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Effects of photoperiod on the phenotype, intestinal microbes and immunity
of oriental fruit fly Bactrocera dorsalis

Yang Yuxin Zhao Yingrui Zhao Zihua'
(Department of Plant Biosafety, College of Plant Protection, China Agricultural University, Beijing 100193, China)

Abstract: To investigate the ecological effects of photoperiod on oriental fruit fly Bactrocera dorsalis,
the changes in the phenotype, intestinal microbes, and immunity of B. dorsalis were studied under three
photoperiods: full light (24 L:0 D), full dark (0 L:24 D) and CK (14 L: 10 D). The results showed that
after exposure to full light and full dark conditions, the larval duration was 5.51 d and 5.40 d, respec-
tively, with pupal weights of 14.47 mg and 10.82 mg, significantly lower than those under CK condi-
tions. The ovarian development of female adults was significantly inhibited. Under full light and full
dark treatments, the Shannon index, Ace index and Chao index in terms of intestinal microbes were sig-
nificantly lower than compared to CK, while the Simpson index was significantly higher. After the three
photoperiod treatments, the intestinal microbes were richer in CK compared to full light and full dark
treatments, with a total of 36 phyla. Concentrated groupings of the intestinal microbial samples for the
three photoperiod treatments were observed, with no overlap between groups, and samples from full
light and full dark treatments were distant from CK samples. Intestinal microbes after full light and full
dark treatments were significantly different from those under CK conditions. Furthermore, and the mor-
tality of B. dorsalis infected by nematodes after full light and full dark treatments increased signifi-
cantly, reaching 80% and 90%, respectively.
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1 /NS W Bactrocera dorsalis, X 44 7R J7 S 5%
B SR R T AR DL SOTE AR
i M X (Zeng et al., 2019) . A&/NSEME 124, A
VB2 R E R, CATRET R N R, T
15 46 T 300 RFMEY , ¥ 24~ B ZK 5 0 Sk iE
XoF 5[] it S R ) 2Rk M S A OB PR VE AR
2022) . Hg/INSEme Rl O SR ST R L H R B
FEAER SN, BRI Ak B &l He S 7 S S P Al i B
HEAT R, ELE g 7 B A SR S 1 A LA 13
SRR o Y RSN AE A /N SR 1 1Y)
PRI S I 80% LA L 5 Rl SRS A% LAY 7
PRALA 20% Aty (S 4kF-55,2021) .
JESEIAE R B AR A b AR B 5, RERS TR 1Y
B A B CPIME  BEIE S = B A AT S A A (SR D
2345 ,2006) , ¥5 i B B HUAF A (Ahmadi et al.,
2018 I 8 L 2022) o 40O S 4 5w SR A 06k
Spodoptera exigua %)) B FH ) & & iy ] 5 B = (fof
VRS, 2011) 3 — L Z Mk Athetis lepigone 411 HUIY)
KB IHHFEAFDGR T koA 0 228 (38 T 545,
2018) ; 4= HEORN 4= SRS 5 35 52 i 35 L Mythimna
separata WK R T X HIET- R AMAA 0w (4
55.2019) ; Fp Y JE ) S 3 R W RN SR B oleae
(LI 2R P63 ) 751y (Baratella et al., 2017) 5 7F
ANTR] G JE 3R A B rp ) RIS b B SR AR b v o S g
Ceratitis capitata WIH5% i e /b, H e 2251 )
520 (Arredondo et al., 2018) ; YGHALE B HT 3 h, K
W8 Drosophila virilis $ATIG s B, 245061145
I, HRATIE 345 11 (Roberts, 1956) 5 15 /N S i oy
W TE P T ICEE B, TR B A T A R 2 (51
K55 ,2022) , B b JGO'E BB 452 1k 3 B (B B
84,2011 5 HH A R AT I AR /N S g A AR | 2 ik
FRREREAC 4 S ™ B i (8] B 58, 1995) . BUARC
TOUJRIRT R AT A A R e A R AR IE 2
BT WL M ATERE . Zhu et al. (2022) BF5T &
B U S 5 R Sl 2 P B A T oM Y
PEIT, WA T A W 2E AN S5 4 5 ' R 40T DI AR OG5
Li & Xu(1997) W15 A SEAH VR SR 1) s 48019 HE RE R
IR ARE T, 4 J6 754 , AR B A 25 R ' R A2 b
A FF . LAk, B E R s B A K
KE o i A e Dm0 B i e R4
A i B HOVEAN R PR Al o DA B AR i A 55

[ fie 7 (Berger,2002) , ANJG TR SR 4 AL T 1EH
WHAEREREE (B A T R, R
K& B E # 7K F-(Shin et al., 2011) s P [
Serratia marcescens ﬁE@Ziﬁ?Eﬁ¥ﬁ%E@% IJI_I
-, DT 0 7] M0 A PN D H O A 1) 5 K (W et
al.,2019) ; 1§ RE W Bombus impatiens VK P 1) - 2L 43
A= W) 5 ) JFL A g 2B AL 2 4 e LA
(Avila et al.,2022) .

SRR S AL POE NS T Y= ) 7B 1K 5
Pt sZm , T aE NillE 46(24 L:0 D) 4 W5 (0 L:
24 D) FIGT R (14 L2 10 D)3 FioltJE A A0 3 A /N sk
WY R (R B D R AN SR/ N) Rl R LA
Kb yse B AL R AR Y Z R R R R AL
122 S AT G R BT B 1B TR B B s e SR & B i
TAE AN 3 B EAE X i 32 3R AR G 2E 1520, DA
9 A A NS ) SR A SR B de it 2%

1 B 5T X

1.1 ##

B AR R SR A WA SRR
R AR 2 R P R AEAT /NS 4 B 7 [ 0 2 TR
(25+1) °C ABXTREEE (65+5)% JEfEHI (14 L:10 D)
N AR T N T AR #R, 2019) 1155 | i 2%
K% 60 AR LA L, B [m]—Eek 4 18 B Ak 3 5 73 i 107 F 4k
L Steinernema feltiae SF-SN i 3 , H it 72 1 40l
BHEABRARIESE

TR B A R o E 43 Hr 2k, RXZ-500B
RN TAMIG AR, TIILR{AY) s BSA224S-CW
TR, SR FIIR AR (6D A BRA A
SZS1RML B 15% , H 4% Olympus 47 .
1.2 Ak
121 #F/ 8w LR ARk 22

B[] — Bk 309 %) B il A B N T ARDRE (D
2019) 3R &b, B4 250 g bkl , B 5 24 v il k)
2K 00, R HUGA B EBRES G K B AL iR 2
7K AR R 60%~70% I TCTR VS AL , 15 2P A0 Y A
BT 50 cm. %E 25 em. 5 25 em  FLA2 M 0.075 mm
I35 U i 3%, B2 300 Sk s, MERELL R 101,
P72 WS B T IR A (25+1) C, HHXHBEE YA
(65+5)% , JE A/ 4296 (24 L:0 D) KR (14 L:
10 D) Fl14=H% (0 L:24 D)W N THEEFRF6 N, 1Al 57 2 4L
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(Liu et al.,2017) , B 2 AX AU BN ARSI 526 5 K AY
Ui Ko P45 d RN 1S d A i R R A T e R 5 S
2487 H 2SOk T i g AR il
122 RA LI E A  F R R A ey 2

L HUR B P I E < B 1.2 0 AN R S B Ak 2
(1956 2 AR R O, 3 0] B T4t A T 40 1) 435 5% ML
5555 36 h, IR AR AEIRI BRI AGAR TR R A 11
Y TR 2.5 g N TAREE BN 3.5 mm B
FrILA, B FRILA 13k 4 B, 48 h 5 FF RIS
S I SRR, SR S MR A e
WI(TKF,2019), 424 h %R 1K, H B4R B,
A IANER A EE W50 k40

5 A0 E < 120 AN R S0k B 5 2 4K
PR 52 5 R (R, 25 B T K Pe i HVEL 24 hi
T, Bh i kR R A TR AR R, B S R PR
LR, BB 3, BN 300 R

JCHL B SR /INAI R < B 1.2.1 AN [R]G A A 7
(55 2 AR 46 5 d R 1S d M R e 4% 30 3k, B T
50 mL B0 A8 T R0 E T K A Bk,
PBS 2% MBIE PR B T AL 5 A B 5T
FA R, R Imagej 04D B SRR B2 ARG 2,
FHRS A BE RN B2 i SR FR SRR B LA AR R/ o
1.2.3 B A ASAE )N 5K B A R 0 a

P12 0 ANESE R AL PR A 55 240 7 H ik 2 2%
W T iB g, 4N EE A EE 203k
W KT RS 2 R SE T AR Y R 2GR A PR
N FIHET 16S IDNATIY

FE T 45 R P 1 R A T A S BT
FEAEALE R 97% 14 )7 9 i AT SR AT B AE 7 R
7t (operational taxonomic unit, OTU) 3. & T f# ¥
il =F B A A2 Ak, A Mothur 1.30.2 #7F 53
Mt Alpha Z £, 4135 Shannon 5 %% . Simpson $8 44
Ace F550F1 Chao $8 %4, H:r' Shannon #5541 Simpson
TR YR Z R, BT B YR Z e
Jii BB R A PRI ; Chao 48 BUFN Ace 45 50U
PR EESE, ZEBEKYMBEET. A
QIMEL9.1 3R A WA 43 225 K AR £ . 38
i Unweighted UniFrac .31 53 504 9] Beta Z 4
PERE B, R A b o b B4l S T Ak . R ZR %
) 5] 43 #F (linear discriminant analysis effect size,
LEfSe) Fll £k ¥£ [9] 5 43 #1 (linear discriminant analy-
sis, LDA) ({H >y 4) 47 4b 3 1) 22 S0 B REAE 53
Hre HIJH PICRUSt 2 B AFXF 168 rDNA I 45 4 12
17 A IR 1 7% (clusters of orthologous groups of pro-

tein, COG) THETI 7347
1.2.4  RBA BT 243 4G 45 R8BI T R 6w
B ik 7 FG 2% 1 SF-SN & 5L 1 pl T W1k
B T TR, S UV SV R i O JE , KA
Z A 100 pL 1150 Sk 26 L, FRRCT AR T TR
UEVe B HERA 4 . B 200 pL 28 HUAR E T 1.5 mL &5
D IEHA 103k 1.2.1 AR FE I FEAGES 2 4%
fr /NS 7 H AR sl dL, 45 24 hIECE AL U
FET-IE O ITESET R, 1NN IAER, 040
FEA 101K,
1.3 BB
K SPSS 23.0 AR A XA B A G A T 1 HT
)% FH Duncan FCHT &2 M 25 151617 22 5 i B TR 00

2 HER55H

2.1 SEFEHAXTE /N8 R B A0

AN A A TR S AR /NS Al B R D i oy
ok 5.51 dF15.40 d, PR R i 2% 4 46 (P<0.05, &
1-A) o A4 G A B A /)N S g 40y H B i
I3 51K 14.47 mg F110.82 mg, 7450} I i 2 F#A% (P<
0.05, & 1-B) . @)t Mem b5 FI0 S d JatE/ Nk
e O 1 B T AR 31 %o R I 2 /D 589% NI
53%(P<0.05, ¥ 1-C) , 2t m b # 5 P 15 d
S A IN SIS R o LD B SR TR S 0 R k2 D
21% f133%(P<0.05, 1-D) .
2.2 AR/ B E R A W R
2.2.1 A% LR IH A M A M Alpha % AR PE S AT

OGRS |, /NS gz 1A A ) Shan-
nonFE4L . Ace 8 Il Chao F5 5053 3500 HE T 25 P18
(P<0.05) , Simpson & i 73 %1 3 %} & 4k 25 34 fin (P<
0.05, 3 1), F W4 4 5 Ak B 5 35 B A T A 18
A& B 21
2.2.2 A ] 528 M 8 AR A My AP LR AT

3G I AR NS A TE T E AT 364>
T, Ao B A0t A A S A 15T X
HAREA 3] et S x | 2t 52
AT, X IR AR S SRR 15,0 F3 AN
(FE12) , el 4004 15 A 315 75 /)N 52 i g 1 A=
Y2 A0t IR sk /b
2.2.3 A% LRI A M Beta % AR E AT

Xof 4 T4 5 Ak LS A /0N S W i B A
RIS R RS FEAR (R AH B TG AC S, Her 4t
I A0 B A /N S i T T R VR B SR o — 2
T AHIX 2 A B A /N S i T T A IR AL e
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B (P 3-A) o 3R AR RS AR /1N S g iz a
BEEREAAI N A JCE S, 2OUREAR 2

FEARE SR AR A B A (151 3-B ) .

107 A 209 B ‘g 49C ‘E 69D
g
) g E %
gg 81 & % 3 % 4]
ol a 2 151 a b 2 . 2 a
X g 64 b b g 5 21 5
E ] . i 10 K] K
o N BN o L N B 0 0
MR AN &R e 2R X 2 &R W Ak AR
CK  Full Full CK Full Full CK  Full Full CK  Full Full
light dark light dark light dark light dark
&8 #A Photoperiod

A SR EFDH; B: W ; C~D: PIMLS d 15 dJa MR IFE AL, A: Duration of larva; B: pupa weight;

C-D: ovarian size on day 5 and day 15.

E1 SEEHAXE/N LR R AN
Fig. 1 Effects of photoperiods on the phenotype of Bactrocera dorsalis
Rl R - BB bR iR o AR TR 7R 48 Duncan [GT 2 M 25 1540 50 25 5 B 7% (P<0.05) . Data are mean+SE. Differ-
ent letters on the bars indicate significant difference by Duncan’s new multiple range test (P<0.05).
F1 FEEARRENL R B B 4 ¥ Alpha SRS N

Table 1 Effects of photoperiods on the diversity and abundance indices of Bactrocera dorsalis

ZFEMEFE %L Diversity index

B E 5% Abundance index

b
Treatment Shannon $5%% Shannon index ~ Simpson #5%{ Simpson index ~ Aceff%¥ Ace index ~ Chao #5%{ Chao index
X IR CK 4.227+0.705 a 0.049+0.042 ¢ 570.6+238.6 a 573.54240.8 a
45 Full light 0.938+0.615 b 0.624+0.249 a 121.5£36.3 b 100.8+46.7 b
41 Full dark 1.658+0.441 b 0.348+0.081 b 176.6£70.6 b 190.1£76.6 b

B BRI 2 . N RPN 42 Duncan PO &R 2274606 25 57 1. 3% (P<0.05) . Data are mean+SD. Differ-

ent letters on the bars indicate significant difference by Dunca’s new multiple range test (P<0.05).

T CK

496 Full light

415 Full dark
B2 AREEBTIIAE EF N Lg% R
BAE RIS Venn

Fig. 2 Venn diagram illustrating the intestinal microbes of
Bactrocera dorsalis larvae at the phylum level

under different photoperiods
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BRI Staphylococcus sciuri BFF 5558 5 s 76 4 5 Ab
LA AR /)N S5 6 g 3 A A W v R FLAT TR L. brevis A
YIFLFT IR A B A ML P, protegens . 48 4 4 AT
%Phyllobacterium myrsinacearum R A R
Weissella paramesenteroides F1i R A F i o 48 S5 14
B (1#15)
2.2.5 A SR E A T AR TR 5 AT

TEXT HRZE ARG /NS i g T 2B ) Dy g v, AR =
JETHT 5 4 BT RE S Bl B AR i S5 AN, #HE X
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BERLS AR5 0, 5 5%, oK AL & Wiz 510
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DAL hRE AR X =R BERIT 5 24 19 D AE S 3 A ik
P& Wiz SCH, BTz S, Fesx , B
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M AL P PR /N ST 68 i A 2 ) DI B P, AR X = JEE i

5 2 W IIBE S 5 A KA & Wiz S AU, J LR
i SR, B RS R E A L, B ok
il RSB, R 5 R 25580, 5
LA AT 2 5, FE R I B T8
R, 2 A S5 (K 6) .

A B
m : < 107
EET .- . || ] i?;gg ;azt.obacdlus s o %8 CK .
CK2 Nl edrococeus 2 © 26 Full light
CK4 _ _ | %E%E Achromobacter E ] éﬂ%Full dark
FL| I~ CERER Caproiciproducens o 057
FL3 I m R B Pseudomonas X S
FL4 I | w REhFFE B Acinetobacter HE
llslﬁg == u BBE W R Proteiniphilum g;ﬁ £ 0.0 —
FD4 I ® YA J& Komagataeibacter .Q_; ®
FD1 " EFEB Flavobacterium £ ®
FD2 I S = A Others £ o5 , , ,
00 02 04 06 08 1.0 - -0.5 0.0 0.5 1.0
ViERES; 3 FIERS

Relative abundance

Principal component 1 (48.82%)

A BEARJZHERER ; B: EAFRHT. FLI~FL4: £Y6FEAS; FDI~FD4: £/5HEAC, A: Hierarchical clustering tree;
B: principal co-ordinates analysis. FL1-FL4: Samples of full light; FD1-FD4: samples of full dark.

3 REEEH TN SE 8 4 i A7 E U W I R AR A

Fig. 3 Analysis of intestinal microbial samples of Bactrocera dorsalis larvae under different photoperiods

A m X8 CK
® 25 Full light

B = %R CK
B £[% Full dark

a: TLBAFE B Achromobacter

b: NBNH B Acinetobacter

c: 2 CBRE B Caproiciproducens
d: BERE & Fastidiosipila

e: AP B Lactobacillus

: W§ B B & Proteiniphilum

o: LR B B Syntrophomonas
h: AR 4143288 No rank

i: R %N4>28H No rank

j: R%N5r2KH No rank

k: BB & Pseudomonas

i B0 80 B8] ] P /N A A 23 2K S S R ) L 1) 49 B B i s R 3, 2L RTEN IR s
WKL PR 735 5 45 . The classification level of the dots from center to circumference is the Kingdom (center of

circle), phylum, class, order, family and genus; yellow dots represent not significant, red dots represent significant enrich-

ment in CK, and blue dots represent significant enrichment in treatment groups.

B4 £3(A)ERE(B)F M TN SHEI7IE KLY LEfSe £ R4 7 = i

Fig. 4 Intestinal microbial LEfSe multi-level species hierarchy trees of Bactrocera dorsalis
larvae under full-light (A) and full-dark (B) conditions
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B &% B 01 T 40 R TF K (Baratella et al., 2017) ;
B PR (2022) 58 3R WIHE TR RO R S A /NS i
RIS R e T ELME RS ™ B i b o AFSE SR
TN, AR A AL B e A F A /N SE R A R R R
T 393, WAV 2 LA e ol o D A K, R
JEVI 2 A /N S i > £ T AR AR ROV, 5 A IS

R—E, Li & Xu(1997)IA R ERE AL IR T S g
(VST HE, MR A i T A 5 h a4
S Ak B A7 /N S B Ty HRR e ik AR G JE AT TR
B RN 18 B S T S B AG T eE y , AE
5 Rl 5 B A 6.

HEWHNFE Lactobacillus plantarum-

F 4 KT BT Unclassified Achromobacter]

F4¥3KOLB13E Unclassified OLB13|

4256 Full light

ﬂiﬁ}%’é:tiﬂﬁ%UnclassiﬁedPedobacter:

B 42/ Full dark

HIGRR P Pseudomonas aeruginosas|

WA R B ERE Staphylococcus sciuri
EHANFE Lactobacillus brevis|

4RI BAFE Unclassified Achromobacter
YN Lactobacillus plantarum

A B R B Pseudomonas protegens

AR BEBE SR MIFUFF B Uncultured Bacteroidetes
HR4rFEOLB13H Unclassified OLB13

L& MHFFE Phyllobacterium myrsinacearum
RIGIEFET R E Weissella paramesenteroides
R4+ AT B Unclassified Pedobacter
R B Pseudomonas aeruginosas

B EBET K Weissella cibaria

SPLLERES Rhodococcus erythropolis

REEEEFE A B Uncultured Bacterium

0

1 2 3 4 5 6
LDAZ%3E LDA score

5 £XMERFEHTH/NLIREREY LDA $31E

Fig. 5 Intestinal microbial LDA discriminant chart of Bactrocera dorsalis larvae under full-light and full-dark conditions
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m {55 % S Signal transduction mechanisms
m IR AN
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TR 4% 4mg ™ B3R Transcription
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light dark Replication, recombination and repair
Y& A Photoperiod

B 6 RESLEM TH/NLig4) HizBERAEY COGIEES 2K

Fig. 6 COG functional classification of intestinal microbes of Bactrocera dorsalis larvae under different photoperiods
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FEFUAT R B 4, LA 4 5 Ah P A /N S i 4 i
T8 P IAAG S LT R RSE BRARIT [C T = A . i EL
FF P2 25 A PR 1 — B E AR RIS 2 5 e iy
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HA R m AR GE F7 et R SUE0 H LL KA
A e AP AR S B ISR A B R AE
(Yuetal.,2019; X KF54F,2022) . HATETHYIFL
FFBE 0 ZUAT DA RN 2T DG PR A7 /N S b A o ) VR
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PR B A TEL, T e s B AL D RE S AL ML e
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PERE T LGB AN RIREE . AFIT s Sk BAE B
it A 7 2 B ALk L P A7 /N S 0y S v R AR TR
FEA A PRIV AR /NS )y d i3 b & B, B 4 g Aab
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PO TG P LA BT 3840 4 AT SOOE 0 M (3R e 4
2019) , fH XA /NS VR IS BB . P R
R A TR A1 AL R SO U B L BB | R ARE A
SR (A, 20125 PRI 2255, 2018) , HEDNIX PR & 7
T /NS AR Y BV 5 B IR S AR IR) , A RAG /N aK
W 235 | R ARAE , SR M AERG/NSC MR 3 3R 0T, DA
T AT e S0 /N S I il

1004

a
b
80 +
c
. i
409
NE B B B

X &t 2
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E7 AEXEPETHE N EREEREBLEFEHNTETE

Fig. 7 Mortalities of Bactrocera dorsalis with nematode

BET= 2 Moratlity/%

infection under different photoperiods
FEHE R BB AR DR o R [a] 555378 28 Duncan
BT 2 25 1L K 30 25 53 . 3% (P<0.05) . Data are mean=SE.
Different letters on the bars indicate significant difference by

Duncan’s new multiple range test (P<0.05).
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