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F KA Toll #HFX2FEE cDNA F ERHIEEE FF I 5

oo, BIM, o g, &R, mo oA, oa @, TR
(1. FHRPERE K= A e, [ 201306; 2. LU MAFFOKP=TFR AT, 11 201516)

H E. RBF KIE I (Macrobrachium rosenbergii) |t ¥ 35 78 Bt
PARTE R AR UL R AR | I VR AR MR AR 5 R AL B RNA; B
F RT-PCR AR, 20 2R o FE [ 3] Toll A 3% {4 (TLR) F: &
43 cDNA F73 , FF#AT A WIME B, BEE P R i
8% [RIBUF TLR EF cDNA J¥314< 1 875 bp, 17 1 728 bp #
FERL B SEAE , AT G 575 MR IREL; % #H 4 TLR & — 185
JEE A FFEMSMX LRR \LRR-CT LRR-NT £5 #4358 2 5% 42 F) fd
PIX TIR 25938, B4 Toll K 32 AR KR i 1 B 25 M RRAE ; TIR 25

MRTA: Toll FZAR KERMY
BRI 32 U , BERR S 1 R S I
AW PAMP 53111 5| R e K PG
R, A AR A M e e R T
HRER TN RRER G HEER
Hifr, BEFE % ERTE AF Toll 4 % (R
B, AT Ay B J5 T FRR M 2% G i i IR ) 45
HIThRE R Rk A B U B SR LA

M3 5 ML 494 I X 8F ( Litopenaeus vannamei ) 1 H 7% % Xf 4F R B R R o SR A e B
( Marsupenaeus japonicus ), " [E BJ Xt ¥F ( Fenneropenaeus X BICTEIR; Toll 2k 2K
chinensis) JBET5 Xt & ( Penaeus monodon ) | Fp 4 4% 3% #& ( Eriocheir Tl TRl b

sinensis) L 775 & ( Scylla paramamosian) Toll ¥ 3% A K TIR hESES: S917

X BEBRF I BARERARRIE

Toll # 3% {4 ( Toll-like receptor, TLR) & 45K
P S AR IR 51 3244 ( pattern recognition receptor,
PRR) i — R B HZE X RGN ZE, | ZHRETH
HESH ) FTCH HESH Y b , 7E5 | KR S R R AE J2
th RSB, RIE BB RS SR
RIBEH R, 24, CEA DRSSP
MBS ETOH HES ) h R BLAEAE Tolll ~ 13 R
[FI 270 ()[R R 4, H 1) Al 32 B2 8 o e e R )
9o S A A A 9 DA 2 207 B =X ( Pathogen-
associated molecular pattern, PAMP) 43, M T #
TR RGE, 5 S 40 M B A 4 B R
RERIZPWIEM, #HK PAMP 7 7 R EH A K
F B R B R R T Y

PR I 3h W 3 AR EE S R S L & B
MG MEEOR , TLR HH RAERERZE RGN E
BHEH DY 24, EXMILHEFEELTNE

R EHA: 2013-11-17 f&E H#A: 2014-02-16

MEARSAS: A

HIUF B TLR B[R S5 #0475 R ve R AR SR i
3%, 40 LY XF HF ( Litopenaeus vannamei) ®~* B
5 %t ®F ( Penaeus monodon ) | 1 [ B X} #F
( Fenneropenaeus chinensis )" 1 H 2% 3& %f #F
( Marsupenaeus japonicus )\ g vh 4 4% ¥ &
( Eriocheir sinensis) '™ % WAh, ¥5 4F 3k 338 i
— B ST [RYR MR Toll 38 B 2H i J7 T W5, 4n
Y& Toll HISEFERBERR B Crustin ZEEHY | UK
LGBP.LBP. PGBP., BGBP & # iR 5| & H &
O g SRR B AT S R M S A R
SEBER. EBIHFECNIE, BRSNS KE
¥F TLR FEPR J5 T B fRE 2> . AW AT K
TRUF LM FRFE R AR M TS R ERH H h , sapE 3] — B
% [QVREF TLR B [H cDNA J731, 317 T EWE
BT, LU b i — 2P 0F 52 2 ROIR R S5 R4
B I R REIR LIS HLAL

EEMA: bEMTRAEARZ RS RBSEHH (11391901400) 5 L i RO AR T A BOCM B [ PR BHE T (2010) 55 1 -6 515

LT E AR RS L PR BIUE (J50701)

EERN: o5 @(1986—) 5B, BLBFFAE , BT 1 AK = FE /o E-mail:55me@ 163. com

BIEEE: #J MK, E-mail : x1dai@ shou. edu. cn
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L MRSk
1.1 SEIgH#

SLo FERT 2013 48 8 HR B LI B E R Fh
IKFEFE R B LR AAREA (R T , (R K 7 ~
9 cm, fAHE 13 ~20 g, LW ETAELREEF—A
(7K 28 °C) (o HCIE I SE 06 38 A5, S0 45 AR A
[8] 5 2013 4£ 10 H .,

TRNzol 57| , B 5 WE BE I DNA 3] i) &
(5@ 5.0 FEAY) . DNAMarker2000 F1 Top10 Ji&3%
SHME B RRAEDREL (L) HRAE;
cDNA 25— & A0 & , pMD-19T i fA % e ik
R H EHEY THEA R A (TaKaRa, Ki%) ;
DEPC . X-gal IPTC AN EBEREWH LIFAET
AW TERSFRAF,

1.2 7Gi&
1.2.1 3 RNA $2BE(5 cDNA & i

#%& TRNzol JAFAI#R VR A B 3 42 I D R YR
BV A AR JULPA) | JFF R B I 8 e 1 B 5 e
BEZHZR S RNA, FIHREUE RNA 28507000t
FETHk BN AR B Ik R R ER RS, B
-80 CHRFFHEH.

B2 pL &4 WS RNA E AR, DA Oligo
dT % 3| ¥, F PrimerScript™ 1st strand cDNA
Synthesis Kit i3] &4 i cDNA 55— 5&%% , T IE%
YL B AT, I Z [RIBAF B-actin WS 5| P HIE
cDNA —2%5E, B85 & - 20 CRAE&EH.
1.2.2 5|9t

HRAE A 55 5 28 3K AT 1 2 PGV AR e 1 i 2 1
SR BAEF TLR B H R B, F F Primer 5.0 K
B EER R (R 1) #1791 BE e R
IEJG PN EH 51 Y9 AR B R B R B ; Rl i
A% ERTRAF B-actin 51 Y1E RIS . BIE K
A T A TR R S5A FRA ] 58 o
1.2.3 EF Bk

PCR & Z& HM:19 pL ddH,0,25 pL 2 x
Tap PCR MasterMix,10 pmol/L Primer Forword }%
Reverse £ 2.5 L, cDNA #i4g 1 pL, &M &M
$:94 C 4 min,94 C 30 5,57 C 30 5,72 C 1
min, 36 MEF;72 CHEMH 8 min,4 CHRIE

P14 PCR ™4 FISUIEMEBE I DNA. 3] i)
& Efestifl, %8 T pMD19-T ik ,4 Ci & (16
h) HEEGLF] Topl0 B MM, WA, #4T

W B 1 , PRECPH R SO B A T8 Amp BT
LB #5573, 37 CA R IR)E MR AL, BEH R
RiZe PCR ¥ 39 %5 , MEFHAEBORLE B4 TAEY)
TREMRS A R R, T8 cDNA Jr BUR R &
B XHHETHHE

#1 FKZUR Toll-like receptor % E =& S|4
Tab.1 Primer used for cloning of Toll-like

receptor gene in Macrobrachium rosenbergii

514 F#31(5' -3")
TLR-1F CCAAATACAAGCTCTGCCTTCA
TLR-1R CAACAACCAACCCTGAGATT
TLR-2F CTTCGTTGACTGTTCCTACCG
TLR-2R CGATGAGTAAACAGCCAAACC
TLR-3F TCTCATACAGCAGCCATTCGT
TLR-3R CAGCAGGTAAGTCCTTGTGGTA
TLR4F TCCAAACTCTACGCTAATGTC
TLR4R AAGTCCATCCAAGGAGGTAAT
B-actinF GAGACCTTCAACACCCCCGC
B-actinR TAGGTGGTCTCGTGGATGCC

FRIRUA B B R Y 3 S0 % L PA L JHF R
Ji VR AN REVE R 4 R AT AE L cDNA J B
i
1.3 FIISH

4% ¢cDNA J731) Jv Bt , F§ DNAMAN 4R {4347
HESFEEMRITS); H GenBank 4k BLASTP 17
TIR [X 3§, & A B2 /7 5] [8) U8 1 b %F; A SMART
(http ://smart. embl-heidelberg. de/) 7E 2% 43 #7 &
HIRSF X {55 K A1 5 B X ; A CLUSTALW Al
MEGA 5. 0" #9473 Huxd A R GE kb 4y
#,

2 BERE

2.1 8% RNA RES cDNA E—H#ER

O LB T E B TR HFEE S RNA [
OD {f,0D,,,/OD,, 7E 1.8 ~2.0 8], F 1% 5

BRI FL PRGN, 28S 18S 2% T T, 1 FH 4R B ]

R RNA(E 1), LA cDNA 55— MR,
B-actin NS5 | Wi TR Y 1, KB — 4 5
HFRK/N—B R F 557, UE B cDNA 25 — %%
A BRI -
2.2 TLR ¥£FEH cDNA B BEiE

PABE & RNA %% SR [ cDNA 55— Jp AR,
TLR-1F #1 TLR-1R 5|4y, 1t RT-PCR, §" 3% 2]
— PR, SRR VT, K 529 bp, S
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PERRFE SR TLR 32 H R BEHL T, 85 R — 30 78
AR AT, X JIL P L JH B AR X VB A 1 i 4
FPZHZL G RNA JEA7 300 5% S 3, s il 21 46 7]
K/NBI R AR (B 2) , #E B TR UF TLR 5
HARET o TR AL, EHZBFS,
EHRTS Y RN, R PSR
KM 1 875 bp ) ¢cDNA F Bk,

28 § ——>

I8 § e

El1 #8% RNA HikE
Fig.1 Electrophoresis profile of the total
RNA in gill tissue

-

Ji¥ i
BEOML ¥ oM
voOR W R W

HrTLR e

2 FRBGAEHLAS TLR g5 1
Fig.2 MrTLR mRNA amplification products
in different tissues

2.3 TLR E[F cDNA R RESSERFIHE
AHFE

2 DNAMAN B {473 47, it se B 2 & [ 3 4F
TLR P cDNA F B, 1 728 bp BIFFABBRAE,
] i 575 R EER) Toll HEZIKEH;
2 SMART fEZ 73, 45 R B % #8 7r & IR IR 4R
TLR NEEREE R, BN 2 N8 &R AR
H % J#%) (leucine-rich repeats, LRR) .2 /> LRR-
CT ( LRR-C-terminal ) #1 1 4~ LRR-NT ( LRR-N-
terminal ) Z544 48k, o LRR | 24 PEIERRA N,

http: //www. shhydxxb. com

B 23 DMREEEERA B — KBS IR X M X Dy
BRI TIR 254418, ( Toll/IL-1 receptor homologous
region) , 3% 5 TLRs ZXHREE & 45 2 A —
B(E3),
i OF ol <
0 100 200 300 400 500
3 4T REN TLR EEE&REINER

Fig.3 Domain prediction of the part of
M. rosenbergii Toll-like receptor protein

2.4 TIR ZMESERFIERFEEILBERRZS
ZERE

% TR AR Toll # 32 {& TIR X317 LR
BLASTP AR 7 5 [R R LT, 25 R R 5 H
AFEXFUF Toll(79% ,E =4e - 70, ) Fl FLY4 EXT IR
Toll2(80% ,E =7e - 70, Lutoll2) ¥y [RIVR PER & , H
Y= E BAXTER (76% , Fetoll) \BETTXTHF (76% ,
Pmoll) , F ASFEXTHF Toll2(76% ,Mjtoll2) | FiHELS,
FEHE Toll (74% , Estoll) . N4 EXTHF Toll (74%
Lotoll) F)7CH #& Toll(74% , Sptoll ) FlHp 44 2 &
Toll2(72% , Estoll2) , [ J5 & FL 44 & XF &F Toll3
(57% ,Lvtoli3 ) ; %% LA L9 F i TIR XIREER T
5 Fl CLUSTALW 3 {4317 Z2 E Lh X, 45 R an K 4
Bz, U YR AT Toll B 32K MY TIR X i85 H
fsFh2E R+ 2 H sh P B AR & BAHRIE

EHECEEEMAEY R B R
( Drosophila melanogaster ) . 8 & B 5 5 &
( Camponotus floridanus ) | 75 ¥4 & ¥ ( Tribolium
castaneum ) ik [KIE WL (Anopheles darlingi) F 3% K
B (Aedes aegypti) i) TIR F7 59 35 F RGE
o GERBR EERGH P E RIBEF TIR 5 H
A ZEXTHF Toll F1 FLHIEXTHF Toll2 AL —&, T
5 LAEEXTEF Toll3 {7 T[] 43 4L L, 15 B e R
BN F RIEEF TLR 2 5 [7] H 428 X5 #F Toll F1 L
ANEEXRTHE Toll2 X R FIE (B S) o

3 Wi

% TR KF ( Macrobrachium rosenbergii ) /E - —
FhRBELEPURE , ERE A H S A EE
AL, {HOE 4Rk, B T % % 2 il B8R
( Macrobrachium rosenbergii noda virus, MrNV ) F1 1
B %5 (extrasmall virus, XSV) 3| & B % 2 & R
JRREL ) R H v BE B ( Vibrio alginolyticus ) |
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W 7K S, B Bl & ( Aeromonas hydrophila ) | fify BR
( Enterococcus) 18 F1S B} & ( Aeromonassobria )
FHAHE H 7 25 BR B ( Staphylococcus xylosus ) 2555 R
FIRMAEEE R AR T —E R L
Wil % I VE MR SR ARl B & JR . F 5 3 i AR A
ToEHES M KA, IR R 5 , Bk Z A3 F HESh

PIARFESE B AR A SR R T, T EEAMKEE SR
VS BE & G 45 AE i 7 A A0 B SO R B AE A
B ERMERERGE N, FEREE A S
IR 51 32 1415 5 75 A0 40 1 77 7E ) PAMP
SRR EREI

Pmtoll-tir KYDAF {SYSEKDEEFVNTVLVPGLESGDPKYR}|CLHYRDW] PGEY | GNQ | LQSVEDSRRT | VVLSSNF | EJVWGOLEFKA
Mjtoll-tir kvDAF 1 sYSEKEEEFVNTVLVPGLESGDPKYRVCLHYROWL Pl 1 affo 1 SasVEMISRRT I VLSSNF | ENVWGLEFK
Mjtoll2-tir KDEEFVNTVLVPGLESGDPKYRJ/CLHYRDWIPGEY | GNQ | QSVEDSRRT I VVLSSNF | ESVWGGLEFKA
Fetoll-tir E;//WGQLEFK
Estoll-tir "KDEEYVNTVLVPGLEEG&P&YRVCLHYRDWVPGEYlONQiEQS{EDSERTlVVLSSNFlENVWGQtEF

Estoll2-tir KyDAF;SYS‘KDEEF TRVLVPGLEEGE PRYRVCLHYRDWYPGEY | GNQ | HQSVEJJSRRT | VVLSSNF | EBVWGGLEFHA
Sptoll-tir o | 5YSIKDEERVNIVLVPGLESGEPKYRVCLHYRDWGHY 1080 1 JasHiEDSTRT 1 Vil sSNF 1 ENvwaaffeF

Lvtoll-tir KYDAFlSYS‘KDEEFVNTVLVQGLESGQPKYR%CLHYRDW&PGEYIONOILQSVEDSRRTlVVLSSNFlE§VWGQLEFK‘
Lvtoll2-tir KDEEFVNERL vPGLESGDPKYRvCLHEROWL PallY 1 offa | JaSVE[ISRRT | VWLSSNF | ENVWGLEFK

Lvtoll3-tir
Mrtoll-tir

koEivievL ISR

ZREDRPGNERG Py TAVGIAE T

{WEIVERSRRT | vLSTNF | ENEWEREEF

BEE MR
Pmtoll-tir AHSQALEDRTNR | 1V 1 V§GQVPPESELDEML RLY [STRTYH ¥ 100% 76%
Mjtoll-tir AHJIQALEDRENR | 1vivLGEVPPERELDEEL HLYLST ¥ oDy A 100% 79%
Mitoll2-tir 8 AHSOALEDRTNRIlVlV'GQVPPESELDE RLYJSTHTY) Mcl - 100% 76%
Fetoll-tir FAHSQALEDRTNR | 1V 1 VJGOVPPESELDELRLY) STATYIGD] - 100% 76%
Estoll-tir 100% 74%
Estoll2-tir 100% 72%
Sptoll-tir 7 100% 74%
Lvtoll-tir AHSQALIDRTNR | 1v1vijeqvPPESELDELRLYISTHTYI SHGD] 100% 74%
Lvtoll2-tir AHEQALEDREN vPPETELDEEL Bt YLSTHTYL ¢ GDj A 100% 80%
Lvtoll3-tir RGHEVE KR! ZAR- TP IIRTIKHNIIC YASEKFEUESE Al 97% 57%

Mrtoll-tir

AHSIIAL OB TNRY | V I VLGEVPPENEL DEELRLYL | THT Y MQIDEKFWEKLRYMPHP) - -

E4 FREGSHMMENTEEHWE TIR i EEx
Fig.4 Multiple sequence alignment of TIR domains of Mrtoll and other types of toll genes in decapoda

FHRERIAR A R, AR BL IR A K £

Toll FEZAAFIRIE NSRRI RGP EE
AR Z AR, R H e s Y R F T EE
HRE o, EH e B PRERY, BT [ B
S WS b RN 2 TR O At s
MSNK A S &R AREEASF, 7Ry LRR I
AEI, TS IX T & K DL AR, Ho M N KA 7E—
BE ERSFRIF S, B 5 IL-1 (Interleukin-1) 32 {4
JEL A DX A2 AR BA T 85 B A Toll/TL-1 324 [R] L IX.
(Toll/IL-1-receptor homologous region, TIR) , X
SERER| B [ EF TLR f) cDNA | Bk A7 &
B3 o i, TE M Ah X 48 2 2 4~ LRR.( 2 4>
LRR-CT ( C-terminal LRR) #1 1 4~ LRR-NT ( N-
terminal LRR) Z5#4)38; & /1 23 R ZEBR 4 W)
— KSR ; A X & e B TIR 25430, B
TLRs ZXJ% S B 45 # FiE . TLRs MISh X — A

19 ~25 /4~ LRR, 4/}~ LRR H 24 ~29 PR EBR4Y
B, LA ER I 7 X A T AN X 8, 2 5 R 5
AR R AR, I 5 48 B R BC A 45 A 2 T T
TLRs, W& R 5] F 2 d LRR FoldezE™ . N
BRI W TLR A5 b R BLH S5 FT)
REfFTEZE T, REE T X M LRR 75~
727 TLRs AR4EMISP X LRRs £5# 25 5, Al 404
MEZHH2E TLR ( Vertebrate-like TLR, V-TLR ) il J&
A 3h#2& TLR ( Protostome-like TLR, P-TLR ) B Kk
25, P-TLR st XER T HA V-TLR IS X &H 1
“LRRNT-LRRs-LRRCT” R F A, B & A — 4
“LRRCT-LRRNT " 51" !, BEjE % KB
¥F TLR fuSMX A 2 4~ LRR 25400 B 24 P R
FRILH A, {H LRRs Z5H 41 Bl i AN VE 2, H Ik, &
Bk — SR
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51| Pmtoll-tir(Peneeus monodon)
66 Mjtoll12-tir (Marsupenaeus japonicus)

9L Lvtoll-tir(Litopenaeus vannamei)

Fctoll-tir(Fenneropenaeus chinensis)
Estoll2-tir(Eriocheir sinensis)

® Mrtoll-tir(Macrobrechium rosenbergii)

ﬂEMrtoll—tir(Marsupenaeus japonicus)
Lvtoll2-tir(Litopenaeus vanname)

17 48 Estoll-tir(Eriocheir sinensis)
[ IOOI_— Sptoll-tir(Scylla paramamosain)

h Dmtoll-tir(Drosophila melanogaster)
13 Dmtoll5-tir(Drosophila melanogaster)

49 % ‘

Cftoll-tir(Camponotus floridanus)

Tctoll-tir(Trobolium castaneum)

45 Adtoll-tir(Anopheles darlingi)
@atoll—qir(Aedes aegypti)

Dmtol12-tir (Drosophila melanogaster)

100 |
|

DmTol17-tir(Drosophila melanogaster)

30 — Dmtoll3-tir(Drosophila melanogaster)
ool— Dmtoll4-tir(Drosophila melanogaster)

DmTol19-tir(Drosophila melanogaster)

0.1
—

4 —— DmToll8 tir(Drosophila melanogaster)

% _|7 Lvtoll3-tir(Litopenaeus bannamei)
33

Dmtoll6-tir(Drosophila melanogaster)

5 RAGMUIBEFHNBRRAZRER
Fig.5 The sequences aligned by CLUSTALW program and the phylogenetic tree constructed
by neighbor joining methods with MEGA version 5.0

TLRs ZKJ& i A 3155 5% AL 5 R #8 Toll
ML, H TIR S544 84 Jy TLRs (54549, 4
PAMPs 7375 I T 4 M B 3% T TLRs )&, TIR £
i RE 5 T o 88+ 70 1L B 88 ( Myeloid
differentiation protein 88, MyD88) HH%5 &, & — &
H| N B 2% I 3h 4 B PR 98 A R JRE TR T 3k
BB HM. 1ok, K TLRs KK TIR 45
)+ RAF X AR H A B T RAR I Z AR E 55 R
B 5% %, BLE M FE EAH MyD88, Mal, TRIF,
TRAM Fl SARM % 5 fpHck B AfFE™ o LI
SRS H BRI MyD88 [ R W), 2 Fis
FQIIKER ( Vibrio harveyi ) R GL BT , LK 2141
MyD88 5 TLR £ix & B &R ,HZHEEAH
PR ( Staphylococcus aureus) 124, {1 MyD88 3
IREAR Y, IX Ul B 7C Bl W 7E N X B 2% PR B
RGP E A EAE

ARG Z AP R B P s IER R
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s L R R EN R B R ERE L. REF
FIRHIE 1 2R G kAL 23 A, AT % B AT AR
TLRs 4324 Tolll \Toll2 FI Toll3 =FhA[G]2E 7 ) [5]
Yy, LA BT IR Tolll 2541 B sy | i
XF % [IHEF TLR B TIR S5 A MR IF 5 5
HABFRH A HESI Y AT ZE N, B R R
iR KRR 57% ~80% 2z [a], Ui TIR
St e R R m MR, Kb 5H
A BEXTHF Tolll I FLAN XS HF Toll2 F [a] ¥ 1t
=, E ARG T RIAE B =& Z KR
BT, R G HE T 2 PR MF TLR ff B 45 5 Tolll Al
Toll2 Wif[R] R YAHI A S e ThRE. ALK M b
T IR B RE AR TS (R 6 20 21 b e R B % IR AF TLR
HIERSr cDNA 7313 34T £ )15 B 2= 4 AT, IRl it
TEVPA IV MR B M T R 4 R rp 3 3
FIAHR B % FQIRER TLR Ze R Fr B, bR TR AT
JR % [GIREF TLR B[R R 3K 4549 T BE . 40 78 B
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Cloning and sequence analysis of ¢cDNA encoding Toll-like receptor in
Macrobrachium rosenbergii

SU Jian', DAI Xi-lin', LIU Hong', LIU Wei-li', GAO Xiang', LIU Jie', DING Fu-jiang’
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Shencao Special Aquatic
Product Development Company, Shanghai 201516, China)

Abstract; In this study, we cloned a novel partial cDNA of toll-like receptor( TLR) gene from total RNA of
gill of living giant freshwater prawn ( Macrobrachium rosenbergii) of Shanghai population by RT-PCR by using
primers designed from the partial sequence from transcriptone sequencing result, then it was sequenced and
bioinformatically analyzed. Sequence analysis showed that the part of TLR ¢cDNA was 1 875 bp in length and
the open reading frame encoded a deduced protein with 575 amino acids residues. The part of TLR is a
transmembrane protein that contains several domains like LRR, LRR-CT, LRR-NT motif in the extracellular
domain and a TIR domain in the intracellular region, the common structural features of TLRs. The results of
the amino acids sequence of TIR were compared with other species, indicating a highly conserved similarity
among Litopenaeus vannamet , Marsupenaeus japonicus , Fenneropenaeus chinensis, Penaeus monodon , Eriocheir
sinensi and Scylla paramamosian. Besides, similar RF PCR products of TLE gene were also amplified from
total RNA of other different tissues including haemocytes, hepatopancreas, muscle and androgenic gland.
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