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(1. HEK =R 5T B R K = AT T AR A SRR W W T A R E e = M 510300,
2. RS KTEFREE LRSI AT ESLRE KR E RS R L
WY RGPS R ESEEE L 201306;
3. KA EMMFREIFEGRAE KA 525444)

ME KA AHARESY M HE &8 K, & 1~60 dph (Days post hatching) /Y 4§ Z %
(Eleutheronema tetradactylum) iy ik & 2 B MAK BHATH K, R THEBELXFRA AR FH
fE, #ERE, EHEN 9.0£0.5, Kk HQ28E2)CEMHT, 3dph MEREZEHI, Wi~6 ExpMHT
sE Ak B R A R R L K MR A B, FE M E AR ; £ 25 dph KT X frdE X
DB, BMRABTEARTR. 3 dph K EREM K, muEFEmd ER MFHBARK; 5 dph K1 AZ Ak
B sk Bt A, KEFGREN; MEakEk, EhFTaErtRFEERHME; 18 dph T H
EIeRA, £ 53dph TAMK, KEEEHFRNE AL R T M E#E A LA K. 7 dph
REF K, £ 16 dph g EA; BIENE RARLELRE, BHAFHEERMEALEE, #E
WA E D FRRRLE ., AR RN, WD ek B8 e FE A I ROK B AL IR T = R . Sk
JERE, REMEBREEMRIEHALATRE, THENRIHETSHEYRATEGHEER
Bz —,
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T30 2o 20 A AR AN i A2 S 5 Ak M I B R o0t A 2R DA R R IR R R A 6k EL 4 A AR
N o B R ZE R R R R TGRS E, & (Fishelson, 2006). Sk 5 F1 U 2 32 2 1 S0 K il #%
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B, SAEEMAE IS AR A (R A,
2010), HAoZEHMMA IS5 0P RN, JEH AN
21 b (R 0 2R — 5 I 200 R Ohr A4 ) 2 S 5 R G 1 L
W, BABL . . 0w, bl
UL R 3E ik Z2 FhoAL ) 3R GK ok 0 BR e IR A 5 A
(Espinosa et al, 2018; JB% K45, 2016) S etk 4 &
A RBT IER IR AR I R B2, FoE e A
1) AR B T T AL G 6 R T A IR [B) 95 0, XoF
ACTRFE AT | S8 M AP G B AR R H R A
B3 Y (Campoverde et al, 2019). IT4EN, [ P Fhik
K2 1 2R F O R R A E R A R F T
JEWFSY, UNAE K VE 2 i fiL(Argyrosomus regius) . %
[ f& ~% i (Pter apogon kauderni) . %t I ffi (Barchydanio
rerio var) . F &F (Paralichthys olivaceus) . # fi
(Ctenopharyngodon idel lus) fi &7 A B 1. (Epinephel us
coioides)SF Z AP a2 L L1l (Campoverde et al, 2019;
Fishelson, 2010; Danilova et al, 2004; Liu et al, 2004;
TEEWEE, 2013; REHE, 2003).

VU $8 I fif (Eleutheronema tetradactylum) {8 Fr &
KA P SRAE R A TR FNRA X, 3
BT T EDBEVE RN PEPU S, 7RI E B0 . R
T 1 AN Y46 4345 (Moore et al, 2011; Wang et al,
2014), HAFE L, SFRMER, BARFIRHE
Al . 2012 IR ERAAL 2 N T2 H/ MIR5 s 5
fif J A0 A RAF Y], ST AFSRSESSFES AR L T L AR
i I w11 0 N 1 1/ N/ A NN 1 s 3 32 AR
JE T FRFHBRMET N, DUAE Hy ik O R K s S
B BT A R MO 48, 2015), HAT, DOFS ik i A
R MFEHEARC LN, (AfEfFHEf S R BB B
WK EILT NG, IR, 76 R S5 o R o6
PR FE R, 25 5 N F T ez s, Hrb s
K S — DO Rl 35 47 46, 2017), 2RI A E
X B E B AR T, OC T DU S Mk L A
KRB AT B RiAE B P A R I HRGE A TR
A W 2 22 0] 7 FHE Yo ARG AN T8 1)
e SR A E AT T, N RIS E KT W
£ BE AT LA G2 16 PR S R E] , SR EL A B &
B AR LUESZR AT, VIS s Sk 0 5L ah R4
SEGORE, O HOERP R B R M R SR AR E 2

1 #MR57EE
1.1 SRIEHH

SIS BT FH A DU 48 T A 7HE 47 R 20184F6~9 A 7E
[ K 72 Bk 2E WF 5T g B T 7K 72 WF 5 T B 38 06 5 b 1%

B,

1.2 SR AHE

1 AL BB S5 X R 25 (2017) B 5 25 ik
1T . W#4kJ52 dph (Days post hatching, dph)¥f £ 1 & T
1000 L A HDEMR TR 858, BORTHT, ZKAH hf s 42 #h
ANEREERES L, R ES IR K FEARER £ 0.5~1, H 3
ERBEF% 229.0£0.5, A KIE M (28+2)°C, 7 dph AL
FA RS LA, 25 dph B i BTG 15 4h1A, 30 dph
B MR R LA TRDRF I a8 2N Tk ekt 1~
18 dph, AR RHEUFEIYK; 20~45 dph, 45 dEUEEIR; 45~
60 dph, 7 dUCFELIR, RRELISE . HUFERT, ids%
i HiE, IR IR R R OEHE0.01 mm)ill &
2R, BT4%ZRPEETEE, 24 Wi AT0%1 2,
FE R AT . S5 g B2 014) M 7 RV TR %
5 T R G AR S R AT K 0P 12 h, £850% ~ 100% 71
JE LR K (50% L2 h, 70% 4 h, 80%#2 h,
85%Z M52 h. 95% 1545 minx2 . 100%Z. 545 minx2),
T REBH2TK ZEEH 2R EIRAW h,
7815 minx2), RIECTIE2 hx2), AIEAHE, 24~6 um
MR RE AT LY 7, IR AR —H4L(HE) 4t
PR IE S, 7EZEISS Axio Scope. A1%%2% i i
BE(TEE) N SR IE % .

2 #R

2.1 B4R

3 dph, MOMRRFIFHIER, o THE3EET LM
b, 4~6 7 A 34k T 20 RNk O R 20 BELRE B 4 A 2
B, AR, B SGRE , s, 2R HIRYE,
RSN b R i ATE (BT 1A), 6 dph, MafiRMA
WK, BEMETE, MR L, e, B
NIREL IR, A, IR (K 1B). 18 dph,
W R AN 25 4 AL SRS, IR A M 2, R
(1 1C)o 20 dph, Z545 2 ZUTT U6 1w e i 552 I £ J 410 i
PR B /N /N [B) 45 2 dH U8 1 /N B HL Ay
AN /NG (] 1D), 25 dph, JRBR5 3k B A5 245 45 41 20
HHE(E 1), BB IX R, B IX A TR RN,
WA, B ORI, A2 oA ; Bk
XA FRIBRENZ, & Ok, ke ampieEx b,
BN 5, TN RSB, NS AS SE BRI
(B 1F)o MR 322 ph 25 €0 A R 1) bk O 3 200 R £ 24
R o R == e 1

AN, R LB SR, BRRSMNEA — L5
IR AN A, MRSk B A Il A E R (EI2B),
FIRF AT, MM " Wi Ras gL, Hof
553 B ST 43T
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Fig.1 Development of thymus in E. tetradactylum

A: 3dph (Days post hatching), 7~ JiR#k ELEEANM, 400x; B: 6 dph, 7= ARk ELBEAN A/ N B AT, 400x;
C: 18 dph, /RGN B NS 45 L ZUPE I, 200x; D: 20 dph, REGHR/N . /NGE KRS HEE, 200% 5 E: 25 dph,

NSk AR, 100x; F: 25 dph, 7 g e R IX

BATX . /N, /NBE, 400x; CTC: SEZFHIUBEE; CA: BRX;

DT: Hfkil; G: 67 LB: WELANME; MA: BEIX; O: H4%; OP: #lui#; PR: k'¥; PRT: Ai'H4H;
SL: /MRILAAN; TH: Mfig; TL: Mfg/hit; TT. BR/NGE; TN: Jafg/hgs
A: 3 dph, showing lymphoblasts of the thymus, 400x; B: 6 dph, showing lymphoblasts and small lymphocytic of
the thymus, 400x; C: 18 dph, showing lymphocytes and connective tissue, 200x; D: 20 dph, showing thymic lobules,
trabeculae, and nodules appear, 200x; E: 25 dph, showing thymus and pronephros; F: 25 dph, showing the cortical areas,
medulla areas, lobule, trabecular, 400x; CTC: Connective tissue; CA: Cortical areas; DT: Digestive tract; G: Gill;
LB: Lymphoblasts; MA: Medulla areas; O: Oticcapsule; OP: Operculum; PR: Pronephros; PRT: Pronephric tubules;
SL: Small lymphocytic; TH: Thymus; TL: Thymic lobule; TT: Thymic trabecular; TN: Thymic nodules

22 *'E

1 dph, SKWFJEIEMARIE AL, JiE VA HE EHE
WKFJEH, JFOFALTT. 3 dph, JE'B4S 1k
B R N1 = = = = K= o N = S o DR
T A TR /D A AR 1 8 L 4, e Sk VB D 3
(K 2A), 5 dph, Fi'E4 A N4 BRI
K, SKESNEA A aBE A A, 2 Bk ELRE
HA, B0 (K 2B), 7 dph, HiEEERIEK,
EREAN LT ARG, MM RO, B A AN Bk
REGA M ANEDE AoRL A i, 4 AU R, miE s
Z a4 DT AN A A (K] 2C). 15 dph, Sk 'BFAYHKEL
Yo AL B S, IR LA R 22, A 2 R S
FAMEE L, ARl 2D). 18 dph, FI'E
B RIRAL, &R B T 4 5 Rk A kg 2
B, I E RS IX (K 2E), 20 dph, k&
WHBLE IR, AR PE | L anys R
i, WREAN S X, R 2, 7 AN &
19 UL B HE (o B VAR (] 2F), 25 dph, KAl

R, U AR L 3G TG, I B A % 2 e AT
WA, AT E SN (B 2G). 30 dph, HiEE
WD, B R R, B b R A R v A A i A 4 &
(K 2H). 35 dph, KBk g, HA DS
FRR LR B R /NE A (B 21), 40 dph, Sk NERLT
206035 IR, AR ECL 400 B R 20 SR ) o A, A L (ks
TR B T B 40 i B IXORN 2 A ROk 0 I 4R R X
(Kl 2)). 53 dph, Hi'EEELBRMK, (AL EIBE
(R4 R B (B 21), #RbkiE ARk, WARZW
M AAEE 2K), e al 6 sk B A 2 2R s ke o Sk
B A P A A BT, S92 Fl R P 7 L A L o 2
FURL 20 M T, (UL E R A R -E RE A R A P,
I CE0 240 B 4 b DXORIDR, 20 L 4R P X LR I, O AR
ANKRI

2.3 fRAE

7 dph, MUSCEEL, AL TmEEFRM, Jf-pipeE
YU, GRIETE , dygiAs i 18] 78 57 40 i 28 0 5 4
EAN(E3A). 16 dph, SRR, BUE, NE/DR
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Fig.2 Development of head kidney in E. tetradactylum

A: 3dph, /R3E I T4 T RIRTEE, 400x; B: 5dph, /i KARTEERIKEAZ, 400x; C: 7dph, /mARLEEHIA
PHTE A, ERIZALY, WRCLRRARAE, RCZNNE, ZDA0MI, 400x; D: 15dph, JRHETEA, WKL, ZL400E, 400x; E: 18 dph,
IR A AR XCRIIR AL R S, DR T4RL, 200%; F: 20 dph, 7' ERANM, FEE, RN, WO, EWRAINE, 400%;
G: 25dph, RAEATEFIRIL(A), WBEAIMA, 200%; H: 30dph, /wETEE, W LR, FE#HAMAT, 200x; 1. 35dph, /&
Tk, MSE, FTEE, 200x; J: 40 dph, ASETEE, MSE, IMAHML, WRCLARM, Ri4AME, 400x; K. 53 dph, Rk, 400%;
L: 53 dph, /REIRILAYRTER, 400x; AC: JAT-4HML; AG: W LHR; AGC: W DIRZAAE; ALY: WREAHMAETIX;
BC: IM#4ff; BS: I5E; CCM: &AM CV. wWotilk; DT. HLiE; G: 885; GA: RZld; 1T: HRIHL;
LP: JFEZEL; LT: 418y LB: WREEAEM; LY U400, MA: EWE4E; ND: B4
PR: HI'¥; PRT: ATH; RBC: ZL40HE; V: #ilik; VPRT: iBILMATH 4
A: 3 dph, showing hematopoietic stem cells of head kidney( T ) and pronephric tubules, 400%; B: 5 dph, showing enlarged pronephric
tubules and lymphatic tissue, 400x; C: 7 dph, showing pronephric tubules continues to enlarge, inter tubular tissue, lymphocytoblast,
granulocytes, red blood cell, 400x; D: 15 dph, showing pronephric tubules, lymphocyte, red blood cell, 400x; E: 18 dph, showing
lymphocytes accumulation, degenerated pronephric tubules and apoptotic cell, 200x; F: 20 dph, showing adrenal gland cells, pronephric
tubules, granulocytes, lymphocyte, macrophage, 400%; G: 25 dph, showing a lot of pronephric tubules degenerate( A ), chromaffin cell
mass, 200x; H: 30 dph, showing pronephric tubules, adrenal gland, chromaffin cell mass, 200x; I: 35 dph, showing central veins, blood
sinus, pronephric tubules, 200x%; J: 40 dph, showing pronephric tubules, blood sinus, blood cell, lymphocyte, granulocytes, 400x;
K: 53 dph, showing vein, 400x; L: 53 dph, showing vestigial pronephric tubules, 400x; AC: Apoptotic cell; AG: Adrenal gland;
AGC: Adrenal gland cells; ALY: Lymphocytes accumulation; BC: Blood cell; BS: Blood sinus; CCM: Chromaffin cell mass;
CV: Central veins; DT: Digestive tract; G: Gill; GA: Granulocytes; IT: Inter tubular tissue; LP: Liver primordium;
LT: Lymphoid tissue; LB: Lymphocytoblast; LY: Lymphocyte; MA: Macrophage; ND: Nephric ducts; PR: Pronephros;
PRT: Pronephric tubules; RBC: Red blood cell; V: Vein; VPRT: Vestigial pronephric tubules



74 woooor B % 3 R 641 %

WS Bk 2 41 i B8 3 I T B, I IR LR Ik AR (B3 B) . I(EI3E), 35 dph, M0 Z F AN R AE O B
20 dph, MR K, I A0AE -5 20 4 e AR ) HES Z, B, e g £, g,
AT UG BR A LD A MO A s TR A RE A 40 i L A B BEH S Uk L A A R X (IBI3F) . 45 dph, 454F2H41
LU AT A HES B, BRRAREE M (E3C). Bl RS ARSI 5T YT BN, RN IR TR B, B
25 dph, MAMERFEIEAE, WEARZEEG K, B QRIR AR E QBRI REIT UG X 7, 2040
YA I 22, fH L 2R (0 2% 1 I A i SR 4 R (I3 D). %, E WA B (E3G), 53 dph, k40K 1
30 dph, JRIERE K, /NRELAIIG 2, B rgEgniE R, hn, HEME, BEAEE3H), 20865 RS HE
BB @, FORAHIN; BANMAE 2, R RS54 B, NSRRI (E3) . BERt, MLk T HRARTEMN,

3 DO Sl Y K

Fig.3 Development of spleen in E. tetradactylum

A: 7dph, ZRRESEEFIBEAE, 400x; B: 16 dph, FRHEAFRMER, AHMIIFaRHkEAL, 200x; C: 20 dph,
ARIRELREAN, /NR L AT RIZT 4N, 400%; D: 25 dph, /NG E-EWEAIERE G, KB, M, 200x;
E: 30dph, /NKEAMIEZ, /REEANNE, #EA, 200<; F: 35dph, 7"k, wEAHIERAEX, 200%;
G: 45dph, /wIE/NGE, 288, AR, 200x; H: 53 dph, 200x; 1. 53 dph, /nM8sE, 2088, Hf, 200x.
BL: M%&; E: MBI{K; IN: ; LB: WIE4IM; LC: WMEAIMBERENX; M: FEBEAIH;
MC: BEE-CMANEEESO; PA: BEE; RBC: £Z4108; RP: £08f; S: H; SE: KK,
SP: JE; SL: /NRL4HMI; ST: MUNZE; SI. MSE; V. ##hk; WP: i
A: 7 dph, showing the spleen primordium and pancreas, 400x; B: 16 dph, showing the spleen bulked up, and the cells began to
lymphatize, 200x; C: 20 dph, showing the lymphoblast, small lymphocytes and red blood cells, 400%; D: 25 dph, showing blood
vessel, melano-macrophage centers and serosa, 200x; E: 30 dph, showing small lymphocytic increase, macrophage and ellipsoid,
200x%; F: 35 dph, showing central veins, lymphocyte aggregation center, 200x; G: 45 dph, showing spleen trabecular, red pulp,
white pulp, 200x; H: 53 dph, 200x; I: 53 dph, showing splenic sinus, red pulp, white pulp, 200x. BL: Blood vessel;
CV: Central veins; E: Ellipsoid; IN: Intestines; LB: Lymphoblast; LC: Lymphocyte aggregation center; M: Macrophage;
MC: Melano-macrophage centers; PA: Pancreas; RBC: Red blood cell; RP: Red pulp; S: Stomach; SE: Serosa; SP: Spleen;
SL: Small lymphocytic; ST: Spleen trabecular; SI: Splenic sinus; V: Vein; WP: White pulp
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(EL R, ARG RSk, IRAn gk sk 2 AL . it
(N B2 RGBSR W ik, H 7 o e i =k
18, bk L 40 i B T RSk

3 iTig

VP2 g kg mt, WiREE—-1kE
AP E, WD TE 4 dph B, IR AE
ik EL 28 B T 4R & B Z ATl C 4 JF i (Hansen et al,
1998; Willett et al, 1999). AMFFELE R Wox, MR
£k e it Jir 6 R S D R SAHE 3 dph R, LR R R
KRB B, 25 dph FEA KT SN, 1k B itk AL
e PR JEIENAE 7 dph TR Y, A H SRR N EE .
DU Fe E fif b L B A B P R G 2 R R L Sk L A
AUk B AE Sy 0 25 v K G 8 2 B AE 4R R LR R R
BB e e HLRE H A 2 4E H (Rauta et al, 2012),
X 5 b A B 45 47 (Rachycentron canadum)Z5: 6
KA TGS R —B(R AT 5, 2003; TR A ARAE,
2008) PU+s S fif i) kg iR 5 SR s 2 20 AR R
S K B UTAR OG , 3XA AT A RN 6 2H 2R
JEAARE, A2 R 757 96k O 40 AR 3 bk 4 A A% A ELAR
H, RIEGPERIHIfE(Boehm et al, 2003). M ff£H 21
SERE I AR AE R Bt 2 TR R i B AT AR Y, TR 2R
Hh fie B A R ST RN B BT A ] R Y 43 Ak (Liu et al,
2004). 25 dph JRgE B2 BRI T DX 4 B B, BT AT DA
BRI EESE, o, B LA SMEMST
JE ATk B 20 B T A1) FH (Schuurman et al, 1997), AS[EIHY
LA RE BE A7 AE 22 57 7T e 5 M iR 1 41 20 45 4
TEA— KR,

AW A, TEDUTs Sk R R iR, iR
HMEA — S BRIk LA B AR Sk B AR AR
HYIM B #EHe. [FEE, 784k (Sparusaurata) .
% | 1 (Oreochromis spp) . ML (Poecilia rticulatus) .
i (Pleuronectes platessa)<5 124 s A ¢ T i 5 3k
B FEAEm M “#r” A% Y IE (Josefsson et al, 1993),
3 dph B, DUFE hfk Sk B DL v oK 4 Y 3 i 4
TEIE SRR S B B i T A AL, stens, B Fn sk B
YIRFFURIRE AL 5 dph s A obk B4 400 ff A 13 3k B AT
Bl g, Sk T IT ih o1, Bk E AR
U, IR Sk IR Ik L A4 AR DA BT A T Sk 3
— W R UE (Josefsson et al, 1993; Bowden et al,
2005), fH5Rb A B 0 (R4 905, 2003) K% U IE 6 5
(Trachinotus ovatus) (Z53CHE4E, 2012)AYFFFT 45 AR
JURATR], AT DA (] fg £ 24 HG S Y ok 28 200 e 1) U A A
2500, DUHE S Sk E R R T R IMA R Z 0 E NS,
HRAR, WREMRS 2, 18 dph BB /NEFF IR

Bk, HFI53 dph'E/NEA SRR, TGk FE MK
ELZ0 AR L R AT A 40 M A e, A Sk B R T L
AR T EE IR R . X 50, R A
BEfn . ®A4 . 8% (Sniperca chuatsi). i (Pelteo
bagrus fulvidraco)% Z 025 I BFST 45 R (R 4 0
4502003; EHEWSE, 2013; WS %, 2005; XI/NE
%5, 2009), 20 dphif sk B I b 3 B0 /0 5 05 200 fif A
BRANAE, WA A T A R KR B R, i
A Bl T RO i T e A I Bk B AR AR R
AL PR T, 22 BH DL DU s E ik i Sk o] RE T IR B e
PRI ) HE (Pressley et al, 2005; Nayak et al, 2007;
Fishelson, 2010). 25 dphff=k Sk gupadt £, %
HH IR A 0 R € ) R A R AT T A Y
BN T R A0 PT S0 ) LAS T e SIS0 25 0 B Jo 2 [T e
W, IS 5K ER ARG S 3 % N (Geven et al,
2017), FRWEJFESEEAET dphist tHBE, kSRR R R
30 dphif A ER-E AR E b0 H B, 5 AW
W%, HA MG 7 G0 b i bk ol i P A ks ) 5 i)
YRR, 8812 FAAE Wi 7K 5 R o 4 feke BREBR 10 Ay A=
Fric (/NS 45, 2009), 53 dphist 21865 1 il AH E] HE
G, KA ANBRES, BRRs, AL v oA LA 5 R A i A
RPEUIRE, TWEMLERBEE ., EREEE SRS,
CTANA TR IER, B K, I RGk ik, R
g i LA AR B A o YR D8 A A T R (X LR
45, 2015) AHXT T MO BR AN SRS, RELIE M L Ak B
S0, IO A0 ARt I 0 T M R AN Sk B, T D AR
AT B33 P AT A UEL (1) M 37 (Rauta et al, 2012),
XFTHHMES I T, GsE 1 1 A S AR T g
WRELERE R B B . WFFE I, 0 2k B 20 i Y
PUIEAARF LT B8 A2, 11 bk B 40 i 1) T Bl A £
FEbk LA B A IR, — e g LS A4 & B o8
B, TG E T RE Y 57 3 W B R (R 4 98 4%, 2003), UL
Hh, EIER AT LS RIRE L B 285 7 SR )
SN, ANIRET IR B 25 B2 i i i R S S5 W i & B LA
Kb B 40 i ) A il (Bowden et al, 2005), # ¥ ik =
gk . B A S PE Lh fa rE d E D RE RN 25 A Y
M (Guo et al, 2017; Chen et al, 2017; Lin et al,
2018); TR 182 Mo 400 8 0 | o S A 2 S g 7 A
FURIEZ A, GG ASE SR T, (2 ) 22 5]
W IRAR 1R 28, 25 25 A /7 (Zheng et al,
2018). X HAh M, PUHS D8Rk 2% 5 R 3
A S () s, AR AR LA g T, (H Sk R
k& B R IG o DUFE Eh R D M IR 28 o A 3 | HE £ 1)
T3 2 £ 00 75 A K g — Bk a] 5 98 . MHE £ 3] 2y 1
X—ABEBTHE, ARMESSEHSRENET M
b T A N SE AL B, 0 b IREE R 1R R
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PEK CL 0 B 45 H S D RE R YR, 5 BOH S Bl A
PLAERLSS , XA RER A S eSS, %55 W,
FET 8 1 1 2R o A o a2 ] A ik 5 E— 2D 1 A g
PAEALE T5 TR AT ST, 18 i b 5 7 MBS £ it BRE 57
SHHAT BB L

& % x #

Boehm T, Bleul CC, Schorpp M. Genetic dissection of thymus
development in mouse and zebrafish. Immunological Reviews,
2003, 195(1): 15-27

Boehm T, Hess I, Swann JB. Evolution of lymphoid tissues.
Trends in Immunology, 2012, 33(6): 315-321

Bowden TJ, Cook P, Rombout JHWM. Development and
function of the thymus in teleosts. Fish and Shellfish
Immunology, 2005, 19(5): 413427

Cai WC, Ou Y], Li JE, et al. Development of immune organs at
early stages of Trachinotus ovatus. South China Fisheries
Science, 2012, 8(5): 39-45 [#3CH, XIUH, 2L, 4.
YN BR S S e 4% R UL H . BRI R, 2012,
8(5): 39-45]

Campoverde C, Andree KB, Milne DJ, et al. Ontogeny of
lymphoid organs and mucosal associated lymphoid tissues
in meagre (Argyrosomus regius). Fish and Shellfish
Immunology, 2019, 84: 509-520

Chen K, Jiang WD, Wu P, et al. Effect of dietary phosphorus
deficiency on the growth, immune function and structural
integrity of head kidney, spleen and skin in young grass carp
(Ctenopharyngodon idella). Fish and Shellfish Immunology,
2017, 63: 103-126

Danilova N, Hohman VS, Sacher F, et al. T cells and the thymus
in developing zebrafish. Developmental and Comparative
Immunology, 2004, 28(7): 755-767

Espinosa C, Garcia Beltran JM, Esteban MA, et al. In vitro
effects of virgin microplastics on fish head-kidney leucocyte
activities. Environmental Pollution, 2018, 235: 30-38

Fishelson L. Cytomorphological alterations of the thymus, spleen,
head-kidney, and liver in cardinal fish (Apogonidae, Teleoste)
as bioindicators of stress. Journal of Morphology, 2006,
267(1): 57-69

Geven EJW, Klaren PHM. The teleost head kidney: Integrating
thyroid and immune signalling. Developmental and
Comparative Immunology, 2017, 66: 73—83

Guo YL, Jiang WD, Wu P, et al. The decreased growth
performance and impaired immune function and structural
integrity by dietary iron deficiency or excess are associated
with TOR, NF-«xB, p38MAPK, Nrf2 and MLCK signaling in
head kidney, spleen and skin of grass carp (Ctenopharyngodon
idellus). Fish and Shellfish Immunology, 2017, 65: 145-168

Hansen JD, Zapata AG. Lymphocyte development in fish and
amphibians. Immunological Reviews, 1998, 166(1): 199-220

Hu LL, Li JE, Ou YJ, et al. Study on microstructure of
head-kedney and speed of Oplegnathus fasciatus. South
China Fisheries Science, 2010, 6(3): 4145 [#I¥%¥, 250
L, XH, %5, F A0 083k B RBIE ) I as f g, me
JrK7E, 2010, 6(3): 41-45]

Josefsson S, Tatner MF. Histogenesis of the lymphoid organs in
sea bream (Sparus aurata L.). Fish and Shellfish Immunology,
1993, 3(1): 35-49

Lei XB, Chang OQ, Shi CB, et al. Histological and
immunohistochemical observations on the early development
of head kidney in Ctenopharyngodon idella. Journal of
Fisheries of China, 2013, 37(6): 840-850 [ &5, W 2L,
AP, 5. TS R A 2 5 e 2 UL S AR,
K=, 2013, 37(6): 840-850]

Lin W, Li L, Chen J, et al. Long-term crowding stress causes
compromised nonspecific immunity and increases apoptosis
of spleen in grass carp (Ctenopharyngodon idella). Fish and
Shellfish Immunology, 2018, 80: 540545

Lin XZ, Ou Y]J, Li JE, et al. Present status and foreground of
family threadfin fishes (Polynemidae). Journal of Biology,
2015(4): 83-87 [, XUH, 2L, 5. DF}
(Polynemidae) ffi 2 i iff 58 AR S JR BB, AR W~ 4=k,
2015(4): 83-87]

Liu QQ, Wen JF, Ou YJ, et al. The effects of acute off-water
handling stress on the tissue structure and oxidative stress of
juvenile Eleutheronema tetradactylum. Progress in Fishery
Sciences, 2017, 38(6): 48-55 [X|& &7, IRAME, X XE,
. SME B KR E B a0 X DU 5 I i (Eleutherone ma
tetradactylum)4)y £ 41 ZLZ5 A6 R AL L 52 el B
2FEE, 2017, 38(6): 48-55]

Liu XL, Ge HY, Gu ZM. Ontogeny and structure of head kidney
of Pelteobagrus fulvidraco. Journal of Hydroecology, 2009,
2(3): 108-110 [XI/NFY, B3R, RS, BORM0 LS
HA KA SHBAGEMPIE. KAED%ZRE, 2009, 2(3):
108-110]

Liu Y, Zhang SC, Jiang GL, et al. The development of the
lymphoid organs of flounder, Paralichthys olivaceus, from
hatching to 13 months. Fish and Shellfish Immunology,
2004, 16(5): 621-632

MaDC, Ye LH, Xu AY, et al. A histological study of Tylorrhynchus
heterochaetus. South China Fisheries Science, 2014, 10(4):
58-63 [HhiE &, AT, VPELE, 55 VT R4 R
HIEETTFE. R KR4, 2014, 10(4): 58-63]

Moore BR, Stapley J, Allsop Q, et al. Stock structure of blue
threadfin Eleutheronema tetradactylum across northern
Australia, as indicated by parasites. Journal of Fish Biology,
2011, 78(3): 923-936

Nakanishi T, Shibasaki Y, Matsuura Y. T cells in fish. Biology,
2015, 4: 640-663

Nayak AS, Lage CR, Kim CH. Effects of low concentrations of
arsenic on the innate immune system of the zebrafish (Danio
Rerio). Toxicological Sciences, 2007, 98(1): 118-124

Ou YJ, Liu JH, Li JE, et al. Morphology and histology of
head-kidney and spleen in Cromileptes altivelis. Journal of
Southern Agriculture, 2015, 46(11): 2034-2039 [IX 3 H,
XITAE, 2L, 45, JEE sk BRI PUIE AR S 412 0
2. BT FR, 2015, 46(11): 2034-2039]

Ou YJ, Xie MJ, Li JE, et al. First maturation and mass seedling
propagation of cultured Eleutheronema tetradactylum in
Guangdong Province. South China Fisheries Science, 2017,
13(4): 97-104 [IXSH, #IARYE, 22MUL, 5. T ZRER:
H PUHR Dyl 5 A U AT B R A S ORISR
BT KEREE, 2017, 13(4): 97-104]

Pressley ME, Phelan I PE, Witten PE. Pathogenesis and
inflammatory response to Edwardsiella tarda infection in
the zebrafish. Developmental and Comparative Immunology,
2005, 29(6): 501-513

Rauta PR, Nayak B, Das S. Immune system and immune
responses in fish and their role in comparative immunity
study: A model for higher organisms. Immunology Letters,



WA AT DO SO DA E A T AR A 77

2012, 148(1): 23-33

Schuurman HJ, Kuper CF, Kendall MD. Thymic microenvironment
at the light microscopic level. Microscopy Research and
Technique, 1997, 38(3): 216226

Su YL, Feng J, Guo ZX, et al. Morphological studies on the
development of lymphoid organs in Cobia Rachycentron
canadum. Marine Fisheries Research, 2008, 29(4): 7-14 [#»
KAk, IR, AW, . EEaKOHEERFNESY
5. WK T=IFFT, 2008, 29(4): 7-14]

Tian JY, Xie HX, Yao WJ, et al. Ontogenetic development of the
pronephros and the distribution of B-lymphocytes in adult
pronephros of the mandarin fish Sniperca chuatsi. Acta
Zoologica Sinica, 2005, 51(3): 440-446 [HHZ, WHEHE,
WA, AF. SRSk B A SURAE RSk E B O
MBI 4. shAR, 2005, 51(3): 440-446]

Wang JJ, Peng S, Fei Y. Low mtDNA Cytb diversity and shallow
population structure of Eleutheronema tetradactylum in the
East China Sea and the South China Sea. Biochemical
Systematics and Ecology, 2014, 55(2): 268-274

Willett CE, Cortes A, Zuasti A, et al. Early hematopoiesis and
developing lymphoid organs in the zebrafish. Developmental
Dynamics, 1999, 214(4): 323-336

Wu JY, Lin HR. Ontogeny of lymphoid organs in the orange-
spotted grouper (Epinephelus coioides). Acta Zoologica Sinica,
2003, 49(6): 819-828 [R&Tr, MiLIR. RbHF A BT
WEMEE B AL S, 2003, 49(6): 819-828]

Xing HF, Gao FT, Zhang YZ, et al. Molecular cloning,
expression and SNP screening of natural resistance-
associated macrophage protein (Nramp) gene cDNA from
half smooth tongue sole (Cynoglossus semilaevis). Progress in
Fishery Sciences, 2016, 37(4): 116-127 [JRB &, mI&i,
FkokE, . 2155 5 (Cynoglossus semilaevis)d K 7o
535K B SNP fiiik. b Bl2EbE, 2016, 37(04):
116-127]

Zheng L, Jiang WD, Feng L, et al. Selenium deficiency impaired
structural integrity of the head kidney, spleen and skin in
young grass carp (Ctenopharyngodon idella). Fish and
Shellfish Immunology, 2018, 82: 408420

CT B3 T

Histological Observations on the Early Development of Lymphoid
Organs in Eleutheronema tetradactylum

LAN Junnan'?, WEN Jiufu', LI Junwei', OU Youjun'”, ZHOU Hui', LI Jiaer', LI Huo®

(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture and Rural Affairs,
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300; 2. Shanghai Ocean
University, Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education; National
Demonstration Center for Experimental Fisheries, Science Education; Key Laboratory of Marine Animal Taxonomy and Evolution,
Shanghai  201306; 3. Maoming Jinyang Tropical Fish Breeding Co. Ltd, Maoming 525444)

Abstract

This work focused on the histological study of the ontogeny of lymphoid organs by paraffin

tissue sections and HE staining techniques in Eleutheronema tetradactylum, from 1 to 60 dph (day post
hatching). The results showed that in the conditions of salinity 9.0+0.5 and water temperature (28+2)C,
thymus primordium appears at 3 dph that composed of 4~6 layers of undifferentiated stem cells and
lymphocyte-like cells; thymus differentiated rapidly and mainly filled with lymphocytes; at 25 dph, the
cortex and medulla are clearly distinguished and thymus development was basically completed. Similarly,
the head kidney primordium formed at 3 dph, it consists of pronephric tubules and a few of hematopoietic
stem cells; at 5 dph, the head kidney began to lymphatize when the thymic lymphocytes migrate there,
and hematopoietic stem cells differentiated into different types of cells as the fish grew; at 18 dph,
pronephric tubules began to degenerate and disappeared completely until 53 dph, when the head kidney is
mainly composed of lymphopoietic tissue supported by reticular endothelial system. At 7 dph, the spleen
primordium appears and begins to lymphatize obviously until 16 dph. The endothelial system of spleen is
more developed than that of head kidney, but its development speed is significantly slower than thymus
and head kidney, and lymphocytes are less than in the thymus and head kidney. These observations
suggested that the respective lymphoid organs primordium becomes the thymus, head kidney and spleen
successively. The structure and function of the lymphatic organs in E. tetradactylum have not been fully
developed and maybe one of the main causes of high mortality during the metamorphosis period. This
study is of great significance for optimizing breeding conditions, improving juvenile cultivation and

healthy aquaculture technology.
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