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HE Li-Yun, WANG Fan, LIN Tao" (College of Life Science, Shangrao Normal University,
Shangrao 334001, Jiangxi Province, China)
Abstract: The oriental fruit fly (Bactrocera dorsalis) is a serious agricultural pest, particularly
during its larval stage, when it poses significant threats to crops and leads to reduced agricultural
yields. Serotonin (5-HT), an important neurotransmitter, regulates various behaviors in insects,
including feeding. Therefore, investigating the serotonergic neural network in the brains of B.
dorsalis larvae is crucial for clarifying the specific mechanisms underlying behavioral regulation
and for developing behavioral modulators targeting this pathway. In this study, we performed
immunohistochemical staining of the nervous system of third-instar B. dorsalis larvae using
synapsin and serotonin antibodies, followed by analysis of the structural features and distribution
patterns of serotonergic neurons using laser confocal microscopy. Our results indicated that the
central nervous system of B. dorsalis larvae primarily consists of the brain and thoraco-abdominal
ganglia, which were interconnected and exhibit a bilateral symmetrical arrangement. We found
that the neuropils in the brain were underdeveloped, with the gnathal ganglion and thoracic
ganglia each containing 3 neuromeres, while the abdominal ganglion comprises eight, with
distinct boundaries between each neuromere. A total of 86 serotonergic neurons were identified in
the brain of third-instar larvae, including 20 in the central brain, 22 in the gnathal ganglion, and 44
in the thoraco-abdominal ganglia. The 20 cell bodies in the central brain can be further classified
into four clusters, each containing 1 to 3 cell bodies. Additionally, six commissures connecting the
two brain hemispheres were observed. The SE2 and SE3 cell body clusters in the gnathal ganglion
project neurites to form commissures. The serotonergic neurons were symmetrically arranged on
both sides of the thoraco-abdominal ganglia, extending neurites outward to form additional
commissures. This research reveals the distribution characteristics of serotonergic neurons in the
nervous system of B. dorsalis larvae, providing an anatomical foundation for understanding how
this biogenic amine regulates behavior. It also offers insights into the development and assembly
of serotonergic neurons in dipteran insects.
Key words: Bactrocera dorsalis; larvae; nervous system; serotonergic neurons; distribution
characteristics
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WALVE (TURTAE, 2022) o X—ATNABERE 7RI, EHRETESME, EA5
JEAR AR BNIE T 4, IR 7RSSR . A, R F RS E TR, HEY)
HURE MAGE BT RS 5 A S B AR, 24 R R T B IR IR . A /N S ) B Y
)z, A% E RERAMEY P B T R S R, AR IR T EAEA AL A
RET IS EE (FH%, 202D o HEl EEULERE . EWPE IR &0 BB
A0 0 SRS SR AR S S o SR A /N SEBR N M S (RIWE, 2023) 5 LR BE VA R BN LI
Jride, AHIXR G SO 4l BB IR A R AN EE AR, R, 0 TR ST R AT X /N S0 4l
BR (¥ VR 45 R 7T o 30 X )y B AT A R B A 22 P AL ] R R N 9 PTA R HEE E 1 AT
SR AR B E A

5-#2 % (5-hydroxytryptamine, f&jfR% 5-HT) , AR ANIMIEZ (Serotonin) , A& —Ff
BB E ARG, T AAE T B U AR R GRS R, k) B AT g i
S Sz MR TSR 2 AN T AR R (G B & SE, 2014; Vieugels eral., 2015) . 1
S5-HT of SR 11 27 > AR AZ T i 280G B 22, Rl B VAT Dotk 3R 1& R A8 ) ( Sitaraman et al.
2008) . WFFEE B S-HT I Ao # 4ot B 1) S-HT1B 52 7K 8 4% R 15 SR W6 Drosophila
melanogaster S G RN (Yuan et al., 2005) o 7EIH3 B HRECEAT N5, 5-HT [FRE
RIFEEINAE (BEEHEE, 2019; Yao & Scott, 2022) , AN 5-HT f7KFill 3 £ 4] &
I E & (Dacks et al., 2003) . 7 TEERLTXEW 5-FOMEEEMEITT (5-HT
immunoreactive neuron, 5-HTi) 2 517 1 R4 A 13238 (Schoofs et al., 2018).
WA S-HT A B duiCer &1 O MLEE, B 78 N 53 R BT T AE (¥ LA TRk IE 1 259 4y
metitepine, T A LAFEHL 5 Fh AN BB S-HT 5244, 3 #H] B & 178 (Gasque et al., 2013).

HAT, S-HT SRS/ (gL iE 58 3 ZAEh fEAS ATy, it B A R 4 A0 A A
W QAMEE ST S-HT 23 @K AS /N S0 (¥ 38 e S AN S IOV AR, 3 e L s AT
(Chenetal., 2022; Xuetal., 2024) . 5-HT @i T XEAE (Duox) [N R ILF
M s /N SR Pl i A D BE AR S (Zeng et al., 2022) o BOLWF AR IIAE /N IZUE AP 5-HT
257 B EM-N- OB 355585 (arylalkylamine N-acetyltransferase 1, AANAT1) 75 (¢ rh
o i AR I R, X AT A8 R 12 He RE 8 ) FH 22 A R B O B 32 0 T 4R PR BEE R AR
(Zengetal., 2024) o {H SR EEEX a5 7™ 5 A% /NS08 4 dof T LA 1 1 4% Th g v A
TERE DAL, BRZ 5-HTi [ SR8 A1) HOG A [R]9 EE FRpHE A 6 2 0 HH AN [R) WA 5 f 4 (Huser
etal., 2012) . B4, 5-HT @i 5-HT2A KRS 5% 7 4 RG5> FiC1Z (Huser et

al., 2017) .



S-HTi fEMHEE R G0 b I /0 AR Oy B A B 2 R Th BedR fit 7 AR R . gl
AR RS S KL 84~96 Naffffk, FrpfEfii A3LA SP1. SP2. IP Al LP1 %5 4
MMAASE, FARATEEE T 1~4 AN, FF RS S-HTE 32 B2 XU B 1 v 8]
MZ TG (Vallés & White, 1988; Huser et al., 2012) , IXEEVELNFIAN M A AL B K 355 X 80N
ERANFE BB ik N 5-HTL it T eI E S % . 1ok, fEBIE Stomoxys calcitrans 1]
3WHRIMAE RGP RILT 80~90 MNIGAXT AR S-HTi Z0fefk (Liu & Li, 2011) , TM#EN
W8 Calliphora erythrochefala Rk Sarcophaga bullata WEUENEZ, I8 96~98 >4 i {4
(Nissel & Cantera, 1985) o fE LIk 4 FXU H e, 5-HTi (%78 i B4 2275 Y AR XS
—2, Ho g as 3 NI E (T1~T3) , ST E 8 MIMIAE (A1~AS),
B T1 A& 3 AN, A8 -GS I AMIish, HEas 2 Mk, Sitas 22
AN AR o 3K LR A HS 50 A7 70 M SRR 22 TR BN, SA 48T L o 28 SRS 2 ik e 2R E A0 [X
s, TR BT RN, I 8w i R P . TR P9, S-HT (20 Mt o i AR
Forb R0 52 25 AN dH AR, TNER AR 27~28 . HATAS/NSEwE 4 A R
5-HTi J2& 75 5 B0 H S ABL I 2505 A 7 Al R IE AN HTBE . Teng et al. (2024) F|H CRISPR/Cas9
RGN HAERS /Sl (0 Z R 2 (5-HT & R E A ) BdorTRH FE A Hidi A 1 V5 A%
(42bp) » IFEA V5 HgBEHUARRC T ARKR EWBCh TRH M50 40 X3, X Ak — 4R
R 5-HTi 7E A A i fefit 7 B 5%,

AW TR P S B ORI S-HT Ho/A0d A /N 52068 10 4 R G5 AT S e 4 4 2 e £
i R AR B R IR A AR 22 R G A5 KR S-HTi TE4N M2 R G 1 /X AR - B %%
2 [ LR ) R 5 A4 (KR 3 T KA /N S PR i 45 MR HE AT A0 AT, R = o AR
L RHME RS BJG, X4 RBE RS0 S-HTi B, 040 KB X7 54t
RFRICTE MR P2 T SR BT IR R . 1X— W FORG SR ALRS /NSE IR 4 B 2 R 25K A 5-HTi
I ATRHE, A BT S i MR AR AT R s 2 AL
1 HRAFGE
L1 fARMR

SIRMWES (2016) I EIAFRRE /NS R . FEMERR RE I AR 5, 5 N TR O 28
BERTRIETE, ONBCRAFRZE S (30 em x 30 cmx 30 cm) ftH 7N, IR BN IE B TN LA
R g . ARBFITRL 3 84l AR RE R &, Horh 3 W4 AN SR, R tumss, wiTE s
PRBIR B N LkL . 4 BOF T RS0 I, 4 B8O T DK P S &)y B 2 B 1 LBk R
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FEARAUARSSE T, B 3 W84 L ANE K M 44, JF7E Ringer’s ¥ (inmM: 130 NaCl, 2
CaCly, 5KCl, 2MgCly, 36 sucrose, 5 HEPES, pH7.3) ™l 4 isis 245, K
JEHIREG LR E T34 1 mL 4% 2 R @l s 08 b . @i, BoEnsE
Toke, FEANEOE AR 5~6 MRS RHERISEIEE S, KITA M E T 4°CUKAE I
13 SREBHEPUFERE

W 18158 J5 A SN UKAE B, F RS WOHRE [ e R B, F RN 1% Triton X-100 )
BERRZEPHR (PBST) 7EFRIKHEEYE 4 K, BFIK 20 min. ¥ WAL 1 mL 6 5%1E%
Ly 22 My 3 P13 (Normal goat serum, NGS)  (EEZEfHZE, CW0130S) =LMFE 3 h 5t 4°C
R HHE, IA—PER [1: 100 anti-synapsin (DSHB, 3C11) ; 1:1 000 anti-5-HT
(ImmunoStar, 20080) ; 7% 500 uL] , 4°C F¥¥E 3d. —HilFE 5, FIH PBST EHeks i
6 %, B 20 min. BEJS AN —HUEWR [1: 500 Cy5 (BRI EHT R (ThermoFisher, A10524);
1:500 Cy3 fHEEIEHT% (ThermoFisher, A10520) ; £ 500 uL] 7£ 4°C I E 2d. HH
s, [FIRERIA PBST W WRIEEDE 6 U0, RHIK 20 min. 4751 50%- 70%- 90%- 95%F1 100%
RS HEAT K, BRI K 10 mine BRI, F/KBIR R SIRIEN 3 h, &JEHE M4
ZURAB®IE R b, BIEHSURS By, Rk ARG .

T R AR T A R R 1 — PR e P A e 4 R ik T 2 1 ) B R e BE BT A
EAe B A IR SR S B A A BRSSP (Klagges et al., 1996) . ik
Tz R T 2 P B A Al TS ME S I i AR BRI e B (MRESE, 20220 o 5-HT bidk
Fe— R 5-HT MBIEAF MLIH & AN Sk Y 3RA5 00 S U B ve PE DR o A BUAR I B2 R T
LU N 5-38 € i e 4 22 e IR 8 o v, FL AR e A O O e R gt i 4% L o 4 B 48 0F
(Kollmann et al., 2011; Immonen et al., 2017) o _iRPFhHIARER ORI R T 4% /N S
U R R R RE AT S-FR B I RE MR Z e AR (Linetal., 20185 MG, 2019)

14 HAHRERMAR

ety 5 IO RE SR A BOE 3L R A i (LSM 780, META Zeiss, i) #ETMEE, Hxt
HYRATIZZ PR EGAR . SR A9 52E Plan-Neofluar 10x/0.3 and 20x/0.51 #1485, $14
AR 3R A 633 nm H 543 nm EOELRRUK Cys Al Cy3 0t 3ukl. BRI AR N

0.8~1 pm, Z3#F%Jy 1024 x 1024



1.5 ERAER=4HEEZE

RN SRR 4 Rl 24 R G UG 4 BIR 3D @R Amira 5.3.2 BAFHET . RN, H5E
KOG R AR I EEAR SN, R “label field” AEHL0T & i 4l duph 4 R 4o 04
MR BEAT FEhbrid, FHFIA “surfaceGen” BEHLKEFRIC S (M1 Fr B = A= w22 8 11 3D A7
FIFH “Skeleton tree” ALK FRICIE W AUEE 5 S-HTi HEAT T8 B A E 2. I 91 3R IR 2h
AE 3RS 3D R AL S-HT 4H A 14 J 4 22 TEE IR 37 Pl 4 3K 45 1 118 3\ Adobe Tllustrstor CS6
BEAT SOG4 o W R 22 BEAN 5-HTi 20 B4 10 1R 31 K i 44 73 591 2 B 1 Huser er al. (2012) 1
Hartenstein et al. (2017) R4 HIE Drosophila melanogaster fiv 4415 . B B J7 A7 3T A
MR SHHEAT R4 (Tto et al., 2014) .
2 HRESH
2.1 FENEHRL R ARG R L MFHIE

FR /NS 3 W4l B XA 28 R G B A B B 224, tH4RLRE  (Cell body rind,
CBR) FIAERHHPZEE (Neuropil) # (B 1-A~C) . N AIBIIERIE i, e fiE
250 (B 1-B) o BRI R e ARl E, BAGMHRES (B 1-A) o AR A
Yk, AL T RAUIE 1 5 I S 22 SR o B AL N X8 (Subesophageal zone,
SEZ: B 1-A~C) . SR BEI0TR A J7 1%, AHIT TN RS /NSl &)y i s 45 A k47 1
TURRIRI 3o A7 4 Sk o 795 0 Py MR 2 B 25 5 WU R A 2, 0 3 B I A 2 T 5 T i
MHiE, HMRBUNARRE 84, MK Kb iE4i#) (B 1-B. Hy J~L) o HIRAL T
55 iU AU ERFE M #1 - (Antennal lobe, AL) SEA47R AT i i iR 50, 5 P36 i R 7 i T iR )
MIERCIRIPZ L 4EER (Glomerulus) (& 1-Fy 1) o HR¥E fi ff -5 4w AR 52 067 T fid £ i 30
(¥fUIEIH (Lateral accessory lobe, LAL) 4544, FRAlEE (10 Gk o gh BN, Rk F
I DX AT S T (AR 1, (H R 2 SR A 45 A 1) DX U AE Joi N TR SR X (Tto et al., 2014)
TE RS /N 52 08 %)) U P A S TR 1K) 2 T AN B 5 B 0 AL, AT G ) Ak A ek 2R
(Antennal lobe tract, ALT) FIEEARAK (Pedunculus, PED) FLRGIFLIA, FIWr ik K iIE T
LR /NS R 4544 (Lin et al., 2018) [IHHL /X Pereanu & Hartenstein (2006) 2L H
WAy B RS R AR B FLIRZE A, T BRI A2 T A rp IR 1 BB A4 5k (Calyx,
CA) , EAi#Z8EX (Superior neuropils, SNP) FIfE#MIl#H£2 X (Ventrolateral neuropils,
VLNP) (& 1-G~D) o Hrht SNP ] E— K1) 43 Sy 5 F 4100 X 3k 143 _LA57 #MU 115/ ( Superior lateral

protocerebrum, SLP) , & &8 [E]ETMG (Superior intermediate protocerebrum, SIP) FI_F A7 4



A7 ( Superior medial protocerebrum, SMP) ([ 1-1) . VLNP w5 %53 24 & 4 MW Hi i
(Ventrolateral protocerebrum, VLP) FlJ5 MU /ixi (Posteriorlateral protocerebrum, PLP)
(B 1-H~D o BbAh, 50T v a] o Py JH At e 28 1 DX % i A P i 00 458 DXl ARl ) FG e R

PRI ERESE N, SRR N FALETIN CInferior protocerebrum, IP) FIJE N % ( Ventromedial

cerebrum, VMC) .

Tt /I S 6 (1 60 JUEE Ao 22 T R e — N AR, S PR LN, IR el s . R

SR AR 24T TR BRI DX Rl &I 4y i 42715 (Gnathal ganglia, GNG) , Ji#fige 4y
(Thoracic ganglia, TG) FIEHZ T (Abdominal ganglia, AG) (& 1-D. BE) . UIJFEH

FHZE . (Posterior vertical bundle, pVB) 7EZU#HZ T ] I FLIF NAR1E, P GNG i —

X A LS4 ST (Mandibular neuromere, MN) , RFHIffZ95 (Maxillary neuromere,

MX) FITFJEMZTT (Labial neuromere, LB) ([ 1-D) o FEBUHHET [FFE AT LRI 73

B Ze75 (Prothoracic neuromere, T1) , H#£ 45 (Mesothoracic neuromere, T2) #i

JE Y (Metathoracic neuromere, T3) (& 1-E) . AL P RS 0] #1224k 28 o [l %

MEREIV R T, WRIEMZ TR A1~A8 55 8 1 (8 1-E)

S

M v

BT RSNl 3 e i 2 R eI IR AR I R i) = 2 s



Fig. 1 Confocal image of the nervous system of the 3 instar larvae of Bactrocera dorsalis and the 3D
reconstructed structure of the brain

i A~C, 4ImAixiE REFREBMEGIBEEAE, A NEEA, BARER, C M. D, HRERGRREER
FUF XAETRAR 2, B §5 Sk RoR AR R AU G O ARC M X, G 5 d XK. SEZ 6& T, LHMEMHET. E,
FRERRRMIEZN . F~L #hduin RAFERER T ROR A FRIA S RESEH o XU S 27 i il 1B 46 2 6 ) BP0 2R
PN P 2 T RIS X o 8 €0 R 2 ) P i P2 BT (A 2 i KT B I (X J~ML, - 4l SR~ BR ) =4 T A 1%, ) DT
M, K MUTER, L AFHW, M WM. CBR, #iifk/=; ES, ®iERL; SEZ, ®HERILFX; Br, i TAG, /i
a2 OL, M MD, ESMZY: MX, TIMEAT: LB, JEMAY: T1, difehdty: T2, PRMEY: T3, &k
MEEAT; ALI~A8, 1~8 JEANIZTT; AL, filifift; VMC, MMM SLP, bAZSMURTI: LAL, MU&IH; VLP, MEAMURTIRK;
SMP, EfrAfTia; 1P, FAATHE; CA, ¥JEMGE; PLP, JE4MURTHS; TR, J5ik: A, #iF; P, J5A; L, SMUTE; M,
A D, &M V, M. Note: A~C, Projection views of the confocal stacked images of the larval central nervous system, with A
showing the ventral view, B the anterior view, and C the lateral view. D, The confocal image displays the subesophageal zone and
prothoracic neuromere, with arrows indicating areas that were not labeled by synaptic antibody staining, representing regions through
which nerve fibers pass. The SEZ includes the mandibular, maxillary, and labial neuromeres. E, The confocal image shows the
thoracic-abdominal neuromere. F~I, A series of confocal images of the larval brain exhibiting various neuropil structures. Double arrows
indicate dark regions formed by nerve bundles composed of antennal lobe projection neurons passing through the brain. The black dashed
circle marks the dark region created by the pedunculus of the mushroom body traversing the brain. J~M, Three-dimensional
reconstructions of the unilateral brain hemisphere of the larva, with J showing the anterior view, K the lateral view, L the posterior view,
and M the medial view. CBR, Cell body rind; ES, Esophageal; SEZ, Subesophageal zone; Br, Brain; TAG, Thoracic-abdominal ganglion;
OL, Optic lobe; MD, Maxillary neuromere; MX, Mandibular neuromere; LB, Labial neuromere; T1, Prothoracic neuromere; T2,
Mesothoracic neuromere; T3, Metathoracic neuromere; A1~A8, 1st-8th abdominal neuromeres; AL, Antennal lobe; VMC, Ventromedial
cerebrum; SLP, Superior lateral protocerebrum; LAL, Lateral accessory lobe; VLP, Ventrolateral protocerebrum; SMP, Superior medial
protocerebrum; IP, Inferior protocerebrum; CA, Calyx; PLP, Posterolateral protocerebrum; TR, Tritocerebrum; A, Anterior; P, Posterior; L,
Lateral; M, Medial; D, Dorsal; V, Ventral.
22 RENSURKRIME ARG 5B EIRERA TS

MR 5-HT PUIR A e e g g R R0, K/ sS4 fUtph e R Geh 3645 86 4> 5-HTi 4
Jdd, Fod 20 ML PIRGEER, 22 My THMET T, 44 DM T R LT N, X
PZE TR B A% 50 A« 228 Huser et al. (2012) Fl Vallés & White (1988 if HLii i 4 5-HTi
fRdr 47500, ASHE TR RS N SERgiN N 5-HTi %4324 SP1. SP2. IP Hl LP1 4% 4 NHfARF% .

SP1 Az RIS, B8 1 AR, AR B 2 ML, dnde A M Bk A, 40



MR SESEREM, A2 T CA BIIEM, TWiZekERAT CA MM (& 2-D. L) . SP2 4iffufk
FRALS A AN, S0 TR, SP1 A AARNE 500 X4, AR IR S A A 5. LP1
AR 2 DN, AT, AL ESMIIX . (8 2-C. L), A RSIACE [F]
MR BRI VLP (B 2-AL B) o IP g fARR L& 2~3 DMK, A2 T AL (K55 AMU X 35,

AP AR R P A B A TP 1-2 (R 20 L ) 52 T SO 43 SR A X, 28 i e 8 43¢ S5 2 T i
FER AL M LAL X3 (K 2-B. M. ND o Br Lid4gnjfafksh, fEfiA OL. AL. TR. LAL.
VLP H1 SNP 45 DI Al A B 5-HTi # 4P 4E ) oAl (B 2-A. B, D) , {H CA AR WL 5-HTi
WA . Ak, FEMIA AL 6 3 S-HTi #4344 (Commissure) #4 i fili 7 25 32 452 4 00 fig 2
BRo HAES 1 ERMM SIP Xk, HAUMAN SPL: A 2 BERF Ak f -, FLAH &R
I ER PN (G TP; 4 3 JEREMM VLP A1 IP X3, 4 4 MM LAL 454, %45
SRR 0~ BRI J 0 X s 4 6 JERM MU BRI A VMC X3 (1§ 2-D. E. M.
N .

R /N SRR SR 22T 22 AN AT R /34 SE-M. SE1. SE2. SE3 il SE4 S5 fia A% .
SE1 5 2 AMHfk, 2T GNG HIETHEFPIN, S toRaebric s R (& 2-F.
D . SE2 6% 3~5 Mk, AT SE1KJEM, XEeAnffk 5 d h &g iiihEiE s, i
H MNo BEAh, PIINANRR A 7= A 22 TR I3 SIS 28 5 T e B AR AL I, R AERX AN X
AN H 2R3 (B 2-F. I, My ND o SE3 8% 3 AMIMfk, EA14T SE2 41tk
FRJE I X 3k o R R 200 P A i 22 SRS 5 0 T R T AR 83 £, JFAE GNG MU 48 /1N 1
Gy, [ MX AMUE I Hl SR 5 2 5T (B 2-F. 1. M. N) . SE4 fii T SE2 Al SE3
I, a5 LA, A1E GNG FISMIl, RFIH AR RS (B 2-F. 1.
L) o SE-M fu g g5, A/ GNG fINMIX . SE1 Fl SE2 2 [A], ARAIH LA (&
2-L) o Ak, 7E MN, MX Al LB #HZ BA4MI X 3 70 A 5 = 8 B 5-HTi e RE (&
2-F) .

A A 3 ANMAR AR, 22 BIFE T1, T2 A1 T3, TATERAL TR0 (K A M X 35 (&
2-F. G. D o TI 8% 3440k, 5 SE3 KL, difufAirha Rig ol & k& #h
LIGEIETM BTG 2 A3, —ANRAZEHMU, FESete T, 55— 5 3 i
SRR A R R (B 2-F. M. ND o T2 Al T3 DU AT A1~AT 4k 2
NGRR3R T MR 2T RSN DX I, SRABLR) AT Ak v T Rl 228 T e 9 ) o
2 (B 2-H~K) o BAh, EAITEMZTT SN A 53 3 10 40 21 SN B F: Bl Seph 2271,
I BT A H AN LR Ao AL T IR AT R A8 LB S 1 AN, AT



HARE AR ES, BAMETNA S-HT a2 4E (8 2-H, K) o BN 5-HTi
AR AR T 20 TR AL, XA R A AR T 2% .

50 um 50 ym

2 S-BRORREM A TS AN R G A
Fig. 2 Distribution of serotoninergic neurons in the nervous system of larvae.

i A~C, RYNFERMEEGRRFNSLN 3 Y B E ARG A SRR O AERRTEMZ T () FMNMEEE (L0 . D, 4)
SRR ER G ESME NSRRI AR #EES . B, JCRERGE R IUNA L 5RO 2 ES . F~H,

HRESIHGR BB R SR OREREMATT (R L RIEMATT GRAG) M. 15K, JCRERGIILIER
7 SFRORERER A TU I AT B LT R AT . U SR T AN AT I g & . L, BEAF s-Rmgaerz
MRS = 4 E @ . M~N, 4B A#REES K H SE2, SE3 A1 T1 M i =4 E e 45 RIEREAEL, M A
BETERL, NOWIARTIRL . b s (o BRI AR R A4 BR, MBS MM A4 FR S 77 7= 5 18 1 M. Note: A~C, A series of
confocal images showing 5-HT-immunoreactive neurons (green) and brain neuropil (magenta) in the nervous system of third-instar larvae
of Bactrocera dorsalis. D, A projection view of the merged confocal stack image of the larval brain, displaying neuronal commissures
within the brain. E, Confocal image showing 5-HT-immunoreactive neuronal commissures in the larval brain. F~H, Projection views of

merged confocal images showing the distribution of serotoninergic neurons (green) in the thoracic-abdominal ganglia (magenta) of the



larvae. I~K, Projection views of confocal images showing the distribution and projection patterns of serotoninergic neurons and their
nerve fibers. Double arrows indicated neuronal commissures formed by cell bodies from both sides. L, A three-dimensional
reconstruction of the larval brain, showing cell bodies of different serotoninergic neurons. M~N, Projection views of the
three-dimensional reconstruction of the neuronal commissures and the projection patterns of SE2, SE3, and T1 neurons in the larval brain,
with M showing the ventral view and N showing the sagittal view. Yellow letters in the figure represented the names of the cell bodies,
and the names of the neuropil structures and directional indicators are consistent with those in Fig. 1.
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