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'l.J'VIA~~'el 

U~1flvlb'Vltl Betta splendens LUi,l'llirt-.:i1uu~1~'ltl-.:J1il~b(i)frn1r;i1i1Um-11uj:::£911JL~n 

b'W-.'.11'W'l'fod~m11n1jb'DlUjb1JL'el ~nLL~ n~nLL'el~(?l LLlll'"\Vl Cfo 2 'Jl'W.(?l 1rli'LLri Lactobacil/us 

p/antarum strain SGLAB01 LL~::: Lactococcus /actis strain SGLAB02 ~LLtin1cfi'ronmh11n-.:i 
q 

1umrn~ii1u'el1V11j1.J~1n(?l~'lti-.:i1ii LL~:::~mn~~'lJ'el-.:JLUjb1JL'el~nu~n~nLL'el~(?JLL1Jl'"lVJLfo(,\'elmj 

LL~(?l-.:J'el'eln'lJ'el-.:JtJ'Wb'Wj:::1Jll1Ja1~iin'W'lJ'el-.:JU~1flvl~'ltl-.'.11il roi1nn1j'JLfP'ln:::ifmii1ru,~'W'V11't1~i.1 
v V o 

;'llWVl-.'.1Viilvl"l1mh11u~1n(?l~')tl-.:J1iJ Ylll~1LUjb1JL'el~n'l'l-.:J 2 'Jj'W,(?l v1~~il~-.:Jb'W'el1Vi1jU~1 
v o 

~1ii1rnrnv1;'l~LL~dj(?JLn1:::nrnh1i'lJ'el-.:JU~1flvl~'ltl-.'.11ilbcfi' 'W'elnroi1nu d'.l'el~ni.fl'Vlj1'W~l'11U 

L~il'lJ'el-.:JU~1 fl(?l 1 'Viti ~ ~roi1nm j'J Ll'"\j1:::if i 1 iutlr;i fP'I ~L'el 1 'VI fn(i)'Jt1Ll'11'el-.:i lllumina Ylll~1 bti1m1u 

~fP'l1UL~il'lJ'l..!1(?1 4.46 Gb Uj:::n'ellJ(i)'Jtl 71,775 unigenes L(?ltl 37,694 unigenes LU'Wt!'Wb'W 44 
o v 

KEGG pathway ;,,:iniiii-.:i pathway 'lJ'e)-.:Jj:::1Jll.fJa1~iinu 'W'eln"l1nU roi1ni'ela.i~m1'W~l'11ut~ii 

cY-.:ivi11 ~ ~'WYlllU'W'lJ'el-.:J L Yiu1 'VI in rlhui~;Yl91'W'l'W 5 tlu roi1nmj~ nroi~'elumrn~ (?1-.:J'el'eln'll'el-.:JU'W 

Vii-.:J"l1 nn1jb~'el1Vi1j~ ~~i!LUjblJL'el ~n Yl1J~1U~1fl(?l~b(i)fl'W'el1Vi1rn~iitujb1JL'el ~nil n1j 
o v 

LL~(?l-.:J'el'eln'll'el-.:JU'WLYlUb'Vlfnvl1'W"l~;Yl Piscidin b~iJ~-.:J;'W'elt:h-.:ii.J'!!mh0foJ'Vl1-.:J~ii~ LL~(?l-.:Jb~L~'W~1 
q ... ~ 

v 

LUjb1JL'el~n~1ii1rnnj:::~utlu1uj:::1J11JJa1~iinu'll'el-.:JU~1nv11(i) -.:J1'W'l9tlULU'Wn1j~m11mj1-n 

LUjb1JL'el~n1"W'el1Vi1jU~1nv1 LL~:::mj~mnm1u~l'11'ut~i1'll'el-.:JU~1n(?lb'Vlt1 i'el¾J~~b(i)~-.:JLU'W 

1.Jj::: fo1if 'eltl1-.:i~-.:i !?l'elmj~mn 1 uf?l1m'Vl l'1 tu t~t1;r;i111'V'l'lJ'el-.:J'el1V11ju~1~r;im1ii1 u'elu1 fP'I ~ 
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Abstract 

Siamese fighting fish (Betta splendens) is one of the popular ornamental fish in 

the global trade. The effect of the two probiotic lactic acid bacteria, the Lactobacil/us 

plantarum strain SGLAB01 and the Lactococcus lactis strain SGLAB02, isolated from 

shrimp gut, on immune parameter of Siamese fighting fish, were evaluated in this study. 

Analysis of viable colony count showed that the two probiotic LABs, administered via 

oral route as feed supplement, could adhere in the fish gut. Moreover, to generate a de 

nova transcriptome for betta fish, lllumina sequencing produced a total of 4.46 Gb clean 

reads, which were assembled into 71,775 unigenes. 37,694 unigenes were mapped to 

44 KEGG pathways including the immune system pathway. The five antimicrobial 

peptide gene were successfully identified. The effect of probiotics supplementation on 

modulation of the fish immunity was investigated in vivo, and the results showed that 

administration of the two probiotics significantly increased the relative mRNA expression 

of Piscidin antimicrobial peptide, suggested that administration of these probiotics could 

modulate the immunity in betta fish. This study provides the probiotic supplementation 

method and transcriptome data including antimicrobial peptides of betta fish, which 

were essential for further research of feed biotechnology of ornamental fish in the near 

future. 
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' 
'U'Vlvi 1 

'U'Vl'W1 

ttl:i'lUt'flmmL~nmmL'flin~LLUflYllStl (Lactic acid bacteria; LAB) LU't.Jn~:W'lJ'fl-.:JLLUflYllStl 
q 

LL'flin ~ LLUflYl ~tl'6'l1:1-11:i'rHLtlnl1?1r.nrnn:i':W".l!1mVl~1mLVl~-.:J L6Ji'U roi1rnh 1i'lJ'fl-.:J~-.:ii'.i~'l[91 "l1ff~".l! Vl1'fl 

e.J~[91Jlll"Vl'fl1V11mll'ntl:i'~IJl'Vl(?l1-.:J 1 LL~~tl'-.:i4'~L1J'ULLUflVl~t1~i'.ltl:i'~tt1".l!U '6'l1mrntl'utl'-.:in1nroi1n.J 

'lJ'fl-.:J Lf 'fl hfl LL~~L~:WJJ ~ ~:Wfl'U'lJ'fl-:Ji1-.:in1t1 'U'flrn1mru 1m1roi1u'U'V'lU~1i'.l-.:i1'U'l9m~mf [?.l.J'U1 LL~n 

mn LL'flin ~ LLUflYl 1St11tl1-nlu'fl [91'6'l1Vfn:i'j:1-J'fl1Vl1:i'i Wll~ :w:w1niu e.J~ [91.fl ill6Vl"l1n LL~ nm n LL'flin ~ 
q 

LLUflYJ~t19-.:J'fl1"lLU'UVlrt-.:i1ue..i~[91Jlru'Yl1h.n1'V'l~cl1rfoJ[?l'fll'Vlfltut~u~'l.n1'V'l'Vl1-.:imm:i'1u'flmfl[91 

n1'i'L'V'l1~Llt1-.:itl~1'6'l'lt1-.:J1:W (ornamental fishes) L6li'U tl~1n~'6'l'lt1~1:w tl~1'Vl'fl-.:J LL~~tl~1 

' ~ 

Vl1-.:J'Unti-.:i 9 ~ LU'Ufijfl9Yll1?1fo fl'l1:W'6'l u1r.i'flth-.:i:w1n 1 uutai"l'U'U'Yl~ 1 'UU:i'~ L'VI Pll 'Viti LL~~1'UVl~1 ti 
" q q 

tl:i'~ L'VIPli 'l t~ n 1utl:i'~L'V1Pil'Vlt1~:i'nroitl~1'6'l'lti-.:i1:w LU'U~:i'nroi~ Ln ~roi1nj1'Ufl'l1:WV1~1nV1~ 1t1'lJ'fl~ 

'V11'V'lt11n:i'fijj:I-J".l!1m1utl:i'~L'VIPI t~ti1u6Ji':J-.:JU 'V'l.PI. 2549- 2553 'V'lU~1fi:i'fl"lU~1'6'l'ltl~1:W1utl:i'~L'VIPI 
q 

l'Vlt19~'fltj1utl:i'~L'VIPl'0'UvlU[?]'U 1 ~i'.Jn1:i'~-.:J'fl'flntl~1'6'l'lt1-.:i1:w'lJ'fl-.:Jt~n 'flt.!1-.:Jl:i'fl[911:W U'!JVl1'lJ'fl-.:J~'i'nr.i 

tl~1'6'l'lti-.:i1:W'lJ'fl-.:Jl'Vlt11uuroiiuu ~'fl tl'-.:itil'6'l1mrn6Jl'l-.:J~-.:Jfl'l1:Wl1?1L'Ufou LL~~fl1'l,'W:1-11LU'W~i111u 

[91~1~ t~n l1?1 Lti'fl-.:iroi1 ntl'-.:i'lJ1~fl'l1:W L~'fl:W ttl-.:i LLUU\! :i'ru1n1n~-.:i:i'~uu Lti'fl-.:iroi1ni'.i n1:i'~1 LU um:i'1u 

intlru~(?l1-.:Jfl'U(?l1-.:J'Yl1 Lntl[91:i'n:i''ll1~mnr:i:wn~:w 'lJ1~n1'i'9~mrvh{:w1V11.1?1m1?J'i'li/1'W 'lJ1~n1:i' 
q ... 

I 1" i,, I 

~ LL~~Lu'fl-.:iroi1nn1 n~ t1~tl~1'6'lr:im1m~ H'Yl uvl LLflu 1 'U[?]Vf 1Hr:i ~ 'Vl 11'\X '6'lrnr:i~ LL r:i ~'a'el:Wi'.i'eltl'elth-.:i 
" " 
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i,h-:i 1 vh 1ir~'llJl1'V'l'll'eNUtn hl~ LL~~1J'ltlbUULdfl Lf?1~1t.l n-:i LLll'~11uur.iiuu1f71ilmi~ l?J-J'W1'f11'\nj 

~1 L?r.iitl~ L'l-U-J1~~:wnutl~1~'lt.1-:i1:wV1~1mU'91 i-:i 1mtl LL1J1J'lliewe11V111Lil '91~ 1 L?r.iitl V11'iennmi~ 
" " " 

' ,, ="" t.1-:J'llU 

U~1f1'91L'Vlt.l LUmf1wf'l11tlt~91'll1~ LL~~LUUU~1~LUULtemim~ru'll'el-:JL'Vlt.l U~1f1'91L'VlmUu~ 

f4'n'll'el-:JIPl~1'91fan1uu1:w Siamese fighting fish 1M'ufl'l1:WUt.1mimnu'eltl1-:iLL'V'liV1~1t.11utli~L'Vlf"l 

1?11-:J 1 i'lt~n U~1f1'91L'Vlmuutl~11u~~~ Betta 'V'l1J1utlt~L'Vlf"IL'Vlt.!Li!U'elt.ln~110 'JlU'91 (mtru, 

2554; Thongprajukaew et al., 2010a, 2010b; Thongprajukaew, 2013) ~1V1futl~1n'91~U1:J:w 

,JI d ,/. ."I .I ., dl 
L~t.l-:JL'V'l'elid'el'elnLuUu~1n'91~'lt.l-:J1:W fl'el Betta splendens Regan, 1910 (n11ru, 2554; 

Thongprajukaew et al., 2010a, 2010b; Thongprajukaew, 2013) r.i1n'n'el¾j~~t1~¾j~fl1n1t 

~-:J'el'elnU~1~'lt.l-:J1:W1ULL1?1~~n 'V'l1J~1U~1fl!nL1'.lutl~1~'lt.l-:J1:W~iJ:w~~1n11~-:J'e)'e)f)~-:JLUU'elW?11J[iltJ,1 
" " 

' ,, ., 
tlt~L'Vlf"\'Vl~'lt!9"!9m'V'l1J~1i!t1f-11i?l-:JLLl?1501J1'Vl n-:i 1,000 1J1'Vl (?]'eli?J'l ;u'eltjnu~ LL~~'l!U!n'Jl'el-:J1l~1 

f1'911U'lln.!~~1l~1n!n1J1-:Ji?l'l~-:Ji!imi-ru~fof"lli LL~~LUU~~u1r.imn L'l!U 1l~1f1!n~1t.lfi-:J'll1~L'Vll'.J il 

11f-11~-:Jn~150,0001J1'Vl LLl?1'"JIYl'el'elU~1f1'1.J'll'el-:Jn1JL'V'l1~LimiJ~1n1n fl'el f\11'llr.i1t.1'Vl1-:J'911U'el1Vl11 

1'1XLn1ntrn~1n1?1'el1u1l~11'91 L'l!U btflL'MlJ 11LLU-:J LL~~trnm~1n'Y1'el-:J ~-:iVl1n'Yl1-:i'Vhf:w V11''el~Limil~1 

1'1Xmtfoli1Li!i1U9~~-:it:-i~1irLn!nn111P111'.JLUU'-11U'lU:w1n (miru, 2554; Biokani et al., 2014) 
' ,, ,, 

LnlilPltnnYwn~L~ m Ln inU rummt'll1in'Vl'W91nmn~ t.1-:i1l~1n IYl~'ll'.J-:J1:W n-:i LLll' fl'l1:W l?l'el-:J m11l~1n In " ~ ' 
~'lt.l-:J1:W1'WIPl~1!n t~nn:wi-:imrn~ 1P11l~1n'91L~'eln11f11tl-:JiJ LL'W'l bU:W'llt.l1t.l i?l'l L~:wf 'W'elU1-:J(?J'e) Lti'el-:i 

bint.JL'il.'Vn~1un~:w1lt~L'Vlf"l~ilrhi-:ii'el~-:J 'elth-:i1tnlPl1:W mnt1PJ-JU1L'Vlflb'Wfa8;'lJl1'V'l'Vl1-:J'el1Vl11ilPl'J 
' " 

"'11n'91 L'llu tililon''el¾j~'ll'el-:imu~~1f1'1.J'll'el-:i1l~1n1n 1u'llru~~1l~1wm-:i1:wtu 1 L'liu tl~1'r'l'el-:iilmu~ 

J1t.1-:i1uH'-l1mummh1'1Xmi~1PJ-Jmmnvn~Lit.1-:itl~1'r'l'el-:JL1l1rKln~ t1nt.1'n'el:W~fl'l1:wf~u~1u,fo 
" " ,J.9 
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fl'l1a.Ji'H'lqJl?l'eln1jtlfmJr-:ifln.lJl1'V'l"11'el-:Jn1jt.J~lmJ~1n!il~'lt.1'11a.J l"ll'U fi1jci'elll ll~~n1jfl'U'el1V11j 

'el1'l/11jf-:Jlflj1~'!,l~n fln.l"11'Vl1-:JbJl"Jl'U1n1j~ l'Vla..11~~a.J n1j~t1-:J~ TI'Ufin1ja.J n1rn~ a.J~'Ulil~'el 
q q q 

,, 
tlfotlr-:i~ ll~~1t111-:i"11'el-:ifl1u j~uumn'V'l1~l~t1-:ill1J1JVl'U1ll'W'U mj~1JTiwf ll~~TIW-Ju1mj mj 

mJ~-:il'V'lPitl~1luul'V'lPI~ ll~~~1uflr:i1a..1V1~1nV1~1t1'Vl1-:i-llr:in1'V'l 

fi1jTI W-l't.\1 l'Vl fl b 'Ub~U6ll'lJl1'V'l'Vl1-:J'el1V11jf 11l'l1'UU'"l'"l'lJ'U 1vrn n1j~ m11'59't1mn11 ttJj LU b'el 
q 

~na..111-nlumnl mtl~1~r:it1-:i1a..1V1~1t16Jltl!il b!ilt1btljL1Jb'el~n~iJtlj~~'VlfiJ11~r.:i~iJtlj~bll"ll'W'el£h-:i 

mnl?l'eln1mj~rlf'U~"11Jl'i'V'l j~UUJli'.l "1a.Jfl'U ll~~l~a.Jfl'l1a.Jrli'1'U'Vl1'Ul?l'eln1j~Cill~'elf1'el bjfl ll~~tl'-:JlU'U 
q q 4J q . ,, 

i'.1!1ljl?l'el~-:Jll'l!il~'ela.J iJj1t1-:i1umj1'JlbtljL1Jb'el~n1umjl'Vi1~l~t1-:itl~1~r:it1-:i1a..1V1~1t16Jltl!il b!ilt1'V'lu~1 

ihu1my1v1t.J~~ 'V111'1Xtl~1ll'n-:Jllj-:Ja.J1niu lm~iJtJj~bll"ll'W'elih-:imnl?i'elmjU'el-:inumnn!il'i:rn"11'el-:J 

tl~1~r:it1-:i1a..1 r.:i1n-:i1uiS,;ft1~~1um fln.l~ffl9llLv1iJmj~mnttJjL1Jb'el~ml~n~ml'el61l!illlUfl'Vl~t1~i1 

tJj~~'VlfiJl1'V'l1'Un1jU'el-:Jfl'Ul.f 'elrl'el bjfl 1u~-:i (Chomwons et al., 2016) 'elci1-:ihn 1111a..1mj~m11 

~"11Jl1'V'l ll~~t.J~"11'el-:JbUjL1Jb'el~nl?i'eltl~1nCil~'lll-:J1a.Ji-:Jfl-:JiJM1a..191lU'U[?]'el-:J'Vlj11J'JJ'ela..1~"11'el-:Jrn!la..lU'U 
q • 4J q 

,, ,, ' 
i-:itl'u1u-:i1uiS,;f t1i1 ff)9ll~-:ii1 flr:i1a..1~u1r.:i'Vlr.i~~m11mj1•ifo~n~n ll'eleJi!il llUfl'Vl ~ll lU'U ttJjLUb'el~n 

I I t, '-' 

l~'elH'lU'U'el1V11n~1a.J~"11Jl1'V'l ll~~lYlm~uu1Ji'.l~a..1nu j'Ja.J'Vl-:i~uV11 ll~~~m11uui-:iV1a.J!il"ll'el-:Jtl~1 

fl!ilL'Vlll b!illl~a.Ja..1~~1'U"ll'el-:J'11'U')9ll ~'el (1) fi1j1V1"ttljL1Jb'el~ml~n~ml'el;CilllUfl'Vl!j'mlrltl~1n!il 
<1.9 

iJtlj~~'VlfiJl1'V'l ll~~ (2) fi1jrJ'UVl1U'U~'lm'Vlflllfl RNA seq r.:i~vh1~'Vlj11J6n'ell;j~U'U~-:JVla.J!il"11'el'1tl~1 

n !ilMm1a..1 ~-:i t.J '1:1~L~r.i1 n-:i1uiS,;f t1dr.i~'Vl11'1X~1mrnTI 1?J.J m'el1V11 rn~a..1 ttJj
1

lu t 'el~ n ll~ n~ n ll 'el; !il 

llU fl'Vl lj'll~tl'i:1'el!ilJl u ll~~ntlj~ bll6Jl'W j'Ja.J~'1 L~6n'ell;j 'i:1"11'el-:JU'U~'1Vla.J Cil~tl'-:i hl lflUiJ J1tl-:J1'Ua..11f1'el'U 1u 

I . t, !,, 

tl~1n Cil L'VlU l~'elrn-:ifomjTI l?J.J'U1n1Jl'V'l1~l~U'1tl~1n Cil~'lll-:J1a.J"ll'el-:JL'VlU 'Vl'1'Vl1'1~1'Un1jtlfotlN • 
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1. ~ m~.1'1n1j1-n''el1V,1n.J~iJblh1ut'el mn bb~nmn bb'el~ l?l bb1JrlYl ~m~'el b'DbU'W'el1V,')jb~1il 

~'11111'\l'l bb~::::b~iJj::::1JUJJi1 ~:i.Jf1'W'll'el~U~1f11?l 1'Vlt.J 

~ ' 
2. ~ummu'l'l~V,:i.Jl?lb'Wtl~1n1?11'Vll:J bl?lt.lb'Db'\llrl'Url RNA-seq b~'elb'DbU'Wl1'W'il'el¾j~j'el~fumj 

'WOO-J'W1n1nYn::::bi1:.1~tJ~1f11?l~'Jl:J~1:i.J'll'el~1'Vll:J 
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'U'Vliii 2 

2.1. m'ablP11t!!:l-lbt'el tt1'a1'Ut'el~mb~:::i:.11:u-1'el1'V11'ai.it1~1n'9l 

2.1.1 n1'JU?°l~'tli.J'M'Hf'el tu'JL1Jt'flmmb~nmmb'fl~l?lbb1JAVl(ftl 

b~ w·h U'J 'lHf 'el tu 'JLlJ t'fl m n bb ~nm n bb'el 6n !?I bblJ A VI (?ti~ 'el--1 ~ 1 tl~'Ufi 'LI 'j'::;n 'e)lJ fi1 'J ti • 
Lactobaci/lus plantarum SGLAB01 LL~::; Lactococcus /actis SGLAB02 1J'U'el1Vi1'J MRS bl?ltl 

Lit1-:i~~ruV11,Jil 30 °C LU'UL'J~1 2 'JU u~::;'hA'J1:::'i-lb6l!~ifi1'Jtl Scanning Electron Microscopy 
~ ~ ' 

(SEM) 'Vl1n1'JbfllJL6l!~~11nt11'!¾fJ91u'Jm6n'fl 7x109 cfu/ml bU'JU'll'el'1'M'Jb6n'fl w,i::;uiuHv1 -80 °C .. 
2.1.2 n1'J(?JJ'J"l~'el1JA'J1i.JA-:J'Vl'U'll'el'1 tu'JL1Jb'elmn u~nmmL'fl~l?I LLlJAVI (ftlbU'el1Vi1'JU~1lll?I 

'Vl1n1'J~ml'1A'J1i.JA'1'Vl'U'll'el-:Jb'LI'JL1Jt'elmnLL~nmnLb'el~l?lbL1JAVl~tl~'el-:J~1tl~Un"lu'el1Vi1'J • 

~ ~ 

'W1LU LL"1i'W1 15 U1Vl LL~:::'W1'el1Vi1'Ji.J1(?J'J'J"l~'ellJA'J1i.JA'1'VlU'll'el-:Jb'LI'JL1Jt'flmn t1?1t1n1'J'W1JL6n'el b'LI'J 
' ~ 

1ut'elmnVli'1A-:J'el~b'U'el1Vi1Hl11?11cKL1nt11 bA'J1:::'i-191'U'J'UL6n'el tu'JLlJb'elmn t1?1t1b6D'fl1'\,l1'j' MRS 

2.1.3 n1'J(?JJ'J"l~'el1JA'J1i.JA-:J'Vl'U'll'el'1 tu'JL1Jt'elmn u~nmmL'el~l?I LL'IJAVI (ft11w,i111u~1ll 1?1 

~ 0li1 A'J1i.J A-:J 'Vl'U'll'el-:J tu J L'IJ t 'elm n 1 mh 1~u ~ 1 ll In bl?I tlb 'l¾u~1ll l?lf1'U'el1Vi1'J~ t:,J ~i.J tu J 

1ut'flmmL~nmmL'el~l?IU1JAVl(fmum'J~116 ,fo u~::;(?]1i.J~'Jtln1'Jbt¾'el1Vi1'JUnm~1ili:.J~i.Jb'LI'JL'I.Jt'el 

mmum'J~1 2 'JU u~::;'V11n1nnrnh11u~1f11?1i.11'Vll?l~'el'IJ~'Jtln1'J'W'IJLf'e) blntlb6D'el1Vi1:i' MRS 

2.2. n1'a~U'Vl1iiui~'Vl:1-J'9l i.utJ~1n"1~'Jt!l~1:1-1 b'9lt!!i."lib'VIAUA RNA-seq 

'W1U~1f11?1i.11Lit1-:i~'elruV1.nil 28 'el-:Jl'\1L6l!~L6]tl~ bUUL'J~1'el81-:J'W'eltl 7 'J'UL~'el~nu~1 vh . .. 
mnnui'J'fl81-:JU~1 i.11~lll?I RNA (i)'Jtl'lll?I RNAiso plus (Takara) 'Jl?IA'J1m'nWUU'll'el-:J RNA • 
~'JmA1'fl-:i Nano Drop 2000 (Thermo Scientific) uihl'l1n1:i'(?]'J''J"l~'el1J~rum'V'l'll'el-:J RNA ~'Jtl 

' ~ 

Lflj''e),:j Agilent 2100 Bioanalyzer (Agilent) wi-:iroi1nuu 'W1 RNA LU'Vl1n1:i'~f11?1 mRNA ~'Jtl 

TruSeq RNA Sample Prep Kit (lllumina) '1'1101:i'~h-:i'l¾'fl-:i~i.il?I cDNA ~'Jtl Superscript II • 
' 

reverse transcriptase kit (lnvitrogen) u~::;L-Wi.191U'J'U cDNA ~'Jtl TruSeq PE Cluster kit 

(lllumina) 

tl1'1¾'el-:i~~l?I cDNA ~L(?]1tii.i1~u'fl1mh'9i'uil'JA~b'elL'Vlf?1~'JmA1'fl-:i lllumina HiSeq™ 

4000 roi1mru 'W1'n'el¾J~~1~m'Vl1n1:i''5LAn:::ViLl?ltl'Vl1 de nova assembly ~'JtJtU'J'LLm'i.l Trinity 

r.nmrutl1 Unigene ~L~ULllitllJLVltllJA'J1i.JL'\,li'.l'el'Uf11JUU~fJnm1u1uj1'U'n'el¾J~ GenBank 
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bb~~ UniProtKB/SwissProt b(1ltlb'ITTU:mn:n1 Blast 'Vl1'U1t1~u1~•1n1-:i Unigene b(1ltlb'ITTU'.!'bbn:nl 

~1b'¾roi1u~1-:i7 "l1nJ1'W-n''ela.1~~1-:i 7 L(P)bbfl Blast2GO, Gene Ontology database (GO), 

Clusters of Orthologous Groups (COG) bL ~ ~ Encyclopedia of Genes and Genomes 

(KEGG) 

2.3. fl1'afiin't¼1'a~ ~'U fl1'abb'cl ~.:J'el'eln"Jl'el.:J~'Wb 'W'a~'U'UJlii f>i:J.Jn'Wl?1'J~ b 'VI ~u~ RT-PCR ., . 
A''W~1U'Wbm'~1JU.Qa1~iin-wt~t1*bU'Wf!n'l!l'1b'Y'lULVlv"1rlf1-w,~'n'Y'l (antimicrobial peptide) 

1-wu~1n(1} bLi'ltl1ii11?1nroi~'elun1:rn~(1l-:J'el'eln"ll'el-:Jt1mw~1tl1-w~11i"ll'el-:Ju~1n(1} b(1lt1~n~mfi~-w 
I l I !, 

L'elL~'eltl1m~f1-:i cDNA bb~~,jb~n~if(P)'ltl RT-PCR b(1lt1b"DI.Yl'.!'biJ'el{vi1(P)'el'elnbb1J1J1'r roi1ffW'Wb~'eln 
1· 

ti-w1-wn~iitlii11?1nroin1:rn~~-:i'el'eln"ll'el-:it1-w1-w~11iu~1n(1lfl\t1~i-:i~1mi-w'el1~1m'.l~~f-l~iitut 

1ut'el~n n~n~rnb'el"n(1lbb1J~vi 1Smum'l~116 1'-w blli't1rnvit1ununtjii~'l1Jf'liJ~n'W'el1~1tun~ bU'W 

b'l~1 16 'J'W 



7 

. 
'U'Vl'Vi 3 

3.1 n1'ab1Pl;l'.13-I b''el b'U'ab'U b'el~nbb~~t:,Jiqa.J'el1'Vi1'ab it1~1fl(9'} 

3.1.1 miwffoa-11~\nf'fl t'Lli1ufo~mLim~mL'fl6n!PlLL1Jfl~~t1 
' ' ., 

d1'fl'Vl1n1jL~a-!91'W'l'WL'J!'el l'LJjLlJl'el ~n LL'tln ~n LL'el6DVI LLlJfl~ ~tl'i.'l'el-l'i.'l1tlvr'Wfi ui~n'ellJCi1'ltl 
q 

Lactobacil/us plantarum SGLAB01 LL'i:'l~ Lactococcus lactis SGLAB02 1J'W'fl1'l-11j MRS l!Pltl 
., ' 

L~t1-i~reirutuJi1 30 °c LU'WL'l'i:'l121'u LL'i:'l~'W1L"ll'i:'l'i:'l1'Lli1ut'el~n~-irnh'la-11'JLfli1~vf Ci1'lt1 

Scanning Electron Microscopy (SEM) i:..J'i:'lLL'i.'l!Pl-J~-:iiu~ 1 

Lactobacillus plantarum 
SGLABOJ 

Lactococcus lactis 
SGLAB02 

Lactobaci/lus 

p/antarum SGLAB0J LL'i:'l~ Lactococcus /actis SGLAB02 'JLfln~vf'71'ltl Scanning Electron 

Microscopy (SEM) 



3.1.2 n1'a!Pl'a'J""l'ill'el'Ulol'J1ilfl.:J'Vl'l.!"l.l'el.:J b'LI'ab'U b'el ~n bb'cm ~n bb'el'ii1nbb'U1o1'Vi b~i!!i. 'l.!'el1'Vi1'a'Llin 

fl!Pl 

8 

r.:nnmi~mn fl'"J1iJl'N'Vl'W'll'el-:J LUiLUL'fl~n U\:'l n~n LL'el"TI (?) UUflYJ ~ti~'el-:i~1t1-vruif~ i:-1~ :i.rn-:i 
q 

1'W'fl1v11i'Li\:'11fl(?) L(?)£.Jn1itl'rnf'flLUiLUL'fl~n~tT-:ifl-:i'flzj1u'el1v11nil(?)
1l~ 'l"lU~1'el1v11i'Li\:'11~~n 

., ., ' 
'U1L'LJLL6Jl'U115 'W1Yl tJ-:Jfl-:JilL:n'elb'LiiLUb'el~nf'l-:J'elzj1'W'fl1v11Jbii(?)L'U~m'Vhnu 1.9 X 108 cfu (?]'fl 

'el1v11i 1 nfii (LL~(?)-:J~-:inJ~ 3) i:J\:'ln1d'Vl(?)\:'l'fl-:JLL~(?),:i1~L~'W~1Lf'eltuiLUL'fl~ntT-:ifl-:i'flri1u 
~ ~ 

(A) (B) 

(C) (D) 

'a'LI~ 2 'el1v11i'Li\:'11fl(?)LL\:'l~U\:'11fl(?)~b'TI1umi'Vl(?)\:'l'fl-:J (A) 'el1v11iU\:'11fl(?)ri'fl'Wi:J~ii'l:uiLUL'el~n (B) 
qJ 

' ., 
'el1v11i'Li\:'11fl(?)v1i-:i i:-1~ii'l:uiLUL'fl~n (C) 'el1v11i'Li\:'11fl (?)vli-:i i:-1~ii'l:uiLUL'fl~nY1 LL6Jltl1 LU'Wb'"J\:'11 15 

'W1Yl Lb\:'l~ (D) 'Li\:'11fl(?)L'l"l~~~1-nl'Wn1J''Vl(?)\:'l'el-:J 
~ . 
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,, 
6.0 Q) 

~ 100%. 
-El 
::I 
't 

4.0 00 
0 .... 
i5. .... 
i::: 

2.0 ::I 
0 
CJ 

~ 
0 
0 0.0 
(.) 

Before After 

' ,, ,, -au~ 3 91'W'l'Wb'n'r.l hh1u'L'r.l~n bbtrn~n bb'r.l~(?) bb1Jf'lVJ~t.11'W'r.lTl-njtl~1n(?) l>ln9'WU91'W'l'Wb'n'r.l LUj ... ,, ,, 
1u L'el~n L'W'el1V11nil (?I L(?)t.lL on MRS blli't.11JbV1t.lU91'W'l'Ub'Jl'elj:;V1'i1-:iri'el'Wbb~:::V1i-:i bb'll'el1V11j1 'WU 1 

bU'Wb'l~1 15 'W1V1 

.... 
n!YI 

91nn1j~ mt1f'l'l1il M'Vl'W"ll'el-:J LUj11JL'Elmn 1ui11i e.J ~91nn1rn (?)~'el-:JL ~U~1f1(?) n'W 

'El1Vl1j~e.J'lliJLU'.l'1UL'Elmn bb~nmmb'El~(?)bb1Jf'lVJ~mu'Wb'l~116 ')'W bb~:::l911ilv1'lt.ln1jb~'El1V11jUnm 

~hle.J'lliJLUj11Jt'elmmu'Wb'l~1 2 ,fo bb~:::vhmnnrnh1itl~1il1Yl(?)'ll'El1Jv1'lt.ln1j'W1Jbi'elL(?)t.11-n' 
' ,, 

'El1Vl1j MRS ·vm'i1tl~1vln'W'El1Vl1jUnm (hle.J'lliJLUj11JL'Elmn) 1il'V'l1Jb'Jl'Elb91'qJU'W'El1V11j MRS 

L'W"Jlru:::~tl~1~1~n'W'El1V11j~ e.J'lliJLUj11JL'elmmu'Wb'l~1 16 ')'W ihf'El LUj11JL'Elmmb~nmmb'El~(?) 
' ' ,, 

bb1JflVJ~t.lV1b91'n,JU'W'El1Vl1j MRS b'il~mvhnu 1.7 x 106 cfu l?l'El ~11itl~1f1(?) 1 nfii bb~:::i'.Jb'n'El 
I t, t, I 

1u~11itl~1n(?)VJL~'W'El1V11j1ile.J'llm'n'r.ll?l'ElbU'Wb'l~121'u i'.Jb'n'Elb'il~mvhnu 3.4 x 105 cfu l?l'El 

~11itl~1f1(?) 1 nfii (bb'll(?)-:Jc;i',:ijt]~ 4) e.J~n1j'Vl(?)~'el-:JbL'll(?J-:JL~b~'W'i1bi'ElLUj1UL'Elmmb~nmmb'El~(?) .., 



1( 

(A) (B) 
Day 16 of probiotic fee~ing Day 2 after probiotic feeding 

~ -:, :, 
Cl 2.0 * Cl 0.5 
Cl ..g> :a ::, * - 0.4 (.) 1.5 (.) 

"' "' 0 0 ,,.. ..... 0.3 
.?:S. 1.0 .?:S. .... .... 0.2 s:: s:: :, ::, 
0 0.5 0 
(.) 0 0.1 >, >, 
s:: s:: 
0 0.0 0 0.0 0 0 

0 Control Problotlcs 0 Control Probiotics 

Ui'l1~nU'e'l1'\-l1jf.J~iJLUjL'lJL'e)~nbli'ln~ml'el6](?1Ll'lJf\Vl~muiw-Ji'l1 16 ifu LLi'l:; (B) 91U'JUL,'e)b'\. 

~1 tilli'l1~nU'e'l1'\-l1jf,J~iJLUjL'lJL'e) ~nbli'ln~mL'fl6n(?) Ll'lJf\Vl ~m'LIUL'Ji'l1 16 ifu ~1il (?)'Jl:J'e)1'\-l1: 

1.ln~~1ilf-J~iitujL'lJL'fl~muuL'Ji'l1 2 ifu Lm1:JrnV11:JUf-Ji'lnun~iiflr;iu~ii~nummjun~ (Lilf-J~l

tujL'lJL'e'l~n) 

3.2. n1'a'f>1'W'Vl'liiu/.:i'Vla.J '9l i. 'W'U~'l11 '9l'll'UJ-!!'la.J b'9l~b"llb 'V1 fl!Ufll RNA-seq 

i:.Ji'lr.i1nn1fhm1:;vftiu1ulli'l1ll(?)L(?)t!L'nb'Vlf\Ufl RNA-seq 1?1'J1:Jj:;uu lllumina Hisec 

sequencing 'V'l'lJ~1~1iJ1jt:l,jLfln:;vf~1vi'uil'Jfl~L'e'lL'Vl(?)b1?1':i"Ji!v1'..:J'1-liJ(?) 4.46 Gb bases bbi'l:;Lrl'i 

0 I -=::,IO -=:I .-=,I 

'Vl1n1j assemble sequence 'V'l'lJ'J1il91U'J'Wl:JU 71,775 Unigenes iJfl'J1iJl:J1'Jj'JiJ 79,513,60~ 

' ' ='=I ,=I =,I l<V ~O ,:=::. 

bp l:J'Wilfl'J1ill:J1'Jl'ui'll:J 1,107 bp lbi'l:;iJ GC content b'Vl1nU 49.79 % bil'fl'Vl1n1j'Jbflj1:;'I, 

' ' ' • -=I 2,, 9,, -==I --=J CV 2,, 0 2,, 2,, I ,:::::,1 0 =,A ,=l.: 

Urngenes b'V'l'e'lflU'l-l1'1-lU1'Vl'1J'e)..:J\:JUnU_j1U'1J'e'l~i'l91U'JU 7 j1U'll'e'l~i'l fl'W'V'l'lJ'J1iJ:-l1U'JUl:JU'Vll-
., 

fl'J1i!l'l-l~ 'flUll'lJ_j1Wif 'fl~ i'l 1?11..:i7 vf ..:iu L'l-l ~'e1Ull'LIJ1U 'n'e'l~ i'l NR (non-redundant proteir 

sequence database) 91U'JU 45,316 tlu (NR: 63.14%), ~1U'n'e'lil i'l NT (nucleotidE .. ,., 

sequence database) 9 1 u 'J u 47,287 ti u ( NT: 65.88%), J 1 u -if 'fl ~ i'l Swisspro 

(UniProtKB/Swiss-Prot) 91U'JU 39,105 8U (Swissprot: 54.48%), li/1'W'n'e'lili'l COG (Cluste .. ,., 

of Orthologous Groups of proteins) 91U'JU 16,492 tlu (COG: 22.98%), li/1U'n'e'll-li'l KEG( .. ,., 

(Kyoto Encyclopedia of Genes and Genomes) 9 1 u 'J 'W 37,694 ti 'W ( KEGG: 52.52%) 

li/1U'n'e'lili'l GO (Gene Ontology) 91'W'JU 4,506 EJU (GO: 6.28%) bbi'l:;li/1U'n'e'll-li'l lnterprc 
d.9 4J dJJ 4.1 

91'W'JU 35,374 tJ'W (lnterpro: 49.28%) L(?)l:JJ;.Ji'i91nn1fhfln:;v1Lm1:JULV11:JUllU~1uoif'e'liii'l GC .. ,., 
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Biological process (2) Cellular component (3) Molecular function ~-.:i1u~'rt.J."ll'el-.:J Biological 

process 9~1.h~n'el1Jv1'Jr.Jmu1u immune system process ~1'W,'J'W, 76 mu~RUY,U ~~rn'llin-.:irK-.:in.l 
. ~ 

.J 
'Vl 5 

h<havlol 17 -- -65 
blolog$Cfdphatt ■ 1 

~regt.ilatiorl 531 
t4lki:Eing •1 ~lat component organi.Z.a11onor~IS 370 

"'"""'- 1595 
~iSe:a.lion -12 

de'.'e!Op(Perttalproc:ess 184 
9"'>'1h 

immune syslem process -·""" Jo<omo!IO!\ 
me-tabol<:proceJS 1344 

roolti-oq;anbm process 
mi.#,iceSUlar crgarlsmal process [ neg..ulvf regwt>on of ~pro«SS 

posi1N8 reouta&on of oolog:caJ pocHS 
[ presynaplie p.-o«,1 io.,.ofved in $yoaptlc lrao3.mbskxl 

regolat.lon ol bi:OIOgkal p!'OCOH 

I re-production 
fept'~ proce.$S 
~tosi.imlJ!us 

rhy\hmk:pl'oces.s 
signa<ng 

i s!r:gie-()(gnnism proce,.s 11!!3 
cell 1222 I "''J=lloo c.e8pwt 1214 i n>:traoo&.natmabix 

extmce!l.dnr matrlx component 

i os.tracc!!ufar regioo 
~h'BU&na.t region part 

macrvmolitct!W c«npl,N. 
rncmbfc1-oe 

~ memb.a...,patl 
~-ent»sed !IJmen r •'9"""" .. Ol'g~pail 

:rupr.tmof~lufibtr c 
$)'11,lpSG i synaps~ part 

vulon 
wionpa,t 

antm.ldant actMly 
bin<ing 1337 

~ ao!Mly 1334 
(kctronC-llr1'1rae\Mty 

~aperon-eectlrity 
molecuW tur.ction regIBatot 

mo!eeutar tral'\WUCM .tetMty 
NJC!t',c acid binos)g trl'll'l!.Criptioo tac\or actimy 

proleinl;ig 
signs! tran!ldvc;or scwity 

slluctu1nl mofe(:U}e acii'flly 
tr~tact......,.a-..-t:vhy,prat~b!od:ng 

tn'ln~pooar ~tivity 

500 1000 1500 20-00 
Number of Genes 

m'W!?l1il't,n!1~'i:1nmmr.1rno/ir.1un1Jj1U'n'el¾j\N GO (Gene Ontology) LLnU X LL'll!n-.:191'W'JUm'W LLn'W 

' 
Y LL'll!n-.:Jv1U1l'i"ll'el-.:Jn"ciiimu 

q 



12 

r.,nnmjA'WVl1U'W1 'Wj::lJlJ.fJil ~iinu L~Wl* L 'W'W~ m11 Li'ltll Vl '911?11'W1'iN'Di'I ( antimicrobial 

peptide) 1utl'iN1fl'9'1 A'WTilJU'W'll'el-:JLi'ltllV1'91~1'W"~'iN'Di'I 91'W'lu'VY-:iviii'9'1 6 uu zj,:itl'-:ihhr1r.1i'.lnr.1-:i1u 

n 1 jf-l'WTI u1u tl 'iN 1 n '9'l tl j:;n'ellJ fP1 'l r.1 ( 1) Defensin (2) Beta-Defensin (3) liver-expressed 

antimicrobial peptide-2A (LEAP-2A) (4) liver-expressed antimicrobial peptide-2C (LEAP-

2C) (5) Piscidin LL'iN:: (6) hepcidin-like antimicrobial peptide ~1;HL~'9'1'1~'1!tl~ 6 L~'el'l'J1n1j 

l?1nr.imnL~'9'1-:J'el'eln'll'el-:JU'W1md'elLt'el1?11-:i 1 'll'el-:Jtl'iN1fl'9'1 L'9'lr.1'5Lr1n::ifP1'lr.l RT-PCR i'l1J~1r.i1n 

mjl?1j'J"'l~'el1Jn1rn~ '9'1-:J'el'el n'll'e'l-:ium 'V'ltl1 VJ '91~1'W1'iN'Di'l 1 'WL d'el L~'el 1?11'11'll'el-:Jtl'iN1n'9'1 91-W'lu'VY-:iviii '9'l 

6 U'W i'.luu~LL~'91'1'el'eln1uih1i'll'el-:Jtl'iN1fl'91 91'W'l'W 5 U'W t]j:;n'el1JfP1'lr.lU'W Defensin, LEAP-2A, 

LEAP-2C, Piscidin LL'iN:: hepcidin 
I t, I I 

Lil'elL~'elnuun~iii1ml?1nr.imrn~'9'1'1'el'eln'll'el-:JUU1'W~11itl'iN1fl'91 J71r.lVli-:iv\1miu'el1Vl1jVJ 
q 

~~ii ttljllJL'el~n 1-w-imLrn lfP1'1'11n1jl?1j'J"'lMl1Jn1nL~'9'1-:J'el'eln'll'el-:JU'W Li'ltll VJ '9lrl11ui'iN'Di'I Piscidin 

1u~11itl'iN1fl'91 ~1ml'W'el1Vl1JLi1'9'l~~~iittljl1JL'el~nLL'iNn~rnL'el6il'91LL1Jl"\VJ~mum'l'iN1 16 'l'W LL'iN:: 

n~ii~n'W'el1V11jtln ~ LU'WL'l'iN1 16 1'-wLuun~ii l"l'llJl"liJ i:.J'iN"'l1nmjl?1nroimrn~ '9'1-:J'el'eln'll'el-:JU'W L'9'ltl 
q ' ' 

LVJl"\Ur'l RT-PCR riu~1tl'iN1fl'9'1~lfP1fl'W'el1Vl1rn~iittljl1JL'el~ni'.JmjLL~'9'1-:J'el'eln'll'el-:JU'W Piscidin 

L~iJ~-:iium.h-:ii'.Jtfoi1~ruV11-:J~t1~ L~'el LV1tl1Jfl1Jtl'iN11un~iJ"1'l1J r'lil 1:-J'iN LL~ '91'1 ~-:JjtJ~ 7 1:-J'iN 
'U 0., q q 'ii 

Ln''el-:i rlf ui1'1¾ Liiu~1 ttljllJ t 'el ~n U'iN n ~n LL 'el6il '9'l LLur1vl ~r.1~1mrnm::~uuu 1m::uuJJil ~ii n'W'll'e"l-:J 

tl'iN1n'9'11fP1 



Liver Gut Kidney Muscle Larvae 

◄Defensln 

◄Beta-Defensin 

◄LEAP-2A 

◄LEAP-2C 

◄Piscidin 

◄Hepcidin 
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ruvi 6 mnL~(?),l'e}'eln'JJ'e)..'.JUUb'Y'ltll'Vl~)lil'lU1~'n'Y'l (antimicrobial peptide) 1utl~1fl(?) 1md'elL~'el 

~u (Liver) ~11~ (Gut) 1~ (Kidney) nif1md'el (Muscle) bL~:;~ntl~1 (Larvae) tlJ":;n'elU(?)'JtlUU 

( 1) Defensin (2) Beta-Defensin (3) liver-expressed antimicrobial peptide-2A (LEAP-2A) 

(4) liver-expressed antimicrobial peptide-2C (LEAP-2C) (5) Piscidin bb~:; (6) hepcidin-like 

antimicrobial peptide ~J''J'°l~'elumrn~ (?)..:J'el'eln'll'el..'.JU'W b(?)t.1'5 br1n:;'lf (?)'Jtl RT-PCR bb~:;H' EF 1-

a Luuuur1'JUfl:W 

Piscidin 

C: 
.!2 2.0 * Ill 
Ill 
Q) ... 1.5 0.. 
>< 
Q) 

<( 
1.0 z 

0::: 
E 
Q) 0.5 
> ; 
co 
ai 0.0 
0::: 

Control Probiotics 

~ntoi~'elUn'lnb~(?)..:Jt1'eln'll'el..'.lU'Wb(?)t1 '5Lr1n:;'1f (?)'Jt1 RT-PCR u~:;H' ~-actin bU'WUUl'l'JUfl:W 



' "'" 'U'Vl'VI 4 

t, t, I t, 

14 

~rtl~rnn1jv11bUU-31'Wl"lf-3UL~v11bU'l.\n1jlWU-Jbb~'I.\Vl'J1-3H L~t.l'3'),j9c.1u1~n~~-:JTW~Yh-Jvf 

1u<J1j~1j,j".ll1n1ju1u111~ 91'1.\<J'W 11J'Vll"l<J1~ LL~::::L~'W'il~M1u1un1jtJj::::1~,j11n1j 

j:::;1?1u".111~1UJUbb1J1J Proceedings 91'W'JU 1 U'Vll"l'J1a.J L~t.1i'.ij1m::::L;t.1~'11'il-3·-:i1u'59t.11?1-3d n1j 

Ll?ifo~ b('il LUjl1JL'il~n bb~::::~~~'il1'1,11j1~tl~1rr~ 1~vhmjwi1t.1~1f'Jb('il LUjl1JL'il~n bl~ n~n bb'il6D~ 

[?lj'J'°l~'il1Jl"l'J1~1"1-:J'Vl'l.\'11'il-3LUjl1JL'il~nbL~n~rnb'fl6D~bbUl"IVl~t.11'Wih1~tl~1n~ ~~n11Pimt1Yl1J~1 

'Jfin1j~L'nbl?1•fo~'fl1'1,11j~n b('fl LUjl1JL'il~n ~~~ntJj::::~'Vlfifl1Yl L~t.1Yl1J~1 LUjl1JL'fl~ntJ-31"1-3'fltlLU 
" 

' ~ 

f1'WLUjl1JL'il~n'Vll"l'J1m-.Uml'W"JJ'il-3b6l!'il 5,0 X 108 cfu M'il'fl1i-11j 1 nf~ 1u~'JU"JJ'il-:Jn1jMmt1uu1u 
~ 

tl~1n~ L~'Vl1n1jf)'l,\'1!11U'l.\v1-3i-l~ ~ 1utl~1n~~'Jt.1-31~L~t.lL'jjb 'VI l"l'Wfl RNA-seq (?)'Jt.lj::::1JU 

lllumina Hiseq sequencing bb~::::vhmj~n111j::::f?11Jn11lb~~-:i'fl'fln"JJ'fl-:JU'W1m::::uu,Qil~~nu 

L'V'lUL'Vl 1?11?11'W',~~Yl ~<Jm'Vll"IUl"I RT-PCR t~c.1~~n1j',j Ll"ln::::if'V'lu~11"1~11?11J'W'J l"l~L'fl L'Vl i?lj<J~ 

i-3i-l~~ 4.46 Gb bases u~::::ii91'W'JUU'W 71,775 Unigenes LL~::::tl~1~L~'l.J'fl1i-11rn~~Ltlj 

L1JL'fl~n~1~1rnm::::1?1un1nL~~-:J'il'iln'll'fl-3UULYltlL'Vl1?11?11U9~~Yl Piscidin ~-3LUu~u1uj::::1Ju 
q , q 

' ~ 

JJil~~nu'll'fl-3tl~11~1lt11-3i'.i'l!mi1r1n.J'V11-3~ci~ ~~vi1~r.i1n-31u,j9c.1ur.i::::vh1'!Y~1~1rnM'il1mj 

~~~ ):tJjL1Jb'il~n,LL~ n~n LL'fl6D~ LLU fl'Vl (fo~u~'fl~.flt.1 u~::::iitJj::::Lt.i'J!U LL~::::-.U'fl¾J~'ll'il-3UUJ-3i-l~ ~~tl'-3 

hl bl"lt.1ii nc.1-31u~1ri'flu1ut1~1rr l?l L 'Vlt.1 b~'flj'fl-3fomj'w' 17J-lu1n1nYl1::::Lic.1~t1~1rr ~~'Jc.1-31~'11'fl~ 

L'Vlt.1 i~'Vl1~~1utlfotJj~'WUfiLL~::::t4'17J-JU1'fl1'1!11j[?]'i!Ltl 
q q 
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1. Introduction 

,- -·· ·---.' 

ABSTRACT 

Siamese fighting fish (Betta splenilens) ii bne of_,the most widely cultivated ornamental fish in global trade. How
ever, transcriptomic data, whi~h ~iirl reveafvaluable genetic data for disease control and prevention, are ex
tremely limited for this species. In this.study, whole-body transcriptome sequencing of juvenile betta fish gen
erated 4.457 GB of clean.Ila'/~ -1nd a total of 71,775 unigenes using the Illumina HiSeq4000 platform. These 
unigenes were functionally classified using 7 functional databases, yielding 45,316 NR (63.14%), 47,287 NT 
(65.88%), 39,105 Swiss•Prot (54.48%); 16,492 COG (22.98%), 37,694 KEGG (52.52%), 4,506 GO (6.28%), and 
35,374 Interpro (49.28%) annotated unigenes. Furthermore, we also detected 13,834 SSRs distributed on 10,636 
unigenes and 49,589,predicted CI>Ss. Based on KEGG analysis, five innate immune pathways (997 unigenes) were 
reported, including th~·NPD-like~eceptor signaling pathway, complement and coagulation cascades, toll-like re
ceptor signalinipathiNay;ruG:I-like receptor signaling pathway and cytosolic DNA-sensing pathway. Moreover, 
four antimicrqbial peptid~,(AMP) families (hepcidin, piscidin, LEAP-2, and defensins) from the betta fish tran
scriptome were also identified. Additionally, cDNA and genomic DNA of two 6-defensins was successfully isolated 
from foutbetta fishJpedes. RT-PCR analysis showed that BsBDl transcripts were most abundant in the muscle 
and kidney aj!d BsBD2 transcripts were most abundant in the gill. The genomic organization showed that the 
BDl and BD2 gen~s consisted of three exons and two introns according to the GT-AG rule. Most importantly, 
this.is. the first:report of the betta fish whole-body transcriptome obtained by high-throughput sequencing. Our 
ti;ariJcrlptomic data and the discovery of betta fish AMPs should promote a better understanding of molecular 

i;i~rnunology for disease prevention for further ornamental fish aquaculture. 

Siamese fighting fish (Betta splindens) is one of the most popular 
aquarium fish in the world. In Thailand, B. splendens is a very important 
ornamental species due to its high economic value from global exports 
in aquarium fish markets. To date, Siamese fighting fish trade is a devel
oping worldwide industry .. More than 50% of betta fish originate from 
Asian countries, including Thailand. Among the several Betta species, 
the most well-knowri is_ B .. splimdens (often known as Siamese fighting 
fish) [1,2]. The expansion of the ornamental fish industry worldwide 
has caused widespread pathogenic infection, which is a major concern 
for the sustainable development of betta fish farming. 

cular biology and immunity. Available transcriptomic information could 
lead to a better understanding of the molecular mechanisms required for 
betta fish to improve their health and to control diseases in this species. 
In recent years, increasing occurrences of diseases in betta fish, such as 
mycobacteriosis, skin nodule syndrome and big belly syndrome, have 
been reported [3-7]. Approaches to minimize disease losses are mainly 

based on the use of chemical and antibiotic agents; however, indiscrim
inate antibiotic use has led to the emergence of the growing problem 
of microbial resistance. Thus, studying the genes involved in the betta 
fish immune system will help to better understand the innate immune 
response in this fish and to prevent pathogenic microorganism invasion. 

The innate immune system plays an important role in defense against 
pathogens in fish that live in microorganism-rich aquatic conditions. 
Antimicrobial peptides (AMPs) are crucial effector molecules that can 
play a vital 

However, despite its coriimercial importance, little is known about 
the molecular biology and immune defense of B. splendens. Therefore, 
studying the transcriptomes of this species is necessary to better un
derstand their mole-
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role in the innate immune response and are present in most living or
ganisms [8]. The first step to discover the key innate immune system 
of betta fish is to acquire knowledge of its transcriptome. High-through
put technology for RNA sequencing (transcriptome) analysis has been 
widely used for the discovery of novel genes in several species of fish 
[9). The transcriptomes of immune genes have been analyzed in several 
fish to understand their innate immune mechanisms [10]. To date, more 
than 90 AMPs in fish have been reported [11). According to their struc
tural confonnation, AMPs are classified into five major groups: defensin, 
cathelicidin, hepcidin, histone-derived peptides and piscidin. A growing 

_ number of AMPs have continuously been identified in fishes [12-14]. 
However, until now, the molecular immune system of betta fish has not 
been evaluated. In the present study, we report the transcriptome and 
characterization of antimicrobial peptides in betta fish. We analyzed the 
transcriptome profile and identified the main components of pathways 
related to the immune system. Based on the transcriptome analysis, we 
discovered five innate immune pathways (NOD-like receptor signaling 
pathway, complement and coagulation cascades, toll-like receptor sig
naling pathway, RIG-I-like receptor signaling pathway, and cytosolic 
DNA-sensing pathway) and four putative AMP families (hepcidin, pis
cidin, LEAP-2, and defensins) in betta fish. We analyzed the cDNA and 
genomic organization of two ~-defensins, the important AMPs in the in
nate imml.lJle system, from four species of betta fish. Our work can pro
vide important information about the transcriptome and the innate im
mune genes in betta fish. Identification of AMPs in betta fish will serve 
as an important tool to protect ornamental fish aquaculture and will be 
the basis for the development of novel AMP agents. 

2. Materials and methods 

2.1. Sample collection and preparation for transcriptome analysis 

Cultured Siamese fighting fish, B. splendens, with a good swin:iip.ing -
ability and no clinical signs of infection (one-month-old juv;enile ;fish 
with a bodyweight of 0.3 g and body length of 0.5 cm) were:purchas~d-.
from a commercial betta fish farm in Samut Prakan Provinee: Thailand,-

. Fish wer~ acclimatized in the laboratory for two weeks befotE'! :~xperi: -
mental ma_nipulation. Fish were fed twice daily with \:c)l:ninercia} p~llet 
feed, and their feces were siphoned off before feed_hlg. T~\pr!!p<J:r_e the 
samples for transcriptome analysis, three individual betta fish were ran
domly collected. These RNA-Seq samples were imrri-ediat~ly snap-frozen 
and preserved in liquid nitrogen until RNA extJ:l\ction,ifor tis_s·ue distrib
ution analysis, the kidney, spleen, liver, gill, gut; an<irnllscle were sepa
rately dissected from five individual betta fish (adult fish, 4 months old) 
with a bodyweight of 1. 9 g and body length of3$.cni and immediately 
frozen by l_iquid nitrogen for tissue distr)~ution a~alysis. 

2.2. RNA isolation, library preparation, and seqiiencirig 

RNA sequencing (RNA-Seq) was.performed to investigate and deter
mine the transcriptome profile of betta fish B. splendens. Frozen betta 
fish samples were removed from the liquid nitrogen storage tank and 
finely ground in the presence of. ii<J.uid nitrogen. Total RNA was ex
tracted fro_m the whole fish body samples using TRlzol™ Reagent (In
vitrogen, Carlsbad, CA, USA) following the manufacturer's protocol. To
tal RNA from each tissue sample was extracted using the RNeasy mini 
kit (Qiagen, Hilden, Germany)according to the manufacturer's proto
col. The total RNA purity was detennined using a NanoDrop spectropho
tometer (Thermo Scientific, Waltham, MA, USA). The RNA concentra
tion and integrity were analyzed using a RNA 6000 Nano Kit and an Ag
ilent 2100 Bioanalyzer (Agilent Technologies, Inc., USA). Illumina cDNA 
libraries were constructed from a 1.0 µg RNA sample following the man
ufacturer's protocol (Illumina, San Diego, CA, USA). The transcriptome 
libraries were subsequently sequenced on the Illumina Hiseq4000 plat
fonn (Illumina, San Diego, CA, USA), and 150-bp paired-end reads were 
generated at BG!, Inc. (China). 
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2.3. De nova assembly and functional annotation 

The raw reads obtained using the Illumina Hiseq4000 platform were 
treated using BGI, Inc. (China) software to remove technical sequences, 
including adapters, unknown bases, and low-quality bases (Q < 15). 
The clean data were subsequently de nova ~ssi;6ibled into contigs and ' 
unigenes using the Trinity software (version:{'(2.0.6) and Tgicl (ver
sion: v2.0.6). Functional annotation ¥fl!$ based cirt)~LAST searches with 
thee-value threshold set at le-5 agaii{st several nucleotide and protein 
databases, including NCBI nonredlllJ-~ant protein sequence (NR), NCBI 
nonredundant nucleotide sequence (N'D,• Swiss-Prot, InterPro, Gene On
tology _(GO), Kyoto Encyclopedia <if Geii'e~ imd Genomes (KEGG) and 
Cluster of Orthologous Groups of proteins (COG). The segment of uni
genes that best mapped to the_functiotial .databases in a priority order 
of NR, Swiss-Prat, KEGG, antl'"c:OG wci:e selected as CDS. CDS of uni
genes that could not µ¢ ~ligned "l'lith any databases mentioned above 
were further predicted.v.itlitli~:ESTScan software (version: v3.0.2) us
ing the Blast-predic;t_ed CDS'.~ a model. Unigenes were screened for SSRs 
(Simple Sequenc:e;Repeats) usilig the MISA software (version: vl.0). 

,'.'-··. ,'/ 

2. 4. Discovery of iinmun,e-related genes and antimicrobial peptides 

To ari.tlyze betta fish innate immunity according to KEGG tran
scriptoiµ~ ~al.ysis, five innate immune pathways were analyzed: the 
NOD-ii½:e receptohignaling pathway, complement and coagulation cas
ca~t:s, ttillclike receptor signaling pathway, RIG-I-like receptor signaling 
pa.thway, and cytosolic DNA-sensing pathway. 
.\wfatteJJ.1pted to identify new members of betta fish (B. splendens) 

antimiqo)?ja.l peptides (AMPs) from the assembled transcriptome. Po
tentialhucleotide sequences of AMPs from the betta fish transcriptome 

-were searched using fish AMP databases. The cDNA sequences and de
dti<:ed amino acid sequences of the betta fish AMPs were analyzed using -
the ExPASy program (https://www.expasy.org). The protein structural 
domains of the AMPs were predicted using the SMART model (http:// 

_ ,_s'mart.embl-heidelberg.de). The predicted AMPs were further verified by 
_, the BLASTP search program (https://blast.ncbi.nlm.nih.gov /Blast.cgi). 

2.5. Identification of P-defensins in betta fish 

To characterize the transcripts and genomic organization of ~-de
fensins (~-defensinl and ~-defensin2) from four betta fish species in 
Thailand, including Betta splendens, B. mahachaiensis, B. imbellis and 
B. smaragdina, total RNA was isolated from whole-body juvenile fish 
samples from each of these species using Trizol™ Reagent (Invitro
gen, Carlsbad, CA, USA) according to the manufacturer's protocol. Betta 
fish genomic DNA was extracted using the phenol-chloroform extrac
tion method. Fish species were confirmed by a DNA barcoding approach 
based on the mitochondrial cytochrome c oxidase subunit I gene (COI) 
gene sequence. 

The full-length ORF and genomic DNA sequences of ~-defensinl 
and ~-defensin2 of B. splendens (BsBDl and BsBD2) were determined 
using the primers BsBDlF and BsBDlR for the BsBDl gene and BsB
D2F and BsBD2R for the BsBD2 gene, according to the sequences ob
tained in this study (Table 1). To identify BsBDl and BsBD2 in other 
betta fish species, including B. mahachaiensis, B. imbellis, and B. smarag
dina, the primers BsBDlF (or BsBD2F) and BsBDlR (or BsBD2R) were 
used to amplify the full ORF and genomic DNA sequences accord
ing to the full-length ORF cDNA of BsBDl and BsBD2. The primers 
were used to amplify betta fish cDNA and genomic DNA with Q5® 
High-Fidelity DNA Polymerase (New England Biolabs, Ipswich, MA, 
USA) according to the manufacturer's instructions. The PCR parame
ters were 98 °C for 30 s, followed by 30 cycles of 98 °C for 10 s, 55 °C 
for 30 s and 72 °C for 3 min, and 72 °C for 5 min. The amplification 
products were loaded onto a 1.5% agarose gel and visualized under 
UV light after staining with ethidium· bromide solution. The expected 
band was cut and extracted from the agarose gel using the Nucle
oSpin Gel and PCR Clean-up Kit (MA CHEREY-
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Tablel 
Nucleotide sequences of the primers used. 

Primer 
name Sequence (5'-3') 

BsBDlF TGGAGAAATTGTATCAGAAGTGATG 

BsBDlR TGGTTCTGTCGCCCATGTCT 

BsBD2F CCCAAACATGAAGGGCCTGA 

BsBD2R AGAGGCGCTGGTTGAGGAAC 

BsBDlFrt TGGTTGTGTTGGTGCTTGTGG 
BsActinF AGGCTGTGCTGTCCCTGTAT 
BsActinR GAAGGAGTAGCCACGCTCTG 

Purpose 

Full-length ORF cDNA and 
genomic DNA 
Full-length ORF cDNA, 
genomic DNA and RT-PCR 
Full-length ORF cDNA, 
genomic DNA and RT-PCR 
Full-length ORF cDNA, 
genomic DNA and RT-PCR 

RT-PCR 
RT-PCR 
RT-PCR 

NAGEL GmbH & Co. KG, Germany). The purified DNA fragments of the 
two P-defensins from four species of betta fish were cloned into the 
pGEM®-T Easy Vector (Promega) for sequencing (U2Bio Co., Ltd.). 

2. 6. Bio inf onnatic analysis 

The nucleotide and predicted amino acid sequences of the BDl and 
BD2 genes from four betta fish species were analyzed using the ExPASy 
program. The similarity of BDl and BD2 to other fish species was ana
lyzed using the BLASTP program. The putative signal peptides of BDl 
and BD2 was predicted using the SignalP 3.0 Server (http://www.cbs. 
dtu.dk/services/SignalP/). A conserved domain search was performed 
using the SMART program (http://smart.embl-heidelberg.de/). Multiple 
sequence alignments were performed using the Clustal Omega program, 

2. 7. Tissue-specific expression analysis of P-defensinl and P-defensin2 from 
B. splenderis 

To establish the basal levels of the two P-defensin transcripts (BsBDl 
and BsBD2) in separate tissues, mRNAs were analyzed in different ~r
gans from betta fish by semiquantitative RT-PCR. Six tisstiE,s (spleen; 
kidney, liver, gut, gill, and muscle) were aseptically sampled' from fl.ye 
healthy fish under normal conditions and used for total RNA extraction. 
Two micrograms of total RNA from the six tissues were usedfor.cDNA 
synthesis ~ith the RevertAid First Strand cDNA Synth~sis Kit (Thermo 
Fisher Scientific, Inc., USA). The expression levels Qf BsBDi&rtd BsBD2 
were analyzed using semiquantitative RT-PCR witli,p.actin (BsActinF 

and BsActinR) as an internal control. PCR anilysis (94 •c for 1 min, 25 
or 28 cycles of 94 ·c for 30 s, 55 ·c for 30 s,72 'C for 30 s, followed by 
72 •c for 5 min) was performed using spe~ific p;iineys (BsBDlFrt and Bs
BDlR for BsBDl and BsBD2F &nd BsBD2R for BsBD2). Eight microliters 
of the PCR_ products were analyzed on a i.8% agarose gel. 

3. Results and discussion 

3.1. Illumina sequencing and de nova assembly 

RNA-Seq on the Illurnina HiSeq 4000 sequencing platform was used 
to sequence the cDNA library constructed from the whole body of juve
nile betta (ish B. splendens. Sequence analysis and assembly were subse
quently performed, and de novo transcriptomic data of betta fish was ob
tained. An overview of the betta fish tr&nscriptome is presented in Table 
2. A total of 47.51 million raw paired-end reads were produced from 
juvenile betta fish. After read filtering by removing low-quality reads, 
adaptor sequences and ambiguous reads, 44.57 million clean reads with 
Q20 and Q30 (the proportion of nucleotides with a read quality value 
larger, than 20 or 30, respectively) values of 98.94% and 96.54%, re
spectively ,(Table 2) were acquired. Using the Trinity de nova assem
bly software [15], the obtained clean reads were assembled into 92,890 
tr=scripts with a total length of 90,489,910 bp, a mean length of 974 
bp, = N50 length of 2,129 bp, and a GC content of 49.73% (Table 3). 
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Table2 
Summary statistics of the transcriptome sequencing of B. splendens. 

Statistic 

Total Reads 
Total Bases (hp) 
GC content(%) 
Q20(%) 
Q30 (%) 

Table 3 

Raw Read 

47,512,594 
4,751,259,400 
50.20 
97.94 
94.79 

Clean Read 

44,574,046 
/;'4,457,404,600 

.,:? 50.22 
.98.94 
9~.54 

Summary statistics of the transcripto):'\e'~eiiibtr of'ii: ~lendens. 

Feature 

Total Number 
Total Length (bp) 
Mean Length (hp) 
GC content(%) 
N50 (hp) 
N70 (hp) 
N90 (hp) 

tfa;Mo'/ 
90,489,910 

;•,;,;974/ 
49.73 

· .. ,2,129 
'°''I,155 

325 

Unigenes 

71,775 
79,513,602 
1,107 
49.79 
2,225 
1,279 
386 

The a~td.l!l~?qf,the assembled transcripts was then removed by clus
terin!fWiJ:)1 the Tgj'cl software, and 71,775 unigenes with a mean length 
o(.1;107'bri.and}an N50 length of 2,225 bp were obtained (Table 3). 
:r~e tqt;aJ length' of the unigenes was 79,513,602 bp. The GC content of 

. 'the.u#fgen<!:5was 49.79% (Table 3). The length distribution of the uni
. gent'!Sis.~h'dwn in Fig. IA. 

3 

3.2. ?equence annotation 

For unigene functional annotation of the betta fish transcriptome, all 
,the unigenes were searched against 7 functional databases (NR, NT, GO, 
COG, KEGG, Swiss-Prot and InterPro). The results showed that 53,406 
unigenes (74.41 o/o of total unigenes) could be =notated with at least 
one functional database (Fig. lB). Of the unigenes, 45,316 (63.14%), 
47,287 (65.88%), 39,105 (54.48%), 16,492 (22.98%), 37,694 (52.52%), 
4,506 (6.28%), and 35,374 (49.28%) had hits in the NR, NT, Swiss-Prot, 
COG, KEGG, GO and InterPro databases, respectively (Fig. lB). The 
14,401 unigenes that occupied 20.06% of all annotated genes coexisted 
among 5 functional databases (NR, Swiss-Prot, COG, KEGG, and Inter
pro) (Fig. IC). Based on NT- and NR-annotation analyses, only 63.14% 
and 65.88% of the unigenes, respectively, were similar to the reference , 
sequences in the NCBI databases. 

Top-hit species distribution analysis of the unigenes of Siamese fight
ing fish (B. splendens) with NR-annotation showed that 61.68% of all 
the annotated transcripts had high sequence similarity against four fish 
species, namely, large yellow croaker (Larimichthys crocea) (26.46%), bi
color damselfish (Stegastes partitus) (25.96%), Nile tilapia (Oreochromis 
niloticus) (6.09%) and Burton's mouth brooder (Haplochromis burtoni) 
(3.17%) (Fig. ID). 

To analyze the coding DNA sequences (CDSs) after functional an
notation, all of the assembled unigenes were determined. We detected 
45,067 CDSs (90.88% of all CDSs) from the annotated unigenes. For the 
unannotated unigenes, ESTScan was used to predict the CDS, and 4,522 
CDSs were obtained. The unigene CDS prediction summary is shown in 
Table 4, and the distribution of the CDS length is presented in Fig. 1 E. 
Moreover, we also detected 13,834 SSRs distributed on 10,636 unigenes. 
The SSR size summary is shown in Fig. 1 F and Table Sl. 

Transcriptome sequencing has also provided a new avenue for gen
erating abundant sequence information for putative genes in several 
organisms, including fish [9,10]. Transcriptome analysis has recently 
been applied to several ornamental fish species, such as guppy, Poe
cilia reticulata [16]; Asian arowana, Scleropages formosus [17]; and red 
crucian carp, Carassius auratus, red var [18]. Our results also sug
gested that the transcriptomic data of the betta fish were effectively 
assembled and annotated. Moreover, our results suggested 
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Fig. 1. De nova assembly and unigene functional annotation, CDS prediction and SSR detection ofthe.Jletta splendens transcriptome. (A) Sequence length distribution of the 
assembled unigenes generated from the whole body of the juvenile betta fish using the Illumina HiSeq40,0ji'"platf~nni,(B) Functional annotation of the assembled unigenes. All the assem
bled unigenes were annotated and functionally classified using seven public databases: Nonredundantprotein sequence database (NR), nucleotide sequence database (NT), UniProtKB/ 
Swiss-Pro! (Swiss-Prot), Cluster of Orthologous Groups of proteins (COG), Kyoto Encyclopedia of Genes\i~dGenomes:(KEGG), Gene oniology (GO), and InterPro. (C) Overlap of the NR-, 
Swiss-Prot-, COG-, KEGG-, and InterPro-annotated unigenes. (D) The BLAST top hit species distril:jution of tlleirlR:aI1J1otated unigenes, (E) Coding sequence (CDS) length distribution of 
the assembled unigenes. (F) Simple sequence repeat (SSR) size distribution of the assembled unigehes. · · 

Table 4 
Summary statistics of the unigene CDS prediction of B. splendens transcriptome. 

Feature Blast ESTScan Overall 

Total Number 45,067 4,522 49,589 
Total Length (bp) 43,964,439 1,306,563 45,271,002. 
Average Length (bp) 975 288 912 
GC content (%) 54.49 52.80 54.44:· 
N50 (bp) 1,587 285 1,539 
N70 (bp) 987 237 930 
N90(bp) 408 207 360 

that RNA-Seq might provide information on novel ~eries'.\~ ~~tta fish 
and also indicate that the throughput and sequencing qualltywas good 
enough for further downstream characterization. · 

3.3. Cluster of Orthologous Groups of proteins. (COG) classification 

The COG database was used to phylogenetically classify the pre
dicted proteins based on their orthologous relationships from completely 
sequenced· transcriptomes. Of the 71,775 total unigenes, 16,492 uni
genes (22.98%) were clustered into 25 COG functional categories (Fig. 
2). The general function prediction category comprised the largest group 
(5,485, 33.26%), followed by replication, recombination and repair 
(2,579, 15.64%), translation, dbosomal structure and biogenesis (2,535, 
15.37%), transcription (2,324, 14.09%), cell cycle control, cell division, 
chromosome partitioning (1,981, 12.01%), signal transduction mecha
nisms (1,912, 11.59%), posttranslational modification, protein turnover 
and chaperones (1,683, 10.20%), and carbohydrate transport and me
tabolism (1,535, 9.31 %) (Fig. 3). A total of 1,511 unigenes (9.16%) 
were assigned to the function unknown classification, suggesting that 
severai unique genes are also present in the betta fish transcriptome. Ad
ditionally, 133 (0.81 %) unigenes were assigned to defense mechanisms. 
Two COG categories, extracellular structures and nuclear structure, had 
the fewest sequences (15 and 7 unigenes, respectively). 

4 

3.4. Gene 9iitology (GO) classification 

To classify the predicted functions of the unigenes, Gene Ontology 
(GO) assignments were used. Based on sequence homology, 4,506 uni
genes were categorized into 59 functional groups in three GO assign
ment categories: biological process (3,194, 70.88%), molecular func-

. tion (3,562, 79.05%) and cellular component (2,760, 61.25%) (Fig. 
3). For the biological process category, which consists of 26 func
tional classes, cellular process (2,544, 56.46%), single-organism process 
(2,047, 45.43%) and metabolic process (2,046, 45.41 %) were domi
nant. Additionally, 110 transcripts were annotated as immune system 
process (110, 2.44%). For cellular component, which consists of 19 
functional classes, cell (1,831, 40.63%) and cell part (1,818, 40.35%) 
were identified as the most common annotations, while membrane 
(1,342, 29.78%), organelle (1,146, 25.43%) and membrane part (1,044, 
23.17%) were the next most abundant. Among molecular functions, 
which consists of 14 functional classes, binding and catalytic activity 
accounted for the major proportion, with 2,337 (51.86%) and 1,721 
(38.19%) unigenes, respectively. 

3.5. Kyoto Encyclopedia of Genes and Genomes (KEGG) classification 

KEGG pathway analysis was performed for all the unigenes as an 
alternative approach for the functional categorization and annotation 
of the unigenes involved in metabolic pathways, including cellular 
processes, environmental information processing, genetic information . 
processing, human diseases, metabolism, and organismal systems. KEGG 
analysis of the unigenes showed that 37,694 unigenes were assigned 
to 44 KEGG metabolic pathways that were summarized in six main 
categories. The pathways with the most annotated genes were human 
diseases (18,578; 49.29%), followed by organismal systems (16,352; 
43.38%), environmental information processing (9,902; 26.27%), me
tabolism (9,768; 25.91 %), cellular processes (7,941; 21.07%), and ge
netic information processing (4,431; 11.76%). Additionally, signal trans
duction (7,166; 19.01 %) in the environmental information processing 
pathway, cancers: overview (3,888; 10.31%) in the human diseases 
pathway, global and overview maps (3,762; 9.98%) in the metabo
lism pathway, immune system (3,175; 8.42%) in organismal systems, 
and endocrine system (3,090; 8.20%) in organ-
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Fig. 2. ·coG functional classification of the B. splendens transcriptome. All tli.e assembled unigenes were aligned to the COG database using the BLAST program. A total of 16,492 
unigenes wer.e annotated and classified into 25 COG functional categories. The X-axis represenis' the number of unigenes. The Y-axis represents the COG functional category. Numbers 
represent the total number of unigenes in each category. 

ismal systems were the top five categories with higher proportions (Fig. 
4 and Table S2). 

In recent years, the advantage of transcriptomics technologies has in
creasingly been applied to discover many genes, including immune-re
lated genes in several fish [9,10). However, this study includes the first 
reported whole transcriptome generated from the whole bodies of ju
venile betta fish, which provides highly valuable gene information for 
this species, thus promoting ornamental aquaculture. Recently, the first 
reference genome assembly of Siamese fighting fish has been reported 
[19). A total de novo assembled 465.24 Mb genome for B. splendens, cov
ering 99.93% of the estimated genome size, was obtained. The genome 
data will provide an important basis for future research in B. splendens 
[19). More recently, a de novo transcript~mic resource for identifying 
sex-biased genes potentially involved in aggressive behavior modulation 
has been ;eported in Siamese fighting fish [20). A total of 69,836 as
sembled unigenes have been generated from multiple-tissues, including 
the brain, heart, muscle, liver, kidney, gut, spleen, gill and gonad (testis 
or ovary) of one-year-old mature B. splendens. Of these, 35,751 unigenes 
have been annotated in at least one functional database, and 12,751 sim
ple sequence repeats distributed in 9,617 unigenes have been detected 
for the EST-SSR marker development [20). 

3. 6. Analysis of innate immlDle molecules in betta fish 

To date, the immune system of betta fish is still largely unknown. 
We first selected genes from 16 KEGG immune-related pathways. The 
annotated unigenes and immune-related genes in each KEGG immune 
pathway are presented in Fig. 5 and Table S3, respectively. The KEGG 
pathway annotations allowed us to obtain the comprehensive immune 
characteristics of betta fish. 

5 

As a result, a total of 3,175 transcripts involved in 16 immune path
ways were found in the present study, such as hematopoietic cell lin
eage, platelet activation, Toll-like receptor signaling pathway, NOD-like , 
receptor signaling pathway, B-cell receptor signaling pathway and 
RIG-I-like receptor signaling pathway (Fig. 5). We next focused on in
nate immune pathways to better understand the immune response of 
betta fish. We identified 997 unigenes involved in five innate immu
nity pathways (Fig. 5). The NOD-like receptor signaling pathway (36 
genes) was the pathway enriched for the most expressed innate-im
mune genes, followed by the complement and coagulation cascades (52 
genes), toll-like receptor signaling pathway (55 genes), RIG-I-like re
ceptor signaling pathway (41 genes) and cytosolic DNA-sensing path
way (20 genes). To date, several innate immune genes have been exten
sively studied in a range of teleost species, especially in aquaculture fish 
species [21-24). In this study, we focused on the pathways involved in 
the innate immune response, which provides the crucial first line of host 
defense against pathogen infections. The discovery of immune-related 
genes involved in innate immune pathways is useful for understanding 
the immune mechanism of the betta fish. 

3. 7. Discovery of antimicrobial peptides in betta fish 

Among the innate immunity factors, antimicrobial peptides (AMPs) 
are the key factor that play an important role in innate immunity. Gen
erally, AMPs are small cationic peptides that are widely distributed 
in bacteria, protists, fungi, plants, and animals [11,25-29). In fish, a 
large number of AMPs have been identified and characterized, includ
ing defensins, cathelicidins, hepcidins, piscidins and LEAP-2 Oiver-ex
pressed antimicrobial peptide 2) [30,31). However, no AMP data are, 
available in betta fish to date. In this study, we used a high-through
put RNA-Seq approach to analyze AMP transcripts from betta fish, 
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Fig. 3. GO functional classification of B. splendens transcriptom,e; GC\annotation:was obtained using Blast2GO software with NR annotation. A total of 4,506 unigenes were annotated 
and grouped into three major categories of GO tenns: biologicalsprocess:(Deep blue), cellular component (Green), and molecular function (Red). The X-axis represents the number of 
unigenes. The Y-axis represents the GO sub-category. Numbers r~present'the number of unigenes in each sub-category. (For interpretation of the references to color in this figure legend, 
the reader is referred to the Web version of this article.) 

and four rriajor families of AMPs (hepcidins, piscidin, LEAP-2, and P-de
fensins) were identified. 

Hepcidin is an important molecule in the frmate immune system and 
iron regulation in several animals, inclµding mammals, birds, reptil.es, 
amphibians, and fishes [32,33]. The gei:)efor the antimicrobial peptide 
hepcidin in fish encodes a preproprotein thatis divided into three parts, 
including· a signal peptide, a pro1\eptide and a mature peptide (a cys
teine-rich domain) [34-41]. Mafure hepcidin exhibits broad-spectrum 
antimicrobial activities against viruses, bacteria, fungi, and parasites 
[30,42-51]. In this study, we found that betta fish hepcidin (BsHEP) 
encodes a prepropeptide containing a signal peptide, a prodomain, and 
a mature peptide with 8 conserved cysteine residues (Fig. 6). BsHEP 
shares high amino acid identity.with-other fish hepcidins (Table S4). 
The highly conserved hepcidins of betta fish and other fish species sug
gest that their biological roles (antimicrobial activity and iron-regula
tory function) are also conserved in fish. 

Piscidins exhibit broad-spectrum antimicrobial activity against bac
teria fungi, parasites, and viruses [30,49,52-56]. The piscidin pep
tide consists of three major regions: a signal peptide, a mature pep
tide, and a C-terminal prodomain [57,58]. To date, piscidins have 
been identified in several species of fish [52,56,58-65]. In the pre

sent study, a piscidin (BsPIS) was detected in betta fish (Fig. 6). Analy
sis of the predicted piscidin of betta fish showed that BsPIS shares 
54% and 49% identity with fish piscidins (Table S4). These re-
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suits suggested that betta fish piscidin may play a role in the innate im
mune defense of fish. 

LEAP-2 plays an important role in the innate immunity of fish. The 
LEAP-2 peptide is composed of a signal peptide, a pro-domain, and a 
mature peptide, with four conserved cysteine residues that form two 
disulfide bonds. To date, LEAP-2 has been identified in many fish species 
[66-71 ]. In this study, LEAP-2 of betta fish (BsLEAP-2) was highly con
served in the primary structure of the LEAP-2 family (Fig. 6), and the 
BsLEAP-2 showed high sequence identity with LEAP-2 sequences from 
fish (Table S4). 

Defensins, well-studied AMPs in animals, are cationic AMPs with 
six conserved cysteines [72) and have antimicrobial activity against 
many bacteria, fungi, and viruses. Based.on the arrangement of cysteine 
residues, three main subfamilies of defensins (a-, P- and 0-defensins) 
have been classified in vertebrates [73,74]. However, only P-defensins 
have been reported in diverse species of fish [75-78). In vertebrates, 
defensin genes are multigene families. In zebrafish, three types of P-de
fensin genes have been reported [75]. In the present study, we discov
ered two defensins (BsBDl and BsBD2) encoding defensin-like peptides 
similar to P-defensinl and P-defensin2 from Atlantic salmon Sa/Jno salar, 
respectively (Fig. 6; Table S4). Both BsBDl and BsBD2 are predicted 
to possess all the expected features of P-defensin members, including the 
characteristic six cysteines forming three disulfide bridges (Fig. 6). Sim
ilar to other P-defensins, in which the peptide sequences are highly vari-
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Fig. 4. KEG~ functional classification of B. splendens transcriptome. :AH the.~genes\vere aligned to the KEGG database using the BLAST program. A total of 37,694 unigenes were 
annotated and clustered into six major KEGG metabolic categories: cellular pro'c~es (Deep blue), environmental information processing (Green), genetic information processing (Brown), 
human diseases (Purple), metabolism (Blue), and organismal systems(Oraµge). The 4,axis represents the number of unigenes. The Y-axis represents the KEGG functional category. Num
bers represent the number of unigenes in each category. (For interpretati<Jn·of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

. ~~ij ~ 

able in each defensin family, we observed that Bsl3D1 shares only 27% 
and 45% amino acid sequence identity and sim\l~tfty:with B~BD2. 

Identification and characterization of fish AMPs has beeh one of the 
most effective and promising activities to disc~ver ~ew antimicrobials 
for aquaculture applications. Moreover,, these novel AMP genes (hep
cidin, piscidin, LEAP-2, and defensins), are regarde_d as important im
mune molecules in innate immunity anc(will serve.-as an important re
source for future functional characterization attempts. 

3.8. Identification of /3-defensin A.MPs in Siamese fighting fish: Betta 
splendens, B. Mahachaiensis, B. ImbelUs and B. Smaragdina 

To better understand the role of P-defensin in betta fish, it is nec
essary to further study the molecular characterization, gene expression 
profile and genomic otgru1ization of ~-defensins in betta fish and related 
species. To characterize the ~-defensin homologs in betta fish, RT-PCR 
analysis was employed using specific PCR primers for BsBDl and BsBD2 
designed based on transcriptomic data from B. splendens. The results in
dicated that mRNA of BsBDl and BsBD2 contain open reading frames 
(ORFs) of 198 and 192 bp, encoding 65 and 63 amino acids (aa), respec
tively (Fig. Sl). Both BsBDl and BsBD2 peptides had identical amino 
acid coding sequences to their counterparts annotated from the betta 
fish transcriptome. Thus, we confirmed the existence of two defensin 
genes (BsBDl and BsBD2) in betta fish. 
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Additionally, we also successfully isolated cDNA sequences encoding 
65 and 63 amino acids of BDl and BD2, respectively, from three other 
closely related betta fish species, including B. mahachaiensis, B. imbellis 
and B. smaragdina, using RT-PCR analysis. The deduced amino acid se
quences of BDl and BD2 from B. mahachaiensis (BmBDl and BmBD2), 
B. imbellis (BiBDl and BIBD2) and B. smaragdina (BsmBDl and BsmBD2) 
were identical to those of BsBDl and BsBD2, respectively (Fig. 7; Table 
S4). The predicted cleavage sites of the signal peptides ofbetta fish BDl 
and BD2 were found to be located between A24 and S25 for BDl and 
G20 and N21 for BD2. The mature peptides of betta fish BDl (37 aa) and 
BD2 (35 aa) have an estimated molecular weight of 3.94 and 4.19 kDa 
and a theoretical isoelectric point (pl) of 8.30 and 9.38, respectively. 

To date, P-defensins have been identified in many fish species 
[75-87]. However, fish P-defensins can be divided into two subgroups, 
including the-DB-1 group and another group (DB-2 and 3), based on 
an analysis of homology comparison and the phylogenetic tree [73,75]. 
In this study, BLASTP analysis showed that the amino acid sequence of 
betta fish BDl and BD2 shared high sequence identity with several ~-de
fensins in fish species. Betta fish BDl and BD2 shared sequence identities 
with ~-defensinl (74%) from Atlantic salmon Salmo salar (BBE43043) 
and ~-defensin2 (56%) from zebrafish Danio rerio (NP_001075023), re
spectively. Multiple alignment of betta fish ~-defensin peptides with 
~-defensinl and 2 peptides from several species of fish showed that 
betta fish P-defensins are relatively conserved during animal evolution 
(Fig. 7). In particular, the signature motif of the six-cysteine consen-
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Fig. 6. Domain architecture of antimicrobial peptidespi.~;))dis~ov~J in betta fish B. splendens. HEP, Hepcidin; PIS, Piscidin; LEAP-2, Liver-expressed antimicrobial peptide 2; 
BDl, P-defensinl; BD2, P-defensin2. The putative signal peptide di;i~ains are indicated by red color. Prodomains are colored in blue. Propiece regions are colored in green. Mature peptides 
are colored in yellow. Connecting black lines indicate disulfide<hi{dges. The number of amino acids in each betta fish AMP is indicated. (For interpretation of the references to color in this 
figure legend; the reader is referred to the Web version of_ this article,) 

sus sequence that allows the formatiorf of six dislllfide bridges, which 
play important roles in protein folding anq AMP.a:ctivity of ~-defensins, 
is highly conserved. 

Analysis of genomic organization using .l'CR analysis showed that 
betta fish BDl and BD2 have the same genomic organization within 
the coding region: three exons and two introns, as shown in Fig. 8. 
The signaf peptides of beua fish BDl and BD2 are located in the first 
exon and the N-terminal part of the second exon, respectively. The pro
piece region is located: in the second exon. The defensin-like domain 
is located in the second and the fast exon. The intron has a consen
sus splice junction following the GT-AG rule. The first introns of betta 
fish BDls (BsBDl, BmBDl, BIBDl, and BsmBDl) are 98, 83, 86 and 
86 bp, re.spectively, and the second intron has 100 bp. For betta fish 
BD2s, the first intron has 157 nucleotides and the second intron has 
92 nucleotides, except for the first intron of BsmBD2 (156 bp). Like 
other fish, betta fish ~-defensin genes have the same exon-intron ge
nomic organization, with two introns and three exons within the cod
ing region. A phase 1 intron is located in the coding region of the sig
nal peptide, while a phase 2 intron is located in the coding region of 
the mature peptide [75]. This report on ~-defensin from betta fish re-
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veals significant conservation of the genomic organization and protein 
structure in fish species. 

3. 9. Expression profiles of BsBDl and BsBD2 in betta fish 

To investigate the tissue distribution of ~-defensins, expression pro
files of BsBDl and BsBD2 were analyzed by semiquantitative RT-PCR. 
The result showed that the BsBDl transcript was detected in the muscle, 
kidney, liver, gill, and gut. The highest mRNA levels of BsBDl were de
tected in the muscle and kidney, respectively, which were higher than 
those in the liver, gill, and gut. BsBD2 was high in the gill, but poorly 
distributed in kidney and muscle (Fig. 9). Additionally, mRNA levels 
of BsBDl and BsBD2 were also detected in the whole-body fish tissue 
from one-month-old betta fish. Previous studies in healthy zebrafish also 
showed that zfDB-1 and zfDB-3 are expressed in a wide range of tissues 
(gill, gonad, gut, kidney, liver, muscle, skin, and spleen), while zfDB-2 is 
weakly expressed only in the gut [75]. The high expression in different 
tissues of two ~-defensins (BsBDl and BsBD2) might indicate different/ 
diverse activities of these AMPs in the innate immune system of betta 
fish. 
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Fig. 7. Amino acid sequence alignments showing the homology of (A) !l-defensinl (BDl) and (B) !l-defensin2 (BD2J}J.'four ~!fuJi~•species in Thailand and other fish species. 
Betta fish: Betta splenderu, B. mahachaieruis, B. imbeUis and B. smaragdina; Atlantic salmon: Sa/mo salm; Atlantic cod: Gadutrnothziii(mandarin fish: Siniperca chuatsi. The signal peptide is 
underlined. Identical residues are shaded in grey. The evolutionarily conserved cysteine residues forming intramoleclli/":dfyulfid,ioridges are highlighted in black. Connecting black lines 
indicate disulfide bridges. - · - ··•: ·, 
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Fig. 8. Genomic organization of (A) (l-defensinl (BDl) and (B) (l-defensin2 (BD2) genes in four betta fish species in Thailand. The complete ORF of P-defensin genes containing 

three exons _and flanking introns is shown. Red ·color .indicates the putative signal peptide. Green color indicates the propiece region. Yellow color indicates the mature peptide. Noncoding • 
regions (intrans) are indicated by black lines. The size of exons and introns are shown in base pairs. (For interpretation of the references to color in this figure legend. the reader is referred 
to the Web version of this article.) 

4. Conclusion 

This is the first study to examine the basal transcriptome from the 
whole body of Siamese fighting fish B. splendens using the lllumina 
technology platform. We obtained a de novo transcriptome of betta 
fish consisting of 71,775 unigenes with an average length of 1,107 bp 
and an N50 of 2,225 bp. Through functional annotation of the assem-

. bled unigenes, many important genes related to innate immune path
ways, including the NOD-like receptor signaling pathway, Toll-like re
ceptor signaling pathway, RIG-I-like receptor signaling pathway, cy
tosolic DNA-sensing pathway, and coagulation and complement cas-
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cade, were identified. Additionally, this study is the first to analyze four 
families of AMPs (hepcidins, piscidins, LEAP-2, and defensins) in betta 
fish. Nevertheless, further studies using additional molecular approaches ' 
are necessary to verify the functions of these AMPs in betta fish. More
over, two defensin genes (BDl and BD2) were further identified in four 
other species of betta fish from Thailand. The cDNA and genomic organi
zation of both defensins were highly conserved. The transcriptomic data 
produced by this study will provide a solid basis for further investigation 
of the molecular mechanism of the innate immune system in betta fish 
and extend to the development of disease prevention for ornamental fish 
aquaculture. 
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Fig. 9. Tissue-specific expression of 11-defensinl (BDl) and ll-defensin2 (BD2) in 

betta fish B. splendens. Expression of BsBD1 and BsBD2 from the kidney, spleen, liver, 
gill, gut, and muscle and whole body of betta fish were detennined by RT-PCR using the 
primer pair sJ)ecific for each gene. P•actin was used as an internal control. Data shown is 
representative of three independent trials. 

CRediT authorship contribution statement 

Piti Amparyup: Formal analysis, Writing• original draft Walaiporn 
Charoensapsri: Formal analysis, Writing • original draft. Nusree 
Samaluka: Formal analysis, Writing • original draft. Parichat Chum
tong: Formal analysis, Writing - original draft. Patchari Yocawibun: 
Formal analysis, Writing • original draft. Chanprapa Imjongjirak: For
mal analysis, Writing - original draft. 

Acknowledgments 

This Research was funded by Chulalongkorn University 

(CU-GR_61_010_23_003) awarded to Chanprapa Imjongjirak. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.fsi.2020.02.030. 

References 

[1] P.M.C. Faria, D.V. Crepaldi, E.A. Teixeira, L.P. Ribeiro, A.B. Souza, D.C. Carvalho, 
D.C. Melo, E.O.S. Saliba, Breeding, handling and reproduction of the Betta splen
dens -Regan 1910, Rev. Bras. Reprod. Anim. 30 (2006) 13.P149 •. · .· · · · 

[2] A. Monvises, B. Nuangsaeng, N. Sriwattanarothai, B. Panijpan, The S.iamese fight
ing fish: well-known generally but little-known scientifically, Sci. Asia 35 (2009) 
~~ . 

[3] S. Gomez, Prevalence of microscopic tubercular lesions in.freshwater ornamental 
fish exhibiting clinical signs of non-specific chronic disease,rns. Aquat. Org. 80 
(2) (2008) 167-171. 

[ 4] R.G. Zanoni, D. Florio, M.L Fioravanti, M. Rossi, M. Prearo, Occurrence of My
cobactenum spp. in ornamental fish in Italy, J. Fish. Dis. 31 (6) (2008) 433-441. 

[5] L. Novotny, R. Halouzka, L. Mat1ova, 0. Va~, L. Bartos0va, M. Slany, I. Pavlik, 
Morphology and distribution of granulomatous inflammation in freshwater orna
mental fish infected with mycobacteria, J. Fish. Dis: 33 (12) (2010) 947-955. 

[6] ~- Kay,~. F. Balta, R. Serezli, A. Er, Parasites on different ornamental fish species 
in Turkey, J. FisheriesSciences.com. 7 (2) (2013) 114-120. 

[7] H.T. Dong, S. Senapin, K. Phiwsaiya, C. Techatanakitarnan, K. Dokladda, P. Ruen
wongsa, B. Panijpan, Histopathology and culturable bacteria associated with "big 
belly" and "skin nodule" syndromes in ornamental Siamese fighting fish, Betta 
splendens, Microb. Pathog. 122 (2018) 46-52. 

[8] R.E. Hancock, H.G. Sahl, Antimicrobial and host-defense peptides as new anti-in
fective therapeutic strategies, Nat. _Biotechnol. 24 (12) (2006) 1551-1557. 

[9] X. Qian, Y. Ba, Q. Zhuang, G. Zhong, RNA-Seq technology and its application in 
fish transcriptomics, OMICS 18 (2) (2014) 98-110. 

[1 OJ A. Sudhagar, G. Kumar, M. El-Matbouli, Transcriptome analysis based on RNA-Seq 
in understanding pathogenic mechanisms of diseases and the immune system of 
fish: a Comprehensive Review, Int. J. Mo!. Sci. I 9 (1) (2018) 245. 

[11] G. Wang, X. Li, Z. Wang, APD2: the updated antimicrobial peptide database and 
its application in peptide design, Nucleic Acids Res. 37 (suppl_l) (2009) 
D933-D937. 

[12] S. Muncaster, K. Kraakman, 0. Gibbons, K. Mensink, M. Forlenza, G. Jacobson, S. 
Bird, Antimicrobial peptides within the yellowtail kingfish (Senoia lalandi), Dev. 
Comp. lmmunol. 80 (2018) 67-80. 

[13] Y. Yi, X. You, C. Bian, S. Chen, Z. Lv, L. Qiu, Q. Shi, High-throughput identifica• 
tion of antimicrobial peptides from amphibious mudskippers, Mar. Dmgs 15 (11) 
(2017) 364. 

[14] J. Zhu, H. Wang, J. Wang, X. Wang, S. Peng, Y. Geng, K. Wang, P. Ouyang, z. Li, 
X. Huang, D. Chen, Identification and characterization of a ~-defensin gene in
volved in the im_mune defense response of channel catfish, lctalUJUS punctatus, 
Mo!. Immunol. 85 (2017) 256-264. 

(15] 

(16] 

[17] 

[18] 

[19] 

[20] 

(21] 

(22] 

[23] 

[24] 

[26] 

(27] 

Fish and Shellfish lmmwtology xxx (xxxx) XXX·XXX 

M.G. Grabherr, B.J. Haas, M. Yassour, J.Z. Levin, D.A. Thompson, I. Amit, X. Adi
conis, L. Fan, R. Raychowdhury, Q. Zeng, Z. Chen, E. Mauceli, N. Hacohen, A. 
Gnirke, N. Rhind, F. di Palma, B.W. Birren, C. Nusbaum, K. Lindblad-Toh, N. 
Friedman, A. Regev, Full-length transcriptome assembly from RNA-Seq data with
out a reference genome, Nat. Biotechnol. 29 (7) (2011) 64-P652. 
B.A. Fraser, C.J. Weadick, I. Janowitz, F.H. Rodd;,:K.A. Hughes, Sequencing and 
characterization of the guppy (Poecilia reticulata,'transgiptome, BMC Genom. 12 
~D~ .. h 
X.Y. Shen, _H.Y. Kwan, N.M. Thevasagayarn, ~J(~, I.S. Kuznetsova, S.Y. 
Ngoh, Z. Lun, F. Feng, A. Chang, L OrMn.,Jhe fyst lriuis<;r:iptome and genetic 
linkage map for Asian arowana, Mo!. Etol'. Restiur;.14 (3)'(2014) 622-635. 
Y. Zhang, J. Liu, L. Peng, L. Ren, H. Zhfulg, L Zo,t~. Liu, Y. Xiao, Comparative 
transcriptome analysis of molecular nii:chanism und~rlying gray-to-red body color 
-formation in red crucian carp (Carossiusffl!1lWlS,.r%l'var.), Fish Physiol. Biochem. 
43 (5)(2017) 1387-1398. . ..... 

G. Fan, J. Chan, K. Ma, B. Yang: H. Zhang; X. Yang, C. Shi, H. Chun-Hin Law, z. 
Ren, Q. Xu, Q. Liu, J. Wang,W. Chen, L S~~o, D. Gon~alves, A. Ramos, S.D. Car
doso, M. Guo, J. Cai, X. Xu, i:Wang, H. Yaiig, X. Liu, Y. Wang, Chromosome-level 
reference genome of the Siarnese:fightini(fish Bettn splendens, a model species for 
the study of aggression, GigaScience 7 (11) (2018) giy087. 
W. Yang, Y. Wang, c; Zhu, ~, Li, H, l:luang, H. Chen, De novo transcriptomic char
acterization of Betta sp,l"!'dens foddentifying sex-biased genes potentially involved 
in aggressive beh_av.ior m),du1ation and EST-SSR maker development, bioRxiv 
(2018), doi:10,1101/355354355354. 
T. Kawai, S.)~kira, 'f1ie role o(Pattem~recognition receptors in innate immunity: 
update on Toll:Jike ,:eteptors, Nat. lmmunol. 11 (5) (2010) 373-384. 
D. Pietretti, G.F:Wiegertjes, Ligand specificities of Toll-like receptors in fish: indi
cations from infection studies, Dev. Comp. Immunol. 43 (2) (2014) 205-222. 
C. Wu, A Zhang, M. Kan, z. Lv, A. Zhu, Y. Su, D. Zhou, J. Zhang, z. Zhang, M. Xu, 
L ~i.artg,~:,Guo, T. Wang, C. Chi, Y. Mao, J. Zhou, X. Yu, H. Wang, X. Weng, J.G. 
J~i/J. Ye, L>He, Y. Liu, The draft genome of the large yellow croaker reveals 
.,well-developed innate immunity, Nat. Commun. 5 (2014) 5227. 
J::zh,:'°~• X. !<:ting, C. Zhou, L. Li, G. Nie, X. Li, Toll-like receptor recognition of 
bacteria.i_n fiS,h: ligand specificity and signal pathways, Fish Shellfish lmmunol. 41 
(2) (2014) 380-838. 
itM. Epru,id, H.J. Vogel, Diversity of antimicrobial peptides and their mechanisms 
of acti<in, Biochim. Biophys. Acta 1462 (1-2) (1999) 11-28. 
A'.['o#i, L. Sandri, Molecular diversity in gene-encoded, cationic antimicrobial 
polypeptides, Curr. Phannaceut. Des. 8 (9) (2002) 743-761. 
M. Zasloff, Antimicrobial peptides of multicellular organisms, Nature 415 (2002) 
389-395. 

[28] · A. Tassanakajon, P. Amparyup, K. Somboonwiwat, P. Supungul, Cationic antimi
crobial peptides in penaeid shrimp, Mar. Biotechnol. 12 (5) (2010) 487-505. 

.' [29] V.J. Smith, E.A. Dyrynda, Antimicrobial proteins: from old proteins, new tricks, 
Mo!. lmmunol. 68 (2 Pt B) (2015) 383-398. 

[30] B.A. Katzenback, Antimicrobial peptides as mediators of innate immunity in 
teleosts, Biology 4 (4) (2015) 607-639. 

[31] U. Shabir, S. Ali, A.R. Magray, B.A. Ganai, P. Firdous, T. Hassan, R. Nazir, Fish an
timicrobial peptides (AMP's) as essential and promising molecular therapeutic 
agents: a review, Microb. Pathog. 114 (2018) 50-56. 

[32] H. Drakesmith, A.M. Prentice, Hepcidin and the iron-infection axis, Science 338 
(6108) (2012) 768-772. 

(33] M. Boumaiza, S. Abidi, Hepcidin cDNA evolution in vertebrates, Vitam. Honnoon 
110 (2019) 1-16. 

[34] H. Shike, X. Lauth, M.E. Westerman, V.E. Ostland, J.M. Carlberg, J.C. Van 01st, C. 
Shimizu, P. Bulet, J.C. Burns, Bass hepcidin is a novel antimicrobial peptide in
duced by bacterial challenge, Eur. J. Bioehem. 269 (8) (2002) 2232-2237. 

[35] S.E. Douglas, J.W. Gallant, R.S. Liebscher, A. Dacanay, S.C. Tsoi, Identification 
and expression analysis of hepcidin-like antimicrobial peptides in bony fish, Dev. 
Comp. lmmunol. 27 (6-7) (2003) 589-{;01. 

[36] S.L. Chen, M.Y. Xu, X.S. Ji, G.C. Yu, Y. Liu, Cloning, characterization, and expres
sion analysis ofhepcidin gene from red s~a bream (Ch,ysoph,ys major), Antimi
crob. Agents Chemother. 49 (4) (2005) 1608-1612. 

[37] P.N. Rodrigues, S. Vazquez-Dorado, J.V. Neves, J.M. Wilson, Dual function of fish 
hepcidin: response to experimental iron overload and bacterial infection in sea 
bass (Dicentrorchus labrax), Dev. Comp. Immunol. 30 (12) (2006) 1156-1167. 

[38] S.L. Chen, W. Li, L Meng, Z.X. Sha, Z.J. Wang, G.C. Ren, Molecular cloning and 
expression analysis of a hepcidin antimicrobial peptide gene from turbot (Scoph· 
thalnws maximus), Fish Shellfish lmmunol. 22 (3) (2007) 172-181. 

[39] M. Yang, K.J. Wang, J.H. Chen, H.D. Qu, S.J. Li, Genomic organization and tis
sue-specific expression analysis of hepcidin-like genes from black porgy (Acan
thopagrt15 schlegelii B), Fish Shellfish lmmunol. 23 (5) (2007) 1060-1071. 

[40] T. Xu, Y. Sun, G. Shi, R. Wang, Miiuy croaker hepcidin gene and comparative 
analyses reveal evidence for positive selection, PloS One 7 (4) (2012) e35449. 

[41] H. Li, F. Zhang, H. Guo, Y. Zhu, J. Yuan, G. Yang, L. An, Molecularcharacteriza· 
tion ofhepcidin gene in common carp (Cyprinus carpio L.) and its expression pat
tern responding to bacterial challenge, Fish Shellfish Immunol. 35 (3) (2013) 
1030-1038. . 

[42] J.V. Neves, C. Caldas, I. Vieira, M.F. Ramos, P.N. Rodrigues, Multiple hepcidins in 
a teleost fish, Dicentrorchus labrax: different hepcidins for different roles, J. lm
munol. 195 (6) (2015) 2696-2709. 

[43] I. Hirano, J.Y. Hwang, Y. Ono, T. Kurobe, T. Ohira, R. Nozaki, T. Aoki, Two differ
ent types of hepcidins from the Japanese flounder Poralichthys olivaceus, FEBS J. 
272 (20) (2005) 5257-5264. 

(44] X. Lauth, J.J. Babon, J.A. Stannard, S. Singh, V. Nizet, J.M. Carlberg, V.E. Ostland, 
M.W. Pennington, R.S. Norton, M.E. WesteI111an, Bass hepcidin synthesis, solution 
structure, antimicrobial activities and synergism, and in vivo hepatic response to 
bacterial infections, J. Biol. Chem. 280 (10) (2005) 9272-9282. 

(45] K.J. Wang, J.J. Cai, L. Cai, H.D. Qu, M. Yang, M. Zhang, Cloning and expression 
of a hepcidin gene from a marine fish (Pseudosciaena crocea) and the antimicrobial 
_ _._:,.:..._. _,:,_ ____ ,_\.,._.,_: _ ___ ..!..l- T'l--..!..l-- -,r, (A'\ f<lnnn'\ C<lO t:;.tr. 



P. Amparyup et aL 

pression pattern responded to bacterial challenge and in vitro antimicrobial activ
ity, Comp. Biochem. Physiol. B Biochern. Mo!. Biol. 158 (2) (2011) 155-163. 

[ 47] H. Qu, B. Chen, H. Peng, K. Wang, Molecular cloning, recombinant expression, 
and antimicrobial activity of EC-hepcidin3, a new four-cysteine hepcidin isoform 
fromEpinephelus coioides, Biosci. Biotechnol. Biochem. 77 (1) (2013) 10~110. 

[48] W. Lin, S. Liu, L Hu, S. Zhang, Characterization and bioactivity ofhepcidin-2 in 
zebrafish: dependence of antibacterial activity upon disulfide bridges, Peptides 57 
(2014) 36-42. 

[ 49] J.A. Masso-Silva, G. Diamond, Antimicrobial peptides from fish, Pharmaceuticals 
7 (3) (2014) 265-310. 

[50] Y. Tao, D.M. Zhao, Y. Wen, Expression, purification and antibacterial activity of 
the channel catfish hepcidin mature peptide, Protein Expr, Purif 94 (2014) 73-78. 

[51] J. Zhang, LP. Yu, M.F. Li, L Sun, Turbot (Scophthalnrus maximus) hepcidin-1 and 
hepcidin-2 possess antimicrobial activity and promote resistance agaimt bacterial 
and viral infection, Fish Shellfish Immunol. 38 (1) (2014) 127-134. 

[52] U. Silphaduang, E.J. Noga, Peptide antibiotics in mast cells of fish, Nature 414 
(2001) 268--269. 

[53] V.G. Chinchar, L Bryan, U. Silphadaung, E. Noga, D. Wade, L Rollins-Smith, Inac
tivation of viruses infecting ectothermic animals by amphibian and piscine antimi
crobial peptides, Virology 323 (2) (2004) 268--275. 

[54] A. Colorni, A. Ulla!, G. Heinisch, E.J. Noga, Activity of .the antimicrobial polypep
tide piscidin 2 against fish ectoparasites, J. Fish. Dis. 31 (6) (2008) 423-432. 

[55] W.S. Sung, J. Lee, D.G. Lee, Fungicidal effect and the mode of action of piscidin 2 
derived from hybrid striped bass, Biochem. Biophys. Res. Commun. 371 (3) 
(2008) 551-555. 

[56] N. Umasuthan, M.S. Mothishri, W.S. Thulasitha, B.H. Nam, J. Lee, Molecular, ge
nomic, and expressional delineation of a piscidin from rock bream (Oplegnathus 
fasciatns) with evidence for the potent antimicrobial activities of Of-Pisl peptide, 
Fish Shellfish Immunol. 48 (2016) 154-168. 

[57] X. Lauth, H. Shike, J.C. Burns, M.E. Westerman, V.E. Ostland, J.M. Carlberg, J.C. 
Van qlst, V. Nizet, S.W. Taylor, C. Shimizu, P. Bulet, Discovery and characteriza
tion of two isoforms of moronecidin, a novel antimicrobial peptide from hybrid 
striped bass, J. Biol. Chem. 277 (7) (2002) 5030-5039. 

[58] B.J. Sun, H.X. Xie, Y. Song, P. Nie, Gene structure of an antimicrobial peptide 
from Mandarin fish, Siniperca chuatsi (Basilewsky), suggests that moronecidim and 
pleurocidins belong in one family: the piscidins, J. Fish. Dis. 30 (6) (2007) 
335-343. 

[59) E.J. Noga, U. Silphaduang, N.G. Park, J.K. Seo, J. Stephenson, S. Kozlowicz, Pis
cidin 4, a novel member of the piscidin family of antimicrobial peptides, Comp. 
Biochem. Physiol. B Biochem. Mo!. Biol. 152 ( 4) (2009) 299-305. 

[60] J.M. Fernandes, J. Ruangsri, V. Kiron, Atlantic cod piscidin and its diversification 
through positive selection, PloS One 5 (3) (2010) e9501. 

[61) S.A. Salger, K.R. Cassady, B.J. Reading, E.J. Noga, A diverse family of host-de
fense peptides (Piscidins) exhibit specialized anti-bacterial and anti-protozoa! ac
tivities in fishes, PloS One 11 (8) (2016) e0159423. 

[62] K.C. Peng, S.H. Lee, A.L. Hour, C.Y. Pan, L.H. Lee, J.Y. Chen, Five different pis
cidins from Nile tilapia, Oreochromis niloticus: analysis of their expressiom and bi
ological functions, PloS One 7 (11) (2012) e50263. 

[63] J. Ruangsri, S.A. Salger, C.M. Caipang, V. Kiron, J.M. Fernandes, Differential e><• 
pression and biological activity of two piscidin paralogues an.d .a novel splice vari
ant in Atlantic cod (Gadus morhua L.), Fish Shellfish Immunol; 32 (3) (2012) 
~6-4~ ... 

[64) W.C. Lin, H.Y. Chang, J.Y. Chen, Electrotransfer of the tilapia piscldin 3 and 
tilapia piscidin 4 genes into skeletal muscle enhances the antibacterial and im
munomodulatory functions of Oreochromis niloticus, Fish Shellfish Immunol. 50 
(2016) 200-209. 

[65] S.A. Salger, B.J. Reading, D.A. Baltzegar, C.V. Sullivan, E;j; Noga, Molecular char
acterization of two isoforms of piscidin 4 from the hybrid striped bass (Marone 
chrysops x Marone saxatilis), Fish Shellfish Inununol. 30 (1) (2011) 420-424. 

[66] '/.A. "Zhang, J. Zou, C.I. Chang, C.J. Secombes, Discovery and characterization of 
two types of liver-expressed antimicrobial peptide 2 (LEAP-2) genes in rainbow 
trout,.Vet. Jmmunol. Jmmunopathol. 101 (3'4) (2004) 259-269. 

[67) B. Bao, E. Peatman, P. Xu, P. Li, H. Zeng, C. He, Z. Litt, The catfish liver-expressed 
antimicrobial peptide 2 (LEAP-2) gene is expressed in a wide range of tissues and 
developmentally regulated, Mol. Immunol. 43 (4) (2006) 367-377. 

Fish and Shellf<Sh Immunology xxx (xxxx) XXX·XXX 

[68] H.X. Li, X.J. Lu, C.H. Li, J. Chen, Molecular characterization and functional analy
sis of two distinct liver-expressed antimicrobial peptide 2 (LEAP-2) genes in large 
yellow croaker (Larimichthys crocea), Fish Shellfish Immunol. 38 (2) (2014) 
330-339. 

[69] T. Liu, Y. Gao, R. Wang, T. Xu, Characterization, evolution and functional analysis 
of the liver-expressed antimicrobial peptide 2 (Lli,',P-2) gene in miiuy croaker, 
Fish Shellfish Immunol. 41 (2) (2014) 191-19)1;>' . _ 

[70] G. Yang, H. Guo, H. Li, S. Shan, X. Zhang, J.»::~<>J.D:J!9Ut, L. An, Molecular charac
terization of LEAP-2 cDNA in common carp (Cyprii/1$.carpio L.) and the differen
tial e><pression upon a Vibrio anguillarum stirtlulus; iridi~tions for a significant im
mune role in skin, Fish Shellfish Immt!Ii'oi::!7 (1)120145'22-29. 

[71] H.X. Li, X.J. Lu, C.H. Li, J. Chen, Mol~ar chara~ii,:ization of the liver-expressed 
antimicrobial peptide 2 (LEAP-2) in a't~l!'ost fish, pl&oglossus altivelis: antimicro
bial activity and molecular mechanism; J\lloJ, lrnrnU1'161. 65 (2) (2015) 406-415. 

[72) T. Ganz, Defensins: antimicrobialpeptid.;;'of'ifui.ii~ immunity, Nat. Rev. Jm-
munol. 3 (9) (2003) 710-720;,'· · ·.', 

[73] D. Yang, A. Biragyn, D.M. H.kver, J. Lubko\,•ski, J.J. Oppenheim, Multiple roles 
of antimicrobial defensins, cathelicidins, and eosinophil-derived neurotoxin in 
host defense, Annu. Rev. ImmtinoL 22(2004) 181-215. 

[74] M.E. Selsted, A.J. Ouellette; Mamirialia~ defensins in the antimicrobial immune 
response, Nat. Immunol. 6 (6) (2005) 551-557. 

[75] J. Zou, C. Mercier;·A, K<>u~oi1nadls, C. Secombes, Discovery of multiple beta-de
femin like homo!ogues inj~leost fish, Mo!. lmmunol. 44 { 4) (2007) 638-647. 

[76] A. Falco, V. Chico;LiMarroqui;L. Perez, J.M. Coll, A. Estepa, Expression and an
tiviral activlt:yi~r a p-defensin-like peptide identified in the rainbow trout (On
corhynchus mykiss) EST sequences, Mo!. Immunol. 45 (3) (2008) 757-765. 

[77] E. Casadei, T. Wang, J, Zou, J.L. Gonzalez Vecino, S. Wadsworth, C.J. Secombes, 
Characterization of thiee novel P-<lefemin antimicrobial peptides in rainbow trout 
(Oncorhyn.chus mykiss), Mol. Immunol. 46 (2009) 3358--3366. 

[78) J.G: ·zliao, I. Zhou, J.Y. Jin, z. Zhao, J. Lan, Y.B. Zhang, Q.Y. Zhang, J.F. Gui, An
timicrobial activity-specific to Gram-negative bacteria and immune modula
tion-mediated.!'IF-KB and Spl of a medaka P-defensin, Dev. Comp. Immunol. 33 
(4) (2009) 624-'.637. 

[79] B.H. Nam/Jir'. Moon, Y.0. Kim, H.J. Kong, W.J. Kim, S.J. Lee, K.K. Kim, Multiple 
~efemin isoforms identified in early developmental stages of the teleost Par
alichthys olivaceus, Fish Shellfish Jmmunol. 28 (2) (2010) 267-274. 

[80] M. Mare!, M. Adamek, S.F. Gonzalez, P. Frost, J.H. Rombout, G.F. Wiegertjes, H.F. 
Savelkoul, D. Steinhagen, Molecular cloning and expression of two P-defemin and 

two mucin genes in common carp (Cyprinus carpio L.) and their up-regulation after 
P-glucan feeding, Fish Shellfish Immunol. 32 (3) (2012) 494-501. 

(81] H. Li, H. Guo, S. Shan, C. Qi, L. An, G. Yang, Characterization and expression pat
tern of a novel P-defensin in common carp (Cyprinus carpio L.): implications for its 

role in mucosa! immunity, Biosci. Biotechnol. Biochem. 78 (3) (2014) 430-437. 
[82] T. Liang, D.D. Wang, G.R. Zhang, K.J. Wei, W.M. Wang, G.W. Zou, Molecular 

cloning and expression analysis of two P-defemin genes in the blunt snout bream 

(Megalobrama amblycephala), Comp. Biochem. Physiol. B Biochem. Mo!. Biol. 166 
(1) (2013) 91-98. 

[83) A. Cuesta, J. Meseguer, M. Esteban, Molecular and functional characterization of 
the gilthead seabream P-<lefensin demonstrate its chemotactic and antimicrobial 

activity, Mo!. Immunol. 48 (12-13) (2011) 1432-1438. 

[84] J.Y. Jin, L. Zhou, Y. Wang, Z. Li, J.G. Zhao, Q.Y. Zhang, J.F. Gui, Antibacterial 
and antiviral roles of a fish P-defensin expressed both in pituitary and testis, PloS 

One 5 (12) (2010) e12883. 
[85] J. Ruangsri, Y. Kitani, V. Kiron, J. Lokesh, M.F. Brinchmann, B.O. Karlsen, J.M. 

Fernandes, A novel beta-defensin antimicrobial peptide in Atlantic cod with stim
ulatory effect on phagocytic activity, PloS One 8 (4) (2013) e62302. 

[86] J.J. Dong, F. Wu, X. Ye, C.F. Sun, Y.Y. Tian, M.X. Lu, R. Zhang, Z.H. Chen, p-de

fensin in Nile tilapia (Oreochromis niloticus): sequence, tissue expression, and 
anti-bacterial activity of synthetic peptides, Gene 566 (1) (2015) 23-31. 

[87) Y. Chen, H. Zhao, X. Zhang, H. Luo, X. Xue, z. Li, B. Yao, Identification, expres
sion and bioactivity of Paramisgumus dabryanu.s ~-defemin that might be involved 

in immune defense against bacterial infection, Fish Shellfish Immunol. 35 (2) 
(2013) 399-406. 



~ ~ ~ 

1lVi11Vl£11~f.lbn~(9)1fl1fl(9)1 
Q./ I ~ Q,I 

~e1,~,e1~11~a{)1u1~a 
• d 

b 1el{) 

Vl"a1Ui=IA~ill~:l.Jbbf;\~fi1"a1 bfl"a1~~auiin L6llt 'J'j1;1~6lJi=ILb VIU6lfLUtla1n~ 1 'VH:J Betta splendens 

1~8 
1iEJ'W"a b~~ru'Vli'Wdffj 'W'Yii Ltlrl1'Ua th~~1fl 11"1'Vlel~ iuvtfth::fl1 ~"1~~1~,r n ua::tJ; J1-w1a'W 

~ 'U i 

1~ ~TU f11 'j'W'<\J11t1.!1'<\l1flf1ru~ f)j<;ilj f11':i~'Vl';M A ru1 ~ 
'U . 'l 'l 

·""' If a16lJ11V1t:.11rt1a~'a 

1.J11,?fLleJcfl1f1 b 'Ui:11,~e){ L 'LlflTJ'U1~611lJ'V11.fj6111f1116lJe)~lJVf11'Vlc.11~tJl,fl~~1~1'1~{ Rf~v1 58 
'l 

I v.:::l V6' 

~~Vf11~1'LlVI 5-7 fllJ.fl1'W'Llu 2563 
'l 

r:;,&rJL---. ____________________ ... 

( 1€l-:i~1r;'l1?1-s1~1-s~ ~-s .f!-sth1~ru cr1 uf!111t.11-:in-s) .., 'II 

~ m~1 nTrn 'Vl'U1€l.:i B5n1''S'U ~ ~1 cJ1 ~ cJ 



'Vl'a'l'lJ~ 1o1~tlt1?1mb~~m·a'1u,1-a1~~!i'Wiln b'1ib'Ji~1:.n~ bb'Vl'lJ"ni. 'lJ'U~1n WI b'VI~ Betta splendens 

Transcriptome Analysis and Characterization of the Antiviral Myxovirus-Resistance (Mx) Gene 

of Siamese Fighting Fish Betta splendens 

Walaipom Charoensap~ri
1
'
2

, Patchari Yocawibun1
·
2

, Parichat Chumtong 1
·
2

, Chanprapa lmjongjirak3
, 

and Piti Amparyup 1•
2

• 

'U'VI~ Wl~'el 

tJ~1n ~ b 'Vlt.1 Ltl-wtJ~1~'Jt.1-:i1:w~1Mul"l'J1:wUt.1:wroi1n1?m1~vT'J t~n -:i1-w~4't.1il* L'U'W~m.11V1n'W~ 1"11tlt1?1:w 

6JJ'il-:J'LI~1n~b'Vlt.1 Betta splendens roi1nmm1~1f?l1JU,'Jfl~b'elb'Vl1?1~'Jml"l1'il-:i lllumina ~1J~1b~'Vl11'W~1"11tlt1?1:w6JJ'W1~ 
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ABSTRACT 

Siamese fighting fish is one of the popular ornamental fish in the global trade. This study aimed to 

generate a de nova transcriptome for healthy betta fish (Betta splendens). lllumina sequencing produced 

a total of 4.46 Gb clean reads, which were assembled into 71,775 unigenes. Transcriptome was further 

analyzed based on similarity searches with the known immune-related genes from several fish, and the 

antiviral BsMxA gene was identified. BsMxA exhibited highest sequence similarity to Mx protein of fish 

Anabas testudineus. This study provides the whole body transcriptome and data of BsMxA gene for the 

first time In betta fish, which was essential for further research of betta fish in the near future. 

Key Words: Siamese fighting fish, Transcriptome, Immunity, Mx protein 
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Fl1'W1 

u~1n1?11vm (Siamese fighting fish) bD'Wl1nr5'J1'i.'1'Jt1,:n:w~S'.Jb-eininBru11?11?1b~'W bb~::btlul1n'Jb~:l'B,;!nroi~ 

Ufful'l'J1:wilt1mtlu'Eltl1-:imn1u1n~11?11911-:i'll1~ s:lmmrum:i-~-:i'El'Elnl91'Elumnn')1 20 ~1'W[9]'J ~'J1:1:w~r-11n1:i-~-:i'El'Eln 
41 

, ' ~I ' " " "" 'i'" ~ ,l' -;;'1 " " ~" " ,i. I 'i' b'Wbbln~::u~,:Jn'J1:l''ell:J~1'W'IJ1'Vl bb~::mb'W'J b'W:WL'V'l:W~,:J"]J'WVJnu 'i.'1:J'1,:J,:)1'WbL~::'i.'1:J'1,:J:J'11:J bl?l:WVl1~1~L"ll1 • .-iu:J'::L'Vl~ bl?ll:J 

u~1n1?11 'Vll:l LU'Wu~1J1~1?1vf 'Wbi'.l'El-:i'i.'1FJ~ Betta 'V'l1Jb~1n1mLV1~-:iJ1nn:w'll1~ b'WL'El b'nl:l 1n::i'W'El'Elmtt1-:i1~'1"11JU:l':::w1ru 

55 'lltll?I (Schindler and Schmidt, 2006) ~1V1fuur::L'Vl~b'Vl1:J'V'l1J 10 'llilf?l (Monvises et al., 2009) Lf?lti'lltll?I~ 

= .J' .,J nl ~I • I ., "" ' • I 'Wl:lilb'V'l1::L~mb'V'l'El~-:i'El'Elnbu'Wu~1nf?l'i.'1'Jl:J,:J1:W fl'El Betta sp/endens Regan, 191 0 (miru. 2554) if?lLf?l'W"ll'El-:ium 

nf?lb'Vll:l ~'El inBru::"ll'El-:ifl1U~1[9]'Jbb~::fl11JV11-:i~S'.Jl'l'J1:WV1mnV1~11:J bL~::~l'W~'i.'1'Jm1:w'i.'1::f?l1?11n1 Lf?ltiiJroi~mh•iru~ . ~ 

-rl'Jti L'i.'11:wroi l?I b~'W"ll'El-:iu~1n1?1 ~'El'El1Vl1:l'~1; Liti-:i bbl91 ~'J1:J~'El~1n1?1r-111 ;r.l1t1"ll'El-:i'El1V11:i-u~1~S'.Jnfl1'i.'1-:i 'Vl1 b~bnBln mi 
• 41 

3Tm~'Eln1;'El1V11:i-s:l'll:S1n~vnt~roi1mbV1~-:iJ1nrrn'Jl1[1lvY'J1u L-rl'W 1mf?l-:i 1~L~'El'Wtl1 Lb~::~nJ1 ~-:ibU'W'\"11'111::"ll'El-:iL.f'El 
41 

ri'El L:l'l'l in bU~'LltlJVl1 L:l'l'l ~(?} Li'el 1 'WU~1f1t?J LL~:;~,:Je..J~'Vl1 b ~u~11n1mtl'W~1'W'J'Wmn ci-:i uil fl'J1:W ~'fl,:)n1:J'U~1f1f?l 

'i.'l'Jl:J,:)1:l-J 1 'WIP1~1 f?} t~mr-:is:l bb 'W'J t 'W:W"ll mtJ [9]'J L ~:l-1,'W'el tl 1-:i (?]'fl b ti'El-:i 'el tl1-:i hn IP11:W~'El¾J ~ fl'J1l-l}vf 'W,;!1'W'Vl1,:J ~1'W'el ~ 
'li'J:S'Vlm'll'El.:iu~1n1?1~-:is:lf1'J1l-1~1f"it1Jl9J'Eln1rufoui-:ibb~::b~:1-11'l'J1:w~1u'V11utrl'l1uu~1nf?l'i.'1'Jm1l-Ju-:is:l'elu1-:i~1n1?1 

:i-::U'UJJa'l~l-!bb'lJ1Jb~~1b'V'l1::~S'.lmbbl91f11btil?I (Innate immunity) ~-:is:lmrn'J'U"):Wth'W:Snm:i-~-:ilt)Jt)J1!:U 

"ll'El-:i~'WblPl'ElfLyjl:l:l''El'WS'.J'IJ'Vl'IJ1'Vl~1f"iru1un1r~1m.f'Elbf'i.'11'Wu~1bL~::l1n1~s:lm::1?1nluwt-:i (Sadler and Williams, 
• ~ 41 

2008; Zhang and Gui, 2012) a'ln't:'l!b'Jf'i.'11on'i.'1LL'Vl'W6l! (Myxovirus resistance; Mx) bD'Wll-lL~fJ~~1'Wb'Jf'i.'1~t;Jn 

n:i-::~ue-hu:Snmr~-:iit)Jt)J1!:U'lJ'el,:J~'Wb!Pl'ElfLyjl:J:l"el'Wbb~::nu'Vl'IJ1'Vl~1f"it)Jb'Wn1:l'U'lJ5.:Jn1:l'~1~'fl._'j DNA (Replication) 

']j'e},:Jb'Jf'i.'1 (Haller and Kochs, 2002) tur~'W Mx S'.J9'VliurnY-:i1'Jf'i.'11~1'W-rl'J-:in~1-:i 1ul1n1"bit1-:i~n~'Jl:J'Wl-l'V'l'IJ'J1 

bU:l'~'W MxA (MX1) S'.J9'Vliuu5-:i Influenza A virus bb~:: Thogoto virus LU:l'~'W MxB (MX2) S'.J9'Vliuu5-:i HIV-1 

Vesicular stomatitis virus bb~:: Hantaan virus (Haller et al., 2015) ~1V1fu'h.iu~1'V'l'IJ'J1 tur~'W Mx 'i.'11mrn 

uu5.:i1'Jf'i.'11~Vl~11:J'Dtll?I b-rl'W LU:l'~'W ASMx1 ']j'fl,:JU~1bb'l!~l-l'el'Wbb'el!Plbb~'W~n Sa/mo sa/ar S'.J9'Vliuu5-:i Infectious 

pancreatic necrosis virus Lb~:: Infectious salmon anaemia virus (Jensen and Robertsen, 2002; Kibenge et 
,, .. ,, 

al., 2005) LU:l'~'W JFMx 'JJ'El,:JU~1~'WVl:l-11 Paralichthys olivaceus S'.J9'VlfiU'IJU-:i Hirame rhabdovirus bb~:: Viral 

hemorrhagic septicemia virus (Caipang et al., 2003) 'Eltl1-:ihn1P11l-! 'El,:Jrll'l'J1l-11'll'El-:i~'W'YY-:i'Vll-Jl?l:l"J:W'YY-:i~'W~ 

b~l:J'J~'fl._'jf)'IJ:l':;'IJuna'J ~l-lf1'W~1'Wb.f 'Elri'el trn~s:lmm'i.'11?1,:J'el'Eln 1 'WU~1n (?I 1 'Vll:JU,:J l'},:)b~ bbU'Df?l b 'WU"l"'l1J'W l'l'J1l-lf11'JVl'W1 
41 ' • 

']j'fl,:)b'Vll'ltll'l'Vl1,:)~1'W'el~'Jh:S'VltJ1'.l1'Jl:Jb~n1:l'AnB1'Vl:l'1'W'i.'11i'l½UL!nl-l'i.'11l-11:l'rl'Vl1b~:l"J(?lb1'Jbb~::n1h::~'VlfiJ11'V'lb~l-lmn 

iu .:i1u:S~t1i:fs:lir1n ~u:i-::'i.'1-:i rlAnB1'Vl:l'1'W'i.'1fl'°¼UL!n:W b ~'el:S bl'ln::~~'Wi-:iV1l-J 1?1~iin1m'i.'1 (?1-:J'el'Eln 1 uumn f?l l 'Vll:Jb 'W'i.'1J11'J:: 

un[ll bb~::1-iF6'El:w~roi1nn1:i-:Sbl'l:l'1!:~'Vl:l'1'W'i.'1fl'°¼Ut!nl-Jb~'el~'WVl1~'Wb'W:l'!:'IJ'lJJ1a'J~:wn'Ut!?ltJn1:l'b1Jfoub'Yll:J1Jf1'1J;'ell-l~~'W 
4l 4l q 4l 
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. 'el1Jn'atubbi:l~'Jfin1'a 
q 

n1'ablill~ :J.J i'J'el !h:i 

Lim11J~1fl'9lb'Vltl Betta splendens 1-w1Jre1~mum'J~1 2 11.l'9l1,Xri'el'W'Vl1n1:i''Vl'9l~'el-:J ~'W£J'W'll'W'9l'll'el-:JU~1fl'9l 

B. sp/endens ~'Jtln1:i''Vl1~L'fl'Wb'el'LI1fi:~'9lL'9ltlf?l:i"J'"l~1!?l'LI'W'Jfl~L'elb'VlrA''ll'el-:Jt'W Cytochrome c oxidase subunit I 

(COi) (Table 1) Lf?l1m.J[?]'J'elr.h-:iu~1fl'9l~1Vlf'lJ'Jbfl:i'1:;,X'Vl:i'1'WM11.ltf?l:i.JL'9lmnrnL'llbb~-:JU~1fl'9lvY-:ir,i''J 91'W'J'W 3 [?]'J 

b'Wb'WLf?l:i'b'"l'WLVl~'J'"l'Wn~1r.i:;in'lu~n'9l RNA Lf?l1tJ:i.J[?]'J'elrh-:iu~1fl'9l~1Vlf'LI~rnnmm~'9l-:J'el'eln'll'el-:Jt'WL'Wbbl?1~:; 

Ltl'elbt'elL'9ltlbbtJmnrnil'elbt'ell?11-:!1 b~Lbn [?]'!J ~1'1,~ rn!hmil'el bf?l l'j1:i.J bb~:;m1?Jn r.i1nu~1fl'9l 5 [?]'J bb'llbb~-:Jbtl'elbt'elb'W 

b'Wbf?l:i'b'"l'WbVl~'J'"l'Wn~1r.i:;u1'lu~n'9l RNA L'9ltl~1b'W'Wn1:i''J4'ti~'el(?}fl~'el-:Jfl'lJ'"l:i':i'tl1'!J:i':i'tun1:i'L3iiif?l1°L~'el-:J1'W'Vl1-:J 

,j'Vlm~1~f?lf ~m,j4't1LLv1-:i'l!1~ LL~:;'1,~f'Lifl'J1:i.JL'M'W'll'el'LI'"l1nflru:;m:t:i.Jm:tn1n'LIC?.JLL~mnimLL~:;t3i\if?l1°L~'el-:i1-w 

'Vl1-:J'rj'VltJ1~1~f?lf ~'WtJ~'W~'J~'Jn:i':i':i.Jbb~:;b'Vlfl t-wt~m~'JJl1'VHbvl-:J'll1~ (:i'~~Lfl:i'-:Jn1:i' BT-Animal 46/2562) 

m1iqnlil RNA n11iqi1-:i~'el.:J'£!1:J.Jlil cDNA bb~:::m'i!Vl1'6hi'IJU'JAib'elb'Vl~ 
q 

~fl(?} RNA r.i1n[?l'J'elrh~u~1n'9lL'9ltJL3ii Tri Reagent® (Molecular Research Center) ll14''9l DNA ~b~'elU'W 

Lliltltl'eltl~'Jm'el'Wb'li:W DNase I (Promega) ~\1-:i~'el-:J~~'9l cDNA l911:i.J'rjfi'll'el--:J lllumina LL~:;~--:ir,i''J'el81-:J'rjbfi:i'1:;,Xm 

~1!?l'LI'W'Jfl~b'elb'Vl(?)'ll'el-:J RNA 'i'T--:JVl:i.J'9l~'Jmfli'el--:i lllumina Hiseq 4000 (lllumina) nuu1~'Vl BGI, Inc. (u:t:;LVJ~~'W) 

m1~bA'.f1:::~-n'el:J.J~~'J~b'LI'.fbbn'.f:J.J'V11-:il'Lib'el~'l..!'W'el~b:J.J~n~ 
qJ 

'W1;'el¾\~~1!?l'!Jtl'Jfl~L'elb'Vl!i1~'l~r.i1mfli'el-:i lllumina Hiseq 4000 (Raw reads) me-J1wff'Wf?l'el'Wn1:i'[?]lilb'!J~ 

~ruJl1~~1bb~:; Adaptor 'el'eln~'Jtl'li'BVfofo<Jfr.i1n'LI1~'Vl BGI' Inc. (u:t:;b'V)~~'W) 'W1~1!?l'lJ'W'Jfl~L'elb'Vllil1mL!?i~:;i-w 

'll'el--:Jb~'W DNA (Clean reads) mu:t:;nfl'LI~tl--:Jf1'WLVl:WLU'W transcripts LL~:; unigenes ~'JtJ'rjfi de nova assembly 

bliltJL3iiturnnrn Trinity Lb~:; Tgicl ,jbfl:i'1:;,XV1u1~'ll'el--:Jm'WtliltJn1:i' BLAST f1'!J_j1'W;'el¾\~l?11-:!1 b~LLri NCBI non

redundant protein sequence (NR) NCBI non-redundant nucleotide sequence (NT) Swiss-Prot protein 

family (Pfam) Gene ontology (GO) Kyoto Encyclopedia of Genes and Genomes (KEGG) LL~:; Cluster of 

Orthologous Groups of proteins (COG) 
!V Q, o'.c::t 

n1'.fA'I.JVl1bb~:::'JbA'.f1:::Vl~'I.J BsMxA 

~'WV11;'B¾\~'ll'el--:Jm'W Mx ~~:i'1tl--:J1'Wb'WUmLL~:;~,_:i~;')[9l'Jltl'9l~'W b~'el'W1:i.J1~'!J~'WVl1m'W BsMxA b'W 

li/1'W;'el:i.J~'Vl:i'1'W~ fl1ULf?l:i.J'll'el--:JU~1f1'9l 'l 'Yltl B. splendens rj Lfl:t1:;,X~1!?l'!Jtl'Jfl~L'el 'l 'Yl!i1LL~:;~1 !?l'!Jn:i'lil'el:;ijt'W'll'el-:JU'W 
d.9 "' 

BsMxA ~'JtJLUrnnrn ExPASy (https://www.expasy.org) 'Vl1'W1tlLlilb:i.J'W~~fl'J1:i.J~1flt)J'll'el--:JbU:i'~'W~'JtlbU:i'bbn:i':l-l 

SMART (http://smart.embl-heidelberg.de) 'Vl1'W1tl~'J'W'll'el--:JL~Ub'YlrA'~-:iit)Jt)J1tu (Sign~I peptide) ~'JtJLUrnnrn 

' _F,! '°' "" w '°' '°' ~ ,, Sign a IP 3. 0 (http://www.cbs. dtu .dk/services/Signal P/) Lumm 'Yltl'!Jfl'J1:i.J LVl:i.J'el'Wn'!Jtl'W'Yl:i'1ti-:i1'W b 'W_j1'W'll'el¾\~ 

GenBank b'9lti'l3iiturnm:l-l BLASTP (https://blast.ncbi.nlm.nih.gov/Blast.cgi) bb~:;'\111 Sequence alignment 

bf?lti'l3iiturnm:i.J Clustal Omega 
.c::11 !V Cit. • • • 

n1'.flil'.f'J'"liq'el'l.Jn1'.fbbiqlil-:i'el'eln"ll'el.:JITU BsMxA lil'Jm'VIA'UA Sem1-quant1tat1ve RT-PCR 

~n'9l RNA r.nnr,i'r.i?Jci1-:ibi1'elbtfl[?]'1J ih'l~ n~1:i.Jbil'el b[9l l'j7:1-J bL~:;bVl1?Jn ~'JrJ Tri Reagent® (Molecular 

Research Center) r'h4''9l DNA ~b~mJ'WLliltltlflrJ~'Jm'el'Wb'li:W DNase I (Promega) l-:iLfln:;,X cDNA ~'Jtl 



RevertAid First Strand cDNA Synthesis Kit (Thermo Scientific) 1;Jn"'l~'El'Un1J'bb~l91..:J'El'Eln'll'El..:Jmutmtl'Elb~'Ell•J1..:!1 

~'Jt.lb'Vl"1'W"1 semi-quantitative RT-PCR Ll91t.lb;b'WJ'b:W'Elf~ii"1'J1:!-l~1b'Vn:;numu BsMxA (Table 1) bb~:;1; Beta

Actin b'LI'l.Jm'l.J"1'J'LI/'l:W 'lb"1n:;~~~i;JJllli"n PCR ~'Jt.1'El:;n1 LJ'~ b'"l~~b~"1 Ll;JJ' t'Vf":ii~ 

Table 1 Nucleotide sequence of the primers used. 

Primer 

COI-VF2_t1 

COI-FR1 d_t1 

BsMxF 

BsMxR 

BsActinF 

BsActinR 

Sequence (5'-3') 

CAACCAACCACAMGACATTGGCAC 

ACCTCAGGGTGTCCGAARAAYCARAA 

GGAAAATGTTCCTGCACCTTGC 

TTCTGTCACTCAGGCTGCTGCT 

AGGCTGTGCTGTCCCTGTAT 

GAAGGAGTAGCCACGCTCTG 

"" ., 
e.J'GI bb'61~'J"'l1'af;l.!f.J'61 n1 'a'VI l?l'Gl'el.:J 

mtaPinli1'Vl'i1'W~ f>li'Ub"13-l'll'el-:J'U'611111?11 'Vl!l B. splendens 

r.i1nn1i~m11'Vlnu~i·i~'UL1;J:1-J'll'El..:JUmnl91b'Vlt.1 B. splendens ~':lmf11'El..:i lllumina Hiseq 4000 -wu~11~ 

' ' (V O ,v -=::I~ O !,f I 

raw reads '11'1.J1l91 4.75 Gb ,,m..:ir.i1nmmi clean data bb~:;l;J(9)b'IJ~'Vl:!-l/'lrurl1'Wl;J1bb~:; Adaptor 'El'ElnLL~':l 'W'IJ':J1 

b~'Vln'W~ri1tltl;J:i-J'll'l.J1l91 4.46 Gb Ld'Elu1;m.JmL~~:; read mtli:;n'Elrn;1~':Jt.1f1'WLl91t.l'l; de nova assembly ~':it.I 

hJrnnrn Trinity 1~ transcript i..:i'\,l:I-J(9) 92,890 transcripts Ld'Elu1 transcripts :w1vhm1r.rl91n:wn~:!-l~':Jt.lLUnLnJ':l.J 

Tgicl 'WU~1b~~ui..:i'\,l:Wl91 71,775 unigenes i'.Jf1':l1:Wt.11':ln:w 79.51 Mb Unigene i'.Jf1':J1:!-lt.11':JL'!l.~t.l 1,107 bp ii 

"'11 N50 L'\ll1f1'1J 2,225 bp LL~:;il GC content L'\ll1f1'1J 49.79 % (Table 2) 

Table 2 Summary of lllumina sequencing and de nova assembly of Betta splendens transcriptome. 

Particulars Numbers 

No. of bases of raw reads (Gb) 4.75 

No. of bases after processing (Gb) 4.46 

Total transcripts 92,890 

Total unigenes 71,775 

Total length of unigenes (Mb) 79.51 

Mean length of unigenes (bp) 1,107 

N50 (bp) 2,225 

GC content(%) 49.79 

Ld'El'lbf1J'1:;~m'.h~'ll'El..:Jmu Ll91t.lU1 unigenes i-.m:!-Jl91b'Ll Blast fl'Lij1U;'ElJ,!~ Nr Nt GO COG KEGG 

Swiss-Prat Lb~:; lnterpro 'WU~1i'.Jf1':l1:!-Jb'\,l~'El'l.Jfl'LI~U~ilnm1u1uu~~:;j1U;'ElJ,!~ whnu 63.14% 65.88% 



0Q.," .J' ~ tt'il.J .c:::16) 
6.28% 22.98% 52.52% 54.48% bbfl::; 49.28% 1,,rn.Jfl1wiu uremr.i1nu t-Jflr.i1nmnbf'IJ1::;w1.1m'Vl61J'el-:i~ub'W 

pathway r;h-:i 1 1wimlli'~Ub'Vl~UflUj1'W;'ellj'cl KEGG ~U~1 37,694 unigenes bU'Wm'W~'eltjL'W 44 pathway 

(Figure 1) bWI~ pathway ~~u unigenes mn~~wi Uimi Signal transduction :J''el-:}fl-:):I-J1~'el Cancers: Overview 

Global and overview maps Immune system bb'cl~ Endocrine system bWl~~WibU'W 9.98% 5.42% 5.24% 
' ,, 

4.42% bbfl~ 4.30% 61J'el-:i unigenes 'Vl~Ur1-:i'l-l:WWIL'W'Vln'Wj;qf111l11na.J61J'el-:iUfl1flWI B. splendens 1?11J.J~1iu 

n1r~n'W1'Vl:l'1'Wj;qf11Ubl?l:W'l'l1Lii'Vlnumuvf-:i'l-l:WWl~i'lmrbbj;qW!-:}'el'elnm~1'Wb6J!'cl'cli\)i'l~1?1~j;q'l,Jblaj 1uufl1 

Poecilia reticulata ufl1m hr;i1tl1 

Scleropages formosus bbfl::;Ufl1'Vl'el-:i Carassius auratus, red var. (Fraser et al., 2011; Shen et al., 2014; 

Zhang et al., 2017) ~1'1-lfUL'WUfl1f1Wil'Vl~ B. sp/endens ~\)bbiir.i::;i'ln~\)1'W;'elljflr.i1u:w 1wi~r.i1u:w61J'el\}Ufl1f1Wil'Vl~ 

i'l61J'W1WI 465.24 Mb (Fan et al., 2018) mJ1\}hf11?11:W ;'ellj'clr.ib'W:wbvl~\)'e)t)1-:}b~m1ilbvlmvmi?l'eln1n::;1_J"Jl'WWl61J'el\)m'W 

~i'lmntj;qwi-:i'el'elnr.i1\)L'WU'cl1nwi1~ \)1'W~4'ud'1~~m11'Vl:l'1'Wj;qf11u11?1:w61J'el\)Ufl1nwi B. splendens t-Jflr.i1nmrnwifl'el-:i 

v'i11ii'Vl:l'1U"Jl'WWl61J'el-:}m'Wvf\)'\,l:WWl~i'ln1mj;qW1\)'el'e)nb'WU'cl1f1WIJ11~L~j;qJ11'J::;unr'A t,Jfllaj1nn1:l'~bfl:l'1::;'lf'Vl:l'1'Wj;qf11Ubl?l:W 

6-:i~ur::;1~"ll'W'elt)1\)~\)i?l'eln1:l'fl'W'\-l1m'W1m::;uuJJi'1~:wnu61J'el\)Ufl1f1Wlb'Wn1:l''VlWl'cl'el\)i?l'e)lU 
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Figure 1 KEGG pathway enrichment analysis of from Betta splendens transcriptome. 37,694 unigenes 

were mapped onto 44 pathways of 6 main KEGG categories. 



n1'a~'U'"1bb'cl~Pin'lf1in'lfru~iq3-1,m"Jj'e)-!Jfh..1alnt'llt'Jr'611-nirnvrw-n BsMxA b'Uti'cl1fl!PlL'VI~ B. splendens 

r.nnm'J~'Wvnm'Wb'W'J::::'JJ'lJ,Q:l'J~iin'Wtoi1n'Yl'j'1'WM11lt(;liJ"lJfr,:j'jJl;'l1f1(9)b'Vll:J 8. sp/endens vmm'W BsMxA ~-!Iii 

open reading frame (ORF) ~~1il1'JCHLUl:'l'JiX~'l~LU'WbU'J~'W"ll'W1'91 623 n'J'9l'el:::::n'i'W iiJ1V1-wn'i:ml:'lfJl:'l 71.05 kDa 

LLl:'l::::fi1 isoelectric point (pl) L'Vl1fl'l.J 5.59 Ld'elblli'l:.l'l.Jl'Vltl'l.Jfl'l1m'Vli'J'el'W"ll'el-:J BsMxA nu11l'J~'W~iinm1'Wb'W 

~1'W;'elill:'l GenBank ~r;i1:.1tllmmii BlastP 'V'l'l.J~1 BsMxA fl~11:.lfl'l.JbU'J~'W Mx "ll'el-:JUl:'l1Vlil'el Anabas testudineus .. " 
mn~~'91 (93%) 'J'el-!ll:'l-:Jil1~'elbU'J~'W Mx "ll'el-:JUl:'l1~1~J1~n Serio/a dumerili (92%} lU'J~'W Mx2 "ll'el-:J'Lll:'l1 rock 

bream Oplegnathus fasciatus (91 %) bU'J~'W Mx "ll'el-:JUl:'l1el1il1~ Serio/a lalandi (91 %) bU'J~'W Mx "ll'el-:JUl:'l1 

n::::YN'll1'l Lates calcarifer (91 %} LLl:'l::::bU'J~'W Mx3 'll'el-:JUl:'l1n::::'V'l-:Jbb(?)-:J Sparus aurata (91 %} 

hh~'W Mx r.r'9lbU'WbU'J~'WL'Wn~ii Dynamin-like large guanosine triphosphatases (GTPases) 

U'J::::n'el'lJ~'ltll(?)biJ'W~~1'"1f;)J b~LLri GTPase domain Middle domain (MD) LLl:'l:::: GTPase effector domain 

(GED) (Haller et al., 2015; Verhelst et al., 2013) r.i1nn1'J')LF1n::::~vn b(?)LiJ'W~~1'"1f;)J1711:.lb'Wlml:'lfJl:'l'll'el-:J BsMxA 

'V'l'l.J~1U'J::::n'el'l.J~'ltl GTPase domain u1L'llliUl:'l11:.l'el:::::n'i'W bbl:'l:::: GTPase effector domain (GED) u1L'ltuUl:'l1tl 

fl1fu'eln"Til:'l (Figure 2) Ld'el')bfl'J1::::~ihrKum'9l'el:::::n'iwn1:.11'W GTPase domain 'V'l'l.J~11l'J::::n'el'l.J~'ll:.l GTP-binding 

motif ~1'W'l'W 3 motif 'l~uri GDXXSGKS (GDQSSGKS) u1L'lllin'J'9l'el:::::n'i'WIPi1LbVl'W-:J~ 40-47 DLPG u1L'llli 

n'J'9l'el:::::n'i'WIPi1LbVl'W-:J~ 141-144 bbl:'l:::: TKPD u1rnun'J(?)'el:::::n'i'WIPi1LbVl'W-:J~ 210-213 bbl:'l::::'V'l'l.J dynamin signature 

LPRXXGXXTR (LPRGSGIVTR) u1L'lllin'J'9l'el:::::l'Jt'WIPi1LbVl'W-:J~ 58-67 b'9ltl dynamin signature LU'W'l.J1L'lru~ 

U'J::::n'el'l.J~'ll:Jn'J'9l'el:::::n'i'W~r.ru'l~n'l.J Mg
2

+ ~-:J~1bU'W~1Vlf'l.Jn1'j'~1-:J1'W'll'el-:Jb'el'Wb'lliJ1'Wn~ii GTPase (Song et al., 

2004) 'W'elnr.i1ntl 'V'l'lJ~11111:.lb'WbU'J~'W BsMxA ii N-linked glycosylation (NAT) 1 IPi1LbVl'W-:J u1L'ltun'J'9l'el:::::n'i'W 

IPi1LLVl'W-!l~ 534-536 i:-Jl:'ltoi1nn1'J')Lfln::::~ Sequence alignment (Figure 2) tl'-:Jbb~'91-:Jtih~'W~1 hl'J~'W BsMxA 'll'el-:J 

lll:'l1n'9liifl'l1ilfl~11:.1nut'!.l'J~'W Mx ~iimn11:.1-:i1'W1'Wllrn 
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Figure 2 Domain organization of BsMxA protein of Betta splendens and alignment of domains important 

for the antiviral activity with other fish Mx proteins. 



n1'iP!m~1'itlbb'U'Un1'ibb~l?l.:i'el'elTI"ll'el.:i~u BsMxA i.utl~1n1?1b'VI~ B. splendens .. 
r.i1nmi~mt1tllLL'lJ'lJn1nL~~{l'fl'eln'll'fl{lm'U BsMxA 1mrl''flL~'fl!Pl1{1 1 'll'fl{!Uinn~h1u B. splendens ~'m 

L'Vll"l'Wl"l semi-quantitative RT-PCR LL~:::1?1nr.i~'fl'!Ji:..J~~'J8'fl:::n1h~Lr.i~ihM'i:1?1:i'b'W~~ Yl'lJ~1mu BsMxA ilmi 

LL~~.:i'fl'flm.nn~~~1un~1iiLif'fl i'fl.:i~.:im ~'fl m1'fln ihii 1i;i LL~::; ~11~ 1?11ii~1iu (Figure 3) 

------- BsMxA 

Actin 

Figure 3 Tissue distribution analysis of BsMxA gene in betta fish Be·tta splendens. The mRNA expression 

of BsMxA was examined in the tissues of liver, gut, muscle, kidney, spleen and gill using semi

quantitative RT-PCR technique. Beta-actin was used as an internal control. 

.:i1u,j4'ud' ui::;~ul"l'J1iJ~1L1r.i1umi~mi1'YlnuM1'Ll'i:1?1m'fl.:i'Ll~1n~1'Ylu Betta splendens i.:if?l'JL'U 

~m'J:::Un~ b~8Yl'!J~1b~'Yln'U~l"l1'Ll'i:i;iii'll'W1~ 4.46 Gb 'Lli:::n'fl'lJ~'JUmui.:iVliJ~ 71,775 unigenes 'U'flnr.i1ntl 

m-ir.i1nmi,j Lr1n:::if'Yl:i'1'U~ l"l1U'i:l?lii b~8 Ltffou L'Vl8'!Jfl'!J;'fll,j~m'Ui. m:::UUJJil ~l-Jfl'U'll'fl{IU'Cl1'J!'Wf?l~'U 'Vl1 i, il~'U'l'l'!Jm'U 

iln'i:6.llb¥~1'TI~LL'Vl'U'l! BsMxA ~.:iilr1'J1iir1~1unu Mx protein ~ilnu.:i1ui.'Utl~1V1~18'1!'Wf?l ~.:i;'El¾J~~t~Li:Ju 

'Lli:::'i:u'l!tfoci1.:ifil.:i!Pl'flmi~m11,j4'u'Ll~1nf?l1'Vlui.m-n.:i~ni.u'elml"li;i 

fl l?l~TI'i'ia.J'U'i~TI11ilf 

.:i1'U,j4'uif 1~f'U'YJ'U~'WU~'4umi,j4'ur.i1nn'fl.:iVJuf'l!~1.nL'l1n~ii1n'l! r.p11~.:inrn!m11,j'Vlmiu (lt1Jt1J1L~'ll~ 

CU-GR_61_010_23_003) 

., "" 
b'el n~1'i'el1.:i'el.:i 

n1'i'Yl !PlJ't.11'6'1 l?l'i'el1'1/11'ibl?l~i.-ii't 'Vlrl b 'U b~~"ll'fl{I b'el'Ub'11iiri'el~'el1'1/11'ib ~'eln1'i .. 
b~iqjb~'UblFl'elri1.:iilf>JflU11'V-l"ll'el{ltl~1n~ (Betta splendens Regan, 1910). 1?)'11D'WYl'Uf,j'Ylmf11~i;)j 

"""1 CV _.,,,. """ CV (J 2J 

~'!1nuru"Vll?l, iJVl1'J'Ylm~mn'l11?1:i'A1~1?1:i', nNL'Yl'l'l'1, 139 vim. 
' .,; ' 
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