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Abstract

Chironomid larvae inhabit temporary aquatic habitats and overcome obstacles, such as drought,
heavy rain, and predators. This study investigated its interaction with 4edes mosquitoes as well as its
behavior and gene expression under adversity. During the entomological survey, we observed that
chironomids often coexisted with other mosquitoes in their habitats. Chironomus striatipennis was
used in our experiments. We found that gravid female mosquitoes preferred to lay eggs in the water
from chironomid habitat. Next-generation sequencing (NGS) showed that the dominant
gastrointestinal bacterium of these larvae was Novispirillum sp. During larval competition, Aedes
albopictus larvae preferentially preyed on the chironomids. Mosquitoes growing in the water from
chironomid habitat delayed pupation, and most of the emerging adults were males. Chironomid larvae
build tubular nests to defend themselves. Low water level, mud, and high temperature promoted
nesting, while low temperature reduced larval survival. Light stimulated the expression of Asp in
larvae in the saliva nests and the expression of hemoglobin gene in larvae in the mud nests. The
increase in temperature also upregulated the expression of hemoglobin gene. This study revealed the
possible survival strategies of chironomid populations under climate change. In the future, the
chironomid intestinal bacteria which attract mosquitoes would provide an alternative of eco-friendly

management of freshwater habitats and vector biological control.
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2. GEIFREUAA B S B KA SRR A BN F  DATHRRZ 55 SR A TE 8 - DUSTEA ]

PRI 7K (U B 42 AT S I ST g 2

3. 4RI IR RN BB D+ TR S SRR i 28 IR L s =R (16
26 ~ 36°C)FI=FEAKAATEIE.S ~ 2.0 ~ 5.0 con) ARSI ILERRE 2 228 -

4. SEHERNDEE & s BRI AN aR B B L HYRE » #E S R AR [REAR R I 455
EAFEES] - FEER aRT-PCR 3 RIEDERE REIRT » IMALEE A R B VASTER AN
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F= -~ MALE O RER TR AR [ T4

H

NO. Oligo ¢ - Oligo & 7| (5' =43 3' =)
1 Hsp70_F CATGTGAACGAGCCAAGAGA
2 Hsp70_R TTGCCACAGAAGAAATCTTG
3 Hsc70_F CGTGCTATGACTAAGGACAA
4 Hsc70_R GCTTCATTGACCATACGTTC
5 Hspl17F2 GGAAGACGAATTTGGCCATATTG
6 Hsp17R2 GGGTTCATAGTTGGTGGC
7 Hsp27 rt F TCAACACACAGGACCG
8 Hsp27 rt R ATCCTTTATTGGTGATTAATTATG

5. JElE ~ EURAIEZ R S 5 B FR I I 2R > SN AT 2 B AN 2RI > FIA] qRT-
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3. M N RECZ EE YRR
[F] B ERZ il - A S e mMEPERD N RE > 3~5 IR ES/KMZ N ZEE
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AT HERBERL B 1 SRR C @ EEE R BERlE - AR TN KRR By dH20
AEFEBAEFK ~ SEERRIAEFK ~ dHO+A EFEETNT dHO-+ERF RN -
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(&) FEEE
PR 2RI RN ~ R BRNIIMAT & 5 AL HY PCR 23 Ar4E Py - i PCR ZEY)

EFF%  ZHEE NS B4R (Chironomus striatipennis) (658 bp  JHE% 1 100% ;
FHELEE = 99.54%) (&7 ~ @) -

PREEHTBE AT LN (actin ZENAT GAPDH K FIMALZEE (BH-I FRA]
BH-III #:R) SRR EESERER {5 NCBI _ERFHIERA 2 - #BELEE[E —YrfE -
MR - TERELLE T AT R -

EE 2P Rg= 2 A

M12345M12345)

B/ ~ TR B B~ R BRRIMALE H AR i
(/) REHEL (Chironomus incertipenis)
() 458 (Chironomus striatipennis) ;
M : 100 bp DNA ladder ;
12 COI FA (~700 bp) :
2 tactin F[A (~300 bp) ;
3 : GAPDH A [H (~120 bp) ;
4 @ MALEEH BH-II N (~450 bp) ;
51 MM4TEE(T BH-III KR (~420 bp) -
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Sequences producing significant alignments Download ~ [ Selectcolumns ¥ Show 100V | @

select all 100 sequences selected GenBank Graphics Distance tree of results  [ZMSA Viewer

Max Total Query E Per. Acc
Score Score Covor value Ident Len  Accession
- - = -

1199 11994 100% 00 9954% [658 LC4048701

Description Scientific Name

iis NIESA0253 mitochondrial COl gene for

subunit | partial cds I Chiro

Chir s NIESB0474 mitochondrial COI gene for cylochrome ¢ lase subunit | partial cds a.. 1194 1194 100% 00 9939% 658 LC495120.1
Chir siriatipennis NIESB0468 mitochondrial COI gen: nit |, partial cds Chiror ia.. 1194 1194 100% 00 ©939% 658 LC495116.1
Benthalia sp. HM-2012 NIESB0461 mitochondnal COI ¢ for cytochrome ¢ oxidas bunit | partial cds Benthalia sp. HM... 1188 1188 100% 00 9924% 658 | 5114.1
Chironomus striatipennis NIESA0270 mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds Chironomus stria... 1188 1188  100% 00 9924% 658 LC4948801

B~ 4 (Chironomus striatipennis)fy COI FeRATEE 455

(2) FBENAEEHE THEFITEH
1. SRR AT DURE FR SR mi TR /K TR » MBI RS S A 2t > Sy AR S
R < B E R » IS ERHAR BLNeER B G - AR g R 0 VR T
R R BRIV G EE. (B

EIVANRE SRR %Zﬁﬂ
(A)B) LAEDF-5%p  (C)(D) DAMEIRE SR

2. SEEFERUM /K AL R SRR R R > DUFAPHZ P A fEr g - DU SREA R FE R /K AL
B B PR R R R (BRI > £ 100 >N BTRTA D+ SE AR mi St > 15
IKALES  SRUFERUE SRR IRBUKEE Z R &9 190 Jr#f& itV BRSE plsimd (EL) -

N

Efficiency of cocoon construction Efficiency of cocoon construction (drought) Efficiency of cocoon construction (flood)
100 100
0.5cm 100 — 0.lcm — 3.0cm
80 ~— 1.0cm 80 — 05cm 80 — 5.0cm
— 15cm — 9.0cm
= % 60 - 0
S 2.0cm g IS
40 — 25cm 40 40
20 — 30cm 20 20
0y T T T T T 1 01— T T r T T T T 0 T T T T T
0 30 60 90 120 150 180 0 20 40 60 80 100 120 140 0 60 120 180 240 300
(min) (min) (min)

7

[~ SRGIEIA) &R YA [RIK AL FEAY SR i R
(A) 6 TEAEFEAKAL : (B) FME/KAISERZHER : (C) FrE/K sk

~

J@%
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W AR RS Z IO > SR RS R R B R sk =K EE (0.5-2.0~5.0
cm) FI=FOREE (16 ~26~36°C) HAERIELERR 2 728  /KALAR SRR AR |
IKALRE S SR RS » WD ERUREA B B AR EE s B HAER (E1)
BESME - AEMLHIEN T - Sl g ade A s m B AT IRE T 4hast
UGS - KR~ BMEUR SRS « HAW LR GEE 4 & B AR Y SR

o -

05 | S=
16 26 36 16 26 36 16 26 36 (°C)
live Chironomus straitens ‘\le dead Chironomus striatipennis room temperature .. soil cocoon <~ saliva cocoon

[ ~ SRR L) ER/KEG T H a1 T Ao B
(EE) &+ (FE) &) - BER RO =fEKES R
(A) ~ (D) 0.5 cm
(B)~ (E)2.0cm
(C)~ (F)5.0cm »

AR =R (16 ~ 26 ~ 36°C) ZFERET T/

4. JeHNTE R &R B A H IR S IIEVA T R AN Z 3R > AT RT-PCR
I EDREROEHE T > MATE A RERCE R RN FIRE - Sl G e R
Efa VBV E A RERI . LR PR 228 TSR0 2 1 R th Z S idifE
B IEEN R BA R (&) -
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5. JElR -~ SR ARG G f BRI A - BN AL B H AR N 2 R > FIIF qRT-
PCR 73#7eli ~ @l AlEZE | - PhiimaTE E AL (HbII) ZFRIEE - SEIN » 1k
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thEsARMALE A KRERE - GRS LR AR M E A R ERIE R BE

.

[

(B +=) -

6 5 6.0
S s 5 5
g g 4 g 5.0
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(1) s DR M g
Dlgaa e PRI R ity " A AR e | T DA ZR PR Bk e P
RIS R /KHE TE DI G55 o T ERBEIL. (>80%) ~ MR (100%) FIFVHEZIL (100%)
FEON R AR (B+=) -

A B
= = y 100%
= W8 B gl
-y 80%
= » ;_‘ y/ ‘ r.5 |
| " 40%
20%
0%
B B 5 &
BomEKOK
T K K
I & 8 §

#7+E : ﬂ&ﬁ%ﬁﬂ%@fﬁiﬁ%ﬁ (A) Badg  (B) DUMESEREDNE 7 -

() SRR B PSR
1. SRR 3 SR 2 S AF
TRFREHEO SR — IR MHEDKES - i) as — SR OB &
TR VIREAE (1.0~ 15 3.0~ 5.0cm) ZKEGHIVECA AR - SREHREIIEGRITEL
MR > WEHH B RAET - SREEEURI L RENE © 1 O SRR o eeersd
L ZKADEYE. - SRR ERES -
2. SUIERIRRERVKEE - BB REUREHE RV E
SEIFEICEE A KEE (BHIENIEERERY) - IR SR A RECR - R E LT
B =likahas (n=5) BHELIRAVK - Rl SERE 05 ~ 1.021.5-20 ~25-3.0cm
H7KEG - ESRPECPH b plcka 1 B Rlifelt - SR E B S > A S /RSP ER
F5100% » FPPHUEMEREEL R 1 < 1 (B -10) -
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A 0.5 cm H,0 B 1.0 cm H,0 C 1.5 cm H0
100 100 100
Female Female Female
= 80 . Male = 80 mu Male = 80 m Male
< B 3
3 60 S 60 3 60
c c I~
& ) &
2 2 40 S 40
£ £ E
R il Ll
T T T T T T T T 0 [ T T T T T T T
1 2 3 4 5 6 7 8 1 2 3 4 & 6 T 8 1 2 3 4 5 6 7 8
day day day
D 2.0 cm H,0 E 2.5cmH0 F 3.0 cm H,0
100 100 100
Female Female Female
= 80 mm Male z 80 . Male F 80 - Male
@ @ :;
g 0 g s0 g o0
£ % a
2 40 2 a0 2 40
a
£ £ E
TR [ w29 w2 I
0 T T T T T T T T 0 T T T T T T T T 0 T T T T T T T
1.2 3 4 5 6 7 8 1t 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
day day day

[El1-VU -~ ARBEE =i hER (n=5) BN EREURAEK
T HRZE TR (A)0.5 ~ (B) 1.0~ (O) 1.5~ (D) 2.0 ~
(E)2.5 ~ (F)3.0cm HY/KFEEH » EERBEIIPY AR IEER -

(7)) B EdE 16S RO
Freap B - KR/ BRI S - HAEYRHLAEET 16S SiEEEF

(NGS)R GRS &) 22 (B350 B 1E AR Ky Novispirillum sp. ([&1-11) -

b. Genus (B)

a. Family (%))

100%
m Novispirillum
100% Rhodospirillaceae !
m Rahnella
Enterobacteriaceae 80% Simiduia
80% Rhodocyclaceae
Dechloromonas
unclassified
i& 609 %ilmmaproteobactena 60% Thiolamprovum
= % romatiaceae
= Propionivibrio
E C()mamonadaceae
o, Hydrogenophaga
ﬁj\ 40% B Flavobacteriaceae 40%
Elizabethkingia
tb B Rhodobacteraceae I I g
] . | B Pantoea
0% ® Neisseriaceae 20% I
o L | g B Paracoccus
8 I | ® Anaplasmataceae ] I E i |
= R ]
L - = _ =| = Gordoni =5 - _ 8 C =
% 2 I EHC: & ordoniaceae 0o L= Esg=Z2E L]
N H A N N A H A H A N
NNWWJQOx Dmom NNWwWJOxX ODoom
[l 2 B = o o
FEvgsegbTEER I<®0TEFR
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100%

80%

60%

40%

20%

c. Species (&)

d. #R38 E R

m Novispirillum sp.

B Rahnella sp. = Novispirillum sp.
= Simiduia areninigrae

m Simiduia .
areninigrae = Plesiomonas
shigelloides
Thiglamprouum Amphritea sp.
I I a pedioforme = Zooshikella
l I ! I ® Rahnella " %:iclf‘gf)z%sus sp.
= -]
| I . I E ! § = Thiolamprovum
g I g ! L= Dechloromonas pedioforme
0% ﬁ fungiphilus " Dechlorbomonas
Eﬁaﬁég%%?ﬁg hortensis
71~ L) aR Bl s aaRs E AT 16S BRE
(ER B S LRI AYRL ~ & ~ 1)
5. &
AREHFEER TG R FAF R T RIMALE 1 BEVR O 8 AR

B~ YEnSER A R B YRR AR R B RS E  FT EE R SR e A U
S8, > SR AEATT I T R A BRI S AR ORI -

HEIY SR PR B EN B I ~ ELERA - BEE - #IGRE (Chironomidae) - fH A
TRENHELA 24 8 88 1 (GELYEZHEMERALILE) AMaBLERITURE
BEE » 2RI s R FE AR R AR 20 (Pontomyia oceana) - A i IR
BE - ARE - BHEE - FRRES > AR KRR EE M BEDAK
BSERIEA L SAGIN VB EEAEHEIE (Nicacio and Juen, 2015 3 FR{EZE - 2020) © AHFSE
—BAABTEAH A3 F S MR GBS - AR3LA0sk 26 (EHNBEHIHRE > WtE Sy T8 E S
EEIZHLIY (Chironomus circumdatus) ~ 43534850 (Chironomus striatipennis) ~ R E I
(Chironomus incertipenis) > DL S 8/{b). Stenochironomus okialbus~ Chironomus flaviplumus ~
Chordodes formosanus F12& Chironomus spp. SFHEIYITE « BURGEEELHTZ LA
AIRARHVZER] » AT AR A ST HRE A= R84 Ry S T RE A TR ST

HEI A #B TR AL E o AL TR dr SR REHT 90% - BE)Z Stk KER B H = RER
HAY RS S KISE B A YRR 60% ~80% » (SIS aEEaE » B4 A
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SRR ZAEHR - ELFERE S ~ % - B B - TR - WERIEE. . (AR - 2013
PICEMEEHE) - AT ELUKREAREEY MR MEER > B LKER
NER/KAGYVE fE BIEERAVIIRE - A g5 S ARRACHAYKETSH, - AR5t — T H s
REZWIFE > IR FEAFRRT T - EE AT RE TR e s MEER S B BB - AT
SERBUR SRR AR R KRR - HIMALE AN R BRI HG e 25
RITT

SRR ORISR 238 PRaHEnlR 7 IRe A=Y 5) -
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