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Molecular Identification of a Possible Causative Agent of Stomach Dis-
tension Syndrome in Rainbow Trout Onchorhynchus mykiss

Heyong Jin Roh and Do-Hyung Kim*

Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, Korea

A rainbow trout Onchorhynchus mykiss farm located in Gangwon province, South Korea, experienced approximately
10% mortality in June 2017. Most diseased fish had a markedly distended, gas-filled stomach, and exhibited abnor-
mal behavior at the water surface. In this study, we attempted to identify the cause of stomach distension syndrome
in those rainbow trout. The stomach of most of the affected fish were full of unidentified gases and some exudate,
and yeast was isolated from the stomach mucosa. Pure cultures of yeast were identified using a multilocus sequence
typing scheme based on 18S rRNA, internal transcribed spacers, large subunit rRNA, and the gene encoding the larg-
est subunit of RNA polymerase I (RPB1). The RPB1 gene sequences were compared with those of related species
available in a database. The yeast was identified as Scheffersomyces coipomoensis (Candida coipomoensis) based on
sequence analyses. This is the first study to reveal that Sch. coipomoensis is a potential causative agent of stomach
distension syndrome in farmed rainbow trout. Our results will be helpful for future related studies, and indicate that
farmers and stakeholders should observe this emerging disease closely.

Key words: Rainbow trout, Stomach distension syndrome, Candida, Schetfersomyces coipomoensis, disease

M OE

A 7W401(Onchorhynchus mykiss)= 11=(Salmoniformes)
¢lof7(Salmonidae) ] W= o1 F0= A A A L2 FAo]
Wwol &3l QIt(Gall and Crandell, 1992). =i 2] F-2] 740
FAAARES 20109 2,652 00141 20144 3,340E 0.5 wiid
23] F7kske] 49 71 25% o) Aste & W 4l
2%t o]F o2 w2 IS T QItKOSTAT, 2015). #+
A7 7t sllpoll Al FAE S EReh e waal &
A o vk A g2 H2 sj5epale] Awst Z7kst
9Ith(Kim et al., 2003; Lee, 2013; FAO, 2015). 3}#] 2k 527}
Fofe] eplago] S7htel mhet HALRE S7H5Hs 24141,
20129 gh=t =8 4] £ wA} wjsf U EE Qo] o5t
o] T2 A FAAEE 17.1%7} 74 #HAbskgl en o] &
50% ool WA el &Jgt 7ol 7191sh= A= Lkttt

(Kim etal., 2012). 53] al=27]Q1 7€l A4 Aol ogt

= o
A} 2 A& ERIEIGAL o) &Aoo R WAEE 13
21 AR 9 Aoje} Al =2 Y AA| O] - ol Tht Al oS-

o] F g slr}= & ofulgict.

U FA) 7 E01] 7hHA A2 o o] Ichthyophthirius
multifiliiso]] 23+ W olut vl Ax AGAZE 7| 2AL
Z(Infectious Hematopoietic Necrosis, [HN) 2.2 &4 Qlck
(Kim et al., 2012). 3FA9H 2| 20179 64 <] 2] $F 2| 7A
ol Aol vl g o7 919] WAS FHkE llo] &
kel P4 =l i e KRR U o R R P
£ BT Bol= RANE Y] § At 2 HE n|dE
A 02 wigE= A2 RIS whaha] 2 AtoA

o

83to] F45tnA sheict.
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Iz H U

oF 29k }2) S AFEIEL Sl AL ARje] Solokalg
(7,125 ) ol 4 2A7H 70-800}2] 2] 2] 701 (H15=300~400
2)7H e e ) X152 0.2 HAksk Tjsh ubalstelc o
= 16-17T, Woll= 14°C el glon ol 557t 3 B
of £ wRloT wrilct sxalth sjiE 7 Az} 917} 7}
A IVE A WA 0B WA 93tk §) Aurel A e
2 Yolav|Zom BT, 9| AEE, A4 U il AES
TSA (Tryptone Soya Agar; OXOID, UK)ol| 3% 3 3= Al-2-0]
A ajesteith. 919 AEEolAlE 2872 A= tHE colony
7F efFE] )l o g 79 colony”F 90%0 14 94 4 2= A}
2t ol vt = 7k F 20T ol A] 44-484]7HE<t v &S]
St wioF ¥ -2 A FAKBD BBL™ Gram Stain Kits, BD
Biosciences)2] ¥lo] whe} g disto] Fetalu] 4o
of ol FUAS SRl el St $HL 99
Total genomic DNA (AccuPrep® Genomic DNA Extraction
Kit, Bioneer) S A| 2A} 243 = 08 ¢4 B | 4
9] DNAE £2|3ch. % ¥ DNAE ©]-8-5o] 18S rRNA
genel] YHE FZAZA 4= Ql&= 18S F7 (5'-ACCTGGIT-
GATCCTGCCAG-3')9} 18S R1534 (5'-TGATCCTTCYG-
CAGGTTICAC-3")E ©]&3}o] 957TofA pre-denaturation=
158 7+ AAEE 5 94C 30%, 55T 30%, 72°C 189 =74
022 30 cyclesE WHESE H 72°ColA] 1087} post-extension
2 AAsl= 2HOS 2 Polymerase chain reaction (PCR)S
33+ thMoon-van der Staay et al., 2001). H=3}, Internal
transcribed spacer (ITS) -9 ITS1 (5 ' ~TCCGTAGGTGAACCT~
GCG G-3")¥}LR3 (5 ' ~CCGTGTTTCAAGACGGG-3 "), Large
subunit rRNA (LSU rRNA) -9} NLI (5'-GCATATCAATA-
AGCGGAGGAAAAG-3 )7} NL4 (5 ' ~GGTCCGTGTTTCAAGAC-
GG-3")Z, RNA polymerase II largest subunit (RPB1) F-&
2 RPBI-Af(5'-GAR TGY CCD GGD CAY TTY GG-3")%¢}
RPB1-Cr (5'—CCN GCD ATN TCR TTR TCC ATR TA-3 ')—S—
o]g-5to PCR&FYI O™ A4 Q1 2742 o] A dAtol A dw
% " (de Llanos Frutos et al., 2004; Urbina and Blackwell,
2012)L w5ttt Sanger sequencing *WH O = HojA ZF 7]
A E-2 NCBI (https://www.ncbi.nlm.nih.gov/nucleotide/) ol A
blasts}ic}.

BLAST Z 3} identity7} &= 7] A8E2] 18S rRNA, ITS, LSU
% RPB19] 974 GE +Hst] FUe 917} H =% trim-
ming 3+ & A2 o]o] &2l Al Y(concatenated sequence; 2,386
nt)= ©]-8-3}¢] Urbina and Blackwell (2012)3} -3-Al51A] mul-
tilocus sequence typing (MLST) Wl 0. & Al SHkA k2] 2
2 AAT}. ESF Scheffersomyces?}) Candida®] & 574 A
99517 ARLE 22} v}l RPBI geneC.& 18S rRNA
sequence A1} -FARSHAFSA S 7HA AL Q1= Scheffersomyces

mfu

fo

9} Candidas B|iL A415FGITE 2 =4 =25k Gen-
Bankol| 553t Q7|4 3} vl gt njg =2 St |74
2] Accession no.+= Table 19]] YEF 2.5 o] uf Outgroup2-
2= Schizosaccharomyces pombeS A8-51%3 tHMannarelli
and Kurtzman, 1998). ¢Joll 7]&3t ol8] 42 ClustalWe}
MEGA7 (Kumar et al., 2016)2 ©]-83}] Maximum likeli-
hood ®Hof| 7| Zsto] AleE 283 on 10009 9] A1
& Z3l bootstrap valueE 7-5}% ).

UROL, 9 Qtolli= HE-=0] AL gl on fEa} §A 7k~
7} 745 2 e A gl & 4= ST 1 W S-S ES)
Ao o2 PR S ) IF 22 oA E= v Eo] 944
O = EAEHAL, TSAoA = E47E 4o et ==Y 7t 94
2 0 2 wjofE]= AS Iskle). ey At vl Al E
BHEE gto] ui =R et SR o2 vt mAES
oo Balsho] 27 JASE A} crystal violet?] GAAS T
Rt it ARk 2719F FEE 7HA] AL Q1SITHFig. 1b).

At FAok=tl AP A 54 o &3 S EAH
=04 W Hoh A o] "ofxitkar e A ith(Kurtzman
and Robnett, 2003). 2L} Yt o2 AP Eo] Ao @
o] AFE-EL= 18S rRNA 9714 <(Diez et al., 2001)& B] st
A1} Sch. coipomoensis, Sch. shehatae 'Y C. ergatensis 5.5
99%9] ‘5735 Uehfio] A= F-2a 4= giSith o|¥ 3
£ S5E3517] flal Ftoll= ol 32k G714 EE o] &3t
MLST e AREsaL QlaL, =2 Aibs A9 A
of 71¢938}aL JthH(Urbina and Blackwell, 2012; Daniel et al.,
2014). & A3Lo| A= 2,386 nt2] concatenated sequenceS: ©]
g-3lo] AlBarAysha 24 (Fig. 2a)S g At 2 A4 &
2] ¥ AH(17KRIS) C. coipomoensis (Sch. coipomoensis)
2} 7H4F -ARRIE}. Urbina and Blackwell (2012; 2013)%} Dan-
iel et al. (2014)+= Candida®} 7 A+t (anamorphic
ascomycetous yeast)E A& LAY LA of] ZABlo] E7A
AS AN-HsPAA UH Candida 52 Scheffersomyces <52
2 A EF31tt}. Scheffersomyces yeasts 573 o wf UwHA
© = Small subunit ribosomal RNA (SSU), ITS, LSU, RPBI1,
RPB2, Xylose reductase (XR) ¥ translation elongation factor
(EF-10) -9 #AFHAE ARE-Sh= A 0= A A ItH(Kurtz-
man, 2011; Urbina and Blackwell, 2012; Daniel et al., 2014).
E3| RPB19} XR §AA= Scheffersomycese] 431= 717k
+ T2 s8Y Aol 83t mbA= d2A 2lek(Urbina and
Blackwell, 2012). & ol 4= RPB12] 474 d & =A%
A3KFig. 2b)e} 7Hg 7Ptk Z& 2eld 4= Usick(Iden-
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Fig. 1. Clinical signs of rainbow trout Onchorhynchus mykiss infected with Scheffersomyces coipomoensis. Note that diseased fish show

markedly distended, gas-filled stomach (red arrow) (a), Gram-stain morphology of Sch. coipomoensis (x400) (b).

Table 1. GenBank accession numbers used in this study. Schizosaccharomyces pombe was used as outgroup taxon in phylogenetic analysis.

Species Strains 18S (SSU) ITS LSuU RPB1
Scheffersomyces coipomoensis ATCC 58904 HQ651931.1 HQ652070.1  HQ651966.1  KC507420.1
Candida bolitotheri BGO00-8-15-1-1 AY2421421 FJ623599.1 AY242249 1 JN804828.1
Candida terraborum BG02-7-15-019A-2-1 AY426956.1 FJ623596.1 AY309810.1 JN804831.1
Candida atakaporum BG02-7-21-Nhu-1-1-2  AY426960.1 FJ623601.1 AY309872.1 JN804835.1
Candida ergatensis JCM 9599 AB013524.1 EU343826.1 U45746.1 EU344098.1
Candida insectosa JCM 9842 AB013583.1  HQ652064.1 FM200041.1  JN804842.1
Scheffersomyces lignosus ATCC 58779 HQ651941.1  JUN943262.1 u45772.1 JN804837.1
Pichia segobiensis JCM 10740 AB054288.1 DQ409166.1 U45742.1 EF599429.1
Pichia stipites JCM 10742 AB054280.1  JN943257.1 U45741.1 JN804841.1
Candida shehatae JCM 9840 AB013582.1 JN943264.1 AF178049.1 JQ436927.1
Candida cf. shehatae W07-09-15-1-3-2 JN940981.1 JN943260.1 JN703957.1 JN804838.1
Candida cf. shehatae W07-10-04-4-6-2 JN940969.1 JN943259.1 JN703958.1 JN804839.1
Scheffersomyces stipitis W07-11-15-9-2-1 JN940968.1 JN943261.1 JN703959.1 JN804840.1
Scheffersomyces coipomoensis ATCC MYA-4657 - - - KC507426.1
Candida sake TUB 020328 - - - KF211372.1
Candida ergatensis ATCC MYA-4655 - - - KC507424.1
Candida coipomensis WM 07.91 - - - EU344152.1
Scheffersomyces coipomoensis ATCC MYA-4656 - - - KC507425.1
Candida ergatensis ATCC 22589 - - - KC507419.1
Candida ergatensis MUCL 30034 - - - EU344098.1
Schizosaccharomyces pombe - AY046272.1 AB054041.1 AJ550639.1 JN985155.1
(?ch’ligsiﬁ’t”h{gﬁu‘fjo)f‘)’o’"oe”s"s 17KRIS MF417395  MF417396  MF417444  MF417649
tity=98~100%). Kim et al. (2017)2 20144 afj=of| 4] =] 3} S o83l A AT} Candida sp.2}al B AT B Q1+
| PR A golo] SIBAZ T MASAL QA T A o A ITS 55| ¢17] 4 RS o] -5to] NCBIO] blast 3 1
wto] W= of Aok " ITS-5.8S DNA-ITS |74 <4 Ao FEO| AL} ot F-2] THA|(Species level)7H] &5
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Schizosaccharomyces pombe
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(b) o5 | Candida cf shehatae strain WO07-10-04-4-6-2
38 || Scheffersomyces stipitis strain W07-11-15-9-2-1
99 Candida shehatae strain JCM 9840
Candida insectosa strain JCM 9842
] 91 Scheffersomyces lignosus strain ATCC 587797
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Fig. 2. Maximum-likelihood phylogenetic tree based on a multilocus sequence typing dataset using 18S rRNA - ITS — LSU — RPB1 regions
(a), and RPBI region (b) of 17KRIS (in bold) isolated from rainbow trout Onchorhynchus mykiss showing stomach distension syndrome.
Schizosaccharomyces pombe was used as an outgroup taxon. Numbers (only >50%) above each branch refer to bootstrap values out of 1000
repetitions. " Type strain
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© ™, Urbina and Blackwell (2012)2] ¢1-tof uf= o] Qle Ao g FA3IAL QIt}. Park et al. (2012)= Candida
o] 9] 54-& 9l RPBI 447} -85ttt A} p. Aol 9Jsf] A A==l A dol(Acipenser ruthenus) 2|
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Candida sakeo) 913} $19] 5p4s 9] ekt 3|2}, Sobs
4w AR 919] 6% vk Fol BukEl Wl Wabo] muis
It Awakura and Kimura, 1972; Hitai and Egusa, 1975). ©]
25 o) W Tt AL ws A4 e Egusa
(1992)2} Park et al., (2012) 9ol Zrdsto] ko2 4
gt Candida7} 917 W9 viRhAtR S8 SRA7|HA B}
A5 AN 95 BRI 74519105, Awakura and
Kimura (1972)= ¥}5=3F 9] 9] -2 99 S vi-9- §FA k=L
S GA stof o R REAQ A5 dvfade 5
sheteh T s,

Kim et al. (2017) 9159355kl oJal] g+ FA7HE] &
Aol A 197t 10%2] HARE dofigtrhar B sk
2] 3t Candida sp.& 7= &2 AT A7} FUL 919%
S0 UrErtA] kot 21 A 91 eRlo] o ekar A6tel
o} 22y Kim et al. (2017)2 A5 & 2F 1-2%2] AFRE 2
Aol 3k WA o] sl WS FHI UGBl Hief o AlF
T 0.5-1% 2] Holg+), & 15T Y off F 200 gl FA 71
019] A FolE&o] 1.9% (Hilton and slinger, 1981)¢1 A& 7+
obetH SwohA] b2 wolghe Ae 2l T 4= Qi o] Wi
of o] Alefl uigtAbR o] o] o5 ¥ & 4= Qlrkar oF
H 2 QW AZS L(Park et al., 2012)S FHHA]7] 7)ol = A&
FolE AL 2 FHHTE E3, o ] A3 A-H(Awakura and
Kimura, 1972; Hitai and Egusa, 1975; Park et al., 2012)= ¢]
520] gIF o] WAT AR ZHE CandidaT 2]}
o Zlgtol ot AH T U weo] Qlrkar =4skaL Q.
TP ER o 7o QAT Xdto] A7 A 0= Ay
of Aokl Hi= AL Sws] delAolet T 4= vk B3k 2 A
Toll A MEHTE ST WA GOl ez A
B 3ue 20lAL AFk At 235 H4x0 2uf) o) ARE-

¥
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ARE T2l wAlo] A2 Folga wxa vl olrk
|AFghch mebA BE AR E ERtelE ] AR
ol ol §) upo] 71t 3ol H Uk v whal
Scheffersomyces 452 xylose®} cellobiose 3 5ol u}
clade7} U =d|(Urbina and Blackwell, 2012), ©]& <13l
H A7Lof| A &= xylose reductase gene= degenerate PCRS-
go10] 471 M S BAskA} sl9oL) B DNAS 22
A= Sok). o] Aol A B2 H Sch. coipomoensis®] 735
7129] primer S §242] ZZo] SHEIE A3} oj R
A EefE S areshd AlEA ol Wol EAshs thd/dEel
xylose (van Maris et al., 2007)= £-3l514] 58 71543 0] Q1=
Aoz FA €t e cellobiose 55 WaAIE 4= 3= A
o2 Ad#HA Q= Sch. coipomoensis (Urbina and Blackwell,
2012)5 FE0] 22 9 Auol A o= SAIsk L Q= A
ShRIghol| whet o] Xt-& FA 7 E01 o) 1B AF Tt LA gh

lo W 40

oL o
o

el
oX
i)

=

W e rle
lor
f

o

o
ol

THo] = Aoz Bl

2 Aol A= FANE] YBATTLY deler 5
= A7(Sch. coipomoensisyS X ZE FA5IUT}. 250 B
2|8l XS A 54 AAT $ AR O] dhgo] AES =35t
of 919 HA, £ ozt HAL 59 S4do] Urebb=A] 2k4ls)
= davt itk Syt FAN S 9] YBATTES 7|E
Ol K7k AL GISH M2 A o= Fg &A1 ¥k}
HUEEo] Hasi, 3F% A& 0= s Xatol w2 Hrt
H A 7E 93 A4 s ofop & A 0= ket

Al AL

olo] MER I AAITE FA ol ol disiA B =S
221 74 AR ake] Q3 Tx| fdo] OFAIA PARFEET)
ZHAke] QIARS AFh T 0] =12 20174 sfokabt e
2 ety e g U o] A ¢S ot e A gyt
(FA 17 A7 S-S 913t 71e7i).
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