et

Freyhof, 2007) a diploidni biotyp C. gibelio (Kalous et al., 2012; Rylkova et al., 2013).

C. carassius je pivodnim evropskym druhem. Drive byl pomérné hojny, ale v soucasné
dobé rychle mizi (Lusk et al., 2010). DGvodu je nékolik. Jednak ubyvani vhodnych biotop(
(stard ricni ramena, tané, zaplavova uzemi) (Kottelat et Freyhof, 2007; Barus et Oliva, 1995) a
jednak konkurenéni boj s invaznimi druhy — triploidnim biotypem C. gibelio, (Luskova et al.,
2010; Rylkova et Kalous, 2013b) pravdépodobné i C. langsdorfii komplex. Vyznamné jsou i
genetické ztraty zplsobené kfizenim se vSemi ostatnimi karasimi taxony (Hanfling, 2005;
Papousek, 2008). Nazorny pftiklad nahrazeni populace C. carassius invaznim biotypem C.
gibelio je popsan v Rylkova et Kalous (2013b). V Ceské republice je karas obecny v souc¢asné
dobé zatazen na Cerveny seznam druh@ mihuli a ryb, a to v kategorii lll — 1. Kriticky ohrozeny
(critically endangered, CE) (Lusk et al., 2011).

Pavodni oblasti vyskytu C. auratus je pravdépodobné vychodni Asie. Drive branily
potvrzeni a pfesnému uréeni mnohacetné introdukce, diky kterym se karas zlaty rozsifil po
celém svété (Szczerbowski, 2002; Barus et Oliva, 1995). Na mnohych mistech, kde byl chovan
jako okrasna ryba, unikl nebo byl zdmérné vypustén do volné pfirody, kde se usidlil a stal se
trvalou soucasti mistni ichtyofauny. Timto zplsobem se v poloviné devatenactého stoleti
dostal i do Evropy (Balon, 2004). V teplejSich oblastech, predevsim na Pyrenejském a
Balkanském poloostrové, ale napf. i v Britdnii, se uspésné aklimatizoval (Elvira, 2001).
Stavajici evropské populace C. auratus jsou tedy feralni, coz potvrzuji i fylogenetické prace
(napf. Rylkova et al., 2010). Zajimavym prikladem jeho Siteni je australsky kontinent, kam byl
zavleéen v Sedesatych letech devatendctého stoleti a nyni se béiné vyskytuje v mnohych
oblastech Nového lJizniho Walesu, Viktorie, lJizni i Zapadni Australie; ¢imz se stal
pravdépodobné viibec nejrozsifenéjsi australskou sladkovodni rybou (Brumley, 1996).

V pripadé polyploidnich biotypl C. gibelio nelze plavodni oblast vyskytu, jako u karase
zlatého, urcit zcela presné. Pravdépodobné se Sifil z povodi feky Amur ve vychodni Asii

(Barus et Oliva, 1995; Kottelat et Freyhof, 2007). Diploidni biotyp C. gibelio je
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pravdépodobné plvodni v severovychodni Evropé (Kalous et al., 2012). Hrani¢ni oblasti na
zapadé je povodi feky Odry. Pfesné vymezeni nelze v soucasnosti urcit a to predevsim
z dlivodu smiseni plGvodnich diploidnich a invaznich polyploidnich biotypl a ndslednym
introdukcim. Polyploidni biotyp karase stfibfitého byl do Evropy zavlecen v poloviné
minulého stoleti. Expanzi povodim Dunaje (a nasledné osidlovani vod na uzemi tehdejsiho
Ceskoslovenska) podrobné popisuji Hol¢ik et Zithan (1978) a Hol&ik (1980). Diky svym
biologickym vlastnostem se stal invazni rybou, kterd se dnes vyskytuje na témér celém
kontinentu (Szczerbowski, 2002; Kottelat et Freyhof, 2007). Kromé sladkych vod je casto
pozorovan i v pribfeznich oblastech Baltského more (Pihu et al., 2003; Vatemaa et al., 2005).
Migrace mofskou vodou o nizsi salinité je jednim z potencidlnich zplsobu, jakym mohly
polyploidni biotypy C. gibelio invandovat skandindvska povodi, kde se dfive C. gibelio viibec
nevyskytoval (Wouters et al., 2012).

C. langsdorfii komplex je pro Evropu novym faunistickym prvkem. Poprvé byl
zaznamendn v povodi feky Labe (Kalous et al., 2007). Nasledovaly dal$i zaznamy o jeho
vyskytu (Papousek et al., 2008; Tsipas et al., 2009; Rylkova et al., 2010; Kalous et al., 2012;
Rylkova et al., 2013), které poukazuji na to, Ze se nejedna o vyskyt ndhodny, ale s nejvétsi
pravdépodobnosti se tento taxon v Evropé uspésné aklimatizoval; ackoliv pGvodni oblasti
vyskytu ginbuny jsou pouze Japonské ostrovy. Z dostupnych informaci je zfejmé, Ze populace
jsou zivotaschopné a rozmnozuji se. Zjisténa byla i konkurenceschopnost a vyssi odolnost,
nez u puvodnich druhl ryb (Rylkova et Kalous, 2013). Zminéné poznatky vedou k Uvaze, Ze
ginbuna maze do budoucna predstavovat ekologickou hrozbu v ptipadé jeho uUspésného
Sifeni. Z genetické struktury komplexu C. langsdorfii je zfejmé, Ze se do Evropy dostaly
minimalné dvé odliSné sublinie. Jejich presnd identita neni vzhledem k problematice C.
langsdorfii komplexu na samotnych Japonskych ostrovech zndma; stejné tak i zpUsob jakym
se do Evropskych vod dostaly.

Poslednim taxonem je mitochondrialni linie Carassius sp. ,,M*“. Jeji vyskyt v Evropé byl

zatim zaznamenan ojedinéle (Papousek et al., 2008; Rylkova et al., 2013).

Vsechny vysSe zminéné karasi taxony se pfirozené vyskytuji také na rizné rozsahlych
arealech Asie. Dalsi, oznacované jako ,buna” - C. grandoculis, C. cuvieri, C. buergeri, C.a.
subsp.1 a C.a. subsp.2 jsou dle soucasnych poznatkl endemické pro Japonské souostrovi

(Temminck et Schlegel, 1842; Hosoya, 2000). Vzhledem k diverzité komplexu C. langsdorfii
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na Uzemi Evropy je otdzkou, zda sem nebyl néktery z téchto karasu zavlecen také (Rylkova et
Kalous, 2013).
Recentné popsany taxon C. a. argenteapthlamus byl zaznamenan na Uzemi Vietnamu

(Nguyen et Ngo, 2001). Geneticky zatim nebyl definovan.

Fylogenetické analyzy (Kalous et Slechtova, 2004; Rylkova et al., 2008, Luo et al., 2014)
odhalily nékolik dalSich mitochondridlnich linii, které nendlezi k zadnému doposud
popsanému druhu. VSechny linie byly identifikovdny na Uzemi stfedni a vychodni Asie. Tato
skutecnost podporuje urceni vychodni Asie jako centra evoluce rodu karas. K upfesnéni
arealu vyskytu a fylogenetické pozice v ramci rodu je vSak zapotrebi obsahlejsi vzorkovy

material.

V soucasné dobé existuji prace, které se zabyvaji problematikou diverzity rodu karas na
zakladé molekularnich dat (z nejnovéjsich napt. Takada et al., 2010; Yamamoto et al., 2010;
Gao et al., 2012; Rylkova et al., 2013; Wang et al., 2013). Vétsina praci se ale zaméfuje pouze
na mitochondridlni analyzu. To ddva jen omezeny a do jisté miry i zkresleny pohled, jelikoz
prinasi informace pouze o poloviné genetické podstaty zkoumanych jedincu. Tyto analyzy tak
nejsou schopné odhalit hybridni jedince, kterych je v karasich populacich mnoho (Hanfling et
al., 2005; Mezhzherin et al., 2012; Wouters et al., 2012).

Konfrontace mitochondrialni a jaderné analyzy umozZni nahlédnout do skladby celého
genomu. Tim bude mozné identifikovat jak ,Cisté” linie, tak odhalit pfipadné hybridy a zjistit
jejich Cetnost. Zaroven bude moziné zjistit, které taxony se na hybridizaci podileji a v jaké
mife. Tento pohled muzZe pfinést zajimavé poznatky predevsim o taxonech, v jejichz
populacich se vyskytuji polyploidni gynogenetické biotypy - C. gibelio, C. langsdorfii
pfipadné také C. auratus a C. sp. ,M*”., u kterych byl potvrzen vyskyt polyploidnich jedinct
(Rylkova et al., 2013) ale gynogeneze nebyla (je$té) zaznamendana. Plvod polyploidnich
biotypl neni jasny, ale jak naznacuji vysledky praci Murakamiho et al. (2001) a Yamamoty et
al. (2010), Mezhzerina et al. (2012), Wouterse et al. (2012) a Knytla et al. (2013) s nejvétsi
pravdépodobnosti vznikaji hybridizaci nékolika diploidnich taxonu.

U geneticky ,Cistych” jedincG pak mlZe byt provedeno morfologické Setfeni, pro

definovani morfotypl a jejich variability v ramci druhu. Dosavadni morfologické studie



nemohou byt povazovany za vérohodné, jelikoz jsou svelkou pravdépodobnosti
znehodnoceny zahrnutim hybridnich jedincu.

Kombinaci vysledk(l mitochondridlné-jaderné analyzy a znalosti geografického plvodu
vzorkového materidlu bude pravdépodobné moiné zjistit také vice o zoogeografii rodu.
Nejednalo by se pouze o mozné upresnéni geografického plavodu jednotlivych taxond, ale i o

pfipadnou identifikaci mist, kde doslo ke vzniku polyploidnich biotyp(.
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3. Veédecké hypotézy a cile prace

Hypotéza

Polyploidni biotypy rodu Carassius jsou hybridniho plvodu a jejich parentdlni taxony je
mozné identifikovat na zdkladé molekularné-genetickych dat; zaroven je mozné vysledovat

plvodni arealy rozsifeni a mista, kde doslo k hybridizaci.

Cile prace

Hlavnim cilem této disertacni prace je rozSifeni molekuldrni studie rodu karas o

analyzu jadernych genu a konfrontaci vysledkd s mitochondridlnimi daty.

Dilci cile:

e doplnéni vzorkového materialu u vybranych taxon(

e geneticka studie na molekularni drovni:
o sekvenace mitochondridlnich a jadernych gen(;
o rekonstrukce fylogenetickychvztah;
o zjiSténi struktury maternalnich a paterndlnich linii a nasledna konfrontace

vysledki

o obou analyz (v€etné pfipadné identifikace hybridnich komplex()

e zjisténi druhové diverzity

e rekonstrukce evoluce polyploidnich taxont s ohledem na zoogeografii rodu
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4. Material a metody

4.1. Material

Celkové bylo v pribéhu prdace analyzovdno na 420 tkanovych vzorkd ryb, které
pochazeli z pfirodnich lokalit Evropy, Asie a Severni Ameriky. Malé mnozZstvi ryb
predstavovali jedinci ziskani z okrasnych nebo produkénich chovl (prevadiné proslechténé
formy C. auratus). U vSech jedinch byla izolovana celkovd DNA a osekvenovan
mitochondridlni gen pro cytochrom b (cyt b). U vybranych jedincl byl nasledné osekvenovan
i jaderny gen pro ribozomalni protein S7. U ¢asti jedincl byla uréena ploidie. Vétsina
pouzitého materidlu je uchovana v podobé vzork( tkané nebo izolatd DNA.

V pripadé, Ze byl kdispozici vzorek v podobé celého jedince, byla ryba také
vyfotografovdna a byla provedena zakladni morfologickd méreni. Fotografie a vSechny
ziskané Udaje jsou ve formé elektronické databaze ulozeny stejné jako tkanové vzorky a
izolaty na katedfe zoologie a rybafstvi CZU v Praze.

Za Uclelem porovnani vysledkli mitochondridlni a jaderné analyzy bylo vybrano 93
jedincl tak, aby byly zastoupeny vSechny mitochondridlni linie. Byly vybirani jedinci jak
diploidni, tak polyploidni. Dale bylo pfihlédnuto i k zastoupeni co nejrlznorodéjsich lokalit

plvodu. Detailni informace o tomto datasetu jsou shrnuty v Tabulce 1.
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Tabulka 1. Vzorkovy materidl pouZity pro rekonstrukci fylogenetickych vztahda.

Jedinec  GenBankcytb Alely S7 Ploidie Lokalita Reference
aurl 1 2n akvaristika, Praha Ceska republika tato prace

aur2 2 2n akvaristika, Praha Ceska republika tato prace

aur3 EU663576 1 nd  akvaristika, Praha Ceska republika Rylkova et al. (2010)
aur4 EU663575 1 nd  akvaristika, Praha Ceska republika Rylkova et al. (2010)
aur5 DQ868923 1 nd Rio Alviela Portugalsko Rylkova et al. (2013)
auré DQ868927 1 nd  akvaristika, Mélnik Ceska republika Kalous et al. (2007)
aur? DQ399923 1 nd  akvaristika, MéInik Ceska republika Rylkova et al. (2010)
aur8 DQ868908 1 nd Guadiana, Brinches Portugalsko Rylkova et al. (2013)
aur9 EU663584 1 nd  akvaristika, Praha Ceska republika Rylkova et al. (2010)
aurlo GU991386 1 3n jezero Orchid Albanie Rylkova et al. (2013)
aurll GU991394 2 3n jezero Prespa Recko Rylkova et al. (2013)
aurl2 GU991389 2 3n jezero Skadar Cerna Hora Rylkova et al. (2013)
aurl3 GU991388 2 3n  jezero Skadar Cerna Hora Rylkova et al. (2013)
aurld GU991390 1 2n Ishern Albanie Rylkova et al. (2013)
aurl5 JN412519 2 3n trh, Tsang Yuan Cina Rylkova et al. (2013)
aurlé EU663598 1 2n  Yangtze, Nanking Cina Rylkova et al. (2010)
aurl? 1 nd trh, Yangtian Cina tato prace

aurl8 1 nd  trh, Yangtian Cina tato prace

aur19 EU663599 2 3N Yangtze, Wuhan Cina Rylkova et al. (2010)
aur20 1 nd  trh, Yangtian Cina tato prace

aur21 1 nd  trh, Yangtian Cina tato prace

aur22 GU991391 1 2n Kyl$utky, Séusinsk Kazachstan Rylkova et al. (2013)
gibl 1 2n  t4f Rehacka Ceska republika tato prace

gib2 1 2n rybnik, Plén Némecko tato prace

gib3 HMO000007 2 nd Jiu Rumunsko Rylkova et al. (2013)
gib4 2 nd  tin Lysa Ceska republika tato prace

gib5 2 nd Drivu$a, Bosna Bosna a Hercegovina tato prace

gib6 HM008686 1 2n Melleta Italie Rylkova et al. (2013)
gib7 2 3N tanLysa Ceska republika tato prace

gib8 2 nd kanal, Porto Viro Italie tato prace

gib9 HMO000006 2 3n rybi trh, Atény Recko Rylkova et al. (2013)
gib10 HM000022 2 3n rybnik, Talin Estonsko Rylkova et al. (2013)
gib11l JN546046 2 nd Berounka, Rokycany Ceska republika Rylkova et al. (2013)
gib12 1 3N rybnik, Kroméfiz Ceska republika tato prace

gib13 2 nd Jezero Batlawa Kosovo tato prace

gib14 2 nd  Jijia Rumunsko tato prace

gib15 2 nd  Mures Rumunsko tato prace

gib16 JN546066 1 nd Alma, Topoli Ukrajina Rylkova et al. (2013)
gib17 2 nd Dorana Spanélsko tato prace

gib18 2 nd Libéchov Ceska republika tato prace

gib19 2 nd Slezsko Ceska republika tato prace

gib20 EU663593 2 3n Sevarova Jagura, Cetina Bosna a Hercegovina Rylkova et al. (2013)
gib21 HMO008687 2 nd jezero Krenica Bosna a Hercegovina Rylkova et al. (2013)
gib22 2 nd  jezero Batlawa Kosovo tato prace

gib23 2 nd tan, Tomislavgrad Bosna a Hercegovina tato prace

gib24 HMO008688 k82 3n Cheon Jin Cheon, Pongho-ri  Korea Rylkova et al. (2013)
vietl 1 nd rybi trh, Hué Vietnam tato prace

viet2 2 nd rybi trh, Hué Vietnam tato prace

viet3 2 nd  rybitrh, Hué Vietnam tato prace

viet4 1 nd  taf, Hueé Vietnam tato prace
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viets
viet6
viet7
viet8
viet9
vietl0
vietll
vietl2
vietl3
vietl4
vietl5

korl
kor2
kor3
kor4

monl
mon2
mon3
mon4

langl
lang2
lang3
lang4
lang5
lang6
lang7
lang8
lang9
lang10
lang11
lang12

cuvl

carl
car2
car3
card
carb
caré
car7
car8
car9
carl0
carll
carl2
carl3
carld

kapr

DQ868925
DQ868926

HMO008690

GU942708
GU942707
DQ399932
JN412528
JN412527
DQ399921
JN412531
GU942709
GU942711
GU942710
JN412529
HMO000036

JN402304

DQ399917
GU991400
DQ399938
JIN412540

JN412547

JN412548

JN412549
JN412550

P R NR R R RPRNRENPR

R R RN

N P PP RPRPEPNEPEPDNMNDNDODN N P NN

P R P NRRPRRRRRRRR

nd
nd
nd
nd
nd
nd
nd
nd
nd
nd
nd

nd
nd
nd
nd

3n
3n
nd
3n

3n
3n
3n
dn
nd
nd
nd
nd
2n
nd
nd
nd

nd

2n
nd
nd
nd
nd
nd
nd
nd
nd
2n
nd
nd
nd
nd

tan, Hué

Vihn Dien, Vihn Dien
rybi trh, Hoian

Ky Cung

Ky Cung, Lang Son
trh, Dong Miao Xiang
Bang Giang, Lang Son
Bang, Cao Bang
Bang, Cao Bang

trh, Dong Miao Xiang
trh, Dong Miao Xiang

Jin Geon Cheon, Jinju
Jin Geon Cheon, Jinju

Cheon Jin Cheon, Pongho-ri
Cheon Jin Cheon, Pongho-ri

jezero Uvs
jezero Uvs
Dyje
Selenga

rybnik, Preetz

rybnik, Preetz
Chrudimka, Bojanov
rybnik, Rodnoje

Kako river, Honsyu
jezero Abashiri, Hokkaido
Alma, vesnice Topoli
kanal Sunca, feka Neretva
Thessaloniki, rybi trh
jezero Rama

tan, Litvinovice

ficka Meletta

Lake Mikatako, Honsyu

rybnik, Preetz

rybi farma, Calverton
Milevsko

rybnik, Hatterwusting
Labe

Oldenburg
Skabersjo

Helsinky
Angermanalven, Sandviken
Visriova

Visriova

Morava

Luznice

Luznice

Mekong
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Vietnam
Vietnam
Vietnam
Vietnam
Vietnam
Cina

Vietnam
Vietnam
Vietnam
Cina

Cina

Korea
Korea
Korea
Korea

Mongolsko
Mongolsko
Ceska republika
Mongolsko

Némecko

Némecko

Ceska republika
Ukrajina

Japonsko

Japonsko

Ukrajina

Bosna a Hercegovina
Recko

Bosna a Hercegovina
Ceska republika

Italie

Japonsko

Némecko
Anglie

Ceska republika
Némecko
Ceska republika
Némecko
Svédsko

Finsko

Svédsko

Ceska republika
Ceska republika
Ceska republika
Ceska republika
Ceska republika

Thajsko

tato prace
tato prace
tato prace
tato prace
tato prace
tato prace
tato prace
tato prace
tato prace
tato prace
tato prace

tato prace
tato prace
tato prace
tato prace

Rylkova et al. (2013)
Rylkova et al. (2013)
tato prace

Rylkova et al. (2013)

Rylkova et al. (2013)
Rylkova et al. (2013)
Kalous et al. (2007)

Rylkova et al. (2013)
Rylkova et al. (2013)
Kalous et al. (2007)

Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2013)

Kalous et al. (2012)

Kalous et al. (2007)

Rylkova et al. (2013)
Kalous et al. (2007)
Rylkova et al. (2013)
tato prace

tato prace

Rylkova et al. (2013)
tato prace

Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2013)
tato prace

tato prace

tato prace

Rylkova et al. (2013)



4.2. Metodika
4.2.1. lzolace DNA, PCR a sekvenace

Celkova DNA byla izolovdna ze vzorku cerstvé, mrazené, nebo v ethanolu uchované
tkané. DNA byla izolovana pomoci setu DNeasyBlood and TissueKit (Qiagen) presné podle
navodu vyrobce.

Mitochondrialni gen cyt b byl amplifikovan polymerazovou fetézcovou reakci (PCR)
pomoci paru primerd: ptimého Glu L. Cal4337-14359: GAA GAA CCA CCG TTG TTA TTC a
zpétného Thr H. Ca15568-15548: ACC TCC RAY CTY CGG ATT ACA (Slechtové et al., 2006).
Reakéni smés PCR obsahovala 3ul templatové DNA; 3 ul kazdého primeru; 15.5 pl Combi PPP
Master Mix (Top-bio) a ddH20 byla doplnéna do celkového obsahu 50 pl.

Profil PCR byl zapocat denaturaci pfi 95°C po dobu 2 minut. Nasledovalo 35 cykld,
které se sestdvali z denaturace pfi 95°C po 1 min, annealingu pfi 52°C po 30 vtefin a elongace
pfi 72°C po 30 vtefin. PCR byla ukoncéena zdvérecnou elongaci pfi 72°C po dobu 10 minut.

K amplifikaci jaderného genu S7 byl pouzit par primera: pfimy S7RPEX1F: TGG CCT CTT
CCT TGG CCG TC a zpétny S7TRPEX2R: AAC TCG TCT GGC TTT TGC CC Chow et Hazama (1998).
Reakéni smés obsahovala 3ul templatové DNA; 3 pl kazdého primeru; 25.5 pul Combi PPP
Master Mix (Top-bio) a ddH,0 byla dopInéna do celkového obsahu 50 pl.

Profil PCR byl zapocat denaturaci pfi 95°C po dobu 5 minut. Ndsledovali 2 cykly: 94°C
po 1 min, 60°C po 1min 30 vtefin a 72°C po 2min; 2 cykly: 95°C po 1 min, 58°Cpo 1 min 30
vtefin a 72°C po 2 min; 2 cykly: 94°C po 1 min, 56°C po 1 min 30 vtefin a 72°C po 2 min; 30
cyklG: 94°C po 1 min, 54°C po 1 min 30 vtefin a 72°C po 2 min. PCR byla ukoncena
zavérecnou elongaci pfi 72°C po dobu 7 minut. Pro PCR byl v obou pfipadech pouzit pfistroj
MJ Mini™ thermocycler (Bio-Rad).

Produkty PCR byly precistény a osekvenovany z obou koncli (3’a 5°) analyzovaného
fragmentu, aby byla ziskana celd sekvence genu (u cytochromu b cca 1140 bp, u S7 600-900

bp). Precisténi i sekvenace zajistila formou sluzby firma Macrogen Inc. (Korea, Amsterdam).

4.2.2. Rekonstrukce fylogenetickych vztaht

Ziskané chromatogramy byly manudlné slozeny a zkontrolovany proti vyskytu
pfipadnych chyb v softwarovém programu BioEdit 5.0.9. (Hall, 1999). Stejny program byl

pouzit k sesazeni hotovych sekvenci pomoci algoritmu ClustalW. Zavérec¢né Upravy datasetu
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byli provedeny pomoci on-line editoru FaBox (Villesen, 2007). V ptipadé jaderné analyzy byly
razné alely genu u jednoho jedince rozliSeny pismeny A a B.

Fylogenetické vztahy byly vymodelovany metodou maximalni parsimonie (MP)
v programu PAUP* ver. 4.0b10 (Swofford, 2000) a Bayesianskou analyzou (BAY) s pomoci
programu MrBayes ver. 3.0 (Huelsenbeck et Ronquist, 2001). Detailni postup fylogenetickych
rekonstrukci je popsan v Rylkova et al. 2010.

Jako outgroup pro zakorenéni fylogenetickych stromi byly pouzity sekvence kapra
obecného (Cyprinus carpio).

Pro detailnéjsi a jemnéjsi vykresleni fylogenetickych vztah( uvnitf komplext C. auratus
a C. langsdorfii byla s vyuZitim statistické parsimonie (Templeton et al., 1992) provedena
haplotypova analyza v programu TCS 1.21 (Clement et al, 2000). Limit propojeni byl
nastaven na 20 mutacnich krokU. Detailni metodicky postup je popsan v Rylkova et al. (2010)

a Rylkova et Kalous (2013).

4.2.3. Méreni ploidie

Ploidni uroven vzorkud, u kterych byla dostupna pouze tkan, byla mérena pomoci
pratokové cytometrie. Metoda podrobné popsand vLamatsch et al. (2000) je urcena
k pouZiti ploutevni tkané (finclip). Jako standard byly pouZity heparinizované ¢ervené krvinky
kurete (Gallus gallus) s genomovou velikosti 2.5pg/jadro (Vinogradov, 1998). U kazdého
vzorku bylo méfeno nejméné 10 000 bunék. Ploidni urovné byly rozdéleny podle obsahu
DNA pomoci ,K-Means” shlukové analyzy. Spocitana byla zdkladni popisna statistika pro
hodnoty kazdé ploidni Urovné a pro kazdou linii. Prlikaznost vysledkl byla otestovana
pomoci ANOVA. Pro vSechna statistickd vyhodnoceni byl pouzit program STATISTICA ver. 9.1
(StatSoft, Inc., 2010). Podrobny metodicky postup uréeni ploidie u analyzovanych karasu je
popsan v Rylkova et al. (2013).

U ¢asti vzorkového materidlu, u které byla moznost odebrat vzorek krve, byla pouzita
metoda méreni plochy jader erytrocytl. Pfi pripravé krevnich natér( bylo postupovano
podle metodiky popsané Flajshansem (1997) upravené pro karase podle Kalous et Petrtyl
(2004).

Sestava na snimani obrazu obarvenych jader erytrocytl se skladala z mikroskopu Nikon
Eclipse 600, analogové videokamery Hitachi HVC 20, pocitatového softwaru NIS-Elements

3.2 (Laboratory Imaging s.r.o, Praha). Pro samotné snimani byl pouzit 100x zvétsSujici imerzni
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objektiv. Celkové zvétSeni tak bylo 1000x. Snimaci systém je ve vlastnictvi katedry
veterindrnich disciplin, CZU v Praze, kterd vramci projektové spoluprdce umoznila jeji
pouZziti.

Méreni plochy jader erytrocytl bylo provedeno pomoci programu QuickPHOTO Micro
3.0 (PROMICRA s.r.o., Praha). Program byl nejprve kalibrovan podle snimku objektivového
méfitka o rozliseni 1/100 mm, ktery byl pofizen v programu NIS-Elements.

U kazdé ryby byla nasledné zmérena plocha nejméné 100 jader erytrocytl. Ze souboru
namérfenych hodnot byly odstranény extrémni hodnoty (minimalni a maximalni). Pro
ovéreni, zda soubor podléha normalnimu rozdéleni, byl pouZit Shapiro - Wilk(iv test. Pro
nasledujici testovani byla data uspofadana dvojim zplsobem. Zjistovala se statisticky
prokazatelna odlisSnost mezi skupinou diploidnich a triploidnich jedincl a rovnéz odliSnost
mezi jednotlivymi jedinci z obou skupin. Ziskané hodnoty byly zpracovany t-testem pro

nezavislé vybéry v programu STATISTICA ver. 9.1 (StatSoft, Inc., 2010).
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5. Vysledky a diskuse

5.1. Vysledky prace publikované ve védeckych casopisech

1) Rylkova, K., Kalous, L., Bohlen, J., Slechtova, V. 2010. Many branches one root: first
evidence for monophyly of morphologicaly highly diverse goldfish (Carassius auratus).

Aquaculture 302, pp. 36 —41

Mitochondrialni analyza cytochromu b rGzné proslechténych variant okrasnych zlatych
rybek, populaci Zijicich divoce na Uzemi Evropy a populaci z pfedpokladané oblasti plivodu
karase zlatého potvrdila monofyleticky plvod domestikovanych forem, stejné tak i
nepuvodnost Evropskych populaci. Jedna se o domestikované formy, které unikly, popt. byly
vypustény a v oblastech s pfihodnym podnebim zdivocely. Zaroven oblast plvodu okrasnych

forem, na kterou ukazuje vysledek analyzy, je ve shodé s historickymi zaznamy: viz Pfiloha I.

2) Kalous, L., Rylkova, K., Bohlen, J., Sanda, R., Petrtyl, M. 2012. New mtDNA data reveal a
wide distribution of the Japanese ginbuna Carassius langsdorfii in Europe. Journal of Fish

Biology 82 (2), pp. 703-707

3) Rylkov3, K., Kalous, L. 2013. New Finding of non indigenous Japanese cyprinid fish in the

Czech Republic. Scientia Agriculturae Bohemica 44 (2), pp. 79-84

Na zdkladé molekularnich znakd byl zaznamenan vyskyt C. langsdorfii na nékolika
vzdalenych lokalitach v Evropé. Potvrdila se tak domnénka, Ze prvni ndlez nebyl ojedinély a
tento plvodné endemit Japonského souostrovi se stava soucdsti evropské ichtyofauny.
Geneticka diverzita mezi analyzovanymi jedinci ukazuje na vice zdroji zavleceni a tim i vice
nezavislych introdukénich udalosti. Na Gzemi Ceské republiky byli zaznamenané dvé ze t¥i
mitochondridlnich sublinii C. langsdorfii. Geneticka vzdalenost mezi jednotlivymi subliniemi
je znacnd a proto se lze domnivat, Zze pod jméno C. langsdorfii mize byt v soucasnosti
zahrnuto nékolik taxond. O které se jedna, neni zndmo. Pravdépodobné jde o skupinu
taxonl podobnou C. auratus komplex a lze ji tak analogicky oznacit jako C. langsdorfii

komplex: viz Pfiloha Il. a Ptiloha lll.
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4) Kalous, L., Bohlen, J., Rylkova, K., Petrtyl, M. 2012. Hidden diversity within the Prussian
carp and designation of the neotype for Carassius gibelio (Teleostei: Cyprinidae).

Ichthyological Exploration of Freshwaters 23 (1), pp. 11-18

Nejasnosti ohledné popisti jednotlivych druhli a objeveni nepopsanych
mitochondridlnich linii vedlo k nutnosti znovu a jasné definovat karase stfibfitého C. gibelio
jak morfologicky, tak geneticky. K tomuto Ucelu byl jako neotypni jedinec vybran diploidni
samec z oblasti Slezska, které spada do uzemi Blochem popsaného jako terra typica. Vybrany
jedinec byl definovan geneticky (mtDNA) i morfologicky. Zaroven byla vénovédna pozornost

spornému puvodu C. gibelio v Evropé: viz Pfiloha IV.

5) Danék, T., Kalous, L., Vesely, T., Krasova, E., Reschovd, S., Rylkova, K., Kulich, P.,
Pokorna, D., Knytl, M. 2012. Massive mortality of Prussian carp Carassius gibelio in the
upper Elbe basin associated with herpesviral hematopoietic necrosis (CyHV-2). Diseases of

Aquatic Organisms 102 (2), pp. 87-95

Detailni analyza malé uzaviené populace, kterd byla planovanou soucasti disertaéni
prace, nebyla provedena kvlli ndhlému Uhynu karast na vytipované lokalité kratce po
prvnim odbéru vzork(l. Ddvodem uhynu byla vina vysoce patogenniho viru CyHV-2, ktery
pUsobil selektivné pouze na polyploidni biotyp karase stribritého (C. gibelio) a zpUsobil jeho

100% umrtnost nejen na dané lokalité, ale i v okolnich vodach: viz Pfriloha V.

6) Rylkova, K., Kalous, L., Bohlen, J., Lamatsch, D.K., Petrtyl, M. 2013. Phylogeny and
biogeographic history of the cyprinid fish genus Carassius (Teleostei: Cyprinidae) with

focus on natural and anthropogenic arrivals in Europe. Aquaculture 380, pp. 13-20.

Rozsdhly screening evropskych populaci karasl zamérfeny na detekovani
mitochondridlnich linii a analyzu ploidni Urovné v rdmci jednotlivych linii pfinesl nékolik
poznatkl: odhalil jednotlivé mitochondridlni linie v lokalitach mimo doposud znamé oblasti
rozsiteni (napf. C. gibelio v severni Italii, ve Finsku). Dale rozsifil poznatky o populaci

nepuvodniho karase ginbuny C. langsdorfii. Zjisténa byla existence triploidniho karase
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zlatého C. auratus, ktery byl doposud povazovan za striktné diploidniho. VSichni triploidni
jedinci pochdzeli z feralnich a divokych populaci; nejednalo se tedy o proSlechténé okrasné
formy. Dale byla potvrzena existence nepopsané linie ,,M*“, a to i na Uzemi Evropy, ¢imzZ se
pocet druhu Zijicich v Evropskych vodach zvysuje na pét. Vyskyt plivodniho karase obecného
byl vyhodnocen jako zfidkavy, coZ koresponduje se sou¢asnym trendem — mizeni. Zaroven

byla jeho populace geneticky velmi variabilni: viz Pfiloha VI.

7) Knytl., M., Kalous, L., Symonov3, R., Rylkova, K., Rab, P. 2013. Chromosome studies of
European Cyprinid Fishes: Cross-species painting revers natural allotetraploid origin of a
Carassius female with 206 chromosomes. Cytogenetic and Genome Research 139 (4), pp.

276-283

Kombinaci analyzy molekularnich znakl a chromozomové skladby genomu byl odhalen
hybridni pavod tetraploidniho jedince. Jako parentdlni generace byla identifikovana
triploidni, gynogeneticky se rozmnoZujici samice karase stribfitého (C. gibelio) a diploidni,
sexualné se rozmnozujici samec karase obecného (C. carassius). Vysledkem hybridizace byla
samice majici 156 chromosomu od své matky a 50 chromosomu pochazejicich od otce.

Hybridni samice s celkem 206 chromosomy je tak allotetraploidem: viz Pfiloha VII.

8) Manuskript : Ribeiro, F., Rylkova, K., Moreno, R., Carrapato, C., Kalous, L.: Carassius

gibelio: a cryptic invader arriving to Iberian Peninsula

Na iberijském poloostrové byla tradi¢né diky pfiznivému klimatu zaznamenavana
pocetna ferdlni populace karase zlatého C. auratus. V poslednich letech, a to pfedevsim
v souvislosti s rozsirenim mobility rekreacénich a sportovnich rybari, se objevily pochybnosti,
zda je populace mistnich karasl skutecné tvorena pouze karasem zlatym. Mitochondridlni
analyza 15-ti jedincl pochdzejicich z 5ti lokalit Spanélska a Portugalska ur¢ila, Ze se jedna o
invazniho karase stfibfitého C. gibelio. Po rozsifeni tohoto taxonu v oblasti iberijského
poloostrova lze konstatovat, Ze invaze polyploidniho biotypu C. gibelio na evropském

kontinentu je kompletni: viz Pfiloha VII.
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5.2. Konfrontace mitochondrialni a jaderné analyzy

5.2.1. Mitochondridlni analyza

Celkova délka konecného alingmentu byla 1083 bazi, z toho 786 nukleotidovych pozic
bylo konstantnich. Variabilita byla prokdzana u 297 pozic, pficemz 204 pozic bylo
parsimonné informativnich a 93 parsimonné neinformativnich.

Analyza mitochondridlniho genu pro cytochrom b rozdélila jedince do celkem osmi
linii: I. C. auratus, Il. C. gibelio, Ill. Linie ,,V“, IV. linie ,,K“, V. linie ,,M*“, VI. C. langsdorfii, VII. C.
cuvieri a VIII. C. carassius. Mitochondridlni linie 1., Il. a V. =VIII. jsou definovany na zékladé
taxonomickeé prislusnosti, linie //l. a IV. sdruzuje geograficky plivod a jsou odliSeny na zédkladé
genetické vzdalenosti, kterd je od ostatnich linii oddéluje na stejné arovni, na které jsou od

sebe separovani linie C. auratus a C. gibelio.

5.2.2. Jadernd analyza

Celkova délka kone¢ného alingmentu byla 734 bazi, z toho 427 nukleotidovych pozic
bylo konstantnich. Variabilita byla prokdzana u 307 pozic, pficemz 210 pozic bylo
parsimonné informativnich a 97 parsimonné neinformativnich.

Vysledkem analyzy jaderného genu S7 je fylogeneticky strom, ktery rozliSuje celkem
pét klastrd. Tfi z nich odpovidaji mitochondridalnim liniim C. carassius, C. cuvieri a C.
langsdorfii. Dalsi klastr tvofi linie /Il ,,V“ ale neni monofyleticky. Posledni klastr shlukuje

mitochondridlni linie /. - C. auratus, Il. - C. gibelio, IV. - linie ,K“ a V.- linie ,M"“.

Fylogeneticky strom mitochondridlniho genu pro cytochrom b je na obrazku 1.
Fylogeneticky strom jaderného genu S7 je na obrazku 2. Barevné znaceni jednotlivych vzorku
odpovida vysledkim mitochondridlni analyzy. Hodnoty u jednotlivych vétveni predstavuji
podporu bootsrappingu pro metody BAY/MP. Zobrazeny jsou hodnoty vétsi nei 50%.
Chybéjici hodnoty jsou nahrazeny pomlckou. Jako outgroup pro zakofenéni strom( byly

pouzity sekvence kapra obecného (Cyprinus carpio).
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Obr. 1: Fylogeneticky strom mitochondridlni analyzy
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Obr. 2: Fylogeneticky strom jaderného genu S7
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Porovnani jaderného a mitochondridlniho stromu ukazuje genetickou integritu C
carassius, C. cuvieri, C. langsdorfii a Castecné i linie ,V“.

V pripadé C. carassius je ve vzajemné shodé rozdéleni vétve na dvé ¢asti. Zajimavosti je
i homogenita ziskanych jadernych sekvenci, které v pripadé karase obecného postradali
dvojtvarnost, a z kazdého vzorku s vyjimkou Carl1 byla ziskana pouze jedna kopie. Z tohoto
pohledu se C. carassius jevi jako homozygotni.

Ve dvou pripadech byla vjaderné linii C. carassius zaznamenana mitochondridlni
introgrese. Jedna se o jedince C. auratus - Aur22 a C. gibelio Gib7. Detailni analyza ziskanych
sekvenci jadernych uUsekl ukazala, Ze v ptipadé Aur22 se jednalo o homozygotniho jedince.
Zajimavéjsi je pripad vzorku Gib7. Jednad se o triploidniho jedince, u néhoz byly zaznamenany
2 kopie S7 C. carassius a jedna kopie C. gibelio. Tento fakt byl odhalen na zakladé poméru
vysky genetického signalu, kdy ,,piky” alel C. carassius (C) byly zhruba dvojndsobné vyssi, nez
»piky“ odpovidajici C. gibelio (G) (obr. 3). Tento jev popisuje napf. Janko et al. (2007b).

mtDNA G

Genetickd skladba tohoto jedince by tak byla CCG , coz by znamenalo, Ze v parentdlni
generaci muselo dojit ke spojeni diploidni jikry (CG) a spermie s genomem (C). Tento zpUsob
reprodukce byl popsan u nékterych jelc rodu Leuciscus (Alves et al., 2001). U karasu byla
schopnost produkce neredukovanych diploidnich gamet zjisténa pfi experimentdlnich
pokusech, kdy byli zdmérné ktizeni karasi s kaprem (Cyprinus carpio) (Zhang et al., 2011).
Diploidni gamety tvofili mezidruhovi hybridi v F2 a F3 generaci kfizeni.
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Obr. 3: Porovnani sekvenaéniho signalu u jedince Gib7 (A) a odpovidajici Useky vzorkl Gib6 (B) a Car10 (C).

Patrné jsou heterozygotni pozice 243 a 249.
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Karas gengorobuna C. cuvieri se i pres maly vzorek vhodny k analyze jevi jako ,dobry“
druh. Stejné jako C. carassius si zachovavd integritu i shodnou pozici vjaderném i
mitochondridlnim stromu. Ke stejnému vysledku dosla rozsdhla geneticka studie Luo et al.

(2014).

Stejné je to v ptipadé linie C. langsdorfii. Obé analyzy se shoduji v topologii vétve
v ramci celého stromu i v jejim vnitfnim clenéni. Mitochondridlni analyza jasné rozlisuje tfi
sublinie, které naznacuji, Zze pod ndzev C. langsdorfii se v soucasnosti zfejmé zahrnuje vice
druhl (Takada et al. 2010; Rylkova et al., 2013). Jadernd analyza sice nezachovava presné
¢lenéni téchto tti sublinii, ale vyraznéjsi vnitfi diverzitu zachovdva. Stejné jako v pfipadé C.
carassius byla v jaderné linii C. langsdorfii (L) zaznamenana mitochondrialni introgrese linie
C. gibelio. Jedna se o jedince oznaceného jako Gib23. Ploidie tohoto jedince neni zndma a
nebylo mozZné ji ani odhadnout na zakladé vysky ,pika“. Jednalo se ale o heterozygota s

kopiemi jaderného genu od obou rodi¢d (LG™™PVA€).

Linie ,,V“ sdruZujici jedince z Uzemi Vietnamu a tfi jedincG z hydrograficky pftilehlych
lokalit jizni Ciny si také zachovava jak mitochondrialni, tak jadernou integritu. Z pohledu
jaderného lokusu ale neni klastr monofyleticky. Pfi podrobnéjSim pohledu na vnitini
strukturu linie ,V“ je patrné, Ze obé analyzy jasné oddélili jedince podle geografického
plvodu na dvé skupiny — ,jizni“ a ,severni“. V mitochondridlnim stromu je rozdéleni patrné
uvnitf linie, kdezto jaderny strom tyto vétve oddélil na vyssi Urovni. Identita této linie neni
znama. V roce 2001 popsali Nguyen et Ngo na uzemi Vietnamu novy taxon, ktery nazvali
Carassius (auratus) argentheapthalmus. V popisu tohoto taxonu uvadi, Zze jednim z hlavnich
rozliSovacich znakl C. auratus a C. (a.) argentheapthalmus je barva o¢ni duhovky, kdy C. (a).
argentheapthalmus ma duhovku stfibrnou, zatimco C. (a.) auratus cervenou. Z tohoto
pohledu nelze linii ,V“ s taxonem C. (a.) argentheapthalmus ztotoznit. Jedinci oznaceni jako
Viet10, Viet14 a Vietl5 méli duhovku jasné ¢ervenou, zatimco ostatni jedinci stfibrnou; aniz
by mezi nimi byl patrny geneticky rozdil. V praci Luo et al. (2014) se objevuje mitochondrialni
linie oznacena jako ,,C1“ sdruZujici jedince z Viethamu a ¢inské provincie Fujian. Tato linie je
s linii ,,V“ geneticky totozna a diky zahrnuti vzorkového materialu z rozsahlejsi geografické

oblasti ji dale vnitfné diverzifikuje.
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PFi porovnani topologii obou stromU je patrné, Ze mitochondridlni linie C. auratus, C.
gibelio, linie ,K“ a linie ,M“ postradaji vjaderném lokusu svou integritu. Nabizi se dvé
zakladni moznosti, jak k tomuto stavu mohlo dojit.

A) Jedna o druhovy komplex, slu€ujici rdzné formy karas( z Evropy i Asie, které jsou
v dUsledku dlouhého samostatného evoluéniho vyvoje pomérné hluboce mitochondridlné
divergované, ale nesou blizce pfibuznou jadernou DNA. Vysvétlenim m{Ze byt retence
ancestralniho polymorfismu, kdy doslo v daném jaderném lokusu u téchto taxon(
k netdplnému vysortovani linii (incomplete lineage sorting, ILS).

B) Mohlo by se ale jednat i o blizce pfibuzny druhovy komplex, ktery vznikl na zakladé
sekundarniho genetického toku - mezidruhovych hybridizaci jiz oddélenych taxond. Cetnost
hybridizaci setfela druhovou integritu, kterd je pozorovatelna v podobé mitochondrialnich
linii. V tomto ptipadé bychom mohli mluvit o tzv. hybridnim (genetickém) roji. Tento jev je
znamy napriklad u vranek (Cottus sp.) (Stemshorn et al., 2011) nebo africkych cichlid
(Seehausen, 2004). Teorii hybridniho roje v pripadé karas by podporovaly vysledky prace
Luo et al. (2014).

Vramci tohoto klastru je ddale zajimavad pozice linie ,M“. Ta je zpohledu
mitochondridlniho stromu nejen jednoznacéné oddélena, ale i vyclenéna ze skupiny C.
auratus komplex, kdezto stopa jaderné DNA se v komplexu C. auratus ztraci. Zatimco linie
LV, kterd je mitochondridlné na nizSi taxonomické uUrovni, si svoji jadernou integritu
zachovala, linie ,M“ se ztraci ve smésném klastru. Tato skutecnost mize byt vysledkem
jednak malého poctu analyzovanych jedinci a také pravdépodobné souvisi s neznamou
oblasti puvodu linie ,M“. Je moiné, Ze dostupny materidl pochdzi z marginalnich oblasti
vyskytu, kde se linie ,M“ setkdva s populacemi C. gibelio a C. auratus a z pozice invazniho
druhu se zde s témito geneticky misi. Tuto domnénku by potvrzoval pfipad jedinca linie ,M*“
pochéazejicich z Ceské republiky (v této analyze zastoupeni vzorkem Mon3). Zde byli tito
v malém poctu zaznamenani v pfirodni populaci diploidnich C. gibelio. Podobnym zplsobem
doslo pravdépodobné kintrogresi jedince mitochondridlné uréeného jako C. langsdorfii

(Lang3) do smésného klastru.

Vzhledem k faktu, Ze podobna jadernd analyza nebyla dosud publikovana, neexistuji
data, se kterymi by bylo mozné vysledky srovnat. Autofi Yamamoto et al. (2010) dospéli na

zakladé analyzy polymorfismu délek amplifikovanych fragment( (AFLP) k zavéru, Ze vysledky
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jadernych a mitochondridlnich analyz vramci rodu karas davaji principielné podobné
vysledky. Stejné vysledky prezentuji i Luo et al. (2014), ktefi rekonstruovali fylogenezi karas(

pomoci tfi jadernych gent (MIF, StAR a GH).
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6. Zavéry a doporuceni pro vyuziti poznatkt v praxi nebo pro
dalsi rozvoj oboru

Na zakladé téchto vysledkl lze fict, Ze diverzita rodu je vyssi, centrem diverzity je
jihovychodni Asie. Za ,dobré” druhy lze zatim oznacit C. carassius, C. cuvieri a C. langsdorfii.
Pro upresnéni statutu ostatnich taxond, zejména téch spadajicich do skupiny C. auratus
komplex, je zapotiebi detailnéjsi a SirSi molekuldrni a cytologickd analyza, pficemzZ vétsi
vypovidaci hodnotu bude mit spiSe podrobnéjsi studium vybranych jedincd, nez letmy
screening obsahlého vzorkového materidlu. Cestou k odpovédim pravdépodobné bude
sekvenovani vice jadernych genu s rdznou rychlosti mutace a zaklonovani DNA do bakterii,
které jednoznacné oddéli jednotlivé kopie genu u heterozygotnich jedincu.

Vysledky pomohou vyresit nejen otazky taxonomické. V soucasnosti jsou karasi jednim
z nejpouzivanéjSich laboratornich modell, ktery slouzi pti rlznorodych studiich nejen
zakladniho vyzkumu. V téchto studiich ale neni vénovdna jakakoliv pozornost genetické
podstaté samotnych pouzitych ryb; proto jsou porovnavany vysledky pokusu, které byly
provedeny na geneticky rozdilnych populacich. Prace jako tato miZe napomoci sjednoceni a

napfiklad i selekci konkrétnich laboratornich kmena.
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Goldfish is one of the most important pet and laboratory fishes of the world that is nowadays pan-globally
distributed and well known to everybody. Despite the wide phenotypic variability of the ornamental forms,
all goldfish are traditionally considered to be Carassius auratus, a species that developed via domestication
from the Silver Prussian carp, C. gibelio. However, the postulated monophyly of goldfish has never been
proven, and multiple domestication events may have occurred. Here we present the results of a

Iéf)}{svf?SrSS: reconstructed genealogy of 49 individuals of the genus Carassius based on unique sequences of
Carassius auratus mitochondrial gene cytochrome b. The samples originated from different parts of Eurasia and include
Phylogenetics different varieties of domesticated goldfish as well as feral populations and specimens of other

representatives of the genus Carassius. The results indicate that goldfish indeed forms a monophyletic
lineage and point on a single domestication event as source of all goldfish varieties. However, the
monophyletic goldfish lineage was not nested within the samples of C. gibelio, but formed a sister lineage.

Domestication
Laboratory fishes

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The goldfish can be considered as the most well known fish in
history (Balon, 2004). Today there is no other ornamental fish so
popular and easy to obtain as goldfish. Due to its easy availability and
hardiness, goldfish became one of the most commonly used
laboratory animals. Plenty of scientific studies, especially in the field
of physiology, used goldfish as animal model. For the comparability of
the results of such studies carried out in different laboratories across
the whole world it is crucial to ensure that they have used the same
animal model. However, often enough the experimental animals are
bought just from the next local ornamental fish dealer and without
any knowledge of its origin or if it forms a monophyletic lineage with
other strains of the same animal.

The goldfish was described by Linnaeus (1758) on the basis of an
orange coloured specimen with trilobed caudal fin. It is generally
considered to represent a domestic form of the silver Prussian carp,
C. gibelio (Gentry et al., 2004) although unsaid; this assumption
implies that all goldfish represent a monophyletic lineage despite the
impressive phenotypic variability of the ornamental forms. However,
this monophyly has never been proven, and since C. gibelio has a vast
area of distribution across most of Eurasia (Kottelat and Freyhof,
2007), multiple domestication events may have occurred. In a similar

* Corresponding author. Tel.: +420 224382790; fax: + 420 22438 2793.
E-mail address: kalous@af.czu.cz (L. Kalous).

0044-8486/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
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way, multiple origins have recently been detected for other
domesticated animals, namely sheep, goat and dog. (Luikard et al.,
2001; Pedrosa et al., 2005; Hiendleder et al., 2002; Vila et al., 1999). In
these cases, a phylogenetic analysis of specimens with different
geographic origins has revealed several lineages inside the domesti-
cated species that can only be explained by multiple domestication
events. The multiple origins were not detected by analysis of
morphologic data, but of genetic characters, namely by analysis of
mitochondrial sequence data. Especially in morphologically variable
animals like fancy goldfish, genetic makers can be expected to be
much more reliable than morphologic characters.

Today there are more than 300 morphologic forms of fancy
goldfish known (Brokenshire, 2008) and it would be impossible to
include them all into a single study. However, to cover the broad
morphologic diversity of goldfish in a genetic study, the sampling
scheme has to focus on three groups of samples: First, a number of
most advanced forms (those with aberrations of vertebral column,
absence of fins and duplication and enlargement of other fins),
because these have passed through careful human care during the last
centuries and can be considered pure-blooded. Second, the simplest
morphs of goldfish have to be included; this means specimens that
differ only in colour from wild goldfish. These morphs represent the
most ancestral morphologic type and were for long time the only
known form of domestic goldfish. These simply red morphs could
have developed several times independently from a brown ancestral
species and therefore are necessary in a study testing the possibility of
a multiple origin of goldfish. Third, some samples of feral populations
of goldfish have to be included to find its phylogenetic relations to
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Table 1
Origin of the samples.
Scientific name Breed Location GenBank accession no. (reference) Haplotype
Carassiu auratus Shubunkin Ornamental fish trade EU663576% H1
Lionhead Ornamental fish trade EU663578° H1
Telescope eye Ornamental fish trade EU663579% H1
Telescope eye Ornamental fish trade EU663580° H1
Ryukin Ornamental fish trade EU663581° H1
Ryukin Ornamental fish trade EU663582* H1
Lionhead Ornamental fish trade EU663583* H1
Oranda Ornamental fish trade EU663585* H1
Shubunkin Ornamental fish trade EU663589° H1
Ranchu Ornamental fish trade EU663590* H1
Ornamental fish trade DQ399923 H1
(Kalous et al., 2007)
Ornamental fish trade DQ868927° H1
Ornamental fish trade DQ868928* H1
Oranda Ornamental fish trade EU663584* H2
Panda Ornamental fish trade EU663586% H2
Panda Ornamental fish trade EU663587% H2
Panda Ornamental fish trade EU663588* H2
Shubunkin Ornamental fish trade EU663574% H3
Telescope eye Ornamental fish trade EU663575% H4
Lionhead Ornamental fish trade EU663577% H5
Wuhan (Yangtze basin, China) EU663599% H6
Nanking (Yangtze basin, China) EU663597% H8
Nanking (Yangtze basin, China) EU663598* H8
Vodnany (Elbe basin, Czech Republic) DQ868897 H1
Guadiana (Guadiana basin, Portugal) DQ868906" H1
Guadiana (Guadiana basin, Portugal) DQ868907° H1
Telescope eye Shizuoka (Japan) AB379915 H1
(Komiyama et al., 2009)
Shubunkin Shizuoka (Japan) AB379916 H1
(Komiyama et al., 2009)
Ranchu Shizuoka (Japan) AB379917 H1
(Komiyama et al., 2009)
Chotengan Shizuoka (Japan) AB379918 H1
(Komiyama et al., 2009)
Oranda Shizuoka (Japan) AB379919 H1
(Komiyama et al., 2009)
Ranchu Shizuoka (Japan) AB379920 H1
(Komiyama et al., 2009)
Chinese Ranchu Guangzhou (China) AB379921 H1
(Komiyama et al., 2009)
Kai-Ping (China) AB379922 H7
(Komiyama et al., 2009)
Hongmao Ornamental fish trade EU528842 -
Honglongjing Ornamental fish trade EU528843 -
Hutou Ornamental fish trade EU528844 -
Liujin Ornamental fish trade EU528845 -
Molong Ornamental fish trade EU528846 -
Shuipao Ornamental fish trade EU528848 -
Zhenzu Ornamental fish trade EU528849 -
Carassius gibelio Sevarova jagura (Cetina basin, Bosnia and Hercegovina) EU663591° H9
Dyje River (Danube basin, Czech Republic) DQ399939
(Kalous et al., 2007) H10
Canal de Fougéres (Loire basin, France) EU663594* H10
Shanghai (Yangtze basin, China) DQ868918* H11
Pengze Lake (China) EU528847 -
Carassius langsdorfii Chrudimka River (Elbe basin, Czech Republic) DQ399930 -
(Kalous et al., 2007)
Carassius cuvieri Unknown AB045144 -
Carassius carassius Milevsko (Elbe basin, Czech Republic) DQ399938 -
(Kalous et al., 2007)
Cyprinus carpio Yangtze River, China AY347291 -
Germany AY347293 -
Koi Japan AY347285 -
Lysimacheia Lake, Greece DQ868872 -

(Tsipas et al., 2009)

2 This study.

other species of Carassius. These relations may be more difficult to the goldfish. We included in the study a number of different breeds of
extract from domestic forms due to strong selection. the goldfish, the more simple ones, highly bred forms and some wild

In the present study, we reconstructed a phylogeny of representa- populations. We tested the proposed monophyly of the domestic
tives of the genus Carassius in order to test the phylogenetic origin of goldfish as well as its phylogenetic relation to C. gibelio.
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2. Materials and methods
2.1. Samples

Altogether, we have analysed a set of 53 samples: 49 individuals of
the genus Carassius including 36 specimens of the most common
breeds of Goldfish (Oranda, Telescope, Lionhead, Ranchu, Ryukin,
Panda and Shubunkin) and 13 specimens coming from wild or feral
population of Eurasia. As outgroup we have used four individuals of
common carp, Cyprinus carpio. In addition to our original samples the
dataset contains 18 sequences obtained from GenBank. Detailed
information about material used in this study is listed in Table 1.

2.2. DNA isolation, PCR amplification, and sequencing

Genomic DNA was isolated from ethanol preserved tissue using
DNeasy Tissue Kit (Qiagen) according to manufacturer's instructions.

With regard to expected genetic distances within the genus
Carassius we have chosen analysis based on comparison of mitochon-
drial gene cytochrome b which is a very common marker for
phylogenetic and biogeographic studies on closely related species
and intraspecific studies (Avise, 1986; Boore and Brown, 1998).The
mitochondrial gene cytochrome b was amplified using the primers
Glu L. Ca14337-14359: GAA GAA CCA CCG TTG TTATTC AA and Thr H.
Ca15568-15548: ACC TCC RAT CTY CGG ATT ACA (Slechtova et al,,
2006). PCR amplification was performed in 50 pl reaction volumes
containing 10 mM Tris—-HCI, 50 mM (HN4)>SO4, 0.1% Triton X-100,
1.2-1.8 mM MgCl,, 2 mM TMA oxalate (PCR enhancer), 10 nmol of
each nucleotide, 2.5 U Taq polymerase (all chemicals by Top-Bio), and
25 pmol of each primer. The PCR profile (carried out on M] Research
thermocycler) started with 10 min period of initial denaturation at
95 °C, followed by 34 cycles each consisting of denaturation step at
94 °C for 30s, a primer annealing step at 54 °C for 30s and an
elongation step at 72 °C for 1 min. PCR was terminated by final
elongation period of 72 °C for 10 min. PCR products were purified
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EUB63586
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~ EUB63575
AB379921
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EUB63585
AB379915
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EUB63582
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62/96/61 | EUB63579

59/-/-

99/95/85

EUB63578
DQ399923
DQB68897
AB379917
AB379916
DQB68928
EUB63581
EUB63576
EUB63589
EUB63590
EUB63583
DQ868907
— EUBB3577
— EUB63574
EUB63598

Carassius auratus

100/95/90

59/-/- 100/99/97

EUB63597
— AB379922

- EUBB3599
— EUB63591

58/-/60

100/100/100

I— DQ8s8918
98/100/98 DQ399939

C. gibelio
EUB63594

AB045144 C. cuvieri

DQ399930 C. langsdorfi

DQ399938
AY347285

C. carassius

————
0.01

Cyprinus carpio

100/100/100 AY347291
-I-76 AY 347293
100/99100 = DQ8BSST2

Fig. 1. Reconstructed phylogeny of the cyt b sequences of Carassius included into the present study resulting from the analyses of “the long” dataset. The numbers at the nodes represent
statistical supports for NJ, BAY and ML, respectively. The bootstrap supports below 50 and Bayesian posterior probabilities below 0.75 are not shown or are represented by a dash.
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with QIAquick PCR Purification Kit (Qiagen). Sequencing reaction of
purified PCR products was performed with BigDye™ Terminator Cycle
Sequencing Kit 1.1 (BE Applied Biosystems) according to manufac-
turer’s instructions. Sequencing products purified with DyeEx Spin Kit
(Qiagen) were resolved on 3130 Genetic Analyser (3130 GA, Hitachi,
Applied Biosystem). Each sample was sequenced from both (3’ and
5’) ends of the both fragments with the same primers as used for
double strand PCR amplification.

2.3. Molecular data analyses

The raw chromatograms were manually assembled and checked
by eye for potential mistakes using the computer software BioEdit

61/92

99/84

5.0.9 (Hall, 1999); the same program that was used to align the
sequences using the ClustalW algorithm. In order to determine the
best fitting model of nucleotide substitution for the model-based
methods of phylogenetic analysis, the aligned sequences were tested
by the program Modeltest 3.06 (Posada and Crandall, 1998). Under
Akaike Information Criterion, the general time reversible model with
gamma distribution of rate heterogeneity (GTR +1I') was selected.

We have created two datasets; one using only those 41 sequences
of Carassius that are longer than 1111 basepairs (plus four outgroup
sequences of C. carpio). The second dataset included additional
shorter sequences available from GenBank (altogether 49 ingroup and
four outgroup taxa) but had to be shortened to 597 basepairs (the
shared gene stretch).
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Fig. 2. Reconstructed phylogeny of the cyt b sequences of Carassius resulting from the analyses of “the short” dataset. The numbers at the nodes represent statistical supports for NJ,
BAY and ML, respectively. The bootstrap supports below 50 and Bayesian posterior probabilities below 0.75 are not shown or are represented by a dash.
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Statistical information on the dataset and estimates of haplotype
(h) and nucleotide () diversities (Nei, 1987) across the dataset as
well as within the C. auratus lineage were obtained with DNsp 4.10.3
(Rozas et al., 2005).

The phylogenetic relationships were estimated using the methods
of neighbour joining (NJ) in PAUP* version 4.0b10 (Swofford, 2000),
Bayesian analyses (BAY) using the program MrBayes ver. 3.0
(Huelsenbeck and Ronquist, 2001) and maximum likelihood analyses
(ML) were performed in GARLI v. 0.95 (Zwickl, 2006; www.bio.
utexas.edu/faculty/antisense/garli/Garli.html). For the model-based
methods, the datasets were analysed for the best fitting evolutionary
model of nucleotide substitution using Modeltest 3.06 (Posada and
Crandall, 1998). The NJ analyses were performed under best-fit model
and the node support of tree generated by NJ analyses was assessed by
1000 non-parametric bootstrap replications. The Bayesian analyses
were based on estimated models (GTR +I') taking into consideration
six rate categories and the gamma distribution of mutation rates.
Starting from a random tree, two parallel runs, each consisting of six
Monte Carlo Markov Chains (MCMC) were running simultaneously
for 1,000,000 generations with sampling frequency of trees as well as
likelihood scores of 100. The number of trees to discard was estimated
from log-likelihood plots. From the resulting trees, 500 were
discarded as “burnin” and the remaining trees were used to build a
50% majority rule consensus tree. The Bayesian posterior probabilities
were used to indicate branch supports. Posterior probabilities of 90%
and larger were considered as significant. ML analyses were
performed under best-fit model with parameters estimated by
GARLI no starting topology was specified. To assess the statistical
support of the nodes, we used 1000 non-parametric bootstrap
resamplings for each of the datasets, and the resulting trees were
used to build 50% majority rule consensus trees in PAUP*.To estimate
the “fine scaled” relationships among C. auratus and C. gibelio
haplotypes, we constructed a haplotype network (Fig. 3.) employing
the statistical parsimony (Templeton et al., 1992) implemented in the

Fig. 3. Unrooted haplotype network based on cyt b sequences of analysed C. auratus and
Cgibelio. The haplotype numbers refer to H-numbers in Table 1. The circle area is
proportional to the haplotype frequencies.

TCS 1.21 program (Clement et al., 2000). The connection limit was set
to 20 mutation steps.

3. Results

In the first dataset consisting of 1111 bp there were 172 variable
(15.5%) and out of that 65 parsimony informative sites (5.9%). The
analysed sequences showed a very low nucleotide diversity
(m=0.01); m<0.001 within the C. auratus clade. The shorter dataset
(597 bp) contained 134 variable and 92 parsimony informative sites,
which correspond to 16.4 and 6.7%, respectively.

All three phylogenetic analyses methods — NJ, BAY and ML, recovered
trees with congruent topologies that agreed on five well supported
lineages within the analysed samples of Carassius: C. carassius,
C. langsdorfi, C. cuvieri, C. gibelio and C. auratus. C. auratus and C. gibelio
represent sister lineages that are reciprocally monophyletic with mean
uncorrected genetic distance p=0.02 (Figs. 1, 2).

Within the lineage consisting of sister clades C. auratus and
C. gibelio we identified altogether 11 haplotypes among 38 sequences
of these two taxa: eight haplotypes of C. auratus and three haplotypes
of C. gibelio. The minimal separation between any two haplotypes
from these two taxa was 18 mutation steps (Fig. 3).

4. Discussion

Despite substantial morphological variability among the sampled
individuals, the analyses of sequence of mitochondrial gene cytochrome
b have shown that all analysed samples of goldfish form a monophyletic
lineage, independently if they expressed simple morphological changes
like only a orange colour of body and fins (e.g. Oranda form) or massive
morphologic rearrangements including shape of vertebral column,
absence or doubling of fins or shape of eye (e.g. Lion head, Ranchu). Also
all specimens from European feral populations fell into this monophy-
letic lineage, strengthening the assumption that these populations
originated from released fancy goldfish. Consequently, the present data
do not give indication that the domestic animal generally known as
goldfish includes more than one lineage. Since we used a mitochondrial
marker it at least demonstrates that all analysed samples have the same
maternal origin. Most likely, all ornamental goldfish are the result of a
single domesticating event. Including the GenBank sequences has
shown that one specimen (AB379922) treated in GenBank under the
taxonomic identity as C. auratus gibelio belongs in our results to the
lineage of C. auratus and one specimen (EU528847) treated under the
taxonomic name C. auratus belongs to C. gibelio lineage. Both samples
are from China where wild C. auratus and C. gibelio co-occur. Moreover
taxonomical disagreements are known from variable literature (Kotte-
lat, 1997) as well as morphological similarities between feral C. auratus
and C. gibelio (Hensel, 1971; Kottelat and Freyhof, 2007). We suppose
that this is a case of misidentification or taxonomical confusion.

The monophyletic lineage of goldfish turned out to represent a
sister clade to another monophyletic lineage that includes all
specimens of silver Prussian carp. The separation of the two types of
Carassius into two separate lineages does not support the hypothesis
that the domestic goldfish is a morph of silver Prussian carp. In this
case, the phylogenetic position of goldfish would be nested inside
silver Prussian carp. The observed separation of goldfish and silver
Prussian carp rather indicate that they represent two distinct species.
This conclusion is further supported by the basal position of the wild
goldfish population within the goldfish lineage. The wild goldfish
from the Yangtze River basin (EU663597-EU663599) are basal to all
domestic forms, supporting the hypothesis that a wild ancestor of
goldfish that is different from the silver Prussian carp exists in central
China. Interestingly, the domestication of goldfish is believed to have
started in the Yangtze River basin, in the cities Kiahsing, Nanking and
Hangchow (Balon, 2004). Here, xanthic aberrations of wild fishes
have been kept in so-called “ponds of mercy” during early Sung
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dynasty (960 to 1279 CE). Since the beginning of the 12th century
only xanthic fishes were selected to be bred in ponds, marking the
beginning of selected domestication of goldfish (Hofmann and Novak,
1996). Around the year 1500, the goldfish was imported to Japan and
became as popular as in China (Pereira, 1937). Our data show that
Chinese, Japanese and European goldfish of simple as well as of
advanced breeds still form a monophyletic lineage and conclude thata
single domestication event has occurred in this important domestic
animal.
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In this study, records on the occurrence of the Japanese ginbuna Carassius langsdorfii from northern
Germany, north-western Italy and southern Bosnia and Herzegovina are presented. The new findings,
in addition to former studies reported in the Czech Republic and Greece, show that C. langsdorfii
is much more widespread in Europe than was previously believed. © 2012 The Authors
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The genus Carassius includes four species that are distributed across most of Europe
(Kottelat & Freyhof, 2007). Two species, the Crucian carp Carassius carassius (L.
1758) and the Prussian carp Carassius gibelio (Bloch 1782) have been recorded in
European waters over a long period of time, while the goldfish Carassius auratus
(L. 1758) was domesticated in China and introduced to Europe in the 17th century
(Kottelat & Freyhof, 2007). Recent analyses revealed the existence of many feral
populations of C. auratus in southern Europe and in the British Isles (Economidis
et al., 2000; Doadrio, 2001; Hénfling et al., 2005; Ribeiro et al., 2009; Rylkova
et al., 2010). In 2007, two specimens of the Japanese ginbuna Carassius langsdorfii
Temminck & Schlegel 1846 were recorded from the Elbe River system in the Czech
Republic (Kalous et al., 2007). Evidence for the existence of C. langsdorfii in western
Greece came from mitochondrial (mt) DNA sequences analysed by Tsipas et al.
(2009) and Takada et al. (2010). Carassius gibelio, C. auratus and C. langsdorfii
are morphologically very similar and often a reliable identification on the basis
of morphological characters is not possible. Therefore, genetic characters, namely
mtDNA sequences, are used for the first identification that can be cross-checked with
morphological characters when necessary.
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The process by which C. langsdorfii entered Europe remains unclear; it was most
probably introduced by unintended imports together with koi carps Cyprinus carpio
L. 1758 (Kalous et al., 2007). This article gives additional findings of C. langsdorfii
in European open water systems which suggest that the species is more widespread
and common than was formerly believed.

Altogether, 37 specimens of Carassius spp. from 13 European and two Asian
countries were included in this analysis (Table I). The mt cytochrome b gene was
amplified using the methods described in the study of Rylkova er al. (2010), using
primers Glu L. Cal4337-14359: GAA GAA CCA CCG TTG TTA TTC AA and Thr
H. Cal5568-15548: ACC TCC RAT CTY CGG ATT ACA (Slechtovi et al., 2006).
The phylogenetic relationships were estimated from aligned sequences using the
method of maximum parsimony (MP) performed in PAUP* version 4.0b10 (Swof-
ford, 2000) and Bayesian analyses (BAY) using the programme MrBayes ver. 3.0
(Huelsenbeck & Ronquist, 2001) as described by Slechtovd ef al. (2004). Both recon-
structions reveal trees of very similar topologies with high statistical support. A
sequence of common carp C. carpio was used as the outgroup.

The final matrix of the cytochrome b sequences consists of 1080 characters and
contains 245 (22-7%) variable characters and 155 (14-4%) parsimony informative
sites. All the methods used for phylogenetic analysis sort the sequences into five well-
supported lineages corresponding to C. carassius, C. langsdorfii, Carassius cuvieri
Temminck & Schlegel 1846, C. auratus and C. gibelio (Fig. 1). The lineage of
C. langsdorfii is divided into three distinct sublineages. One of the sublineages
(sublineage 2; Fig. 1) contains only specimens from Hokkaido and Honshu Islands
(Japan), sublineages 1 and 3 (Fig. 1) contain only European samples or a mix of
European and Japanese samples, respectively.

The results of this study indicate that C. langsdorfii has a much wider distribution
in Europe than originally known. Besides previous records from the Czech Repub-
lic and Greece, the new data reveal occurrence of C. langsdorfii also in northern
Germany, north-western Italy and the Neretva basin in Bosnia and Herzegovina. As
there are currently no known characters that allow easy and unambiguous identifi-
cation of C. langsdorfii in the field, these records were gathered randomly and the
species might occur in many more places in Europe than are currently identified.

The mt haplotypes of the identified specimens of C. langsdorfii in this study
belong to two groups that differ from each other in c¢. 13 mutation steps. One group
(sublineage 1) includes all specimens from Germany and the Czech Republic as
well as two specimens from Greece. The sister sublineage to this clade is formed by
specimens from two localities in Japan. The other haplotype group comprises speci-
mens from Europe, including all specimens from Italy and Bosnia and Herzegovina,
together with four specimens from Greece and one specimen from Japan. The close
relation of all European populations of C. langsdorfii with populations from distant
sites in Japan confirms the assumption that the species is not native to Europe, but
was introduced from Japan. In addition, the presence of two distant genetic lineages
in Europe, in combination with the wide distribution in Europe, indicates that the
species was introduced from more than one place of origin in Japan, and to more
than one place of destination in Europe. As the species of Carassius are not traded
as food fishes in Europe, and as there is very limited intentional stocking, it is more
likely that the species was accidentally introduced together with other fishes from
Japan. The most important fishes for export from Japan to Europe are C. auratus
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TABLE I. Specimens of Carassius used for mtDNA analyses. The sequence of Cyprinus
carpio was used as an outgroup. Code numbers marked (¥) represent new data

GenBank
Scientific name Location number Reference
Carassius Neretva River, Sunca canal, BIH GU942709*
langsdorfii Rama Lake, BIH GU942710%
Fish market, Thessaloniki, GR GU942711*
Lysimacheia Lake, GR DQ868876 Tsipas et al. (2009)
Trichonida Lake, GR DQ868877 Tsipas et al. (2009)
Ozeros Lake, GR DQ868878 Tsipas et al. (2009)
Amvrakia Lake, GR DQ868879 Tsipas et al. (2009)
Abashiri Lake, Hokkaido, J DQ399920 Kalous et al. (2007)
DQ399921
DQ399922
Chrudimka River, Bojanov, CZ DQ399930 Kalous et al. (2007)
DQ399932
Lysimacheia Lake, GR EU186830 Tsipas et al. (2009)
Urano River, Honshu, J AB368688 Takada et al. (2010)
Meletta River, Carmagnola, I HMO000036%*
HMO008691*
Kiihren Lake, Preetz, D GU942707*
GU942708*
Floodplain, Chomoutov, CZ FJ169953 Papousek et al. (2008)
Okinawa, J AB368679 Takada et al. (2010)
Carassius Kiihren Lake, Preetz, D DQ399917 Kalous et al. (2007)
carassius Fish farm, Milevsko, CZ DQ399938 Kalous et al. (2007)
Fish farm, Calverton, GB GU991400*
Carassius Unknown AB045144
cuvieri
Carassius Nitra River, SK DQ868911%*
gibelio Dyje River, CZ HMO000031*
Danube River, Oltenita, RO HMO000008*
Shanghai, CN DQ868918 Rylkova et al. (2010)
Chrudimka River, Bojanov, CZ DQ399929 Kalous et al. (2007)
Sluch River, Krasna Siolka, UA  DQ868903*
Loire River, Canal de Fougéres, F EU663594 Rylkova et al. (2010)
Carassius Guadiana River, P DQ868906 Rylkova et al. (2010)
auratus Yangtze River, Wuhan CN EU663599 Rylkova et al. (2010)
Yangtze River, Nanking CN EU663597 Rylkov4 et al. (2010)
Okinawa, J AB368696 Takada et al. (2010)
Ohrid Lake, AL GU991386*
Skadar Lake, MNE GU991388*
Cyprinus Mekong River, T HMO008692*
carpio

AL, Albania; BIH, Bosnia and Herzegovina; CN, China; CZ, Czech Republic; D, Germany; F, France;
GB, Great Britain; GR, Greece; I, Italy; J, Japan; MNE, Monte Negro; P, Portugal; RO, Romania; SK,
Slovakia; T, Thailand; UA, Ukraine.

© 2012 The Authors
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96/64 [ GU942707 (D)
GU942708 (D)
DQ399930 (CZ)
FJ169953 (CZ) 1
DQ868879 (GR)
EU186830 (GR)
DQ399932 (CZ)
DQ399920 (J)
00/100 | AB368688 (1)
DQ399922 (J)
DQ399921 5y Carassius langsdorfii
DQ868878 (GR)
93/63 L Q868876 (GR)
DQ868877 (GR)
GU942709 (BIH)
AB368679 (1) 3
GU942711 (GR)
GU942710 (BIH)

99/85

99/88

86/63
90/50

100/100

HMO000036 (I)
HMO08691 (I)
AB045144 Carassius cuvieri | R
DQ868918 (CN) '
0785 79065 | EU663594 ()
o064 | FDQE68903 UA)
DQ399929 (CZ)

Carassius gibelio
DQ868911 (SK)

HMO000031 (CZ)
HMO000008 (RO)
DQ868906 (P)
AB368696 (J)
GU991386 (AL)
GU991388 (MNE)
EU663597 (CN)
EU663599 (CN)
87/76 [ DQ399917 (D)

100/100 £ GU991400 (GB) Carassius carassius

DQ399938 (CZ)

98/99

Carassius auratus

Cyprinus carpio

o1

FiG. 1. Reconstructed phylogeny of the cytochrome b sequences of species of Carassius. The numbers at the
nodes represent statistical supports for Bayesian and maximum parsimony analyses, respectively. The
bootstrap supports <50 and Bayesian posterior probabilities <0-75 are not shown.

and koi carp C. carpio. Unintended introductions might have come with imports of
juveniles of these species.

We thank G. Augustin, G. Delmastro, I. Stranai, J. Cucherousset, P. Jurajda and Calverton
Fish Farm for help with obtaining samples. This work was supported by grants 206/09/1154 of
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No. AV0Z50450515 and the project DEO6P04OMGO08 of the Czech Ministry of Culture.
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NEW FINDING OF NON-INDIGENOUS JAPANESE
CYPRINID FISH IN THE CZECH REPUBLIC"®

K. Rylkova, L. Kalous

Czech University of Life Sciences Prague, Faculty of Agriculture, Food and Natural
Resources, Prague, Czech Republic

Ginbuna Carassius langsdorfii endemic species of Japanese archipelago have been found in European waters. The origin of
European records and the environmental impact remain unclear. The present paper reports on the population of this species
discovered in a small natural pool in South Bohemia. Genetic markers were employed since morphological characters failed
in species identification. Although the population was clustered in the mitochondrial lineage of C. langsdorfii, genetic distance
and morphological difference were found largely significant when comparing to other ginbuna individuals found in Europe.

The phylogenetic position is further discussed.

Carassius, introduction; South Bohemia; cytochrome b; phylogeny

INTRODUCTION

Although the Czech waters are not much rich for
freshwater ichthyofauna in worldwide context, they
encompass a high percentage of non-native fishes that
are represented by 41 species (Lusk et al., 2010).
The reasons for introductions in the last century were
mainly aquacultural as well as experimental to fill
empty niches in semi-natural environment of Czech
rivers and streams. Some introductions were also
promoted to satisfy the enlarging community of rec-
reational fishermen as it was for example in the case
of Oncorhynchus mykiss (Lusk et al., 2010).

One of the globally successful genera that undergone
naturalization in many places of the world is the genus
Carassius (Brumley, 1996;Dyer,2000;Elvira,
2001; Copp etal.,2005; Musil etal., 2010).

Four species of the genus Carassius (sensu Rylkova
etal., 2010) are recognized in the Czech water bodies:
Crucian carp C. carassius (L.), invasive gynogenetic
biotype of Prussian carp C. gibelio (Bloch, 1782),
domesticated or feral forms of introduced Goldfish
C. auratus (L.), and recently recorded ginbuna
C. langsdorfii (Temminck, Schlegel, 1842).
The last three mentioned species, namely C. gibelio,
C. auratus, and C. langsdorfii, are included in so
called Carassius auratus complex, mainly because
of their morphological similarity, hybridization, and

not completely solved taxonomical status (Takada
etal., 2010).

C. gibelio and C. langsdorfii are characteristic for
their capability of clonal reproduction via gynogen-
esis, occurrence of all female populations consisting
of polyploid individuals which sexually parasite on
other cyprinid fishes (e.g. Gui, Zhou,2010). These
features, like all female population and clonality, allow
rapid invasive spreading into new areas and led to the
consideration of fishes from C. auratus complex as
of animals with high environmental impact (Savini
etal., 2010).

The ginbuna originated from Japanese archipelago
where it is considered a common species (Hosoya,
2000) but its appearance in Europe was evaluated as
accidental and rare (Kalous etal.,2007). The same
authors tentatively attributed its introduction to Europe
as results of the Koi carps imports. However, after
Kalous etal. (2007), another finding from the Elbe
River basin was recorded in Greek lakes (Tsipas
et al., 2009; Takada et al., 2010). Latest screen-
ing of Kalous et al. (2013) revealed the presence
of C. langsdorfii at other five European localities.
Beside the south European countries (Italy, Bosnia
and Herzegovina, and Greece) it was found also in
northern Germany. Another finding of C. langsdorfii
from South Bohemia with distinct morphology and
phylogenetic position is presented herein.

* Supported by the Technology Agency of the Czech Republic, Project No. TD010045 and by CIGA (Internal Grant Agency of the Czech

University of Life Sciences Prague), Project No. 20132016.
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MATHERIAL AND METHODS

Samples

In 2007 several fish of atypical appearance (Fig. 1)
were caught in a small natural pool near Litvinovice
(South Bohemia; 48°57'34.96"N, 14°27'13.70"E).
These individuals were brown-green at dorsal side and
dark yellow up to orange at ventral side. All fins were
reddish-brown in colour. Upper edge of the dorsal fin
was slightly concave up to almost straight. Number
of scales in lateral line 30—33; number of scales both
above and below lateral line 6—7; number of dorsal fin
rays III 17 (n = 6). With respect to this, morphological
characters were not typical of any Carassius species
occurring in European waters. Since morphologi-
cal characters are known to be not much reliable in
determination of species within the genus Carassius
(Hensel,1971;Vasileva, 1990), molecular mark-
ers were employed to identify the species affiliation.

Altogether 41 specimens of Carassius were included
into the analysis. As outgroup, the sequence of common
carp Cyprinus carpio was used. Detailed information
on the samples origin and GenBank Accession Nos.
are listed in Table 1.

DNA isolation, PCR amplification and sequencing

Genomic DNA was isolated from ethanol preserved
tissue using DNeasy Blood and Tissue Kit (Qiagen,
Valencia, USA) according to manufacturer’s instruc-
tions. Mitochondrial gene cytochrome » was amplified
using the forward primer Kai F (5" GAA GAA CCA
CCG TTG TTA TTC 3) and reverse primer Kai R
(5’ TTAGTTTCTTTTCCTCCGCT3")(Slechtova
et al., 2006). PCR was performed in 50 pl reaction
volumes as describedinRylkova etal. (2010). The
PCR profile (carried out on MJ Mini thermocycler,
Bio-Rad, Hercules, USA) started with 10 min pe-
riod of initial denaturation step at 94°C, followed by
34 cycles, each consisting of denaturation step at 94°C
for 30 s, a primer annealing step at 54°C for 30 s,
and an elongation step at 72°C for 1 min. PCR was

Fig. 1. Specimen from the Litvinovice pool (photo by J. Okrouhlik)

terminated by final elongation period at 72°C for
10 min. PCR products were purified and sequenced
from both (3’and 5") ends of fragments using the same
pair of primers as used for double strand PCR ampli-
fication. Purification and sequencing were performed
by Macrogen Inc., Seoul, Korea.

Molecular data analyses

The raw chromatograms were manually assembled
and checked by eye for potential mistakes using the
computer software BioEdit 5.0.9. (Hall, 1999); the
same program was used to align the sequences using
the ClustalW algorithm.

The phylogenetic relationships were estimated
using the methods of maximum parsimony (MP) in
PAUP*, version 4.0b10 (Swofford, 2000) and
Bayesian analysis (BAY) using the program MrBayes,
version 3.0 (Huelsenbeck, Ronquist, 2001)
as described in Rylkova etal. (2010).

To estimate the “fine scaled” relationships among
C. langsdorfii haplotypes, we constructed a haplo-
type network employing the statistical parsimony
(Templeton etal., 1992) implemented in the TCS
1.21 program (Clement et al., 2000). The connec-
tion limit was set to 20 mutation steps.

RESULTS AND DISCUSION

The final matrix of the cytochrome b sequences
consisted of 1082 basepairs containing 255 variable
characters with 159 parsimony informative sites. Both
employed methods have recovered trees of very similar
topologies with high statistical supports and sorted the
sequences into 5 well-supported lineages corresponding
to C. langsdorfii, C. auratus, C. gibelio, C. cuvieri,
and C. carassius, respectively (Fig. 2).

There are 21 haplotypes within the clade of
C. langsdorfii showing high genetic diversity within
this taxon. The whole lineage is clearly divided into
3 clusters: cluster / (haplotypes 1-12), cluster // (hap-
lotypes 13—15), and cluster //I (haplotypes 16-21).
Specimens coming from South Bohemia belong to
haplotype Clani6 nested in cluster //1.

Haplotype network analysis (Fig. 3) divided the
lineage of C. langsdorfii into three separate groups
corresponding to cluster /, /1, and /I of the phylo-
genetic tree.

The presented analysis showed a high phylogenetic
diversity within the lineage of C. langsdorfii. Specimens
coming from South Bohemia are quite distant from
those recorded in the upper part of the Elbe Basin
(Kalous etal., 2007) what is further accompanied
by different values on morphological characters. Origin
of the fish from both Czech findings remains unclear,
but most probably each population belongs to different
introduction events. The South Bohemian population
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(Clanl6) is clustered with samples deriving from
Ryukyu Island (Clani6, Clani18-Clan21) but that
from the Chrudimka River (Clan3) is linked to sam-
ples from Honshu Island (Clan15). The population of
C. langsdorfii from several Greek lakes is also interest-
ing (Tsipas etal., 2009). Part of it shares the same
haplotype with the specimens from the Chrudimka
River, while the other part (Clanl7) is very closely
related to South Bohemian population. This indicates
that both clusters of C. langsdorfii are more spread
in European waters.
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Fig. 3. Unrooted haplotype network based on cyt b sequences of C.
langsdorfii analyzed. The haplotype numbers refer to numbers in Table
1. and Fig. 2. The oval area is proportional to the haplotype frequencies

Fig. 2. Reconstructed phylogeny of
the cyt b sequences of Carassius in-
cluded into the present study. Numbers
at the nodes represent statistical sup-
ports for maximum parsimony (MP) and
Bayesian analysis (BAY), respectively.
*haplotype including the fish from
Litvinovice
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The haplotype analysis sorted the samples of the
C. langsdorfii lineage into three separate groups.
This fact further supports the presumption that
C. langsdorfii may consist of more taxa. It has already
been mentioned by Murakami et al. (2001) and
Takada etal. (2010) that several species are probably
taxonomically treated under the name C. langsdorfii.
This fact must be firstly proven and resolved at the
place of natural occurrence of these fishes. Having in
mind all the above-mentioned information, we recom-
mend to treat the population found in South Bohemia
as Carassius cf. langsdorfii since its taxonomical
status seems to be problematic.

The population of ginbuna has shown itself eco-
logically very strong in a small pool in the inundation
area; in fact it was dominant throughout many years of
observations (1999-2006). It represented the majority
(> 50%) of the fish community; the supplemental spe-
cies were topmouth gudgeon (Pseudorasbora parva)
and common tench (7inca tinca). Ginbuna was appar-
ently reproducing itself in the pool as the young-of-the-
year fish always dominated. The dominant position of
ginbuna was most likely supported by the harsh oxygen
conditions during the winter to which the Carassius
species are known to be more tolerant than the other
fish(Blazka,1958;Blazka etal.,2006). The pool
at Litvinovice was flooded by the Vltava River water
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Table 1. Material used for the genetical analyses

Species Haplotype Frequency GenBank Origin Reference
Acc. No.
Clanl 2 AB368693 Kako River, Honshu, Japan Takada et al. (2010)
IN412527 Kako River, Honshu, Japan present study
Clan2 1 AB368690 Biwa Lake, Honshu, Japan Takada et al. (2010)
Clan3 1 AB368692 Urano River, Honshu, Japan Takada et al. (2010)
Clan4 1 AB368694 Shimanto, Shikoku, Japan Takada et al. (2010)
Clan5 1 AB368695 Tanegashima Island, Japan Takada et al. (2010)
Clan6 1 AB368683 Okinawa Island, Japan Takada et al. (2010)
Clan7 1 AB368686 Shigenobu, Shikoku, Japan Takada et al. (2010)
Clan8 1 AB368684 Urano River, Honshu, Japan Takada et al. (2010)
Clan9 4 DQ399920 Abashiri Lake, Hokkaido, Japan Kalous et al. (2007)
DQ399921 Abashiri Lake, Hokkaido, Japan Kalous et al. (2007)
DQ399922 Abashiri Lake, Hokkaido, Japan Kalous et al. (2007)
AB368688 Urano River, Honshu, Japan Takada et al. (2010)
Clanl0 1 AB368687 Nagara, Honshu, Japan Takada et al. (2010)
Clanll 1 AB368689 Urano River, Honshu, Japan Takada et al. (2010)
Clanl2 1 AB368685 Tanegashima Island, Japan Takada et al. (2010)
C. langsdorfii
Clanl3 4 DQ399930 Chrudimka River, Czech Republic Kalous et al. (2007)
DQ399932 Chrudimka River, Czech Republic Kalous et al. (2007)
EU186830 Lysimacheia Lake, Greece Tsipas et al. (2009)
DQ868879 Amvrakia Lake, Greece Tsipas et al. (2009)
Clanl4 1 AB368677 Taktsu, Honshu, Japan Takada et al. (2010)
Clanl5 1 FJ169953 floodplain, Chomutov, Czech Republic | Papousek et al. (2008)
Clanl6 3 JN412529 pool at Litvinovice, Czech Republic present study
JN412530 pool at Litvinovice, Czech Republic present study
AB368679 Okinawa Island, Japan Takada et al. (2010)
Clanl7 3 DQ868878 Ozeros Lake, Greece Tsipas et al. (2009)
DQ868877 Trichonida Lake, Greece Tsipas et al. (2009)
DQ868876 Lysimacheia Lake, Greece Tsipas et al. (2009)
Clanl8 1 AB368681 Amami-oshima Island, Japan Takada et al. (2010)
Clanl9 1 AB368682 Tokunoshima Island, Japan Takada et al. (2010)
Clan20 1 AB368680 Okinawa Island, Japan Takada et al. (2010)
Clan21 1 AB368678 Iki Island, Japan Takada et al. (2010)
EU663574 pet shop, Czech Republic Rylkova et al. (2010)
C. auratus EU663599 Wuhan, Yangtze, China Rylkova et al. (2010)
EU663597 Nanking, Yangtze, China Rylkova et al. (2010)
EU663591 Cetina River, Bosnia and Herzegovina Rylkova et al. (2010)
C. gibelio EU663594 Canal de Fougeres, Loire River, France Rylkova et al. (2010)
HMO000009 Czerskie Rumunki, Poland Kalous et al. (2012)
C. cuvieri JN402304 Lake Mikatako, Honshu Kalous et al. (2012)
DQ399938 | Milevsko, Elbe drainage, Czech Republic | Kalous et al. (2007)
C. carassius
DQ399917 pond, Plon, Germany Kalous et al. (2007)
Cyprinus carpio HMO008692 Mekong River, Thailand Kalous et al. (2012)
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during the 1000-year flood in 2002 (it is located at the
inundation area). During this event ginbuna offspring
could colonize many other locations in the Vltava
catchment. Other fish could colonize the pools dur-
ing the flooding but the apparently vanished and were
not found in subsequent sampling during 2003 and
2006 (Kubecka, Okrouhlik, personal communication).
These facts indicate that ecological impact of ginbuna
on original ichthyofauna is probably significant and
worth of further following up.

CONCLUSION

C. langsdorfii is most probably more widespread
than has recently been known but its existence seems to
remain hidden usually due to mistaken identity based
on morphological similarity with the other species of
the genus Carassius.

It seems to be important to gain more data for
estimating its possible ecological impacts in newly
inhabited areas, e.g. food competition, sexual para-
sitism or genetic contamination of native European
populations of other Carassius species via hybridiza-
tion (Hadnfling et al., 2005). Unfortunately, until
now the information on C. langsdorfii in European
waters has been very limited.
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Hidden diversity within the Prussian carp and designation
of a neotype for Carassius gibelio
(Teleostei: Cyprinidae)

Lukas Kalous*, Jorg Bohlen**, Katefina Rylkova* and Miloslav Petrtyl*

A phylogeny of the genus Carassius using the mitochondrial cytochrome b gene supported the monophyly and
distinctness of the species C. carassius, C. auratus, C. langsdorfii and C. cuvieri. In contrast, the samples of C. gibelio
did not form a monophyletic lineage, but separated into two clades, suggesting the inclusion of two species under
the name C. gibelio. In order to clarify the identity of C. gibelio, a neotype is designated and briefly described.

Introduction

The cyprinid genus Carassius is widespread across
Europe and North and East Asia. At least five
species are considered as valid: C. carassius (Lin-
naeus, 1758) in most of Europe and western Si-
beria (Kottelat & Freyhof, 2007), C. langsdorfii
(Temminck & Schlegel, 1846) and C. cuvieri (Tem-
minck & Schlegel, 1846) in Japan (Hosoya, 2002;
Yamamoto etal., 2010), C. auratus (Linnaeus, 1758)
in mainland East Asia (Rylkova et al., 2010) and
C. gibelio (Bloch, 1782) in Europe, Siberia and
Northeast Asia (Berg, 1949; Kottelat & Freyhof,
2007; Szczerbowski, in Banarescu & Paepke, 2002).
Some authors recognise additionally the species
C. grandoculis and C. buergeri from Japan (Kawa-
nabe & Mizuno, 1989; Suzuki et al., 2005). Caras-
sius argenteaphthalmus Nguyen & Ngo, 2001 from
Northern Vietnam is too poorly described to com-
ments on its identity or validity.

Due to the high morphological similarity
between species of Carassius and the intraspe-
cific variability of morphological characters
(Hensel, 1971; Lusk & Barus, 1978; Vasileva, 1990;
Vasileva & Vasilev, 2000) the definition of species
is not always sure, especially in the case of the
most widespread species C. gibelio and C. auratus.
In the case of C. gibelio, the situation is more
complicated by the simultaneous occurrence of
diploid (2n=100) and triploid (2n=150) indi-
viduals in many populations (Hala¢ka et al., 2003;
Luskova et al., 2004; Abramenko et al., 2004;
Mezherin & Lisetskii, 2004; Apalikova et al., 2008).
The triploid individuals are usually females that
reproduce asexually by gynogenesis and repre-
sent clonal lineages (Golovinskaya et al., 1965;
Penaz et al., 1979; Gui & Zhou, 2010), but triploid
males have been reported also (Halacka et al.,
2003; Abramenko et al., 2004). Kottelat & Freyhof
(2007) pointed out that the conspecificity of
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populations with different mode of reproduction
or different ploidy level remains to be demon-
strated. During the last years, genetic markers
have been established that allows differentiation
between species. Such genetic analyses have re-
cently shown that C. auratus represents a mono-
phyletic lineage that is distinct from C. gibelio
(Rylkova et al., 2010). A number of local lineages
within C. langsdorfii in Japan, uncovered first by
morphological analyses (Hosoya, 2002), later ac-
companied by genetic data (Takada et al., 2010;
Yamamoto, 2010); and genetic data have revealed
the existence of at least two lineages among the
C. langsdorfii that have been introduced to Europe
(Kalous et al., 2007; Takada et al., 2010; Tsipas et
al., 2009).

While the diversity of Carassius in Japan has
been objected in several studies (Murakami et al.,
2001; Iguchi et al., 2003; Yamamoto et al., 2010;
Takada et al., 2010), most Carassius in mainland
Eurasia are still referred to as C. gibelio, despite
the fact that the monophyly of these populations
has never been confirmed. Kottelat (1997, 2006)
pointed out that the basal problem is the poor
definition of C. gibelio, this means the identity of
the species that was described by Bloch (1782)
from a European population (in ‘Schlesien’) under
the name Cyprinus gibelio.

In the present note we report the presence of
two independent lineages within C. gibelio as
revealed by an analysis of mitochondrial cyto-
chrome b sequences. In order to clarify the taxo-
nomic status of C. gibelio, a neotype is designated
and briefly described.

Material and methods

Phylogenetic analyses. Thirty-four specimens of
Carassius from European and Asian countries
were included in the analysis. In addition to our
original samples the dataset contains four se-
quences coming from previous studies and four
sequences obtained from GenBank. As outgroup
we have used sequence of common carp, Cyprinus
sp. Detailed information about used material is
listed in Table 1.

Genomic DNA was isolated from ethanol
preserved or fresh tissue using DNeasy Blood
and Tissue Kit (Qiagen GmbH, Hilden, Germany)
according to manufacturer’s instructions. The
mitochondrial cytochrome b gene was amplified
using primers Glu L. Ca14337-14359: GAA GAA

CCACCGTTGTTATTC AA and Thr H. Ca15568-
15548: ACC TCC RAT CTY CGG ATT ACA
(Slechtova et al., 2006). PCR amplification was
performed in 50 pl reaction volumes containing
15.5 pl Combi ppp Master Mix (Top-Bio s.r.o.,
Praha, Czech Republic), 3 pl of each primer and
template DNA. The PCR profile started with 10
min period of initial denaturation at 95 °C, fol-
lowed by 34 cycles each consisting of denaturation
step at 94 °C for 30 s, annealing step at 54 °C for
30 s and elongation step at 72 °C for 1 min. PCR
was terminated by final elongation step at 72 °C
for 10 min. PCR was carried out on MJ Mini
thermocycler (Bio-Rad Laboratories, Hercules,
CA, USA). PCR products were purified and se-
quenced by Macrogen Inc., Seoul, Korea.

The raw chromatograms were manually as-
sembled and checked by eye for potential mistakes
using computer software BioEdit 5.0.9 (Hall, 1999);
the same program was used to align sequences
using the ClustalW algorithm.

The phylogenetic relationships were esti-
mated from aligned sequences using the method
of maximum parsimony (MP) performed in
PAUP* version 4.0b10 (Swofford, 2000) and Baye-
sian analysis (BAY) using the program MrBayes
ver. 3.0 (Huelsenbeck & Ronquist, 2001) as de-
scribed in Slechtova et al. (2004).

Morphological data. Measurements and counts
were done according to Kottelat & Freyhof (2007)
using digital callipers. All measurements were
recorded to the nearest 0.1 mm. Number of fin
rays, vertebrae and ribs were taken from digital
high-resolution radiographs, using a digital X-ray
device Faxitron LX-60.

Ploidy determination. The ploidy level was
determined using the measurements of erythro-
cyte nuclei area by computer-assisted image
analyses as was proposed by Flajshans (1997).
Prior to any handling, the fish were anaesthetized
with 0.6 ml- I"! 2-phenoxyethanol (Merck KGaA).
Blood was taken from the heart by a heparinised
syringe; blood smears were prepared on clean
microscope slides one for each specimen and fixed
by few drops of 90 % ethanol. Slides were stained
in a 20 % Giemsa-Romanowski solution for 10
minutes. Computer-assisted image analysis was
carried out using a system that was composed
from a microscope Nikon Eclipse 600 with im-
mersion objective 100 x, an analogue video cam-
era Hitachi HVC 20 and the software L.U.C.ILA

Kalous et al.: Neotype designation for Carassius gibelio



ver. 4.71. The mean area of nuclei was calculated
from 247 erythrocytes of the neotype and 220 and
200 erythrocytes of diploid and triploid reference
specimens, respectively. The triploid reference
specimen (156 chromosomes) originated from
Rehacka backwater (alluvium of Elbe River),
Central Bohemia, Czech Republic 50°10'39"N
14°48'27"E and it is deposited in the National
Museum Prague (NMP P6V140484). The diploid
reference specimen is a goldfish (Carassius auratus)
var. Oranda (100 chromosomes) from petshop in
Prague. Karyotype analyses of reference speci-
mens were performed according to Réb & Roth
(1988). The calculated nuclei areas were compared
by t-test in programme STATISTICA ver. 9.

13

Results

The final matrix of the cytochrome b sequences
consisted of 931 characters containing 222 vari-
able characters with 157 parsimony informative
sites. Both employed methods have recovered
trees of very similar topologies with high statisti-
cal supports and sorted sequences into six well-
supported lineages (Fig. 1).

The neotype specimen had a mean erythrocyte
nuclei area of 15.32 pm? (SD 2.06 pm?), which is
significantly smaller (t-test, p<0.01) than eryth-
rocyte nuclei of the triploid reference specimen
(21.58 um?, SD 3.12 pm?) and corresponds to the
values of the diploid reference specimens

Table 1. Material used for the genetic analyses. Sources: a, Takada et al. (2010); b, Rylkova et al. (2010); ¢, Kalous

et al. (2007); n, GenBank database — unpublished; *, present study.

taxon Acc. No. source  origin
Carassius auratus EU663599 b Wuhan, Yangtze River, China
GU991398 * Gyeongju , Miho-cheon River, Korea
EU663597 b Nanking, Yangtze River, China
GU991392 * Nanking, Yangtze River, China
GU991386 * Ochrid Lake, Albania
GU991390 * Ishem River, Albania
GU991395 * Prespa Lake, Greece
EU663574 b pet shop, Czech Republic
GU991391 * Shuchinsk, Ishim River drainage Kazakhstan
C. gibelio 1 HMO000009 * Czerskie Rumunki, Vistula River, Poland
HMO000020 * Haaslava, Estonia
GU170378 n Volga River, Russia
FJ822041 n Hanka (Khanka) Lake, Primorye, Russia
FJ478019 n Lake near Dalnegorsk, Primorye, Russia
AB368700 a Amur River, Russia
HMO000008 # Oltenita, Danube River, Romania
HMO008678 * Varna, Bulgaria
JN402305 * neotype; Cesky Tésin, Olza River, Czech Republic
HMO008684 * Byur Lake, Amur drainage, Mongolia
HMO008685 * Byur Lake, Amur drainage, Mongolia
C. gibelio II DQ868924 i Uvs Lake, Mongolia
DQ868925 * Uvs Lake, Mongolia
DQ868926 * Uvs Lake, Mongolia
HMO008690 * Bulgan, Selenga River, Mongolia
C. langsdorfii AB368690 a Honshu, Biwa Lake, Japan
DQ399920 c Hokkaido, Abashiri Lake, Japan
AB368677 a Taktsu, Honshu, Japan
AB368678 a Iki Island, Japan
AB368680 a Okinawa Island, Japan
C. cuvieri AB045144 n unknown
JN402304 ® Honshu, Lake Mikatako, Japan
C. carassius DQ399917 C Plon, Germany
GU991400 * Calverton, Great Britain
DQ399938 ® Milevsko, Elbe drainage, Czech Republic
Cyprinus sp. HM008692 * Mekong River, Thailand

Ichthyol. Explor. Freshwaters, Vol. 23, No. 1
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Fig 1. Reconstructed phylogeny of the cytochrome b sequences of Carassius samples included in present study.
Numbers at nodes represent statistical supports for BAY and MP analyses respectively.

(14.82 pm?, SD 1.8 pm?). The respective valuesare  diploids of C. gibelio are characterized by nuclei
in agreement with published results confirmed area of 14.03+1.46 pm? and 20.71+1.76 pm? re-
by karyological analyses where triploids and spectively (Kalous & Petrtyl, 2004).
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Fig. 2. Carassius gibelio, ZMB 33979, neotype, male, 127.4 mm SL; Czech Republic: Silesia: Odra River system.

Discussion

Our data show six separate genetic lineages
within the genus Carassius. Four of these corre-
spond to the species C. carassius, C.auratus,
C. langsdorfii and C. cuvieri, respectively. In con-
trast, the samples of C. gibelio do not form a
monophyletic lineage, but separate into two
clades. One of these clades contains all samples
of C. gibelio from western Mongolia, while the
other clade collects samples of C. gibelio from
Europe, Russian Federation, eastern Mongolia
and China. The two clades do not have sister-
relation to each other; instead, the Europe-China
clade is more closely related to C. auratus than to
the second clade of C. gibelio.

The present results suggest that the genus
Carassius contains a higher diversity than for-
merly known, and that at least two species are
included within what is presently considered as
C. gibelio. Prussian carps from western Mongolia
have been morphologically investigated by Penaz
& Dulmaa (1987) and identified as C. gibelio.
Kottelat (2006) pointed on the problems of iden-
tification and nomenclature of Mongolian Caras-
sius that come from the missing definition of
C. gibelio. For further studies on the taxonomy of
Prussian carps it is important to define which of
the two species represents C. gibelio.

Cyprinus gibelio was described by Bloch (1782)
and was stated to occur in ‘Churmark, Pommern,

Ichthyol. Explor. Freshwaters, Vol. 23, No. 1

Schlesien und Preussen’, corresponding nowa-
days to most of eastern Germany, Poland and a
part of north-eastern Czech Republic. Bloch did
not explicitly designate a holotype; consequently
all specimens included by Bloch are syntypes
(ICZN, 1999, arts. 72.2, 73.4). In the part of Bloch’s
collection still present in Museum fiir Naturkunde
(ZMB) in Berlin, a single lot is catalogued as
C. gibelio, but nowadays this lot contains a speci-
men of C.carassius (see Paepke, 1999). Paepke
(1999) demonstrated that the original syntype of
C. gibelio has been replaced by a specimen of
C. carassius during former investigations. No
other potential types have ever been reported.
During a research visit in ZMB in 2001, LK to-
gether with the staff of the museum searched the
collection again for potential syntypes of C. gibe-
lio but failed to find any. We therefore conclude
that all type specimens of C. gibelio are lost. Since
the present study indicates that more than one
species is hidden under the name C. gibelio, a
neotype designation is needed to fix the name
C. gibelio to one of the identified species. We here
designate specimen ZMB 33979 as neotype of
C. gibelio (Fig. 2). The specimen originated from
an alluvium area close to Cesky Té&in in the
historical area of Silesia [Schlesien], one of the
areas mentioned in the original description of
C. gibelio. In accordance with ICZN (1999) art.
73.3.6, the neotype therefore comes from a local-
ity that is part of the type locality. The neotype
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corresponds in all investigated morphologic
characters to the description of C. gibelio as given
by Bloch (1782). In order to avoid taxonomical
problems that might arise from the high percent-
age of polyploid specimens of gynogenetically
reproducing lineages, we selected an adult male
asneotype as indicated by the presence of spawn-
ing tubercles. According to the size of its eryth-
rocyte nuclei, the neotype specimen is diploid
(2n=100). A description of the neotype is given
below.

Table 2. Morphometric and meristic data of neotype
of Carassius gibelio, ZMB 33979.

in mm in % SL

Total length 163.0 1279
Standard length 127.4  100.0
Lateral head length 375 294
Predorsal length 63.6 499
Prepectoral length 36.1 283
Prepelvic length 61.8 485
Preanus length 91.7 720
Preanal length 946 743
Snout length 11.8 9.3
Horizontal eye diameter 7.3 5.7
Interorbital width 156 122
Head depth at eye 232 182
Head depth at nape 332 261
Body depth at dorsal-fin origin 51.1  40.1
Body depth at anal-fin origin 363 285
Depth of caudal peduncle 195 153
Length of caudal peduncle 21.0 165
Head width at eye 192 151
Maximum head width 254 199
Body width at dorsal-fin origin 260 204
Body width at anal-fin origin 172 135
Height of dorsal fin 243 191
Length of upper caudal-fin lobe 347 272
Length of middle caudal-fin ray 206 16.2
Length of lower caudal-fin lobe 36.8 289
Height of anal fin 209 164
Length of pelvic fin 26.0 204
Length of pectoral fin 259 203
Number of pores in lateral line 28
Number of scales along lateral line 26+2
Number of transverse scales between 146

lateral line and origin of dorsal fin :
Number of transverse scales below 8

lateral line in front of pelvic fin
Number of rows of scales around

16

caudal peduncle
Number of branched dorsal-fin rays 18%
Number of branched caudal-fin rays 9+8
Number of branched anal-fin rays 5%
Number of pelvic-fin rays 9
Number of pectoral-fin rays 18

The neotype was analysed genetically for the
present study and is part of the Europe-China
clade of C. gibelio. Consequently, the name C. gibe-
lio can be used for this lineage, while a different
name has to be given for the Mongolian clade.
We do not have sufficient material for a detailed
morphological analysis of the Mongolian clade;
but preliminary data (LK, unpubl.) suggest that
this lineage does not correspond to any of the
already available species names.

Our genetic analyses grouped most specimens
from Albania and Greece (river Ischem and Lakes
Prespa and Ochrid) to C. auratus, although only
C. gibelio was formerly reported from the Balkan
region (e.g. Perdikaris et al. 2012). It is possible
that feral populations of C.auratus have been
wrongly identified as C. gibelio. Further investiga-
tion is needed to identify the species occurring in
the Balkan region.

Carassius gibelio
(Fig. 2)

Neotype. ZMB 33979, male, 127.4 mm SL, Czech
Republic: pond in alluvium area of Olza River
(tributary of Odra River) at Cesky T&sin; 49°47'
11"N 18°3524"E; Lukas Choleva, 5 May 2011.

Description. Morphometric and meristic data of
neotype are shown in Table 2. Head and body
laterally compressed; body high, greatest depth
before dorsal-fin origin. Dorsal fin with 5 un-
branched and 18, branched rays; last unbranched
ray with 10 spines along posterior edge on distal
60 % of length. Caudal fin with 9+8 branched
rays, lower lobe slightly longer than upper. Pelvic
fin with 9 rays, not reaching anus, which is lo-
cated directly before anal-fin origin; origin under
last unbranched dorsal-fin ray. Pectoral fin with
18 rays, reaching backwards to base of pelvic fin.
Anal fin with 3 unbranched and 5 branched
rays, origin under branched dorsal-fin ray 13; last
unbranched ray with 10 spines along posterior
edge on distal 60 % of length; base reaching pos-
teriorly beyond base of dorsal fin. Anal fin not
reaching caudal fin. Breeding tubercles under eye
and on opercle, along dorsal surface of first
pectoral-fin ray and on median branched pelvic-
fin rays at about 60 % of their length. Number,
size and arrangement of tubercles of left and right
sides different. First gill arch with 47 gill rakers.
Total number of vertebrae 28, 14 ribs on each side.

Kalous et al.: Neotype designation for Carassius gibelio
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Massive mortality of Prussian carp Carassius
gibelio in the upper Elbe basin associated with
herpesviral hematopoietic necrosis (CyHV-2)
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ABSTRACT: From 22 May to 10 June 2011 massive mortality of Prussian carp Carassius gibelio
was observed in alluvial Lake Rehac¢ka close to the Elbe River in the Czech Republic. More than
1400 kg of dead fish were collected and no other fish species were affected. Further molecular and
cytogenetic investigation of fish (n = 232) revealed that the Rehacka population of Prussian carp
consisted exclusively of gynogenetic triploid females. The causative agent was identified by
means of molecular and electron microscopy as a herpesviral hematopoietic necrosis virus
(Cyprinid herpesvirus 2, CyHV-2). This is the first report of CyHV-2 from the Czech Republic and
the second finding worldwide of CyHV-2 causing mass mortality of C. gibelio. Some other locali-
ties in the upper Elbe River basin where C. gibelio was affected are also noted. We assume that
the massive wave of deaths of all female gynogenetic Prussian carp can be attributed to limited
genetic variation and the favourable conditions for development of viral disease.

KEY WORDS: Cypriniformes - Herpesvirus - Triploid - Gynogenetic - Mortality

INTRODUCTION

The triploid biotype of Prussian carp Carassius
gibelio Bloch 1782 is considered the most successful
non-native fish in Europe. It easily becomes one of
the dominant species in newly inhabited areas, and it
has a severe impact on the environment and aquacul-
ture (Economidis et al. 2000, Varadi et al. 2000, Ozcan
2007, Luskova et al. 2010, Savini et al. 2010). The type
of reproduction significantly facilitates spreading of
all-female populations due to rapid multiplication re-
alized through sperm-dependent parthenogenesis.

When the eggs of Carassius gibelio are insemi-
nated by males of other species, the heterologous
sperm triggers development but does not contribute
significantly to the formation of the zygote (Gui &
Zhou 2010). This is known as gynogenesis and it

*Corresponding author. Email: kalous@af.czu.cz
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leads to all-female offspring, each of which is consid-
ered a clone of the mother (Lamatsch & Stéck 2009).

The first record of the invasive triploid form of
Carassius gibelio in the Czech Republic was in the
lower stretches of the Dyje River (Lusk et al. 1977).
The population was derived from a Danubian inva-
sion (Hol¢ik & Zitrian 1978) and consisted exclusively
of triploid gynogenetic females (Pendz et al. 1979).
Triploid Prussian carp subsequently invaded all 3
main hydrological systems of the Czech Republic
(Lusk et al. 1980, 1998, Lusk 1986), and aquaculture
activities were considered the key factor accounting
for its spread (Slavik & Bartos 2004). In the Elbe River
basin, an all-female population of C. gibelio was
recorded for the first time in 1989 (Kubecka 1989)
and later became a natural component of all suitable
habitats (Halacka et al. 2003). In the early 1990s, the
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first males and diploids within the population of
C. gibelio in the Dyje River alluvium (Danube basin)
were found (Halacka et al. 2003, Luskové et al. 2004).
In a relatively short time the former all-female
triploid population changed to a diploid—polyploid
complex with up to 43 % males (Vete$nik 2005). Sim-
ilar situations were described in other European
localities ((Vjernf/ & Sommer 1992, Abramenko et al.
1998, 2004, Té6th et al. 2005).

Certain localities are now represented either by
all-female gynogenetic populations or by the con-
current occurrence of fish with different ploidy and
various proportions of males. However, low genetic
variability in introduced all-female populations of
Prussian carp is expected due to the low number
of initial founders combined with the gynogenetic
type of reproduction (Hanfling 2007). The all-female
clonal populations could also be classified as vulner-
able, since antigen recognition and killing by T-cells
is genetically restricted by the major histocompatibil-
ity complex (MHC) (Somamoto et al. 2009). Lower
tolerance to parasites has been reported in gynogens
(Lively et al. 1990, Moritz et al. 1991, Poulin et al.
2000, Hakoyama et al. 2001).

In the present paper we report the rapid, massive
and selective mortality of thousands of morphologi-
cally and genetically identified Prussian carp from
Lake Rehacka with further investigation of ploidy
level and sex ratio of the Prussian carp and identifica-
tion of the causative agent. The concurrent occurrence
of a massive kill of Prussian carp at several other local-
ities in the upper Elbe River basin is also noted.

MATERIALS AND METHODS
Locality

Rehacka alluvial lake (50° 10" 39" N, 14°48' 27" E) is
situated close to the Elbe River. The lake covers
12.4 ha and represents an old oxbow of the River
Elbe connected with an old flooded sand pit that is
linked with the river by a pipeline connection. The
water body is administered by the Czech Anglers
Union, Local Organization Celékovice, as a part of
fishing district 'Labe 19 A’ and includes common fish
stock. According to local fishing statistics and an
ichthyological survey (T. Danék unpubl. data), the
fish stock consists of: Cyprinus carpio, Esox lucius,
Sander lucioperca, Blicca bjoerkna, Tinca tinca, An-
guilla anguilla, Silurus glanis, Abramis brama, Cte-
nopharyngodon idella, Aspius aspius, Perca fluvi-
atilis, Gymnocephalus cernuus, Hypophthalmichthys

molitrix, Hypophthalmichthys nobilis, Alburnus al-
burnus, Scardinius erythrophthalmus, Rutilus rutilus,
Leuciscus idus, Rhodeus amarus, Ameiurus nebulo-
sus and Carassius gibelio.

Mortality evaluation

Dead fish were collected from the lake by members
of the local organization of the Czech Anglers Union,
and quantities were recorded with information on
water temperature. Additionally, a survey was con-
ducted of representatives of other local organizations
by the Czech Anglers Union along the Elbe River,
and the authors of this study personally carried out
inspections of localities reporting mass mortalities of
Carassius gibelio.

Fish identification and sex determination

Moribund and dead fish were identified morpho-
logically according to Kottelat & Freyhof (2007) and
additionally by sequencing of mitochondrial DNA of
8 specimens. The cytochrome b gene was amplified
by the methods described in Rylkova et al. (2010),
using forward primer Kai F (GAA GAA CCA CCG
TTG TTA TTC) and reverse primer Kai_R (ACC TCC
RAY CTY CGG ATT ACA) (Slechtova et al. 2006).
PCR products were subsequently sequenced in both
directions (Macrogen) and aligned. Sequences were
compared with the Genetic sequence database (Gen-
Bank) at the National Center for Biotechnology Infor-
mation (NCBI) using the basic local alignment search
tool (BLASTn) program.

The sex of fish was determined by inspection of
gonads at autopsy of 200 dead fish and in specimens
used in ploidy level determination.

Determination of ploidy level

Thirty-two moribund Prussian carp were used for
ploidy level determination. The ploidy level was
determined by computer-assisted image analyses
using the measurements of mean erythrocyte nuclei
area (MENA) as was proposed by FlajShans (1997).
The blood was obtained with a heparinised syringe
from the fish heart, and blood smears were prepared
as for conventional haematological examination,
then air-dried, fixed in 90 % ethanol, and stained with
4% Giemsa-Romanowski. Blood smears were then
processed on a system consisting of microscope
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(Nikon Eclipse 600, immersion objective 100x), ana-
logue video camera (Hitachi HVC 20) and software
(L.U.C.ILA version 4.71, Laboratory Imaging spol. sr.
0.). The mean area of the nuclei was calculated from
200 erythrocytes for each specimen.

Moreover, the chromosome preparation according
to Réab & Roth (1988) was performed on 3 of 32 dis-
eased fish. Nuclear suspensions were dropped on
slides, stained with 4% Giemsa-Romanovski, and
examined microscopically. The chromosome counts
were realized on the 10 best metaphase plates per
specimen. The ploidy levels of 3 specimens obtained
by chromosomes counts were used as a reference for
the ploidy level determination by MENA and possi-
ble differences were tested by t-tests using the pro-
gram Statistica version 9.1. (StatSoft).

Identification of causative agent

Five moribund fish originating from 3 separate
samplings (sample no. 1736/1 contained 1 fish col-
lected on 27 May 2011; sample no. 1736/2 contained
3 fish collected on 30 May 2011; sample no. 1736/3
contained 1 fish collected on 5 June 2011) were
frozen (-20°C) and transported to the laboratory.
Standard pathological and parasitological examina-
tions (Ergens & Lom 1970) were carried out, and an
ELISA test for spring viremia of carp virus (SVCV)
formerly known as Rhabdovirus carpio (RVC) was
undertaken (Test-Line). Virological examination con-
sisted of isolation on tissue culture and identification
of the pathogen by electron microscopy and PCR.

Preparation of tissue homogenates

Pooled fish tissues were homogenized in a mortar
with sterile sea sand, supplemented with Eagle's
medium Tris MEM (minimal essential medium,
Sigma), pH 7.6, enriched with 10 % FBS (foetal bovine
serum, GIBCO) and centrifuged (4°C, 1500 x g,
15 min). The supernatant was incubated overnight at
4°C with the addition of antibiotics (100 IU ml™! of
penicillin and 100 ng ml™! of streptomycin) and after-
wards used for cell line virological testing and for
DNA extraction.

Isolation of viruses on tissue cultures

Monolayers (24 h) of bluegill fibroblast (BF-2),
epithelioma papulosum cyprini (EPC), rainbow trout

gonad (RTG-2) and fathead minnow (FHM) cell lines
in 24-well plates (NUNC) were used for viral isola-
tion. Cultures were inoculated with 3 serial tenfold
dilutions of the examined samples and incubated at
15 and 23°C for 7 d. The cell lines were monitored by
microscope every day for the development of cyto-
pathic effect (CPE). If no CPE was observed, the cul-
tures were frozen, thawed and subcultured for an
additional 7 d. If CPE was not observed after the sub-
culture, the samples were considered negative. Cell
cultures exhibiting CPE were used for identification
of viruses.

Electron microscopy

Supernatant from cell cultures displaying CPE
were studied by electron microscopy. Subcultured
samples were negatively stained with ammonium
molybdate and examined using a Philips 208 trans-
mission electron microscope (TEM) at 18000x magni-
fication and an accelerating voltage of 90 kV.

DNA extraction

Tissue cultures with CPE were used for DNA isola-
tion. The nucleic acid extraction was performed with
a QIAamp DNA Mini kit (Qiagen) according to the
manufacturer's instructions.

PCR and sequencing

Four primer pairs were used in this study; 2 pairs
were used for a nested PCR on the thymidine kinase
of CyHV-3 and 2 other pairs for a nested PCR on the
DNA polymerase of cyprinid herpesviruses (Table 1).
PCR products were subsequently sequenced in both
directions using the ABI PRISM® BigDye® Termin-
ator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems). Sequences were aligned using BioEdit version
5.09 and compared with GenBank using the
BLASTn program.

RESULTS
Mortality evaluation
More than 1400 kg of dead fish were removed

from Lake Rehac¢ka within the period 22 May to
10 June 2011. On 22 May only 30 kg were collected,
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Table 1. Primer pairs used for identification of the virus. Nested PCRs targeted the thymidine kinase gene of herpesviral

hematopoietic necrosis virus (CyHV-3) and the DNA polymerase gene of CyHV. One of 2 possible cycling conditions was

used: (A) 40 cycles of 1 min at 95°C, 1 min at 55°C, 1 min at 72°C, and the reaction was preceded by 94°C for 5 min and finished

at 72°C for 10 min, or (B) 30 cycles of 1 min at 95°C, 1 min at 55°C, 1 min at 72°C, and the reaction was preceded by 94°C for

5 min and finished at 72°C for 10 min. Centre for Environment, Fisheries & Aquaculture Science (CEFAS) protocol can be
obtained at www.cefas.defra.gov.uk

Primer sequences (5'-3’) Cycle conditions Size (bp) Source

CyHV-3 thimidine kinase

Outer forward: GGG TTA CCT GTA CGA G A 409 Bercovier et al. (2005)
Outer reverse: CAC CCA GTA GAT TAT GC

Inner forward: CGT CTG GAG GAA TAC GAC G B 348 CEFAS protocol
Inner reverse: ACC GTA CAG CTC GTA CTG G

DNA polymerase gene of cyprinid herpesviruses

Outer forward: CCC AGC AAC ATG TGC GAC GG A 362 Jeffery et al. (2007)
Outer reverse: CCG TAR TGA GAG TTG GCG CA

Inner forward: CGA CGG AGG CAT CAG CCC B 339 Jeffery et al. (2007)
Inner reverse: GAG TTG GCG CAY ACY TTC ATC

with the remaining fish collected on 27 May (700 kg),
30 May (300 kg), 1 June (300 kg), 5 June (100 kg),
and the last dead specimens occurring on 10 June.
Water temperature at the locality during this period
was between 16.1 and 20.5°C. To our knowledge, no
other fish species were affected besides Carassius
gibelio and no newly dead fish were observed after
10 June.

The survey among representatives of the local
organization of the Czech Anglers Union also revealed
the occurrence of a selective Kkill of Prussian carp in 4
other localities within the upper Elbe Basin (Fig. 1,
numbers 2 to 5; Table 2).

Identification and sex determination of fish
from the Rehacka mortality event

All 232 investigated fish (200 examined grossly and
a further 32 for ploidy determination) were females
and were morphologically identified as Carassius

gibelio sensu Kottelat & Freyhof (2007). Eight fish
that were also investigated genetically shared 1 hap-
lotype of Cyt b mt DNA (final length of sequences
consisted of 1027 characters). Sequence of the haplo-
type was compared in the program BLASTn that
evaluates the percentage of sequence similarity (%S)
and the percentage of sequence overlap (%O) with
the reference sequence of C. gibelio from GenBank
(Table 3).

Determination of ploidy level

Chromosome preparation of 3 of the 8 specimens
(Table 3) revealed they were triploids with modal
chromosome numbers of 156 (60% of investigated
metaphases), 156 (50 % of investigated metaphases),
and 150 (60% of investigated metaphases). Ploidy
level determination by MENA showed that all 32 in-
vestigated specimens were triploids with values of
the nuclei area mean (+ SD) ranging from 20.7 + 2.2

Table 2. Carassius gibelio. Selective mortalities of Prussian carp in the upper Elbe Basin. Biomass: biomass of dead fish, which
were removed from the locality by local organisations of the Czech Anglers Union during 2011. See Fig. 1 for locations of
localities. nd: no data

Locality Locality Period GPS position Biomass % mortality
number name (kg)

1 Rehacka 22 May-10 June 50° 10" 37.956" N, 14° 48' 22.419"E >1400 >95

2 Prov 30 June-5 July 50°5' 36.024" N, 15° 9" 11.413"E >700 nd

3 Nova Ves 30 June-25 July 50° 3' 24.666" N, 15°9' 35.738" E >5600 >95

4 Trnavka 1 June-11 June 50° 1' 56.253" N, 15° 27' 48.229"E 150 nd

5 Hrobice 5 June-19 June 50° 6' 28.754" N, 15° 47' 23.408"E 100 nd
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Fig. 1. Localities with selective Prussian carp Carassius gibelio mortalities.
Cases (numbers 1 to 5 in main map) are described in Table 2

Table 3. Carassius gibelio. Genetic and cytogenetic identification of 8 speci-

mens of Prussian carp from Lake Rehac¢ka (CgTL006, CgTL008, CgTLO013,

CgTL046, CgTL078, CgTL114, CgTL144 and CgTL113). Basic local alignment

seach tool (BLASTn) comparisons used reference sequence from Carassius

gibelio DQ399929 (Kalous et al. 2007). %S: percentage of overlap sequence

similarity; %O: percentage of sequence overlap; MENA: mean erythrocyte
nuclei area; Chro: modal chromosome number

Specimen Morphological Ploidy level GenBank %S %O
identification MENA Chro Accession No.
CgTL0O06  Carassius gibelio  3n 156 JN546055 100 98
CgTL008  Carassius gibelio  3n 156 JN546056 100 98
CgTL013  Carassius gibelio  3n 150 JN546057 100 98
CgTL046  Carassius gibelio  3n - JN546058 100 98
CgTL078  Carassius gibelio  3n - JN546043 100 98
CgTL114  Carassius gibelio  3n - JN546041 100 98
CgTL144  Carassius gibelio  3n - JN546040 100 98
CgTL113  Carassius gibelio  3n - JN546034 100 98

tion failed to detect parasites or evi-
dence of spring viremia of carp.
Given that the massive mortality was
selective for Carassius gibelio, toxi-
cosis was also excluded.

Isolation of viruses on tissue
cultures and electron microscopy

Three separate fish samples (1736/
1, 1736/2 and 1736/3) produced CPE
on first passage in all 4 cell lines incu-
bated at 23°C and in BF-2, FHM and
RTG 2 cell lines incubated at 15°C.
Cell cultures with clear CPE were
examined by TEM, and viral particles
morphologically similar to a her-
pesvirus were observed (Fig. 4).
These samples were tested by PCR.

PCR and sequencing

Samples with CPE and herpesviral
particles observed in TEM were
investigated by nested PCR wusing
primers specific for koi herpesvirus
(CyHV-3) (Table 1). Negative results
were obtained. Subsequently generic
primers for the DNA polymerase
gene of cyprinid herpesviruses were
used (Table 1) and a primary product
of 362 bp was obtained in 2 of 3 sepa-
rate samples. The nested PCR re-
sulted in a specific product of 339 bp
in all 3 samples (Fig. 5). Products

to 23.2 + 2.5 um?. Comparison of values using a t-test
confirmed no statistically significant difference (p >
0.05) between the 3 reference specimens and the
remaining specimens (Fig. 2). All values are in agree-
ment with those for triploid Carassius gibelio (Kalous
& Petrtyl 2004).

Identification of causative agent of mortality

Diseased Prussian carp had pinpoint red foci at
the base of their fins, red foci in the eyes, haemor-
rhaging of the gills, and some specimens showed
pink-colored skin in the abdominal region and fins
(Fig. 3). Internal organs were soft and reddened.
Standard pathological and parasitological examina-

were sequenced and the sequences were deposited
in GenBank (accession nos. JQ740764, JQ740765
and JQ740766). Nucleotide sequences were com-
pared with GenBank using the BLASTn program and
exhibited 100 % identity with cyprinid herpesvirus 2
DNA polymerase gene (GenBank accession no.
DQ085628.1) (Goodwin et al. 2006a).

DISCUSSION

The causative agent of a massive kill of Prussian
carp was identified as CyHV-2, family Alloherpes-
viridae, genus Cyprinivirus (Davison et al. 2009).
This virus shares morphological similarities with
carp pox herpesvirus (CyHV-1) and koi herpesvirus
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(CyHV-3), but it differs in the clinical
manifestation, host range, antigenic
properties, and growth characteristics
(Waltzek et al. 2005). (CyHV-2) is a
pathogen of goldfish Carassius auratus
(Goodwin et al. 2006b, Jeffery et al.
2007), but recently it was also identified
in C. gibelio in Hungary (Doszpoly
et al. 2011). In the case of Lake Re-
hacka, all affected fish were C. gibelio.
CyHV-2 is associated with mortality

15 A B

Fig. 2. Carassius gibelio. Obtained erythrocyte nuclei area of triploid refer-
ence specimens (A) and the remaining 29 specimens (B) from Lake
Rehacka. Thick black line: mean; box: SD; whiskers: 1.96 x SD

Fig. 3. Carassius gibelio. Freshly dead fish from Lake
Rehacka affected by CyHV-2 showing pinpoint foci at the
base of fins and in the eyes

in at least 2 species of the genus Ca-
rassius— C. auratus and C. gibelio—
but it seems not to be pathogenic for
C. carassius (Jeffery et al. 2006) or
for common carp Cyprinus carpio (Jung
& Miyazaki 1995).

CyHV-2 was originally described in Japan (Jung &
Miyazaki 1995) but it probably has a global distribu-
tion (Waltzek et al. 2009), with mortality reported in
the United Kingdom (Jeffery et al. 2007), USA, Tai-
wan (Goodwin et al. 2006a) and Australia (Stephens
et al. 2004).

The high mortality within goldfish can be attrib-
uted to their low genetic diversity (Rylkova et al.
2010) since this species has experienced intensive
selection during its breeding history (Balon 2004).
We presume that some of the differences in the mani-
festation of the disease at Lake Rehacka in compari-
son to previously described symptoms (Jung & Miya-
zaki 1995, Stephens et al. 2004, Jeffery et al. 2007)
could be influenced by the heterogeneity of affected
species within the genus Carassius.

Fig. 4. Viral particles with a herpesviral morphology isolated in different cell lines and temperatures. (A) Rainbow trout gonad
cell line, 15°C. (B) Epithelioma papulosum cyprini cell line, 23°C. Transmission electron microscopy; negative staining
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Fig. 5. Nested generic PCR of the DNA polymerase gene of

CyHV. Lane M: mass ladder (TracklIt 1 Kb Plus DNA Ladder,

Invitrogen); Lane 1: positive control; Lane 2: negative con-

trol; Lane 3: Sample 1736/1; Lane 4: Sample 1736/2; Lane 5:

Sample 1736/3; Lanes 6 to 8: Same samples after virus multi-
plication in cell line RTG-2, 23°C

The natural populations of Carassius gibelio con-
sist of clonal lineages with the sympatric occurrence
of sexually reproducing individuals (Gui & Zhou
2010). In contrast, in newly inhabited areas the pop-
ulations are characterized by the dominance of fe-
males that take advantage of rapid multiplication
due to sperm-dependent parthenogenetic reproduc-
tion (Hanfling 2007). Our data suggest that the
C. gibelio population from Lake Rehacka is gyno-
genetic since not a single male was found. Moreover,
all investigated specimens were shown to be tri-
ploids, and only 1 haplotype of Cyt b mtDNA was
shared among 8 sequenced fish.

Populations of asexually reproducing vertebrates
are often considered to be less resistant to patho-
gens due to reduced genetic variability of the host
(Neiman & Koskella 2009). In natural populations
that reproduce sexually, usually only a fraction of
individuals infected by viruses show symptoms of
disease, and a significant part of the clinical vari-
ability observed within populations is explained by
the host genetic background that plays an important
role in the susceptibility to infections (Verrier et al.
2012). This phenomenon changes in a genetically
uniform population caused by artificial selection.
Within the common carp Cyprinus carpio, strains
more or less susceptible to CyHV-3 have been iden-
tified (Shapira et al. 2005, Jdegard et al. 2010).
High stock densities and low genetic variability can
result in mass mortalities from virus, e.g. in koi carp
(Hedrick at al. 2000), or even in introduced common
carp in a natural environment (Garver et al. 2010).
Animals that reproduce clonally face the same pop-

ulation breakdown possibility when infected by
highly pathogenic viruses due to their obvious
genetic similarity. Although we did not completely
define the genotype diversity of Prussian carp in
Lake Rehacka, only a few clonal lineages are likely
to be present due to the bottle-neck effect associ-
ated with introduction and the gynogenetic type of
reproduction. Our cytogenetic data showed 2 differ-
ent modal chromosome numbers. The triploid bio-
type of Carassius gibelio is known to bear various
numbers of chromosomes from 150 to 162 (Kalous &
Knytl 2011). Particular clones are then usually char-
acterized by a specific chromosome number (Zhou
& Gui 2002). In the case of Lake Rehaéka, there are
at least 2 clones, although the cytogenetic data in
the study are very restricted.

After the first dead fish appeared on 22 May, num-
bers rapidly increased within 5 d. One week after the
peak of mortality, only a few newly dead specimens
were found. Estimating mortality in natural water-
bodies is very difficult. However, based on informa-
tion from the local organization of the Czech Anglers
Union and the complete lack of Prussian carp caught
at the locality by anglers in the period 10 June 2011
to July 2012, we assume that all or nearly all of the
Carassius gibelio in Lake Rehac¢ka were eliminated
by the pathogen during this short period.

The rapid progress of the pathogen was also re-
ported in controlled conditions when fish began to
die at 3 to 6 d post-inoculation and cumulative mor-
tality ranged from 60 to 100 %, depending on viral
titre, within 13 d at 20°C (Jung & Miyazaki 1995).
CyHV-2 is often present as an inapparent infection
and could be widespread in nature (Goodwin et al.
2009). However, when infected fish are subjected to
stress such as a temperature change, there is a
greater probability of disease outbreaks.

We believe the stress/temperature hypothesis may
explain the initiation of the disease outbreak at
Lake Rehacka and other locations in the upper Elbe
River because a sharp drop in water temperature
occurred from 13 May to 16 May 2011. Additionally
our data showed that the virus replicated well in the
temperature range 15 to 23°C, which is in agree-
ment with Jung & Miyazaki (1995) who noted the
optimum for virus propagation ranging between 15
and 25°C.

We conclude that the massive wave of deaths
of Prussian carp at Lake Rehacka and at other lo-
calities in the upper Elbe River basin can be attrib-
uted to limited genetic variation of Prussian carp
and the favourable conditions for propagation of
CyHV-2.
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Freshwater fishes of the genus Carassius, widespread throughout Europe and Asia, are important aquaculture
fishes and include the world's most important pet fish, the goldfish. The high morphologic similarity between
the species, however, has up to now prevented reliable conclusions on their taxonomy, biogeography and intro-
duction history. A phylogeny of the fish genus Carassius based on the cytochrome b sequence of 404 specimens
collected from aquaculture and open water localities across Eurasia identifies most of the presently recognised
species as monophyletic lineages, but also that at least one lineage exists that does not correspond to any
described species. Within Europe, feral populations of Carassius auratus occur mainly in the Mediterranean
area and Great Britain, while Carassius gibelio is found in most of non-Mediterranean Europe and some localities

Keywords:
Carassius auratus complex
Cytochrome b

Distribution in Italy. Carassius langsdorfii has very scattered points of occurrence in at least six European countries. C. auratus
Introduction and C. langsdorfii are not native to Europe. The populations of C. gibelio in eastern Central Europe and parts of
Biogeography Eastern Europe are considered as resulting from a natural postglacial range expansion, while the rest of Europe
Phylogeny was colonised due to anthropogenic impact. The presence of diploid (2n=100) as well as triploid (3n=150)

specimens in the three most widespread species indicates that ploidy level is not a character to identify the
species of Carassius. A remarkably low genetic divergence in C. gibelio can be the result of clone selection in
the gynogenetic populations. In general, our data present the first comprehensive overview about the genus

Carassius in Europe based on genetic data.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The first and most important step in any study dealing with biolog-
ical material is the proper identification of the investigated species,
otherwise studies on biodiversity and distribution cannot be carried
out, and these animals cannot be used as models in any type of investi-
gation. The traditional and most practical way to identify fish species is
based on morphological characters, but in cases of morphologically
similar species genetic data can also help in the identification (Avise
and Hamrick, 1996; Ogden, 2008).

Freshwater fishes of the genus Carassius are closely related to the
common carp and include the goldfish, one of the best-known fishes
at all. The genus occurs frequently across Eurasia from Portugal in the
west to Japan in the east and from the Siberian Rivers in the north to
southern China and Vietnam in the south (Szczerbowski, 2002a,b).
They are farmed for aquaculture in East Asia (annual production in
China about 2 million tonnes Gui and Zhou, 2010), Eastern Europe
and Central Asia (FAO, 2011) and for this purpose they have been

* Corresponding author. Tel.: 4420 224382790; fax: +420 22438 2793.
E-mail address: rylkova@af.czu.cz (K. Rylkova).

0044-8486/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
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introduced from Asia to Europe several times (Savini et al,, 2010). Espe-
cially the introduced forms from Asia are supposed to have a negative
impact on European river ecosystems (Richardson et al., 1995). Howev-
er, due to the morphological similarity of the species, the understanding
of the taxonomy of the genus Carassius and the detailed distribution
of species in Europe are poor. At present, five species are considered
valid: Carassius carassius in most of Europe and western Asia, Carassius
langsdorfii and Carassius cuvieri in Japan, Carassius auratus in China and
Carassius gibelio in Europe (introduced lineages from Asia as well as
native populations), Siberia and East Asia (Bandrescu, 1991; Hosoya,
2000; Szczerbowski, 2002a,b). Morphologically, C. carassius is the only
species that can be identified easily (Kottelat and Freyhof, 2007),
while the remaining species differ only slightly in morphological char-
acters and will further on be referred to as the C. auratus complex.

The identification of species is even more complicated in many
populations by the occurrence of specimens with different ploidy level
(Abramenko et al., 1997; Jakovli¢ and Gui, 2011; Luskova et al.,, 2004).
For a long time it has been believed that C. gibelio and C. langsdorfii are
triploid (3n=around 150), while the other species are diploid (2n=
100); therefore the ploidy level has been taken as important character
to identify species (Vasil'eva and Vasil'ev, 2000). In recent times it has
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been shown that diploid specimens also occur within C. gibelio and
C. langsdorfii and triploid specimens have been found in C. auratus
(Abramenko et al.,, 1997; Takada et al., 2010; Xiao et al., 2011). Triploid
specimens are nearly all females and are considered to reproduce by
gynogenesis after mating with any other cyprinid species (Cherfas,
1966; Flajshans et al., 2008), but may incorporate sperm nuclei when
coexisting with diploid bisexual populations of Carassius (Fan and
Shen, 1990; Lamatsch and Stock, 2009; Téth et al., 2005; Zhou et al.,
2000). Moreover, hybrids between C. carassius and C. auratus exist at
least in Great Britain and can be difficult to identify (Hanfling et al.,
2005).

The combination of morphologically similar species, of hybrid
specimens and of gynogenetic lineages within species, hampers studies
aiming to clarify the biogeography and taxonomy of the genus
Carassius. Moreover, these fishes have a long history of introductions
and translocations by man (Burmakin, 1963; Copp et al., 2005a). Their
outstanding hardiness when transported in wet grass and a great possi-
bility to survive and grow even in small ponds with eutrophic condi-
tions made the species of Carassius one of the first candidates for
stocking throughout and outside their natural distribution areas. In
Europe and China, anthropogenic translocations of Carassius have
occurred for hundreds of years (Balon, 2004). During Medieval times,
monks developed an early carp aquaculture across Europe, which
later developed into a flowering carp industry with global exchange of
stocking material in the 19th and 20th century, and the unintended
propagation and translocation of Carassius together with juvenile
carps are until today a common side product of carp aquaculture world-
wide (Copp et al., 2005a; Téth et al,, 2005). Moreover, the goldfish
became the most popular pet fish of all times and was globally distrib-
uted, leading to uncounted events of release to open waters (Kottelat,
1997). Today, records of goldfish from open waters come from nearly
all climatically suited parts of the world (Elvira, 2001; Kumar, 2000;
Olden et al, 2008; Seegers et al,, 2003). The fact that feral goldfish
lose their orange colour and fancy fin shapes within a few generations
and return to the wild phenotype has added to the problem of identifi-
cation of species of the genus Carassius.

The distribution of species of Carassius in Europe and their transloca-
tions can be summarised as following: C. carassius occurs from the
Rhine basin eastwards through most of Europe except of the Mediterra-
nean basin. It has been introduced to the large part of Great Britain, Italy
and France (Kottelat and Freyhof, 2007). C. gibelio was originally
described from north-eastern Central Europe by Bloch (1782) but was
at that time not mentioned or its status as species was doubted by
ichthyologists in more western parts of Europe and the Danubian
basin (Balon, 1962; Changeux and Pont, 1995; Hol¢ik and Zitiian,
1978; Verreycken et al., 2007). Since 1940 it was recorded in the
Danube River basin, first from Bulgaria and Romania, most likely as a
result of introductions from the Russian part of the distribution area
and since then has spread across most of Europe (Bandrescu, 1964;
Drensky, 1948; Szczerbowski, 2002a,b). The goldfish C. auratus arrived
as valuable pets in the 17th century to Portugal, France and Great Britain
(Balon, 2004; Hervey and Hems, 1968; Kottelat, 1997). They were soon
reproduced in captivity and spread across Europe. Distribution as orna-
mental species and stocking by private persons can be considered as a
general and major way for the goldfish into open water systems
(Copp et al., 2005b; Kottelat, 1997). Recently the Japanese species
C. langsdorfii was discovered in the Elbe river system and Greece
(Kalous et al., 2007; Takada et al., 2010; Tsipas et al., 2009).

In the present study, we identify more than 400 individuals of
Carassius based on mitochondrial DNA and reconstruct their phyloge-
ny. The ploidy level of a subsample of the analysed specimens of
Carassius was estimated in order to test if the ploidy level is responsible
for splits between species or lineages within species. Focusing on the
relationships of the European populations we evaluate the number of
introductions and the distribution of introduced species. On the base
of the voluminous records of Carassius introductions and translocations,

we reconstruct the biogeographic history of the introduced species of
the C. auratus complex in Europe and report on the existence of at
least one undescribed species in northeast Asia.

2. Material and methods

Altogether, 404 samples of Carassius from European, Asian and
North American water bodies were included into the analysis. The
dataset includes 183 new sequences, 121 sequences from our previous
studies and 100 sequences obtained from GenBank. Our original sam-
ples were obtained via random sampling. As an outgroup, we used the
common carp, Cyprinus carpio. Detailed information of sample origin
and GenBank accession numbers are listed in Supplementary Table 1.

2.1. Reconstruction of phylogeny

Genomic DNA was isolated from ethanol preserved tissue using
DNeasy Blood and Tissue Kit (Qiagen) according to manufacturer's pro-
tocol. The mitochondrial gene cytochrome b was amplified using for-
ward primer Kai_F (GAA GAA CCA CCG TTG TTA TTC) and reverse
primer Kai_R (ACC TCC RAY CTY CGG ATT ACA) (Slechtova et al,
2006). Polymerase chain reaction (PCR) consisted of 3 ul template
DNA, 3 pl of each primer, 15.5 pul of Combi PPP Master Mix (Top-bio)
and ddH,0 up to 50 pl of reaction mix. The profile of the PCR, carried
out on an MJ Mini™ thermocycler (Bio-Rad), started with initial dena-
turation at 95 °C for 2 min followed by 35 cycles consisting of denatur-
ation step at 95 °C for 1 min, annealing step at 52 °C for 30 s and
elongation at 72 °C for 30 s; the last step was final elongation at 72 °C
for 10 min.

The PCR products were purified and sequenced from both ends to
gain complete sequence of the gene. Purification and sequencing
were performed by Macrogen Inc., Korea.

The raw chromatograms were manually assembled and checked
by eye for potential mistakes using the computer software BioEdit
5.0.9. (Hall, 1999); the same program was used to align the sequences
using the ClustalW algorithm.

The phylogenetic relationships were estimated using the methods
of maximum parsimony (MP) in PAUP* version 4.0b10 (Swofford,
2000) and Bayesian analyses (BAY) using the program MrBayes ver.
3.0 (Huelsenbeck and Ronquist, 2001).

2.2. Ploidy level determination

Measurements of ploidy level followed the method described by
Lamatsch et al. (2000) for fixed fin clips. Heparinised red blood cells
from female chicken (Gallus gallus) cells were used as the internal
standard (genome size 2.5 pg/nucleus; Vinogradov, 1998).

Ethanol fixed fin clips were minced in 2.1% citric acid/0.5% Tween 20
and incubated for 15 min with gentle shaking at room temperature
(RT). Fish cells and 100 pl of the chicken erythrocyte solution in phos-
phate buffered saline (PBS) were centrifuged for 5 min at 300 xg, the
supernatant was discarded and the cell pellets were resuspended in
400 pl 0.5% pepsin in 0.1 M HCl. After incubating at RT for 10 min
with gentle shaking, the cells were stained overnight at 4 °C by adding
1100 pl DAPI solution (5.9% citric acid trisodium salt 2H,0, 0.0002%
DAPI). Immediately before analysis the fish samples were filtered
through a 50 mm nylon mesh (Celltrics, Partec©), to prevent obstruc-
tion of the flow chamber by fin rays. To certify that nuclei were stained
completely, 1:10 dilutions with DAPI were used for measurements. For
each measurement fish fin clip cells and chicken red blood cells were
mixed in such a way that similar final concentrations were obtained.
All measurements were conducted on a Partec Ploidy Analyser PA-II
applying a mercury lamp (Partec, Miinster, Germany). At least 10,000
cells were measured per sample.

Ploidy level was determined for 128 specimens (67 samples original
to this study). Cluster analysis based on K-means clustering method
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was used for the separation of two ploidy levels based on the values of
DNA content. Basic descriptive statistics were then calculated for all
values of each ploidy level and for each lineage. Significance of the
results of cluster analysis was tested by ANOVA. All computations
were done using STATISTICA ver. 9.1 (StatSoft, Inc., 2010).

3. Results

The 404 analysed specimens of Carassius revealed the existence of
six monophyletic lineages. Five of these lineages correspond to the spe-
cies C. carassius, C. cuvieri, C. langsdorfii, C. gibelio and C. auratus, but one
lineage containing samples of C. cf. gibelio from Mongolia could not be
assigned to any described species. The samples of C. langsdorfii and
C. auratus split into three and two sublineages, respectively, that were
identified in both analyses with high statistical support (Fig. 1).

3.1. Species of Carassius and their distribution in Europe

Our dataset identifies four species of Carassius from localities in
Europe, namely 1) C. carassius from Austria, Czech Republic, Germany,
Great Britain and Sweden; 2) C. auratus from Albania, Germany, Greece,
Montenegro, Portugal and Spain; 3) C langsdorfii from Bosnia-
Herzegovina, Czech Republic, Germany, Greece, Italy and Ukraine and
4) C. gibelio from Austria, Bosnia-Herzegovina, Bulgaria, Croatia, Czech
Republic, Estonia, Finland, France, Germany, Greece, Hungary, Italy,
Poland, Romania, Slovakia, Turkey and Ukraine (Fig. 2a).

3.2. Species of Carassius and their distribution in Asia

Four species of Carassius were identified in Asia: 1) C. auratus
in China, Japan, Kazakhstan, Korea and Taiwan; 2) C gibelio in
China, Korea, Mongolia and Uzbekistan; 3) C. langsdorfii in Japan; and
4) C. cuvieri in Japan (Fig. 2b).

3.3. Species of Carassius and their distribution in USA

Five individuals of C. auratus were identified in one locality of the
USA. All of them shared the same haplotype Cal which is the most
common within this taxon and gather mainly ornamental and feral
specimens (Fig. 2c).

3.4. Reconstruction of phylogeny

The final matrix of the cytochrome b sequences consisted of 1023
basepairs containing 296 variable characters with 214 parsimony
informative sites. Altogether, the analysed specimens of Carassius
revealed 104 haplotypes. Both employed methods have recovered
trees of very similar topologies with high statistical supports and
sorted sequences into six well-supported lineages corresponding to
taxonomical division of the genus Carassius; further divided into
nine sublineages. Sublineages occur within the lineage of C. auratus
and C. langsdorfii (Fig. 1). The geographical distribution of particular
lineages is shown in Fig. 2.

3.5. Ploidy determination

Based on the results of cluster analyses two groups of ploidy level
are separated with a mean value of DNA content (4SD) of 4.38 +
0.49 pg for diploid specimens and 6.74 + 0.49 pg for triploid specimens.
The total range of values in the group of diploids and triploids was
between 3.6-5.42 pg and 5.75-7.33 pg respectively. ANOVA confirmed
the results of cluster analysis as statistically significant (P<0.01). As
expected, all investigated C. carassius are diploid (n=6). C. gibelio
(n=61) show diploid (n=12) and triploid (n=49) individuals.
C. auratus (n=39) show (n=19) diploid and (n=20) triploid individ-
uals, and in C. langsdorfii (n=19) there were (n=>5) diploid and (n=

14) triploid individuals. The three investigated individuals from
Carassius sp. “M” all showed DNA content comparable to three chromo-
some sets. Values of DNA content of the blood cells separately for each
lineage as well as basic descriptive statistics for diploids and triploids
are summarized in Table 1.

4. Discussion
4.1. Genetic diversity within species

Three of the species analysed in the present study, C. auratus,
C. gibelio and C. langsdorfii, have been sampled with a comparably
high number of specimens from a broad variety of localities in
Europe as well as in East Asia. It appeared that the genetic diversity
(individuals/haplotypes) within C. auratus (174/43) and C. langsdorfii
(46/25) is considerably higher than within C. gibelio (150/21). The
diversity within C. auratus and C. langsdorfii is 1.77 and 3.88 times
higher, respectively, than within C. gibelio. This result is at first surpris-
ing, because C. gibelio has the largest distribution area of the three
species, occurs in very high density in many localities and did not pass
through such a strong bottleneck like C. auratus when humans selected
the rare red specimens at the beginning of domestication (Komiyama
et al, 2009). However, the clonal mode of reproduction of many
populations of C. gibelio might have been responsible for their restricted
genetic diversity. In sexually reproducing populations, the natural
(or artificial) selection pressure increases or decreases the frequency
of certain nuclear gene haplotypes that are coding phenotypic features,
but does not select mitochondrial genes. In clonal lineages, selection
pressure changes the frequency of clones within the population, leading
to the strong dominance of one or few clones, each carrying only one
mitochondrial copy (Vrijenhoek, 1998).

4.2. Ploidy level of the species

For along time, the ploidy level has been considered an important
character for the species determination within Carassius, especially
to distinguish the diploid C. auratus from the triploid C. gibelio
(Szczerbowski, 2002a,b; Vasil'eva and Vasil'ev, 2000). Recent inves-
tigations have reported the occurrence of triploid specimens of
C. auratus (Takada et al., 2010; Xiao et al.,, 2011), and in the popula-
tions of C. gibelio more and more diploid specimens are observed
(Abramenko et al., 1997; Apalikova et al., 2008; Brykov et al., 2005;
Luskova et al., 2004). Our present data show that both species contain
diploid as well as triploid specimens and that ploidy level is an inaccu-
rate character to distinguish them. Similar to C. gibelio, C. langsdorfii has
also been considered to be a uniquely triploid species for a long time,
but recent studies have shown that diploid as well as triploid specimens
occur (Takada et al., 2010).

4.3. Origin of European populations of C. auratus complex

Our results show that the European populations of C. auratus,
C. gibelio and C. langsdotfii are very closely related to the Asian popula-
tions and that in all three species certain haplotypes are found in Europe
as well as in Asia. This observation corresponds to a very recent origin of
the European populations.

The fact that populations of C. auratus are only observed in southern
Europe can be attributed to the suited climatic conditions; it looks like
the goldfish requires higher winter temperatures than other species of
Carassius. Moreover, most populations in Portugal, Spain, and Italy
consist of diploid specimens and share the same haplotype, supporting
their joint origin. In contrast, nearly all specimens of C. auratus in the
Balkans (Albania, Montenegro and Greece) are triploids, indicating a
different origin. It has been recorded that Albania introduced ‘Chinese
carps’ during the 1960s directly from China and stocked them into
Lake Skadar (Flloko, 2005; Shumka et al., 2008). Since these fishes
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Table 1

Number of examined specimens within each lineage with mean values of DNA content
(pg) including basic statistics separately for groups of diploids and triploids. Symbol
n.a. refers to absent data.

Lineage 2n DNA content 3n DNA content Sequences Haplotypes
pg+S.D. pg+S.D.
C. auratus | 15 425+0.74 14 6.56+0.13 147 26
C. auratus II 4 466+n.a. 6 6.76+0.07 27 17
C. gibelio 12 4404064 49 6814+042 150 21
Carassius sp. “M” 0 n.a. 3 6.78+04 5 4
C. langsdorfii I 4 na. 5 na. 20 14
C. langsdorfii I 0 na. 5 6.654+0.03 9 5
C. langsdorfii IIl 1 481+na. 4 na. 17 6
C. cuvieri 0 na. 0 na. 3 2
C. carassius 6 4.65+03 0 na. 26 9
Mean £ S.D. 438+0.49 6.7440.36
Min.-max. 3.6-5.42 5.75-7.33

were imported as fry that had been collected in natural rivers in
China, other fish species than carps may also have been imported
unintentionally, goldfish dispersed through the Ohrid-Drin-Skadar
system into the territories of Albania, Montenegro and Greece and
here were transported to neighbouring water systems like Prespa
Lake (Liasko et al, 2010). Although these two groups can be
distinguished, both of them belong to one mitochondrial lineage
(sublineage C. auratus I). In contrast, populations from Asia display
much larger genetic variability (beside of C. auratus I also more
diversified sublineage C. auratus II). This is consistent with the
findings of Gao et al. (2012).

The species C. langsdorfii was reported for the first time from
Europe in 2000 (Kalous et al., 2007) and seems to have been only
recently introduced. The ways of introduction to Europe are not
known, but most likely it has been an unintended introduction with
other cyprinid fishes. Up to now, only few single reports have been pub-
lished, but our results suggest that the species is by far more widespread
than originally believed. Due to its very recent finding, nothing is
known about the establishment of stable populations in Europe, but
the fact that the specimens from Bosnia-Herzegovina and from north-
ern Germany were juveniles of 3-5 cm TL suggests that they are natu-
rally reproducing there. Takada et al. (2010) and Yamamoto et al.
(2010) have recently demonstrated that C. langsdorfii in Japan includes
a number of very different lineages that have non-overlapping geo-
graphic distribution. Comparing our haplotypes with the data
presented in these studies, we conclude that the geographic origin of
C. langsdorfii type II is related to Honshd Island and the origin of C.
langsdorfii type IIl is in the Rydkyd Islands. The type I of C. langsdorfii
was not detected in Europe. The presence of two different sublineages
of C. langsdorfii in different localities across Europe indicates introduc-
tions from more than one source population.

The most abundant and widespread species of the C. auratus com-
plex in Europe is C. gibelio. It has been mentioned by Bloch (1782) to
occur in the area that nowadays is eastern Germany and Poland, by
Gasowska (1934) from an area nowadays in western Ukraine and by
Slynko et al. (2011) as being historically present in Dnieper River.
In contrast, it seems to have been unknown to historical authors in
Western Europe and the Danube basin. The earliest records from the
Danube basin (lower Danube in Bulgaria and Romania) are from the
1940s (Banarescu, 1964), but catches were rather negligible until the
1960s, when the species became rapidly more abundant and started
to spread (Holtik and Zitian, 1978). Subsequently, the species was
observed more and more westward in the Danube system and finally
also in several western European river basins. These late records togeth-
er with the observation that C. gibelio in the Danube basin carried para-
sites that were new to the region (Zitfian, 1974) suggest that the species
is a recent invader in these areas. In fact it has been speculated that
C. gibelio is a non-native species for all of Europe (Luskova et al.,
2004), while other authors considered it native at least in the eastern

parts of Central Europe (Kottelat, 2006; Kottelat and Freyhof, 2007).
Here we extend the later opinion and suggest that C. gibelio is native
from eastern Central Europe eastwards through Siberia for the follow-
ing reason: throughout Siberia until the Amur basin, C. gibelio is a com-
mon species similar to other lowland species like Cobitis melanoleuca
and Rhynchocypris percnurus (Bogutskaya and Naseka, 2002; Kottelat
and Freyhof, 2007; Reshetnikov et al., 1997). These three species further
have in common that their closest related species live in East Asia; indi-
cating that they spread from northern East Asia through Siberia to
Europe. The presence of the same species in Europe, East Asia and across
Siberia together with the close genetic relationship between Asian and
European populations (demonstrated for C. melanoleuca by Tang et al.
2008 and for C. gibelio by the present study) suggests this spreading to
have occurred postglacially, most likely via the swamp areas created
by the melting ice. While this postglacial range extension carried
C. melanoleuca westwards until the River basins of Volga and Don, the
small swamp-inhabiting R. percnurus was able to colonise Europe
westwards as far as into the Odra river basin in present-day western
Poland (Kottelat and Freyhof, 2007). Having in mind that R. percnurus
and C. gibelio inhabit the same habitat, often co-occur in large parts of
their distribution area and that C. gibelio is much hardier than
R. percnurus to withstand habitat degradation, it seems highly likely
that the native distribution area of C. gibelio stretches at least as far
westwards as that of R. percnurus. Unfortunately, the low genetic diver-
sity within C. gibelio does not bring further information about a single or
double origin of the European populations of C. gibelio. However, since
the genetic diversity among East Asian populations is comparably low
and the proposed colonisation of Europe has happened maximally
8000 years ago, the absence of any statistical differences in the cyto-
chrome b between populations from eastern Central Europe and the Da-
nubian basin cannot be taken as a sign that they have the same
colonisation history, but that this marker is not suited to answer this
question.

5. Conclusions

Our data show that the present day knowledge about the taxonomy
as well as the distribution of the genus Carassius still bears many weak-
nesses. Genetic data give indications of at least one undescribed species
and reveal a much wider distribution of C. langsdorfii and C. auratus in
Europe than formerly believed. It appears that C. auratus is nearly
restricted to the Mediterranean basin and Great Britain, while C. gibelio
inhabits most of Central and Eastern Europe and C. langsdorfii has a very
scattered distribution across Central and South-eastern Europe. It is
demonstrated that genetic data can be used to provide valuable insights
about the taxonomy and distribution of fishes with difficult morpholog-
ical species-recognition, to evaluate the value of ploidy changes in
taxonomy and to reconstruct their biogeographic history. Therefore it
can stimulate future studies on these commercially important fishes.
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Abstract

A single female with 206 chromosomes and another 26 fe-
males with 156 chromosomes identified as Prussian carp,
Carassius gibelio, and 5 individuals with 100 chromosomes
identified as crucian carp, C. carassius, were sampled during
field survey in one locality in the upper Elbe River. To iden-
tify the origin of females with high chromosome numbers,
comparative karyotype analysis, GISH, with whole C. caras-
sius DNA as probe and phylogenetic positions of sampled
individuals revealed by cytochrome b mitochondrial marker
were performed. GISH showed consistently bright labeling
of 50 chromosomal elements out of 206, corresponding to
the haploid chromosome number of C. carassius. The posi-
tion of these females with high chromosome numbers in a
reconstructed phylogenetic tree was within the clade of C.
gibelio, documenting its affiliation to C. gibelio mitochondri-
al, i.e. maternal lineage. Our findings indicated that the

mother of the female with high chromosome numbers was
a gynogenetically reproducing 156-chromosome C. gibelio
female and the father a bisexually reproducing C. carassius
male. We, therefore, hypothesized that the C. gibelio x C.
carassius allopolyploid female with 206 chromosomes arose
by a mechanism of sperm genome addition to an unreduced

egg of the mother. Copyright © 2013 S. Karger AG, Basel

Interspecific hybridization and production of viable
hybrid offspring is well known among lower vertebrates
[Dawley and Bogart, 1989; Vrijenhoek, 1998; Neaves
and Bauman, 2011]. The relatively higher frequency of
cross-species breeding among fishes is caused by overall
predominance of external fertilization in aquatic envi-
ronment. Moreover, many cyprinid species share simi-
lar spawning grounds in the same time that indeed in-
creases the probability of hybridization events [Wheeler
and Easton, 1978]. Fishes of the genus Carassius are rep-
resented in Europe by 4 taxa: (1) native and highly en-
dangered crucian carp (C. carassius L.) [Kottelat and
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Freyhof, 2007], (2) pan-globally distributed feral gold-
fish (C. auratus L.) [Szczerbowski, 2002], (3) recently
found Japanese Ginbuna (C. langsdorfii, Temminck and
Schlegel 1846) [Kalous et al., 2007], and (4) native Prus-
sian carp (C. gibelio, Bloch 1782) [Luskova et al., 2010;
Kalous et al., 2012]. Moreover, diploid-polyploid com-
plexes within the genus Carassius exist throughout the
vast territory of its occurrence including biotypes com-
prising individuals with approximately 150 chromo-
somes (‘triploids’) [Kalous and Knytl, 2011] that are of-
ten represented almost exclusively by females [Halacka
etal., 2003]. These females are sperm dependent parthe-
nogens (gynogens) that require sperm of another related
species for their reproduction [Penaz et al., 1979]. Inter-
estingly, when the heterologous sperm enters the unre-
duced egg of a gynogenetic female, the biological func-
tion of a sperm is reduced to the triggering of egg devel-
opment, and the resulting offspring is a clone of the
mother with the same ploidy level [Golovinskaya and
Romashov, 1947; Yamashita et al., 1993; Vrijenhoek,
1998; Gui and Zhou, 2010]. An appearance of a small
amount of male genetic material in the genome of a gy-
nogenetic offspring was described by Yi et al. [2003],
and this phenomenon is known as paternal leakage
[Té6th et al., 2005; Lamatsch and Stock, 2009]. It was also
hypothesized that such leakage can be the reason for
sudden male appearance within the whole female gyno-
genetic populations, due to a possible interspecific trans-
fer of sex-determining genes [Arai et al., 1995; Janko et
al., 2007; Loewe and Lamatsch, 2008; Neaves and Bau-
man, 2011]. Hybridization between different Carassius
species and biotypes with various ploidy levels appears
to be quite common [Mezhzheryn et al., 2012]. Hybrid-
ization between C. carassius and C. gibelio in alluvium
of the Thaya River, Danube River basin, was recently
demonstrated by microsatellite analyses [Papousek et
al., 2008]. Similarly, a recent ongoing hybridization pro-
cess between native crucian carp C. carassius and intro-
duced goldfish C. auratus was described from the British
Isles by Héanfling et al. [2005] and from Sweden by
Wouters et al. [2012]. Even intergeneric hybridization
between the fishes of the genera Carassius and Cyrpinus
were revealed by several studies [Hénfling et al., 2005;
Zhu and Gui, 2006; Liu, 2010]. On the other hand, the
morphological recognition and identification of such
hybrids is very difficult, due to high external similarities.
Here, we report a discovery and identification of a natu-
ral allotetraploid female resulting from hybridization of
bisexually reproducing C. carassius and gynogenetically
reproducing C. gibelio.

GISH with Whole Carassius carassius
DNA

Materials and Methods

Fish Sampling

A single female with 206 chromosomes and another 26 females
with 156 chromosomes identified morphologically as Prussian
carp, C. gibelio, and 5 individuals with 100 chromosomes identi-
fied as crucian carp, C. carassius, were collected during a field sur-
vey of ichthyofauna in alluvial ponds and old oxbows of the Elbe
River close to the city of Lysa nad Labem (recognized as Bysicky,
GPS: 50°10'33,7"" N, 14°46'25,4"" E). The specimens examined
were not deposited as vouchers.

Chromosome Analysis

Mitotic activity was stimulated by intraperitoneal injection of
0.1% CoCl, (1 ml CoCl,/100 gbody weight) 24 h before chromosome
preparation. Standard direct procedures for chromosome prepara-
tion from cephalic kidney followed Rab and Roth [1988]. To arrest
cell division in metaphase, 0.1% colchicine (1 ml colchicine/100 g
body weight) by intraperitoneal injection was used. Valid animal use
protocols were in force at IAPG and CULS during this study.

Microscopy and Image Processing

Metaphase chromosomes stained in 4% Giemsa-Romanowski
solution in phosphate buffer (pH = 7) were observed with a micro-
scope BX41TF equipped with a digital camera Olympus SP-350,
and chromosomes were counted by PC software QuickPhoto Mi-
cro. Karyotypes were constructed using PC software Ikaros (karyo-
typing system) version V 3.4.0 and Adobe Photoshop version CS5.
Chromosome morphology was determined according to Levan et
al. [1964]. Analyzed slides with recorded coordinates of selected
metaphases were distained in fixative (methanol and acetic acid;
3:1, v/v) for 3 min and stored at +4°C until the GISH experiment.

Isolation of Genomic DNA

Total genomic DNA was isolated from ethanol preserved tissue
using DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany)
according to manufacturer’s protocol.

Genomic in situ Hybridization

Genomic DNA from C. carassius was indirectly labeled by a
standard nick translation reaction using nick translation mix for
in situ probes according to the manufacturer’s instructions (Roche,
Mannheim, Germany). Total 25 pl of hybridization mixture, con-
taining nick translation mix, NT-dNTPs, labeled dUTPs, DNA
template, and H,O, was incubated for 90 min at 15°C. DNA was
precipitated with salmon sperm (100 pg/ml), 3 M sodium acetate
pH =5.2(25°C) and 96% ethanol. The biotin-dUTP labeled probes
(Roche) were detected by either the Invitrogen (Karlsruhe, Ger-
many) CyTM3-Streptavidin or by FITC-Streptavidin. The digoxi-
genin-dUTP labeled probes (Roche) were detected by either the
Roche anti-digoxigenin-fluorescein or by anti-digoxigenin-rho-
damin diluted according to manufacturer’s instructions. Chromo-
some preparations were dehydrated through ethanol series (70, 80
and 96% for 3 min each) on ice and air-dried. Chromosome prep-
arations were aged for 1 h at 37°C before and after pepsinization
(3 min at 37°C 50 pl aliquot pepsin, 1 N HCl and distilled H,O).

Hybridization and detection during GISH experiments were
carried out as described by Cremer et al. [2008]. Slides were dehy-
drated through ethanol series, air dried and aged again for 45 min
at 37°C. Chromosomal denaturation was carried out in 75% for-
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Table 1. Material used in molecular analyses

Fish n Sex Ploidylevel Chromosome Locality GenBank
number number
C.carassius 5 - 2n 100 Bysicky, Elbe River, Czech Republic JQ763597
C. gibelio 5 f 3n 156 Bysicky, Elbe River, Czech Republic JQ763598
C. gibelio/ 1 f 4n 206 Bysicky JQ763599
C. carassius
C. gibelio 1 f 2n - Cesky Te$in, Olza River, Czech Republic  JN402305*
(neotype)
C. auratus 1 - - - Nanking, Yangtze River, China EU663598**
Cyprinussp. 1 - - - Mekong River, HMO008692*
(outgroup) Thailand

* Sequences from Kalous et al. [2012]; ** sequence from Rylkova et al. [2010]; cytochrome b haplotypes are
deposited under the corresponding number in the GenBank.

mamid in 2x SSC (pH = 7) for 3 min at 74°C and quickly dehy-
drated through -20°C ethanol series and air dried. Hybridization
mixture with Salmon sperm was denaturated at 86°C for 6 min and
then cohybridized to target slide with the denatured metaphases
from the tetraploid Carassius female under a 24 x 50 mm coverslip.
The slides were incubated for 48 h at 37°C in a dark room. After
hybridization, slides were then washed for 2 x 10 min each in 50%
formamid with 2x SSC, 3 x 7 min each in 1x SSC in water bath at
42°Cand 1 x 20 s in 4x SSC at room temperature. After perform-
ing series of stringency washes, stop reaction was carried out with
2.5% BSA/4x SSC/Tween for 20 min at 37°C under a 24 x 50 mm
coverslip. Chromosomes were counterstained with DAPI (4',6-di-
amino-2-phenylindol) combined with a mounting media (Star-
fish, Cambio, Cambridge, UK).

Microscopy and Image Processing

GISH images were captured with a cooled CCD camera Olym-
pus DP30BW (equipped with a B&W CCD-Chip Sony ICX285-
AL) coupled to an epifluorescence microscope Olympus AX70
equipped with a set of 3 narrowband fluorescent filters. Micro-
graphs were captured with the Olympus Acquisition Software, and
B&W images were processed with the software Microlmage. The
pseudocolor images were analyzed using the Adobe Photoshop
Version CS5. Altogether, 30 metaphases for each specimen were
analyzed.

Molecular Analysis

Detailed information about material used for molecular analy-
sis is listed in table 1. The cytochrome b gene was amplified using
the methods described in Rylkova et al. [2010], with the forward
primer Kai_F 5-GAAGAACCACCGTTGTTATTC-3" and re-
verse primer Kai_ R 5-ACCTCCRAYCTYCGGATTACA-3'
[Slechtova et al., 2006]. PCR products were purified and sequenced
by Macrogen Incooperation (Seoul, Korea).

Theraw chromatograms were manually assembled and checked
by eye for potential mistakes using computer software BioEdit
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5.0.9. [Hall, 1999]; the same program was used to align the se-
quences using the ClustalW algorithm. Dataset was created for cy-
tochrome b analysis, and the phylogenetic relationships were esti-
mated using the methods of maximum parsimony in PAUP* ver-
sion 4.0b10 [Swofford, 2000] and Bayesian analysis using the
program MrBayes version 3.0 [Huelsenbeck and Ronquist, 2001].

Results

Chromosome Analysis

The analyzed individuals included 3 different catego-
ries. Individuals with 2n = 100 chromosomes were unam-
biguously identified as C. carassius, and their karyotypes
consisted of 10 pairs of metacentric (m), 18 pairs of sub-
metacentric (sm) and 22 pairs of subtelo- (st) to acrocen-
tric (a) chromosomes (fig. 1a). All other fishes were iden-
tified as females of C. gibelio, where 26 individuals pos-
sessed 3n = 156 chromosomes with a karyotype composed
of 30 m, 54 sm, 66 st to a, and 6 microchromosomes
(fig. 1b), while one female had 4n = 206 and a karyotype
composed of 40 m, 72 sm, 88 st to a, and 6 microchromo-
somes (fig. 1c).

Genomic in situ Hybridization

Biotin-labeled C. carassius genomic DNA hybridized
to the chromosomes of tetraploid female and provided
consistently intensive fluorescent signals on 50 chromo-
somes (fig. 2b) with distinctly pink fluorescence well dis-
criminated from other blue-stained chromosomes. The
positively hybridized chromosomes were graphically sep-
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Fig. 1. Karyotype of male C. carassius (a), of female C. gibelio (b) and of female allotetraploid hybrid of Carassius (c), arranged from
Giemsa-stained chromosomes (shown as inlay). m = Metacentric; sm = submetacentric; st = subtelocentric; a = acrocentric chromo-

somes; mchr = microchromosomes. Scale bar = 10 pum.

arated in the karyotype of tetraploid individual (fig. 3)
and very likely corresponded to haploid chromosomes of
C. carassius (fig. 1a).

Molecular Analyses

The final matrix of the cytochrome b sequences con-
sisted of 1,110 bp containing 152 variable characters with
45 parsimony informative sites. Both employed methods
have recovered topologies with high statistical supports.
All 5 sequences of C. carassius from Bysicky showed one
haplotype (GenBank accession number JQ763597); in
case of C. gibelio from Bysicky one haplotype was found
(GenBank accession number JQ763598). The position of
C. gibelio x C. carassius hybrid (GenBank accession num-
ber JQ763599) in reconstructed phylogenetic tree (fig. 4)
is within the clade of C. gibelio mitochondrial lineage in-
dicating that the mother of the allotetraploid specimen
was C. gibelio. Moreover, the hybrid and 5 individuals of
C. gibelio from Bysicky shared the same haplotype.
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Discussion

Our finding and subsequent genetic analyses of a nat-
ural allotetraploid female of the genus Carassius revealed
its interspecific origin and combination of 3 chromosome
sets of C. gibelio and a haploid one of C. carassius within
one individual genome.

It was clearly demonstrated that the paternal chromo-
some haploid set detected by GISH analysis originated
from C. carassius, while the maternal triploid set could be
assigned by mtDNA markers to C. gibelio, but final con-
firmation must explore nuclear markers. This conclusion
confirmed the previous assumptions because the males of
C. gibelio were not found at the locality, and the local
Prussian carp population consisted of triploid gynogenet-
ic females only [Danék et al., 2012].

Such occasional sperm genome additions in otherwise
gynogenetically reproducing Carassius fishes are likely
more common. Zhu and Gui [2006] reported on an inter-
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Fig. 2. Genomic in situ hybridization ex-
periment using biotin-labeled C. carassius
genomic DNA to the chromosomes of a
tetraploid individual. Metaphase counter-
stained by DAPI shows all 206 chromo-
somes (a), metaphase image stained by bio-
tin with Cy3 filter shows 50 chromosomes
originating from C. carassius (b). Scale
bar = 10 um.

Fig. 3. Karyotype of an allotetraploid hybrid Carassius female with 206 pseudocolored chromosomes, DAPI (blue) and Cy3 filter (red).

Scale bar = 10 pm.
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JQ763599 Carassius gibelio

JQ763598 Carassius gibelio

JN402305 Carassius gibelio

EUGG63598 Carassius auratus

JQT763597 Carassius carassius

HMO08692 Cyprinus carpio

Fig. 4. Phylotree: reconstructed phylogeny of the cytochrome b
haplotype sequences. The numbers at the nodes represent statisti-
cal supports for Bayesian and maximum parsimony analyses, re-
spectively. As outgroup, the sequence of Cyprinus carpio was used.

generic hybrid from China and the cytogenetic analysis
clearly showed the ratio 3 Carassius:1 Cyprinus genomes
combination in the tetraploid fish. The ratio of represen-
tative genomes (C. gibelio:C. carpio) in genome of allotet-
raploid hybrids is the same as in our study (C. gibelio:C.
carassius), thus reproducing mechanism should be at
least similar in both cases.

Besides the report of Zhu and Gui [2006], our finding
proved that gynogenetic triploid females of C. gibelio have
not only the capability to maintain all chromosomes, but
also the ability to elevate ploidy level via sperm incorpo-
ration.

The molecular evidence for an occurrence of natural
hybrids between C. gibelio and C. carassius was already
described by Papousek et al. [2008], but all of them were
considered as diploids (i.e. with 100 chromosomes) with
the assumption that only diploid biotypes of C. gibelio
could have hybridized with C. carassius following the
model of C. auratus and C. carassius hybrids in Great
Britain [Hénfling et al., 2005].

The explanation of allopolyploidization in gynogenet-
ic Prussian carp can be attributed to the dual reproduc-
tion modes, i.e. gynogenesis and sexual reproduction as
it has been described in Chinese population of polyploid
biotypes of the genus Carassius. These 2 modes are based
on recognition of homologous and heterologous sperm
by ovum. When heterologous sperm enters the egg, the
gynogenesis takes place; the entered sperm does not de-
condense until the first cleavage and triggers embryogen-
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esis. Contrary, when a homologous sperm enters the egg,
the responding development mode is sexual reproduc-
tion; the entered sperm decondenses and forms a male
pronucleus that fuses with the female pronucleus. The es-
tablished zygote undergoes recombination and removes
approximately half of the maternal chromosomes from
the egg or dissolves them in cytoplasm [Zhou et al., 2000;
Gui and Zhou, 2010].

It seems that the ability of sperm recognition and
sperm genome elimination is not flawless, and possible
mistakes can result in the presence of a certain number of
tetraploid individuals within the triploid and diploid bio-
types of the genus Carassius. Although the tetraploids are
rare in the natural population, they are regularly recorded
from various sites in Europe, e.g. Abramenko and
Kravchenko [1998], Halacka and Luskova [2000], Halac¢ka
et al. [2003], Toth et al. [2005], Liasko et al. [2010], and
Mezhzheryn etal. [2012]. This raises the question of what
percentage of tetraploid Prussian carps can be of allopoly-
ploid origin, since the genome composition is not usually
investigated, and fish with different ploidy levels are mor-
phologically indistinguishable [Vasileva, 1990].

It remains unknown whether such a genome addition
mechanism is associated with phylogenetically closely re-
lated Carassius and Cyprinus genomes, or another mech-
anism is involved, for example that a certain amount of
asexual females are available for genome addition as it
was described by Choleva et al. [2012], following the idea
that polyploidy is not a trigger of clonality, but rather a
consequence.
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Abstract We describe the presence of polyploid biotype of Prussian carp, Carassius gibelio, in three large
river systems of Iberian Peninsula (Guadalquivir, Guadiana and Tagus Rivers). This represents a recent
invasion of this inconspicuous species in Iberian watersheds due to high morphological resemblance with
the long established goldfish Carassius auratus. Genetic markers were employed since morphological
characters failed in species identification. The introduction of C. gibelio to these Iberian drainages is

discussed in light of the potential vector to the Iberian Peninsula.

Introduction

Non-native fishes (NNF) in aquatic ecosystems continues to rise in Europe (Garcia-Berthou et al. 2005;
Rabitsch et al. 2012), being the Mediterranean freshwater ecosystems one of the most invaded areas, with
NNF already accounting for 50% of the fish diversity (Clavero and Garcia-Bertou 2006; Leprieur et al.
2008). Not surprisingly, the Mediterranean freshwater ecosystems are invasions hotspots, regardless of an
increasing awareness that NNF are a threat to native faunas (Hermoso and Clavero 2011). Iberian Peninsula
(Portugal and Spain) is one of the Mediterranean regions with highest number of NNF after Italy (Bianco

2014), a situation largely due to illegal introductions due for recreational fisheries purposes (Elvira and
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Almodévar 2001; Ribeiro et al. 2009a). Unfortunately, the number of NNF species in Portugal and Spain
continues to rise (e.g. Ribeiro and Verissimo 2014; Aparicio et al. 2013), with the previous invasion
records for this region outdated (Elvira and Almodoévar, 2001; Ribeiro et al., 2009a).

The goldfish Carassius auratus (Linnaeus, 1758) is one of the oldest fish introductions in Iberian Peninsula
(Ribeiro et al. 2009a), but morphologically indistinct from other Carassius auratus complex species (sensu
Takada et al. 2010; Hensel 1971; Vasil'eva and Vasil'ev 2000). Carassius gibelio (Bloch 1782), native to
Central and Eastern Europe, has spread swiftly across Europe in the last decade (e.g. Perdikaris et al. 2012;
Verreycken et. al 2007; Wouters et al. 2012). The high morphological resemblance of Prussian carp to
other species from the genus Carassius contributed to very late detection of this invasive species (Wouters
et al. 2012) . Here we confirm the presence of the Prussian carp - Carassius gibelio - in Iberian Peninsula
using molecular and cytogenetic methods, demonstrating that this species is widespread across the main

drainages of Iberia Peninsula.

Materials and Methods

Fish specimens were collected from five locations in Iberian Peninsula (Fig. 1), including four out of the
five main rivers (Table 1). All specimens from the Guadiana and Tagus estuary were fixed in 4% formalin,
followed by preservation in 70% ethanol, and deposited and registered in the collection of Museu Nacional
de Historia Natural e da Ciéncia (MUHNAC). Measurements of standard length (SL+1 mm) and total
weight (TW=0.1 g) of each specimen were determined. Fish were sexed, maturity stages were recorded
after preservation and finclips were extracted for analysis. Genomic DNA was isolated from ethanol
preserved tissue using DNeasy Blood and Tissue Kit (Qiagen GmbH, Hilden, Germany). The
mitochondrial cytochrome b gene was amplified using primers Glu L. Cal4337-14359: GAA GAA CCA
CCG TTG TTA TTC AA and Thr H. Ca15568-15548: ACC TCC RAT CTY CGG ATT ACA (Slechtova
et al., 2006). PCR amplification was performed in 50ul reaction volumes containing 15,5u] Combi ppp
Master Mix (Top-Bio s.r.o., Praha, Czech Republic), 3ul of each primer and template DNA. The PCR
profile started with 10 min period of initial denaturation at 95°C, followed by 34 cycles each consisting of
denaturation step at 94°C for 30 s, annealing step at 54°C for 30 s and elongation step at 72°C for 1 min.

PCR was terminated by final elongation step at 72°C for 10 min. PCR was carried out on MJ Mini
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thermocycler (Bio-Rad Laboratories, Hercules, CA, USA). PCR products were purified and sequenced by
Macrogen Inc., Seoul, Korea. The raw chromatograms were manually assembled, checked for mistakes
using computer software BioEdit 5.0.9 (Hall 1999) and sequence alignment was done using the ClustalW
algorithm. Final editing and formatting of the dataset was done by on-line phylogenetic tool FaBox
(Villesen 2007). The phylogenetic relationships were estimated from aligned sequences using the method
of maximum parsimony (MP) performed in PAUP* version 4.0b10 (Swofford 2000) and Bayesian analyses
(BAY) using the program MrBayes ver. 3.0 (Huelsenbeck and Ronquist 2001) as described in Slechtova et

al. (2004). (Table I1)

Additionally to the molecular techniques nine individuals of Carassius sp. (Table I) were checked for their
ploidy level using blood smears. The ploidy level was determined by computer-assisted image analyses
using the measurements of mean erythrocyte nuclei area (MENA) as was proposed by Flajshans (1997).
The blood was obtained with a heparinised syringe and blood smears were prepared as for conventional
haematological examination, then air-dried, fixed in 90 % ethanol, and stained in 4% Giemsa solution.
Blood smears were then processed on a system consisting of microscope (Nikon Eclipse 600, immersion
objective 100x), analogue video camera (Hitachi HVC 20) and software (NIS-Elements 3.2, Laboratory
Imaging spol. sr. 0. — LIM, Czech Republic). The mean area of nuclei and the SD was calculated from 200
erythrocytes for each individual and compared with the karyologically calibrated reference data (Kalous

and Petrtyl 2004; Dan¢k et al. 2012).

Results

The final matrix of the cytochrome b sequences consisted of 1084 characters containing 250 variable
characters with 154 parsimony informative sites. Both employed methods have recovered trees of very
similar topologies with high statistical supports and sorted sequences into five well-supported lineages (Fig.
2). The Iberian specimens were pooled together with specimens from Carassius gibelio from Odra River,
Ukraine and from France. The ploidy level of the nine specimens from Guadiana showed that all
individuals were triploids (evolutionary hexaploids) with values of the nuclei area ranging from 19.8 + 1.9

um’ to 21.3 + 2.3 um?, corresponding to Prussian carp.
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Discussion

Since 2012, the increasing number of occurrence of the Carassius sp. in the Dofiana National Park
(Guadalquivir drainage) was initially detected. Posteriorly, in 2013 reports of high abundances of Carassius
spp. were detected in the lower Guadiana drainage and in the Canha river (Tagus drainage) (Fig. 1). These
records were further investigated in order to provide scientific evidence of Carassius gibelio presence in
Iberian Peninsula. Molecular techniques are used to detect C. gibelio mtDNA in fish from three different
drainages in the Iberian Peninsula.

According to phylogenetic screening made by Rylkova et al. (2013) genetic diversity of C. gibelio in
Europe is not high and it is represented by two main haplotypes. Other haplotypes are not numerous. Our
analysis showed that population of C. gibelio at/on Iberian Peninsula is very varied (15 samples split into
11 haplotypes). This suggests multiple introduction events.

All values are in agreement with those previously published for triploid C. gibelio (Kalous & Petrtyl 2004,
Dangk et al., 2012) corresponding to approximately 150 chromosomes they have very different introduction
history in Europe (Rylkova et al., 2013). While goldfish (C. auratus sensu stricto) which is of Yang-tze
River origin (Rylkové et al., 2010; Wang et al., 2013) and was brought to Europe already in 17" century,
the Prussian carp (C. gibelio, Bloch 1782) is believed to be native to Central and Eastern Europe (Kalous et
al., 2012) but the invasive polyploid biotypes of this species are most likely of Eastern Asian origin
(Rylkova et al. 2013). The occurrences of invasive triploid unisexual population of Prussian carp in Europe
is coincident with the imports of herbivorous fish from Asia like grass carp, silver carp and big head carp
(Copp et al., 2005; Téth et al., 2005). The wave of the invasion is well documented in Danubian basin
(Hol¢ik and Zitiian, 1978), where the catches of Carassius sp. (most likely feral goldfish) were rather
negligible until the 1960s, when another but morphologically very similar Carassius sp. later identified as
triploid biotype of C. gibelio (Penaz et al., 1979) became more abundant and started to spread (Hol¢ik and
Zithan, 1978). Subsequently, the abundant populations of Prussian carp were observed in other European
river basins across different countries (Balon, 1962; Bergerot et al. 2008; Deinherdt, 2009, Halacka et al.
2003; Perdikaris et al. 2012; Rylkova et al. 2013, Verreycken et. al 2007;) and even in the Baltic Sea (Pihu
et al., 2003; Vetemaa et al., 2005; Wouters et al., 2012).

Possible is also “cryptic” invasion (Mezhzherin et al., 2012; Vetesnik et al. 2007, Wouters et al., 2012,).
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Prussian carp has impacted ecology of rivers as well as other water bodies (Hol¢ik, 1980; Tarkan et al.,
2012a). It has impact to fish species composition (Gaygusuz et al., 2007; Tarkan, 2012b), quality of water
(Crivelli, 1995; Navodaru et al., 2002) but also to aquaculture and recreational fisheries (Luskova et al.,
2010).

Unfortunately very similar morphological appearance of the fishes from the genus Carassius contributed
often to very late awareness of the invasive event and the employment of molecular genetic and cytogenetic

methods are needed for clear identification.
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196  Captions for Figures

197

198 Figure 1 — Confirmed records of Carassius gibelio in the Iberian Peninsula in this study (®); D — Douro
199 river, T — Tagus river, Gdn — Guadiana river, Gdv — Guadalquivir river.

200

201 Figure 2 — Reconstructed phylogeny of the cytochrome b sequences of Carassius samples included in

202 present study. Numbers at nodes represent statistical supports for BAY and MP analyses respectively.
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TABLE | — Samples used from Iberian Peninsula of Carassius sp., with the respective site location data

7/

HM008692

Cyprinus carpio

(River, Basin, Locality, Latitude, Longitude and date), methods used (Tissue for molecular analysis, FC —

Flow cytometry). *Specimens deposit in the National Museum of Natural History and Science (Lisbon —

Portugal) collection, accession #MB05-003125).

Basin, River Locality Latitude Longitude Date Tissue FC
Douro, Pisuerga Valladolid  41°40'16.11"N  4°42'55.27"W  LUKAS 1 -
Tagus, Canha Canha 38°4429.16"N 8°32'19.18"W  03/12/2013 19 -
Guadiana, Guadiana Meértola 37°4122.46"N 7°39'21.58"W 03/02/2013 10* -
Guadiana, Guadiana Meértola 37°3828.91"N  7°39'15.00"W 28/12/2014 9 9
Guadalquivir, Dofiana 37°06'19.70'N  6°1524.11"W  26/06/2013 10 -
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216

217

TABLE Il — Specimens used to built the parsimonious tree PAUP, with Sample ID,

haplotype, origin, taxon and reference

SAMPLE ID HAP ORIGIN

TAXON

REFERENCE

DQ868906
GU991390
GU991388
GU991395
GU991384
EU663576
JIN402305
IN546072
EU663594
KJ701428
KJ701429
KJ701430
KJ701431
KJ701432
KJ701433
KJ701434
KJ701435
KJ701436
KJ701437
KJ701438
DQ399920
JN412528
IN412529
JN402304
IN412549
IN412546
HM008692

i S = T I S OV

Guadiana River, Portugal

Ishem River, Albania

Skadar Lake, Montenegro

Prespa Lake, Greece

Tejo River, Portugal

Pet shop, Czech Republic

Olza River, Odra river basin, Czech Republic
Western Bug River, Bus'k, Ukraine
Canal de Fougeres, Loire river basin, France
Lisbon, Portugal

Lisbon, Portugal

Guadiana, Portugal

Guadiana, Portugal

Guadiana, Portugal / Donana, Spain
Donana, Spain

Donana, Spain

Donana, Spain

Guadiana, Portugal

Guadiana, Portugal

Pisuerga river, Valladolid, Spain,
Abashiri Lake, Hokkaido, Japan

ponds at Ridne village, Chorna river basin, Ukraine

pool at Litvinovice, Czech Republic
Lake Mikatako, Honsyu, Japan

fish farm Visiiova, Czech Republic
Lake Orlangen, Sweden

Mekong River, Thailand

C
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C
C
C
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C
C
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C
C
C
C
C
C
C
C
C
C
C
C
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. gibelio

. langsdorfii
. langsdorfii
. langsdorfii
. cuvieri

. carassius

. carassius

Rylkova et al. (2010)
Kalous et al. (2012)
Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2013)
Rylkova et al. (2009)
Kalous et al. (2012)
Rylkova et al. (2013)
Rylkova et al. (2010)
This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

Kalous et al. (2007)
Kalous et al. (2013)
Rylkova et al. (2013)
Kalous et al. (2012)
Rylkova et al. (2013)
Rylkova et al. (2013)

Cyprinus carpio Kalous et al. (2012)




	cite2: 
	cite3: 
	cite4: 
	cite5: 
	cite6: 
	cite7: 
	cite8: 
	cite11: 
	cite12: 
	cite13: 
	cite14: 
	cite15: 
	cite16: 
	cite17: 
	cite18: 
	cite19: 
	cite20: 
	cite21: 
	cite22: 
	cite23: 
	cite24: 
	cite25: 
	cite26: 
	cite27: 
	cite28: 
	cite29: 
	cite30: 
	cite31: 
	cite32: 
	cite33: 
	cite34: 
	cite35: 
	cite38: 
	cite39: 
	cite40: 
	cite41: 
	cite42: 
	cite43: 
	cite44: 
	cite45: 
	cite46: 
	cite47: 
	cite48: 
	cite49: 
	cite50: 


