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# E [H®] #&EO (Feritin) FE4EREY oS EEMEH . it /047 S %20 Riptortus
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Functional analysis of ferritin genesin Riptortus pedestris
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(Institute of Plant Virology, Ningbo University, Ningbo 315211, China)

Abstract [Objectives] To characterize the function of ferritin genes, which play an essential role in maintaining iron homeostasis,
in Riptortus pedestri, thereby providing a theoretical foundation for the control of this pest. [Methods] Homologous ferritin
genes were identified by sequence analysis from R. pedestris transcriptomic and genomic data and RNA-seq used to detect the
expression patterns of three ferritin genes in different developmental stages and tissues. Third instar nymphs were injected
with ferritin dsSRNAs and subsequent phenotypic changes observed. [Results] Three ferritin genes, including ferritin heavy
chain (RpFerl), ferritin light chain (RpFer2) and soma-Fer (Rpsoma-Fer), were identified. All three genes were expressed at
all developmental stages examined, but differed in their expression patterns in different stages. The expression patterns of
RpFerl and RpFer2 were correlated with molting, whereas that of Rpsoma-Fer was not. All three genes were highly expressed
in the intestine, muscle, and cuticle but less expressed in the salivary gland, testis, and ovary. Suppression of RpFerl or RpFer2
was lethal to R. pedestris nymphs because it inhibited molting. However, we did not detect any phenotypic changes after
treatment with dsRpsoma-Fer. [Conclusion] Both RpFerl and RpFer2 play an essential role in the molting process and are
therefore essential for normal R. pedestris development. Consequently these two genes are potential targets for R. pedestris control.
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524 0% Riptortus pedestris, J@F#H, %
AR, Wi B | R T A A R e X
GG IR, B TR, WIS
Bh O RAEL SRR R A 3, (A%
HFREKT (Mainali etal., 2014 ), 5 L% m
a0 e X T g A 8 ) R e RN o YRR AR
5y, FEOROGMHMMEB AR T, HZ
FREM KRG FEEELEER AT, AR
HR T (Bae et al., 2014 ), FT4ER, &
W 5% s - S O A R IV I ) K A

( ZE3CHLAE, 2020 ),

BRAE R 22 40 3 R v B il T T R A A
WHERKE BTN, You RS EiE 2
A ETRERR E AT LAY (Aisen etal., 2001 ),
R (T A | A DL RS DR AR R
W R - i i e AR b i %5 B EEVE ] (Liw and
Theil, 2005; Shenetal., 2021), RHgkEH—
f ELAT 43 Wi i )& ( Nichol and Locke, 1990 ).
TELER I, B AR AR FL sl ek 8 A S5 H A
W, AR T L R o AN T S HE 5l
YRR AL . FEEEFVR L (FerlHCH )
HLA i S R R R I 2 A SR R L, 1T DAL
TEREAR S =R, I R B A k)
fit; BEERIVE AL (Fer2LCH) N AA fEE S
AR SAZ O o BR T 43 IR B P R R U
SRR EE I , B R iR S o — R AR R
FH ( Soma ferritin ), AEREE H f 0] 78 e 2F HP B4
M4 (Von Darl etal., 1994), JZifeR dt .
BARSIYY . SR S A DL SR A AR AR ARGE - K
BREHERM s AR A - 55/
KB P TR B (W) R I R R ) U Bk s R R 1

(IRE ), H H#HA A L f .0 Huang et al.,
1996; Zhang etal., 2003; Durand et al., 2004 ),

bR TS 58RI | Fris A ek, B
HARNIERER i8S 5 2R A B RE . QR ml
Bemisia tabaci 7Eif £ i 2 i i 43 Ak A
il fE B A A A AES (Su et al.,
2019 ); ¥t Aedes aegypti 04k E H S 54k
H i1 32 i 22 DD SRl A, AT R B 1 I S 55
B B AFIC B ZAE RE 71 ( Geiser et al, 2019 ); ZXH
Musca domestica 1948k EE 1 7E 4l P R YL S Whaa

WL, 15 B Bs LR AR RO i
XHAER (Cao et al., 2020); FAgkE A HEEE
[FVRIRE LRI AN B L K, AT eSS R R ikhuR
[yt (Otho etal., 2016 ), HATEE
FEAE % i A R OR B2 210G T, X R gk
FAAEMIERE R, JRTRATAT LU T ek
AR R R B8 ), DA T H 554
e feE, Al U B IR B AR B i R
R, BHTA G TES I8 L A RAT AR DL
T8 o AHIFGE X 1 W 2 0 32 R 2 R A 5 D) RE TR R A A
BRER B, Jfiat RNA T4E (RNAG) #)3
HIZik, SrHrek el SRR s i i sy,
TE A 15 R e R D B 48 R B 5 FE Atk , o
I R U T B U SR T T B LR AR

1 #MB5ERZE

11 #ulER

2019 4F, SEURAT IR s SIE R H EBE
M, AR, RAGSFCRE T 28 IR
KRR TF AT AUEE S SRR ( 26+
1)°C, FHRHREE N 50%+5%, YeJEN 16L : 8D,

12 REAEREEMREERS

ATy RE v R 45 0 25 i 15 45 21 T 68 A9 4k 2R
5 815 i O B S o < N < O 3 4
T %% K&\ Nilaparvata lugens. J& 5 Cimex
lectularius, HJiE 4% Drosophila melanogaster 3
i B HUP B B P 8 B X A e 5 i e 3 A1 BB
(tBLASTN, E-value = 1.0x10°%), F#iEs 511
15 52 8 F JE HGiE i+ BLAST 5 NCBI nr J F X}
HATIRE . [FIE, FFHAS SE06 3 O A 1Y s 21 0
37T AFIABEHE (I 0-6d, 1# 0-36h, 2
¥ 0-60 h, 3% 0-60 h, 4 %% 0-72 h, 5% 0-96 h,
BB 0-6 d) 17 AASRILLLRER (F 2,
FEMEAR, BAiE, WLPY, MR, FSEAIE ) 1Y
K4 (Huang et al., 2020), 40T 3 FhA
W 25 K AR 1 SR DR P R AR

13 EERFIISMMRSEREHAR
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PR IR F = B R T 9 RIN S F - 87451 . I/ (R 1) T TRERE M. M mafft H17
SFEEA I A 5 ARl 1 InterProScan #EATHLM . ZHJTHI YT, Gblocks FEHUE LR T HIR AL A,
RS R GG 3 FPEREE IR OC R, Pk Jfi L Modeltest-ng o 3o fe AEAC RS, A 5 {8 H
NCBI nr ¥ 44 LB MBEARERRITFS]  iqTREE MEB ALK, 217 1000 YK FEKE

F1 #HUKLSHERNEERFIER
Tablel Genesequencesused in the phylogenetic tree analysis

LK Family YW Species

%5 Accession number

BRAR 1 L Y A

Ferritin-heavy

3B BT Leptinotarsa decemlineata AAP57194
RIS Tribolium castaneum XP_967058

W R AR Aedes aegypti AAK15638

X H AV 4228 Anophel es gambiae EAA08169
t5/NSCiE  Bactrocera dorsalis AIA23786
e B Drosophila melanogaster NP_001263104
}5 8 Glossina morsitans ABC48949
IR R B Cimex lectularius XP_014255155
#ie Asobara tabida CAZ04924

RPN AERE Bombus terrestris

35 % Bl 35 5 951 Camponotus floridanus
BkHRA#E 1Y Harpegnathos saltator

41 kWY Solenopsis invicta

XP_012167824
XP_011266939
XP_011148153
XP_011160667

M7 3 BESEE Calpodes ethlius AAD50239
JHE R Manduca sexta AAK39636
B Samiaricini ATD12167
HraZ i Trichoplusia ni XP_026744300
AAET Pediculus humanus corporis EEB12465

# K&\ Nilaparvata lugens MN931788.1
HHAS % Tribolium castaneum XP 966312

B K AP Aedes aegypti
X LV #2218 Anophel es gambiae

XP_001648938
XP_001237468

5 /Nszig Bactrocera dorsalis AIA23787
Mg i Drosophila melanogaster NP_001263106
J1 75 Glossina morsitans AAL65406
‘ TR S AL Cimex lectularius XP_014255153
ﬁfiﬁiﬂg # % Asobara tabida CAZ04925
21 kI Solenopsisinvicta XP_011160664
M PG 371 Calpodes ethlius AADS50240
MM K% Manduca sexta AAF44717
ERA Samiaricini QED22038

Wrarpi sk Trichoplusia ni
AMEE Pediculus humanus corporis
¥ KHE Nilaparvata lugens

XP_026744299
XP_ 002432696
MN931789.1
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43 1 (Table 1 continued)

FEH KW Family

YFh Species

55 Accession number

REREH

Soma-ferritin

FE3EACEEE Leptinotarsa decemlineata
U4 #s Tribolium castaneum

5 /NSCi8 Bactrocera dorsalis

s B Drosophila melanogaster
HEHF R Cimex lectularius

P 7 % Apis mellifera

RPN AERE Bombus terrestris

B HIAS T Camponotus floridanus
BkéEsE i Har pegnathos saltator

41 kWY Solenopsis invicta

# KE. Nilaparvata lugens

AAP57194
XP_967058
AAK15638
EAA08169
ATA23786
NP_001263104
ABC48949

XP 014255155
CAZ04924

XP 012167824
MN931790.1

1.4 RNA 2EF0 cDNA &

W LU 25 W RV R i e MIP R 5 R
MR, i Trizol RNA 42BUKF £ ( Thermo
Fisher Scientific ) #E1%.5 RNA, Jf43 5l F H
NanoDrop FIBEARMEEER ( L1628 % AR YR
HIRAHE ) KRN RNA B & & M58,
A5 A RNA i | HiScript II Q Select RT
SuperMix for qPCR [ #% 55157 & ( Vazyme )
4 1% cDNA,

15 RNAiI fAFEEESIT

AR L3 cDNA SRS ] Phanta 512
FLY 14 HE ( Vazyme ) 735119744 RpFerl, RpFer2,
Rpsoma-Fer ( % 2 ), PCR LW &% : 2 x Phanta®
Max Buffer 25 pL, F/R Primer Mix 2 pL, ¢cDNA
2 uL, dNTP Mix 1 pL, Phanta® Max Super-Fidelity

DNA Polymerase 1 uL, JG# 7K 17 L. PCR JZ )i
FEF:95 °CHAETE 3 min; 95 °CARE 155,60 °C
Bk 30s, 72 °CHEfH 30s, 35 PMEHR; 72 °CHI
JRAEMH 5 min, PCR F=#kA 7 B A MEE I F vk
) g 1 W5 A R e Tl il R & ( Omega BIO-
TEK ) X} PCR F=4it414lifk . 4lifk DNA #ARfH
H T7 High Yield Transcription Kit ( Vazyme ) & i,
3 Ft dsSRNA, 2 W {& & : 10 x Reaction Buffer 2 pL,
ATP Solution 2 pL, GTP Solution 2 puL, UTP
Solution 2 uL, CTP Solution 2 uL, DNA #ifiz 8 uL,
T7 RNA Polymerase Mix 2 L. W FEF: 37 °C
WEE 16 h; WAARMIA 1 uL DNase I, 37 °C
EE 15 min.

Phik 3 W USRI R, COL BRI T 2
A BT BE ST 3 Bl dSRNA #E4T RNAI, %%
POLEHAZERN (GFP) X RNA 1E KR4 .
THEN R 30 R d, M ES 3 K.

x2 5IMER

Table2 Primersinformation

5¥14 %% Primer name

5I1#F%5] (5'-3') Primer sequence (5'-3")

Sl H& Primer usage

RpFerl-S TAATACGACTCACTATAGGGTTGTGACAGCAGATAATGGAGG
RpFerl-AS TAATACGACTCACTATAGGGTAGAACCCCATTTTGTCCTGAC

RpFer2-S TAATACGACTCACTATAGGGCTTTTGACCTTCGGCATGGTTG KU RNA £ 18
RpFer2-AS TAATACGACTCACTATAGGGTCTCTAATTTGTTTCGTGTGC %’;Bﬁi;ﬁi‘;‘jﬁ;‘

Rpsoma-Fer-S
Rpsoma-Fer-AS

TAATACGACTCACTATAGGGATGGCACAAAGTCAAGTTCGTC
TAATACGACTCACTATAGGGGAAGACTTGAGCTCTTTGTCGAGG
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TG 48 h FFiR it difEiG %, M Log-rank
Ki: (SPSS 19.0 ) HLHAH BIAF G R I 225 o

2 HR5TH
21 REBSESEQEREFSIMR LI
s S i s S PP ) 3 A R

Sl 4 i RpFerl, RpFer2 il Rpsoma-Fer, Jf:
JEEEIEAT T S BRI 5 E ( GenBank &SRS
MZ367596, MZ367597, MZ367598 ) (&l 1: A ),
Hrb, RpFerl #EH 4K 16 971 bp, 35 5 Mk
W, gt 226 PN IERR ; RpFer2 JE R 2K 7 840
bp, B& 6 MMET, WS 223 NEIER;

EE’: 173 &R (K 1: B), InterProScan f£5F
SERIR AN 5 R, 3 PRI Bk AR
B 1T REI H. RpFerl il RpFer2 &4 15 51K,
K ENTR—RPWASER, SeHEnEE
RHmgEA—2 (B 1. A)
RBERE e R_EN, 3 ﬁ%ﬁﬁﬁ%ﬂﬁ
REZBAREM I3 (8 2), Hr RpFerl 5H
RAZRE A ERE I (FerH ) R4, RpFer2 '—?
R 5045 WKL (FerL ) 84, Rpsoma-Fer 5 H:
ERGEARE. ERELEMH, RpFer2 fl
Rpsoma-Fer 43Il 5 iy 5 HUER B 1 404 3 |
R H RS X R i, JFH AZEKRT 75,
{H RpFerl ) 5 7 5L k88 1 L fk R R 4% ¢

Rpsoma-Fer 4= 3 069 bp, {17 3 MMNET, i ZAEFE, HENES ML 3 AR L IR IR 4
A fE ik
Signal peptide Ferritin
RpFerl | [ I [ ] 226 aa
50-198
2k »
Signal peptide Ferritin
RpFer2 | I | I ] 223 aa
53-199
Ferritin
Rpsoma-Fer | I I ] 173 aa
16-153
B
RpFerl  {f} H 9 % 16971 bp

v

4} 8-F Exonl-5: 1 309 bp

A
RpFer2 @ 9%9
T

4MEF Exonl-6: 872 bp

w=g 3 069 bp
\_1_1
4ME-F Exonl-3: 783 bp

Rpsoma-Fer

§ 78400p

B1 AEZBESEAFISNER
Fig. 1 Bioinformatics analysis of ferritin in Riptortus pedestris

A RUIEGIEHRAE PR ST AT IR 45 2R 5

B. RUEZIBERE AN A S 7ML T4

A. Domain architectures of ferritin in R. pedestris; B. Exon-intron organization of ferritin in R. pedestris.
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O FerH
[ soma-Fer
O FerL

Tree scale: 1

¥ K&\ Nilaparvata lugens FerH
F%/INSCHR Bactrocera dorsalis FerH
W8 Glossina morsitans FerH

PRSI S48 Drosophila melanogaster FerH
S Riptortus pedestris Ferl
E75 ARETFUE Calpodes ethlius FerH
BEWRAE Samia ricini FerH
W KM Manduca sexta FerH
IRAURHs Tribolium castaneum FerH
BRRAPUL Aedes aegypti FerH
[XI L35 Anopheles gambiae FerH
MR Pediculus humanus corporis FerH
BKYH B8 Bombus terrestris FerH
3% BT I Camponotus floridanus FerH
21 KWL Solenopsis invicta FerH
BRBIRAEAL Harpegnathos saltator FerH
# W Asobara tabida FerH
BB, Trichoplusia ni FerH
BRIEALBEM Leptinotarsa decemlineata FerH
WA R Cimex lectularius FerH

FRINB ¥ Tribolium castaneum soma
BERAEPE N, Leptinotarsa decemlineata soma !
% K\ Nilaparvata lugens soma 1
% Riptortus pedestris soma
WA R Cimex lectularius soma
A/ Bactrocera dorsalis soma
BkSRIRAL Harpegnathos saltator soma

| Fi &% Apis mellifera

!_ g BRUNAEHE Bombus terrestris soma

- £ KUY Solenopsis invicta soma

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

A s Tribolium castaneum FerL
HURRZE Samia ricini FerL
_,T AR R IR, Manduca sexta FerL
a— BBBIR Trichoplusia ni FerL
—_— BB Calpodes ethlius FerL
 — £ K8 Solenopsis invicta FerL

# ¥ Asobara tabida FerL

% &H\ Nilaparvata lugens FerL

MKFE Pediculus humanus corporis FerL
U 2% % Riptortus pedestris Fer2
YRR B Cimex lectularius FerL

R Aedes aegypti FerL
X TE 354X Anophel

gambiae FerL
[ {1

#/J\y:!ﬁ Bactrocera dorsalis FerL
HIFE W Glossina morsitans FerL.
PRSI Drosophila melanogaster FerL

Tree scale 0.1:

2 RpFerl, RpFer2 fl Rpsoma-Fer SEERR%EEIRRANRZLAE LR
Fig. 2 Phylogenetic relationship of RpFer1, RpFer2 and Rpsoma-Fer with other ferritins
RG] iqtree FPE W IMSRIEME ;. AIRERT 50%89 73 ST
Sl FRBARC, BRI B R RBOR HRE.

Phylogenetic tree is generated by iqtree software with maximum likelihood method. Nodes with bootstrap
values >50% are marked with solid blue circles, and the larger circles indicate higher bootstrap values.

2 st iy 52 SR AR A, BV A B R TS 1
PR T I, TTE A5 i S0 A D Rk R IR
RpFer2 751 ] (%) 3R A4 X 15 RpFer AR SR T,
RpFer2 7€ 3-5 #& W) (1) 3R i5 18105 RpFerl f74¢
AR ZE 5, FAHXT A i () (R Hh IRAE #5181 1Y
il . Rpsoma-Fer Rk F-FEEN YA B 28
WA, RITEDN ) AR X 2k B dw i, 1A B
KABES 6 RERERM, 1AL, Rpsoma-Fer [
FEIR AN L HU 7 2 B S ) SR A AR R T 3 A )

3 PR 11 3 R FE A5 L 8L A o i
R, RpFerl, RpFer2, Rpsoma-Fer 7E/7iH
LA RN B v ) ik i v TR e . A 5L L O
HAHEHY (K 3. B), H, Rpsoma-Fer
TE RS I I E R R0k, RpFer2 TEMGiE Y
Fikm THAMAL, HRERGFERE; W
RpFer1 7ELA T Rk & T 1A

23 HKEBERINESH

FIH RNAL$ A3 516 s W25 05 3 PPk 2R A
FEHEATUOER . 45 RW], S5UEST dsGFP AL,
145} dsRpFer1 1 dsRpFer2 (14t 1 2R 30 H w3
FEF, TEST dsRpFerl J5 55 4 K, MMeZkibinT
R EETX IR (P<0.05), HAETSEH 12
RGBT FIRE] 95% (Kl 4: A).
dsRpFer2 A-FR R U SIETET M55 3 Rl
FET EFE, 56 12 RN HIET- %0 90%, i
ETXATIEA (K 4. B). KA, dsRpFerl #i
dsRpFer2 AbF 5 i) & e 2 8 2 30 AR LA FE T
KA (K 4: D), 551H 52.5%F 48.9%I1 4 H
TEWL R IAZET (K 4. E ). dsRpsoma-Fer 4bH
MU SREAT HOR R I R Bt (1A 4.
C), TEHESAEFEES 12 RAYFET- R 5 XF B A
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Fig. 3 Temporospatial expression patterns of Riptortus pedestrisferritin genes

A NS ERE F SRR R ) AR B.
FB: J§Witk; Gut: aif;

ISR R LRI AR Z P =S
Mu: HLP; Ov: gﬁ%' Te:

SR B, Cu: KE

Ki8; SG: MEWR . Bl A (bR iR,

HEEARA ARG FRER R s M G PR PR R AN ik i 22 57 3% (P<0.05, Tukey K255 ).

A. Temporal expression patterns of R. pedestris ferritin genes; B. Spatial expression patterns of R. pedestris ferritin
genes in different tissues. Cu: Cuticle; FB: Fat body; Mu: Muscle; Ov: Ovary; Te: Testis; SG: Salivary gland.
Data in the figure are mean + SE. Data represent relative mRNA levels of R. pedestris ferritin genes, histograms
with different letters indicate significant differential expression level (P<0.05, Tukey test).

Feo i 222 5, HAR AL 2B i i SR AR {L (&
4: D), LI E&55REM, RpFerl fil RpFer2 7& 1,
W iE A KR B R R RSN, AR Rk
HFET RNAI 7 1A w5 W 25 05 1) 18 A2 F0 bR .

3 itig

B HU gk A R 0 2R 1 el vk 2 R SR
HFARIZHL (Nichol and Locke, 1990 ), HHif
PIbFsE R, i R RAG S A&, |
HRBAP ARSI R A /E22 5% (Pham
and Winzerling, 2010 ), 41f#% Drosophila
melanogaster £k 1) 12 /4 THaiE . ik e A

T R S 17 N L SR U 7/ e I =i S W LB R
( Georgieva et al., 2002 ), FEEMEE Swvallowtail
butterfly ) PxFerHCH 7E T A 421 F ik, A
MWtk #e ik (Luetal., 2019), AHF5E
MK G e i FE RN AL RN SR p S e 8 T 2
AW RIER R LR L MR . 3 FPRERER 18
SAHYPEAIIREN, H RpFerl Fil RpFer2 44>
WARVER R 3, SR B AR I R R R
HEMEAT S Hw B f A g e sk S
Aedph R AEARARI DI BE . ANF IR A5 R R, s
%%EF'B"J 3 PRI R I TE G TP A B R
IR, IR A R AR 10 R 2R A T R AR Bk
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Fig. 4 Effectsof dsRNA interference on the survival and phenotype of Riptortus pedestris
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A. The influence of dsRpFer] on survivalship of R. pedestris; B. The influence of dsRpFer2 on survivalship of R.
pedestris; C. The influence of dsRpsoma-Fer on survivalship of R. pedestris; D. The influence of dsRNA treatment
on the phenotype of R. pedestris, R. pedestris treated with dsGFP was used as a negative control; E. The proportion
of dead nymphs in molting stage treated with dsRNA. Light shades indicate 95% confidence intervals; P<0.05
indicates significantly different survival distributions between treatment according to the log-rank tests; ns indicates
no significantly different survival distributions between treatments. Data in the figure are mean + SE, histograms

with different letters indicate significant differences (P<0.05, Tukey test).
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