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Abstract: Olfactory organ is one of the important chemical sensory organs in fish, which plays an important
role in foraging, reproduction and migration. In order to understand the structure and early development
characteristics of olfactory sac of Sniperca chuatsi, the morphological structure of olfactory organ, structure
and early development of olfactory epithelium were observed by paraffin section, H.E staining, Massorn
staining, immunohistochemistry, scanning and transmission electron microscopy. The results showthat
Shniperca chuatsi has two pairs of nostrils, and the anterior and posterior nostrils are closely linked, with flaps
(Fig. 1a). The olfactory sac is located in the olfactory cavity, which is composed of 16 - 20 primary olfactory

lamellas (Fig. 1b). It is a G-type olfactory sac, and the primary olfactory lamellas generate secondary olfactory
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lamellas through folds (Fig. 1c). The distal edge of olfactory lamella is a non-sensory area, and the sensory
area is mainly located at the middle and proximal ends of olfactory lamellas. Olfactory epithelial cells can be
divided into six categories: ciliated non-sensory cells, ciliated receptor cells, microvilli sensory cells,
supporting cells, basal cells and mucous cells (Fig. le - g). Under the scanning electron microscope, there are
a large number of cilia coverings on the surface of sensory area, and microvilli on the surface of secondary
olfactory lamellas (Fig. 1h, i). There are convex ridges on the surface of the non-sensory region (Fig. 1j).
From larvae to young fish, the olfactory substrate of 1 - 7 days old larvae is thin and the cells are loosely
arranged (Fig. 2a). At 7 days of age, the olfactory base plate is thickened to form an olfactory fossa with cilia
on the surface of olfactory epithelium (Fig. 2b). At 10 days of age, the olfactory base continues to sink into the
olfactory fossa and forms an olfactory cavity (Fig. 2c). At 26 days old, juveniles form the first pair of primary
olfactory lamellas (Fig. 2¢), and at 55 days old, juveniles form eight pairs of primary olfactory lamellas (Fig.
2h). Before 55 days of age, the olfactory sac of S chuatsi develops slowly, the primary olfactory lamellas are
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arranged laterally, and the secondary olfactory plate is not formed.
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Fig. 1 Outside characteristics of olfactory sac and distributions of different epithelial cells of

olfactory epithelium in adult Siniperca chuats

a. AIJE&AL; b, MRFE (93 x); c. IRUMIR (400 x); d. MAFEMY] (40 x); e. HFBEIIX (400 x); £ TMREHMM (400 x); g 4B
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); p. FHHANML R (5000 %),

a. Anterior and posterior nostrils; b. Olfactory sac (93 x); c. Secondary olfactory lamella (400 x); d. Longitudinal incision of olfactory sac (40 x);

2

[

(5000 x

e. Cilia sensory area (400 x); f. Microvilli cell (400 x); g. Cilia non-sensory area (400 X); h. Olfactory epithelium sensory area (50 000 x); i.
Microvilli sensory area (50 000 x); j. Olfactory epithelium non-sensory area (10 000 x); k. Mucous cell (20 000 x); 1. Local structure of cilia
sensory cells (5 000 x); m. Local structure of cilia non-sensory cells (5 000 x); n. Local structure of supporting cells (5 000 x); o. Local structure
of basal cells (5 000 x); p. Local structure of mucous cells (5 000 x).

AE. fil%; AN. Ai4nfl; BC. JE4ifl; BL. 3%, C. £f%; CC. H@f; CNC. LF BB dii; CR. LFEBEEAMNM: DV. m/REN
W M. ZRRifk; MC. #VRAIM: MD. B0 MV, BERE: N 9% OE. Wil OL. Wil P. [MIfi; PE. JG%i; PN. JE&dl:
R. Wikf; SC. SCHFAML; SOL. IR V. /Ml

AE. Anterior extremity; AN. Anterior nostrils; BC. Basal cell; BL. Basal lamina; C. Cilia; CC. Central core; CNC. Cilia non-sensory cell; CR.
Cilia receptor cell; DV. Golgi vesicle; M. Mitochondria; MC. Mucous cell; MD. Microridge; MV. Microvilli; N. Nucleus; OE. Olfactory
epithelium; OL. Olfactory lamella; P. Pit; PE. Posterior extremity; PN. Posterior nostrils; R. Raphe; SC. Supporting cell; SOL. Secondary
olfactory lamella; V. Vesicle
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Fig. 2 Developmental process of olfactory sacin early Siniperca chuatsi
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WLEE (40 x); g.35 HESBURLTE (100 x): h. 55 HEAIRFE (40 x).

a. Olfactory epithelium of 3 days old (1 000 x); b. Olfactory sac of 7 days old (100 x); c. Olfactory sac of 10 days old (40 x); d. Olfactory sac of
22 days old (100 x); e. Olfactory sac of 26 days old (40 x); f. Olfactory sac of 35 days old (40 x); g. Olfactory cilia of 35 days old (100 x); h.

Olfactory sac of 55 days old (40 x).
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AN. Anterior nostril; C. Cilia; CNC. Cilia non-sensory cell; CR. Cilia receptor cell; MC. Mucous cell; OE. Olfactory epithelium; OL. Olfactory

lamella; OS. Olfactory sac; PN. Posterior nostril; SC Supporting cell

55755 (1999) WHHfEGE X 5 JR B X 1)
WMEH AR, Yamamoto (1982) HE4EML I 7
TR DX X ) A AR, KR B 5
4 K, BEELAT T BRI R B A7 i 11 AL e
oS, TRA A F TR B BRR 20 A7 o TV Y
FEAKEW R TRENAE. G -

J& T PREHAR 73 A IV RS, 0 e L nE e 7 59
TRGE . EHEAFIN, VAL E B ST R
b B S BESR Af , T SR B R 3 )
AT LE AT PR A ) R LR s KLt i
RIS, AT LASE A Rt g a2 K A i) Ak 2
i .



3 Wresst. SRnaes

Rak 5 Wk E 453 -

TEANEE R, W E R
BHAE;, EFEET, FEIECMBAE
HRELR, v L@ A B ESNIE AN
WK, ANTIT S I IR 52 7K A4 %% R o 1 R
KB IR 8 T4 BB 2R T,

SR I, WAL b R o AT AR R 4
MR BE . 2R, B
0 AN o K S 4 2 P PR S ) R
Jif (Evans 1982) . £FTBEIE40M AT K6 £
PRI, T 2% B B D A A B 2 A
FE. LS IR EEEANERR,
PRS2 2 B AR S R IR BURK (Sato et al.
2001, Lipschitz et al. 2002) »

32 WHREMEHPKE

BT, AR R E R
BN WS R F RLEEAR A B T R T B AR
55 EH MR RO TR R4 BT 5K R R i 1T Y
(Breucker et al. 1979) . K& Hf, nfyifh
(Dicentrarchuslabrax) (Diaz et al. 2002) -
¥ %8 (Hucho taimen) (% %45 2017)
HT % (Oncorhynchus mykiss) (Evans 1982) %%,
Hw S RERT 18, REWHmIm
WAy B KA NI, Wi (Mylopharyngodon
piceus) (FEHiEE 1982) . IR & A& Sk E0ni
Ui P I RLEEAR A B9 R TE ), WU 2R B R B
JIET 1AL

gkt fS, WRIEAR N B NR, MR R SR T
FEAEL R, Ui LN g CIF aG DhRe . 22 H
W, WRLEEHEIE R 26 HEE, WA LR ES
] R T RS | KR, e R
AWK G, MR S A AR ) AR TG
55 Hi%, CIBR 8 XTHIZ MR, = IR KA o
DRI, 5 3R 3 S sk 88 i 2% LA ) £ i
DAUESRIE KRR SE b B AR THAR, A2 S sl
AE, (HULE IR AR KT, W32 e
AR, gl 5 IRAR 2R 00 6 (Paralichthys
olivaceus) (Kawamura et al. 2008) F1Fg /7 fif
(Slurus meridionalis) (H# 2002) HFA
[, F6F25 HIRmEE e Thagth, m 7k 4

H W NRLHE L RS — XTI« H e mT I,
R A R B RN, M A

PR T RRSEAN, DL LR RGFIR AR S
547G S PEFE 28 (Kotrschal 2000, Mao et al.
2017, Cavesetal. 2018) . HHF7E, 29
H WS VLT 20 B B S 38 n, - 847 f6 0 46 Pl Vi A
T VE R R ARG CHSCRESE 2012) 5 6 42
H e IR R AR 58 CIRERALSE 2021a) o Gk
B fHA% (2020, 2021b) 38 M08 217 340 2% 7
TE 19 ~ 22 HIBHHIAERAL T8,  Ja 2R E 1
23 ~ 58 Hu AR E L 5E 8 MH A5 (2018)
RO, BFREE B 3 MR, B 28 HESREE K
Boea. BRI, S AR T AR
e ML RGAR A B, HEN L5 7E 65 54
BRI IEA G F A .

Zz ¥ X W

Belanger R M, Smith C M, Corkum L D, et al. 2003. Morphology
and histochemistry of the peripheral olfactory organ in the round
goby, Neogobius melanostomus (Teleostei: Gobiidae). Journal of
Morphology, 257(1): 62-71.

Breucker H, Zeiske E, Melinkat R. 1979. Development of the
olfactory organ in the rainbow fish, Nematocentris maccullochi
(Atheriniformes, Melanotaeniidae). Cell and Tissue Research,
200(1): 53-68.

Caves E M, Brandley N C, Johnsen S. 2018. Visual acuity and the
evolution of signals. Trends in Ecology & Evolution, 3(5):
358-372.

Diaz J P, M Prié-Granié, Blasco C, et al. 2002. Ultrastructural study
of the olfactory organ in adult and developing European sea bass,
Dicentrarchus labrax. Canadian Journal of Zoology, 80(9):
1610-1622.

Evans E W. 1982. Consequences of body size for fecundity in the
predatory  stinkbug, Podisus maculiventris (Hemiptera:
Pentatomidae). Annals of the Entomological Society of America,
75(4): 418-420.

Hamdani E H, Deving K B. 2007. The functional organization of the
fish olfactory system. Progress in Neurobiology, 82(2): 80-86.

Hara T J. 1994. Olfaction and gustation in fish: an overview. Acta



- 454 -

=24 Chinese Journal of Zoology 57 %

Physiologica Scandinavica, 152(2): 207-217.

Hussain A, Saraiva L R, Ferrero D M, et al. 2013. High-affinity
olfactory receptor for the death-associated odor cadaverine.
Proceedings of the National Academy of Sciences, 110(48):
19579-19584.

Kawamura G, Ishida K. 2008. Changes in sense organ morphology
and behaviour with growth in the flounder Paralichthys
olivaceus. Nippon Suisan Gakkaishi, 51(2): 155-165.

Kotrschal K. 2000. Taste (s) and olfaction (s) in fish: a review of
specialized sub-systems and central integration. Pfliigers Archiv
European Journal of Physiology, 439(1): 178-180.

Liberles S, Buck L. 2006. A second class of chemosensory receptors
in the olfactory epithelium, Nature, 442(7103): 645-650.

Lipschitz D L, Michel W C. 2002. Amino acid odorants stimulate
microvillar sensory neurons. Chemical Senses, 27(3): 277-286.

Lv LY, Liang X F, He S. 2019. Genome-wide identification and
characterization of olfactory receptor genes in Chinese Perch
Sniperca chuatsi. Genes, 10(2): 178-194.

Mao S, Asaoka R, Nakae M, et al. 2017. The lateral line system and
its innervation in Lateolabrax japonicus (Percoidei incertae
sedis) and two apogonids (Apogonidae), with special reference
to superficial neuromasts (Teleostei: Percomorpha). Ichthyological
Research, 64(3): 308-330.

Ramallo M R, Morandini L, Birba A, et al. 2017. From molecule to
behavior: Brain aromatase (cyp19alb) characterization, expression
analysis and its relation with social status and male agonistic
behavior in a Neotropical cichlid fish. Hormones and Behavior,
89(2): 176-188.

Sato K, Suzuki N. 2001. Whole-cell response characteristics of
ciliated and microvillous olfactory receptor neurons to amino
acids, pheromone candidates and urine in rainbow trout.
Chemical Senses, 26(9): 1145-1156.

Weltzien F A, Hoglund E, Hamdani E H, et al. 2003. Does the lateral

bundle of the medial olfactory tract mediate reproductive behavior
in male crucian carp? Chemical Senses, 28(4): 293-300.

Yamamoto M. 1982. Comparative morphology of the peripheral
olfactory organ in teleosts // Hara T J. Chemoreception in Fishes.
Amsterdam: Elsevier, 39-59.

HE. 2002. T AU AL B A BOR E IO, K
BTG R R 2 AL 5, 1-48.

B, SR, 1990, P52 SHRHT 4t S5 28 B () FL .
PN 5 TV R 27 24, 3(2): 58-62.

MR K. 1998. o[B8 R} fa 805050 38 B (MWF 50, 304y BER,
13(2): 182-194.

R, 2013, B% B AN 6 LR 3% B A L.
B R A8 , 4-72.

HH, BE R, AL, 25 2018, SIS R F 412154
1E. Bk, 53(5): 752-759.

FERETT. 1995, S AT MW AL. WEE ST, 26(5): 119-125.

HISCRE, B, BRnFN, 45 2012, S5AF s RIS % 101 14 1 2%
AR ARG, EHERRE RS2SR, 21(2): 190-198.

TH e, 5, TEA, 2 2017, TP aTHEERER T K
SRR R, KR4, 32(1): 20-25.

EFmEE. 1982, ARG E B R AL T SR L RGN R Gt
HIRAE. IKF=24R, 6(1): 77-83.

W75, WA, AR 1999, SRR FIALLERE T, Rl
KEEZEAR, 18(2): 169-172.

FRERAL, FKRAR, AR, 2021a. AL AR A I L' 40 i
HIKRE. RIS, 36(1): 110-117.

FkERAL, B4R, 2021b. Bf(Sniperca chuats)/m HNLk R G 5
RE. WHESEIE, 52(1): 222-230.

HREEL, BAAR, M A, % 2020, SRAEIINL RGEMINE K E.
KA REE, 16(6): 57-66.

RIENY, J5HEAR. 1991, SRETRAHUHI BT WLOE RN SE/E HAR
BAT AP R AR R 22 it A A A R R
WA, dbat: Bl2A AL, 140-143



