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Functional analysis of microRNA in morphological changes of termites and use of
breeding insects as cultivation feed
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Three types of miRNAs (miR—7—5ﬁ miR-8-3p miR-12-5p) predicted to be
involved in the formation of compound eyes or wings, which are characteristics of alates, in the
body coloring, which are characteristics of replacement reproductive, and in the chitin synthesis,
were selected as targets. Inhibitors or mimics of the miRNAs were injected into worker caste
termites of Coptotermes formosanus and Reticulitermes speratus.

Injection of miRNA inhibitors increased the expression of mRNAs such as nostrin and ribosomal
protein in R. speratus. In C. formosanus, mRNA expression levels of CYP15A1, JHBP, and ecdysone
receptor increased. Injection of miRNA mimic reduced the mRNA levels of JHAMT and CYP15Al in both C.

formosanus and R. speratus 5-7 days after injection.

miRNA  miRNA inhibitor miRNA mimic



B X C—19, F—19—1, Z—19 (@)

W BH AR S ) D 5
$ﬁn®ﬁ%w§f%é4i/m7)&?VF/D7)®ﬁm% YO EERL, Zhbo
a7 UREESLI VI LTEN-ZMERD 2522 R L, /2, ¥ I vnm
FUEEALT R T Y ORBEMESH L, fZuaT7 )Y~ hboaT7 UOFRE I
a7y A4U T ) L0EREMPMELTNDZ EE2WE LT,

a7 VIFEAMOHA EAFHOREEHES LW AREME ZE8EE LTAEFTT D52 LN ATEE
b5, £, ENTOMEN - M%%M B TIGFA, BRI AARM OFHFIL, JHIZ 19%,
89%, 94% TdH v, FIlF A Fi &wﬁ&ﬁk%ﬂ%ﬁ@%ﬁﬂkéwﬁﬁkénfwé ZN
IEDOZITIZE D a7 VgD 2T =2 7 OFEINESR T H 2 B4 BCF B R~ D E
Bl 73 mesr U, BRSO 280 & Lz n 7 U EBMnEAfcx i, 2050 HFiZ7inb
ETFHIEN TV D BIBAEEOMIKZIRMT S5 Z ENARETH DT T, ERNOHEDR
BB ETDHZENTE D,

a7 URNICHEIET 558 RNA 2k — 7 = o —Tr L, A =2 a7 U kg5
114 fEH O miRNA, ¥~ F a7 UEENS 97 FIEO miRNA, Y~ hoa7 Vo= 7h5
101 FEEH O miRNA Bz RIE LTz, &6, f=vu7 Y EtY~ a7 U OM T miRNA H
BIFEENTWAZ L&, Bigl =0 70l TH miRNA BMEFEENTWAZ A2 R Lz, Z ol
BT, B0 E=0 7 b BAMBR~OIEE{L CHEE/ MM X 235 & Bbh 2 5HEE
@ miRNA 2 B L7-, 2425 @ miRNA OSREA I 50023 5720, OB XF &
KEMLET S L FHISN D miR-12-5p, HEIRLCHOE K ZHMET 5 & FHI SN S miR-7-5p (2%
7% inhibitor %, kgL =2 7IZHEA LERBE(LEZBIE Lo, ZO%, miR-7-5p inhibitor
EHEALEY~ bya T UVBEONEAM B ~DOFEREE L, & 5ICH R A M B O R
ThorhFOBEl, LI TN HEHR~OFREZEDBIEZ I N, ZO/IZ, miR-7-5p
inhibitor OFEAIZ XL Y miR-7-5p OIEMEZFRLE U7 fE R, ShiZAH hCH B ~DOEREZE LA
FHHEINTZZEDH, miR-T-5p X7 U OHREE OB ZMfH L T\ 5 miRNA ThH 5 Z
EMTR SNz, £72, miR-7-5pinhibitor ZEA L7zv v T Unb X o et L, —Kk
TLERIKEN ToHBE LT Z v 37 B % MALDI-TOF-MS T4t L, miR-7-5p 28R EL A2 i L T
D58 R EOREEZRRTEN, miR-7-5p BHEINTZERICy e 7 VAN THREEN EHT5
X R EDORIEICIZES o Tz,

AL — o i A A a7 YOS ) MEF L RNICERFTFRIICLD,
12,984 FEEO FHIEEF 2 R L=, Z 0 12,984 FiFE O FHIE S 12% L T, miRNA inhibitor
%&Abt/m7J®RNA&qc;énmNA%ﬁE@W@mm%iﬁﬁé & ¢, miRNA
inhibitor MEAIZ L VBB EN LA T2 mRNA ZBHONITHZENARETH D, Hohiz
BIA T THERSCERERICE ST, a7 VORIESH DW= 700 3EA RS 5 WA
WA A~DOHRELEDOBRIC S 1 7 VAN TE < miRNA OFEEHEHEELZH OGN T D ENTE
g, Bl U Rk i 265 L L-v a7 UERBIZEB VT, gD 50 it=2 7 D%
AEBE LA A~ D A U EIME AR AN S5 Z LN TIREL 20, RS D IS
B LTyua7 ) 2iEHT 5700 EMEMN AT 2 LN TE 5,

2. WHEDOHBY

a7 UOMESH D NIE= LA RSAE R R ~OEELZLOBRICIERT 5
miRNA OFEE L ¥EREZ A ST 5, ABHROETHHEIR (a7 U oREe= 712X
BHIRIIFEET, FHE~OEELMNEZ 2B TEHIENERIND) HBOFAK, AfHEA
DRI TH HIRFDECLT T VA RA~OBEG N PRI E 5 3 FifH?D miRNA (miR-7-5p, miR-
8-3p, miR-12-5p) ZENTOXG L 5, ZNZ1 D miRNA (Z%f9 % inhibitor #3177 U |Z
HEAL, BIRXOBOK, RERECEBILET D, TNUOLOBEEBIZE L WAITL T, “RITEX
vkEh & MALDI-TOF-MS % MV T, miRNA inhibitor ®7F AIZ L5 miRNA O#HIHIZ L 0 R
BRI L TWD X R BEREIET . FONTEATF ROE#RE S &I, BEERHM L7
BN B a— RT58ETFEHLNCT S, £72, RNA-Seq 12 L% mRNA EEfiEHr 4 %
i L, miRNA inhibitor ®7EAIZ & 5T, ZEFEIZ mRNA 2380 L TV 2 23E L, miRNA (2
LVHBEENTHWDBIETTHLINE D DBRET D,

Z DR OREEZISH LT, a7 U OREIERE A BT ~BE 5N s &, &iEiksER
OfiEtE LTru 7 UL TWD0MMRET 5,

3. WD ik
EREBRCEELEMREFFT an=—0 0B E LY~ boa 7 VREZ HW=, 10 H5
VMZ 20 oM@ miR-7 inhibitor (5 -AC CAG UAC CUG AUG UAA UAC UCA-3’), miR-8 inhibitor
(5" -AC AAC AAA AUC ACU AGU CUU CCA-3’), miR-12 inhibitor (5 -GA CAU CUU UAC CUG ACA
GUA UUA-3 ) #~A 2 uaA Y=y Z— (Nanoject III, Drummond) ZHWT 1EAN=V 7T H D
UME 35 nL Fod ot & BREHRORICEA LT, 28°CT6 ARIE L2%, 1 LFoREY



F A XL, EzApply 2D Kit (ATTO) ZHWTHR{EMEX R L X X7 B R KELL, Vivaspin
(Sartorius) % HVNT 50 fFI21EHE L7-. A—C58 7 H—# /L (pl 5-8) THESBEXIKE LI,
c—PAGEL (#/VIRRE : 5-20%, ATTO) T SDS-PAGE #1T-7-, IBWARy F&EIV L, Yu kb=
JUZHEVY autoflex speed (Bruker) % FHU T MALDI-TOF/MS BT % 3Ehi L7=, F7=, REEIZIEA
L7-Fi%4 2 HIEE L7-1%1C, 1 P92 RNeasy Mini Kit (Qiagen) & QIA shredder (Qiagen)
ZHWT h—%/LRNA Z4liH L7=, ReverTra Ace qPCR RT Master Mix with gDNA Remober (B
PERG) Z T cDNA 24 L, THUNDERBIRD SYBR gPCR Mix (BRPERS) % FHVNT PCR XSk & 3
H L 7-, StepOnePlus real-time PCR system (Applied Biosystems) %\ T E & RT-PCR Z#1T

-7z,

fFan=—0bRELE/ e T VLS =72 AW, 10uM ® niR-7 inhibitor,
miR-8 inhibitor, miR-12 inhibitor #~A 27 oA ¥ =7 % — (Nanoject III, Drummond) %
FAWT 184720 7 nL FOEEEmICIEALZ (n =30, 1208 X2 h—A k), 28°CT2 H
& L7-112, RNeasy Mini Kit (Qiagen) & QIA shredder (Qiagen) % I\ T h—4#& /L RNA
ZRIH L, Illumina system (2% RNA fif#T% Novogene T{T-o7-, GLC Genomic workbench
(Filgen) %AW CHRGERBMAT 2 Fhi L7-, F7=, FERITEAN (o = 10, FH40FEX2 H—R
K) -6 HEfAE L=, 28T OHREISF A XL, EzApply 2D Kit (ATTO) # FHWNT M2 o
PNy LWE N A RERL L, Vivaspin (Sartorius) % VT 50 212 HE L7-, A-C38 77
— 47 (pl 3-8) F-I1FA-C58 7 H—4 L (pl 5-8) TEBMBEBXUKEN LI-#%, c-PAGEL (# L
JEEE . 5-20%, ATTO) C SDS-PAGE 21T o 7=  JENAR > NEEIV L, 71 2 LTV autoflex
speed (Bruker) % F\NT MALDI-TOF/MS f#AT % Fka L7,

miRNA inhibitor ®f%3> V12, miR-7 miRNA mimic (5" ~UGGAAGACUAGUGAUUUUGUUGU-3"), miR-8
miRNA  mimic ( 5 - UAAUACUGUCAGGUAAAGAUGUC-3’ ) , miR-12 miRNA mimic ( 5 -
UGAGUAUUACAUCAGGUACUGGU-3") %, miRNA inhibitors & FEEICY~ Fiu T URkiEE A =
TUBIBICEA L, A% 1, 2, 3, 5, 7HMEE L%, 1 B3> RNeasy Mini Kit
(Qiagen) & QIA shredder (Qiagen) Z FVNT h—% /L RNA ZfliHH L7z, ReverTra Ace qPCR RT
Master Mix with gDNA Remober (BR¥E#%H) % FHVNT cDNA Z-4h% L, THUNDERBIRD SYBR gPCR Mix
(CRYERG) A2V T PCR MR A 7S L 7=, StepOnePlus real-time PCR system (Applied
Biosystems) % iV CE &R RT-PCR 24T o 7=,

4. WFIERk R

TRICEKIKENTHBE L2~ For T U CHRELL CTWA AR X oN T LR X R
78 W o 327'8E) %, MALDI-TOF/MS TZi#r L Mascot fRZE & 1T > 72k, miR-8 inhibitor
AT myosin heavy chain, paramyosin, voltage—dependent anion-selective channel-like
OFRBEDZHEMLU7~, F£72, miR-12 inhibitor ¥ AT myosin heavy chain & paramyosin D3
HENEI L 7Z, a7 B TiE B-actin DX DRI AF—E U TBIGFRROND
I, EEMRNT N TE Do 72, EE RT-PCR OFER, miR7 inhibitor i A T nostrin & ribosomal
protein BEFFHIEAN, imR-12 inhibitor 3 AT ribosomal protein & voltage—dependent
anion-selective channel-like Bf5 I3 EDS, BEEIZHEML Tz, —RTEKIKEITH
NI BRBEEDNHENM L TV myosin heavy chain & paramyosin i&{mf O BEE 72 3B EHENIL
iE & RT-PCR TRH S e o 7e,

RNA-seq it D ft 5, Z2REIC 53 2 AlREMED & 5 18 s+ & L C, ecdysone—inducible protein
E75, 78C, 78FF, nuclear hormone receptor FTZ-F1, broad-complex core protein (9 5T,
eclosion hormone, zinc finger protein on ecdysone puffs (2 E{xT), juvenile hormone-
inducible protein (3 JE{5¥), juvenile hormone epoxide hydrolase (JHEH) , juvenile hormone
binding protein (4 E{xF), juvenile hormone acid O-methyltransferase (JHAMT), juvenile
hormone epoxidase (cytochrome P450 15A1) 234 =i a7 U THIEL W=, ZOHF T s &
AV BB G broad—complex core protein (2 BInT) 7 XA YV NV ARBICHEEIN
HUREB KT nuclear hormone receptor FTZ-F1, E7/-8hE RNV ERUICEE T2 juvenile
hormone epoxidase (cytochrome P450 15A1) & $h# A /LE L EMIZEI S35 juvenile hormone
binding protein (2 E{5¥), $hBERNTE L IZFHEE XD juvenile hormone—inducible protein
AT T miRNA inhibitor HEAIZ K % mRNA FEHEDIMA A STz, VB, IR, 7 =
0 ARG T AR REED B DB & LT, ecdysone receptor (2 EInF), ecdysone
receptor EcR/USP, vitellogenin (2 3&f{x+¥), vitellogenin receptor, oocyte zinc finger
protein (8 {5+ ), methoprene—tolerant (2 E{5T), PBAN-type neuropeptide 284 =3I a7
UTHRBFEL W, ZOHT, JIEKIZHET ecdysone receptor (2 BEI&TF) & ecdysone
receptor EcR/USP, BFEE % > /X7 G HiBAA vitellogenin, JRREAMALAE CHEARET B oocyte zinc
finger protein (3&fn¥), JNEEAK & INREMINE AR CHERE T 5 methoprene—tolerant {5 1-
T miRNA inhibitor JEAIZ X 2 mRNA BIREOMEMA A STz, 245 O miRNA inhibitor A
2 &% mRNA HBELEOHINL, =7 THETH-TZ,

a7 VgLV~ Foa 7 U RREIC microRNA (miR-7, miR-8, miR-12) mimic &~ A 7
oA Y x 7 Z—THEAL, JHAMT (Juvenile hormone acid methyltransferase), CYP15Al

(cytochrome P450, methyl farnesoate epoxidase), $h#EH/NLE L TRFT v K Z—F (JHEH),
WHERNE AT F—F (JHE), ShERILEUFEA X 378 (JHBP) 7¢ EShFERALE L DE



B, RCIERICEAD D & N E o — R 58RO mRNA A E & RT-PCR THIE L 724
B~ ho 7 URETIE, niR-7, miR-8, miR-12 ® mimic YEARE, 5~ 7 HRIEHIZ JHAMT
& CYP15A1 @ mRNA HEILEDK F2358D H, RFIZ miR-7 mimic Z7EA L% T3 7 B RE%
@ JHAMT & CYP15A1 @ mRNA FHIENIFIFT ¥ 222 o7, FEEOBLG A JHE =2 JHBP THE1%E X
A2, JHEH 133EA 1 ~2 HZICEHEENIZIEE e EF TR T L% 7 HRICIIRBEEN RS E
TAML, A= a7 UREE T, niR-7, miR-8, miR-12 @ mimic ¥EA 7 HFIC JHAMT &
CYP15A1 @ mRNA DK TARS S, JHE & JHBP O HiEA 7 HZICRBEENMET T 5@ s
FRR LNz,



3 2 0 2

Shuji Itakura, Yuya Yoshikawa, Yasuhiro Togami, Kiwamu Umezawa 23
Draft genome sequence of the termite, Coptotermes formosanus: Genetic insights into the 2020
pyruvate dehydrogenase complex of the termite
J. Asia-Pacific Entomol. 666 - 674
DOl
10.1016/j .aspen.2020.05.004
Tomoyuki Konishi, Daichi Yamamoto, Kiwamu Umezawa, Shuji Itakura 31
Hydrogen production by microorganisms in the hindgut of the termite Reticulitermes speratus 2020
under anaerobic and aerobic conditions
Jpn. J. Environ. Entomol. 51 - 55
DOl
10.11257/jjeez.31.51
33
2022
117-129

DOl
10.11257/jjeez.33.117

11 0 0

miRNA

33

2021




miRNA

33

2021

miRNA

71

2020

miRNA

32

2020

32

2020




36

2020

36

2020

miCcroRNA

34

2022

miCcroRNA

34

2022




miRNA

38

2022

microRNA

38

2022

2020

254




