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Introduction
Cuticle tanning (pigmentation and sclerotization) is an important physiological event in insect development. In this vital metabolism initiated with tyrosine, dopachrome conversion enzymes 
(DCEs) encoded by the yellow genes significantly accelerate melanization reaction. Insect yellow is a rapidly evolving gene family generating functionally diverse paralogs. In this study we 
identified, cloned cDNA and investigated the function of yellow-y (MaY-y) in adult cuticle melanin-type pigmentation of the Japanese pine sawyer beetle, Monochamus alternatus, which is a major 
vector of the pinewood nematode, Bursaphelnchus xylophilus that causes Pine wilt disease. Real-time qPCR revealed that MaY-y was sharply induced in day 9 pupae and declined thereafter 
during late developmental stages. Loss of function of MaY-y caused by RNAi had no effect on larval and pupal development. However, the resulting adults exhibited a reddish-brown body wall 
and elytra as well as bristles instead of a black coloration in the control animals. These results indicate that MaY-y has a critical role in normal black pigmentation of M. alternatus adult.

Knockdown transcript levels 
of MaY-y

Phylogenetic analysis of insect Yellow-y proteins

Acknowledgement
We thank Jun Seok Lee and Jin Seok Lee from OsangKinsect Co., Korea for Monochamus alternatus. 


This work was supported by NRF (NRF-2021R1A2C1006645 and NRF-2020R1I1A3066074). 

This research was also supported by "Regional Innovation Strategy (RIS)" through the National Reserch Foundation


of Korea(NRF) funded by the Ministry of Education (MOE) (2021RIS-002)

References
• Arakane, Y., Noh, M.Y., Asano, T., Kramer, K.J. 2016. Tyrosine metabolism for insect cuticle pigmentation and sclerotization, 

Extracellular Composite Matrices in Arthropods. Springer, pp. 165-220.

• Mun, S., Noh, M.Y., Kramer, K.J., Muthukrishnan, S., Arakane, Y. 2020. Gene functions in adult cuticle pigmentation of the 

yellow mealworm, Tenebrio molitor. Insect Biochem. Mol. Biol. 117, 103291.

• Noh, M.Y., Mun, S., Kramer, K.J., Muthukrishnan, S., Arakane, Y. 2021. Yellow-y functions in egg melanization and chorion 

morphology of the Asian tiger mosquito, Aedes albopictus. Front. Cell Dev. Biol. 769788

Tyrosine

TH DDC Dopamine-
melanin

DHI
Yellow

Dopamine-quinone

Lac2 Lac2

DOPA Dopamine

HO

O

OH
NH2

HO

HO

O

OH
NH2

HO

HO

NH2 O

O

NH2

HO

HO

N
H

NADA

O

HO

HO

H
N

NBAD

2

O

HO

HO

H
N NH

β-alanineAspartate

ADC
O

OH
NH2

O

OH 2

O

OHNH

NADA-
pigment

NADA-quinone
Lac2

O

H
NO

O

Lac2 NBAD-
pigment

NBAD-quinone

O

H
N NH2O

O

NAT1

Ebony

Tan

AaY-y

AalY-y

AdY-y

LsY-y

DiY-y

DmY-y

ArY-y

NlY-y

GmY-y

MsY-y

BmY-y

BmanY-y

TcY-y

AvY-y

LdY-y

SoY-y

MaY-y

AglY-y

OfY-y
PbY-y

Diptera

Lepidoptera

Hymenoptera

Coleoptera

Hemiptera

 MaY-y

 AglY-y

 SoY-y

 LdY-y

 TcY-y

 AvY-y

 AaY-y

 AalY-y

 AdY-y

 LsY-y

 DiY-y

 DmY-y

 ArY-y

 NlY-y

 GmY-y

 MsY-y

 BmY-y

 BmanY-y

 OfY-y

 PbY-y

100

100

100

100

95

100

100

100

100

100

98

93

62

97

96

40

31

Tyrosine-mediated cuticle pigmentation metabolic pathway in M. alternatus

Dopamine is major precursor for synthesis of both melanin and N-acylquinoid-derived pigments. Yellow protein, which 
accelerates melanin production, is highlighted in red. DOPA, 3,4-dihydroxyphenylalanine; Dopamine, 3,4-
dihydroxyphenethylamine; NADA, N-acetyldopanime; NBAD, N-β-alanyldopamine; TH, tyrosine hydroxylase; DDC, dopa 
decarboxylase; Yellow, dopachrome conversion enzyme (DCE); NAT1, N-acetyltransferase 1; Lac2, laccase 2; ADC, aspartate 1-
decarboxylase; Ebony, NBAD synthase; Tan, NBAD hydrolase (Arakane et al., 2016; Mun et al., 2020; Noh et al., 2021).

Amino acid alignment of insect Yellow-y sequences

Multiple sequence alignment of insect Yellow-y proteins was made using ClustalW software. The predicted signal peptide and 
catalytic (MRJP) domain are bolded and boxed, respectively. The putative N-glycosylation sites are highlighted in gray. Ma, 
Monochamus alternatus; Agl, Anoplophora glabripennis; So, Sitophilus oryzae; Ld, Leptinotarsa decemlineata; Tc, Tribolium 
castaneum; Av, Asbolus verrucosus; Aa, Aedes aegypti; Aal, Aedes albopictus; Ad, Anopheles darlingi; Ls, Lucilia sericata; Di, 
Drosophila immigrans; Dm, Drosophila melanogaster; Ar, Athalia rosae; Nl, Neodiprion lecontei; Gm, Galleria mellonella; Ms, 
Manduca sexta; Bm, Bombyx mori; Bman, Bombyx mandarina; Of, Oncopeltus fasciatus; Pb, Platymeris biguttatus

MEGAX software was used to construct the phylogenetic tree using the Neighbor-Joining method. Numbers by each branch 
indicate results of bootstrap analysis of 5000 replications. Ma, Monochamus alternatus; Agl, Anoplophora glabripennis; So, 
Sitophilus oryzae; Ld, Leptinotarsa decemlineata; Tc, Tribolium castaneum; Av, Asbolus verrucosus; Aa, Aedes aegypti; Aal, 
Aedes albopictus; Ad, Anopheles darlingi; Ls, Lucilia sericata; Di, Drosophila immigrans; Dm, Drosophila. melanogaster; Ar, 
Athalia rosae; Nl, Neodiprion lecontei; Gm, Galleria mellonella; Ms, Manduca sexta; Bm, Bombyx mori; Bman, Bombyx 
mandarina; Of, Oncopeltus fasciatus; Pb, Platymeris biguttatus

Transcript levels of MaY-y relative to that of M. alternatus 
ribosomal protein S6 (MaRpS6) were determined by real-time 
PCR. P0, day 0 pupae; P1, day 1 pupae; P5, day 5 pupae; P9, day 
9 pupae; P12, day 12 pupae; P14, day 14 pupae; A1, day 1 adults; 
A3, day 3 adults; A5, day 5 adults. Expression levels of MaY-y are 
presented relative to the levels of expression in the day 0 pupae 
(P0). All data are shown as the mean value ± SE (n = 3).

Knockdown level of MaY-y transcripts was analyzed 
by real-time PCR. Total RNA was isolated from day 9 
pupae that had been injected with double-stranded 
RNA (dsRNA) for MaY-y (dsMaY-y) or EGFP (dsEGFP) 
(2 µg per insect) into day 2 pupae. Transcript level of 
MaY-y is presented relative to the level in dsEGFP-
treated controls.
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Effect of RNAi for MaY-y on the adult cuticle pigmentation

Function of yellow-y in adult cuticle melanization of Monochamus alternatus
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MaY_y        -------MLCCLGKIDNILANLYLLTLLGVHCYCKYLEEYLQWNILDFEYPNEYLRNQALLTGKYKPQNGLPVGIEIWEDKIFVTVPRWREG---------IPSTLNYVPISSPT--KNPRLIPYPSWEMNELGNCEQGLSTVYRLHADKCDRLWVLDTGTFGIENTTQNLCPYALNIFDLRTDERIRRYEFRPQDTNSR
AglY_        ------------------------------------MEEYLQWNILDFEYPNEYLRNQALLTGRFKPQNGLPVGIEIWTDKIFITVPRWREG---------IPSTLNYVPLDSPT--KNPRLIPYPSLEMNELGNCDKGLSTVYRIHADKCDRLWVLDTGTFGIENTTQNLCPYALNIFDLRTDRRIRRYEFRPEDTNSR
SoY_y        -------MCCKIYYILFLTG----ICLFLDEVCAQKLQKYFEWNIVDFEYRNENLRVQDFLSKKLQLENALPVGIEIWNEKIFITVPRWKEG---------IPSTLNYVPINSGL--RNPPLIPYPDLKSNELGNCEDGLSTVYRIHVDECDRLWVLDTGTFGIEDTTQNVCPYALNIFDLRTDRRIHRYVFRTEDTNSR
LdY_y        -------MKPKHC--LVFFA-----FLCSQALATFKLQEHFQWNILDYEYPSEEARLQAILTGRFKPENNLPVGIEIWNDKMFISVPRWMEGV--------IPATLNYVPLNIPV--KNPRLIPYPDWESNELGNCEKGLSTVYRIKADKCDRLWVLDTGTFGIENTTQNPCPYALNVFDLRTNQRLRRYELRPEDTNAN
TcY_y        -------MN--TP-LTLFFP----ILFLKSTLCTIKLQEQFSWSVLDYEYTDDIERTKAIATKRFVPENNLPVGIEVWNEKLFVTVPRWRVG---------VPSTLNYIPLDQAKGAKSPLLIPYPNWDFNEFGNCENGLTTVYRIKADACDRLWVLDTGTFGIGNTTQNPCPYALNIFDLTTNKRLRRYELRPEDTNPN
AvY_y        -------MNNISF-LSISF-----LIFVKITTCTFKLQEQFKWSILDYVYDNGFARHQALTTKRFIPENNLPVGIEIWKDKLFVTVPRWKPG---------VPSTLNYISLQNTE-DKSPPLKPYPDWRSNEFANCNSGLSTVYRIKADSCDRLWVLDTGTFGIGNTTQNPCPYALNIFNLTSNKRLRRYELRPEDTNPN
AaY_y        --------MWNSSVVCLALLGVLG-----SVSGTTKLQERYSWRQLDFVFPNQQLKQQALASGDYVPTNGLPVGIERWENKLFVSVPRWKDG---------IPSTLNYIDMNQTP-SGSPPLIPYPSWANNVAGDCQNGLSTVYRIKADKCGRLWVLDTGTVGIGNTTQQLCPYALNIFDLKTNTRLRRYELRAEDTNQN
AalY_y       --------MWKS-VVCVALIGAFG-----AVSGTSKLQERYSWRQLDFVFPNQQLKQQALASGDYVPTNGLPVGIERWENKLFVSVPRWKDG---------IPSTLNYIDMNQTP-SGSPPLIPYPSWANNVAGDCQNGLSTVYRIKADKCGRLWVLDTGTVGIGNTTQQLCPYALNIFDLKTNTRLRRYELRAEDTNQN
AdY_y        ------MNRYGAVALLVALLGCSG------ASGTQKLQERYSWQQLDFVFPNQRLKQQALASGDYVPTNGLPVGIERWQNKLFVSVPRWKDVQGRWVAEESIPSTLNYIDMNQTP-SGSPALIPYPDWSSNVAGDCANGLSTVYRLKADKCGRLWALDTGTVGIGNTTQQLCPYALNIWDLKTNRRLRRYELRPEDTNPN
DiY_y        -------KKRMIRILTSLLVLWLG-----STQAAYKLQERYSWNQLDFAFPSERLKEQAIATGDYIPQNALPVGVEHFGNRLFVTVPRWRDG---------IPATLTYINMDHSL-TGSPELIPYPDWRSNTAGDCANSLTTAYRIKVDECGRLWVLDTGTVGIGNTTTNPCPYAVNVFDLTTNTRIRRYELRAEDTNPN
DmY_y        ------MFQDKGWILVTLITLVT------PSWAAYKLQERYSWSQLDFAFPNTRLKDQALASGDYIPQNALPVGVEHFGNRLFVTVPRWRDG---------IPATLTYINMDRSL-TGSPELIPYPDWRSNTAGDCANSITTAYRIKVDECGRLWVLDTGTVGIGNTTTNPCPYAVNVFDLTTDTRIRRYELPGVDTNPN
LsY_y        -------MNCFLFSLLAVVCCVN------NAYATYKLQERYSWNQLDFAFPNDQLKQQAIASGDYIPQNALPVGVEHWGNRLFVTVPRWRDG---------IPATLTYINMDHSV-TGSPALIPYPDWRSNTAGDCANSITTAYRIQADECGRLWVLDTGTVGIGNTTTNPCPYAVNVFDLRTNTRIRRYELRADDTNAN
ArY_y        MRPPHATLAVISALLLTVAIFIGETNAWGKNLGHAALLERFSWNILDFAYPDELSRQLAIARGEYIPENGLPVGIEIWKNKLFVSVPRWKDG---------IPATLNYISLDANVG-GAPKLTPYPNWALNEAGACGQGLTTVYRIHADQCDRLWVLDTGTLGIGNTTVQACPYTLNVFDLTTDKIVRQYKLRPEDTNAN
NlY_y        MK--MNSSLRVSLVLGMTMIFVGVANGWGSNLGHAALLERFSWNILDFAYPDELSRQLAIARGEYVPENALPVGIEIWKNKLFVTVPRWKDG---------IPATLNYVSLDANLG-GSPKLTPYPNWAQNEAGNCGQGLTTVYRIHADKCDRLWVLDTGTIGIGNTTVQACPYTLNVFDLTTDKLIREYKLRPEDTNQN
BmY_y        ----------MAAKFLVFCG------LVSLASATIKLQEIFSWNVVDWNYPDQFSKQQALRTGALIPENALPVGIERWRNKLFVSVPRWRSG---------IPATLNYIPLDAPYE-PSPKLTPYPSFEGNELGNCQTGLTTVYRVKADQCDRLWVLDVGTYGYD-NVTNVCPYTLNVFDLNTDQIIRKYVLRPEDIVST
BmanY_y      ----------MAAKFLVFCG------LVSLASATIKLQEIFSWNVVDWNYPDQFSKQQALRTGALIPENALPVGIERWRNKLFVSVPRWRSG---------IPATLNYIPLDAPYE-PSPKLTPYPSFEGNELGNCQTGLTTVYRVKADQCDRLWVLDVGTYGYD-NVTNVCPYTLNVFDLNTDQIIRKYVLRPEDIVST
MsY_y        ----------MELKVLLFFG------LVSIASASVKLREVFSWNVLDWNYPDQYSRQQALRTGALIPENALPVGVERWKNKLFVTVPRWREG---------IPATLNYIPLDAPYD-PSPKLNPYPSFEGNEVGNCQSGLNTVYRIKADRCDRLWVLDVGTYGYDPNVTNLCPYTLNVYDLNTDQRIRKYVFRPEDIVST
OfY_y        ----------MAWKILLLC-------LVPLASAAVKFQETFAWNVMDWNYPTEASRQQAIQAGALIPENALPVGIERWRNKLFVSVPRWRPG---------IPATLNYIPLDAPYD-PSPKLNPYPSWQGNELGNCDSGLNTVYRIKADKCDRLWVLDVGTYGYDPNVTNLCPYALNVYDLNTDQRIRRYVFRPEDIVST
GmY_y        ----------MAARILILGC------LISFASAAVKLQEMFSWNVLDWNYPDSYSRQNALNSGDLQPENALPVGIEKWENKLFVTVPRWKSG---------IPATLNYIRLDDRYE-PSPKLNPYPSWKGNELGNCDTGLNTVYRIKADECGRLWVLDTGTFGYDTNVTNLCPYALNVYDLKTNQRIRRYVLRPEDIVFT
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MaY_y        TFIANIAVDMTHGDCENAFAYFSDELGYGLIVYSYKENRSWRF-KHSYFMPDPLRGDFTINKLNFQWDEEGIFGMSLSPAHSDGSRLLFFSPLASHREFVVSTKVLQNSSKVE-DGYKDFYPLEERGPNAHTTARVMDEDGIQFFNLIDQNAVGCWNSRNS-YHPMNLGIVCKDDVKLIFPSDVKVDRYNNLWVMSDRMS
AglY_y       TFIANIAVDLKFGDCEDAFAYFSDELGYGLIVYSYKENKSWRF-KHSYFMPDPLRGDFTINKLNFQWDEEGIFGMSLSPLYSDGYRLLFFSPIASYREFVVSTRTLQNSSKVE-GSYKEFYPLEERGPDAHTTARVMDENGIQFFNLIDQNAVGCWNSKNS-YHPQNLGIVYKDDVKLIFPSDVKVDRYHNLWMMSDRMS
SoY_y        TFIANIAVDLGK-NCDDAYAYFSDELGYGLIVYSLKQDTSWRF-EHSFFMPDPLKGDFNIDGLNFQWGQEGIFGLSLTPRQANGNRVLLFSPLASNREFAVSTDILKNSSKVS-DSYKDFYALEERGKDTHTTSRVVSKEGIQFFNLIDQNGIGCWDIKKP-YSPENIAVIERNE-ELIFPADIKVDRNNYLWVISDRMP
LdY_y        TFIANIAVDLGD-TCDDAFAYMSDELGYGLIAYSFRENKSWRF-THSYFLPDPLRGDYTIDKLNFQWGEEGIFGMSLTPPKADGFKLLYFSPLASHREFVVSTQTLRNSSKVG-NSWNEFYALAERGPNSHTTSRVMDDKGLQFFNLIDQNAIGCWNSEKE-YKAENHGIVDKDDEELIFPADVKVDRNENLWVISDRMS
TcY_y        TFIANIAVDLGR-TCEDAFAYLSDELGYGLIVYSWEENKSWRF-THGFFMPDPLAGDFNIGGLNFQWDTEGVFGLALSPLLATGERVLYFSPLASNREFAVSTRVLRNSSKVG-DSYHDFVALAERGPDSHVTAKVMSEDGVQLFNLIDRNAIGCWNSRTS-YEPANIGIVDFDETELLFPSDIKIDRYGYVWVMSDRMS
AvY_y        TFIANIAVDIGK-DCEDAFAYMSDELGYGLVVYSWKQNSSWRF-SHSYFMPDPLAGDFNIDGLNFQWDKEGIFGMSLSPKLVTGEKILYFSPLASNREFAVSTRILRNSSKVD-NSYHDFVALRERGPNSHVTAKVMDDYGIQFMNLIDRNAVGCWNSAINRYGANAIDIVDQDETKLIFPSDIKIDRFGYVWVLSDKMS
AaY_y        TFIANIAIDMGR-SCEDTFAYMSDELGYGLIAYSFEKNKSWRF-EHSFFFPDPLRGDFNVAGLNFQWGEEGIFGMSLSPLQSDGFRTMYFSPLASHREFMVSTQVLRDEEGAE-ESFHKFTYLKERGPNSHTTSRVMSETGLQLFNLIDQNAVGCWHSSLP-YSPENHGIVDRDDVELVFPADVKIDAEENVWVISDRMP
AalY_y       TFIANIAIDMGR-SCDDTFAYMSDELGYGLIAYSFEKNKSWRF-EHSFFFPDPLRGDFNVAGLNFQWGEEGIFGMSLSPMQADGFRTMYFSPLASHREFMVSTQVLRDEEGAE-ESFHKFTYLKERGPNSHTTSRVMSEIGLQLFNLIDQNAVGCWHSSLP-YSPENHGIVDRDDVELVFPADVKIDFEENVWVISDRMP
AdY_y        TFIANIAIDMGR-SCEDTFAYMSDELGYGLIVYSFEQNRSWRF-AHSFFFPDPLRGDFNVAGLNFQWGEEGIFGMSLTPLQPDGYRTLYFSPLASHREFTVSTRVLRDEEKVE-ESFHEFQYLKERGPNAHTTSRVMSESGLQLFNLIDQNAVGCWHSSLP-YSPEYHGLVDRDDVELVFPADVKIDDEEQVWVISDRMP
DiY_y        TFIANIAVDIGK-SCDDAYAYFSDELGYGLIAYSWELNKSWRFSAHSYFFPDPLRGDYNIAGLNFQWGEEGIFGIALSPIRSDGYRTLYFSPLASHRQFAVSTRILRDESRTE-DSYHEFIALDERGSNAHTTARVMSDDGVELFNLIDQNAIGCWHSSMP-YTPQFHGIVDRDDVGLVFPADVKIDEHKNVWVLSDRMP
DmY_y        TFIANIAVDIGK-NCDDAYAYFADELGYGLIAYSWELNKSWRFSAHSYFFPDPLRGDFNVAGINFQWGEEGIFGMSLSPIRSDGYRTLYFSPLASHRQFAVSTRILRDETRTE-DSYHDFVALDERGPNSHTTSRVMSDDGIELFNLIDQNAVGCWHSSMP-YSPQFHGIVDRDDVGLVFPADVKIDENKNVWVLSDRMP
LsY_y        TFIANVAVDIGK-SCDDAFAYFSDELGYGLIVYSWEQNKSWRFSAHSFFFPDPLRGDYNIAGLNFQWGEEGIFGMSLSPLRSDGFRTMYFSPLASHRQFAVSTRILRDESRVE-DSFHDFVALDERGPNAHTTSHVMSDDGIELFNLIDQNAVGCWHSSMP-YSPQFHGIVDRDDVGLVFPADVIIDENKNVWVLSDRMP
ArY_y        TFIANIAVDLGKGGCDDAFAYMSDELGYGLIVYSWKDHTSWRL-THSYFMPDPLAGDYNIGGLNFQWGDEGIFGMSLSPIAADGYRTLFFHPLSSNREFAVSTRILRSSKLSE-DSYHEFKYLPERGPLSHSTASVMDGNGLQFFTLIDKNAVGCWNSRLP-YTPANHAIVAKHDEALVFPADVKVHDG-VLWFISDRMP
NlY_y        TFIANIAVDLGKGGCNDAYAYMSDELGYGLIVYSWSDHKSWRL-THSYFMPDPLTGDFNIGGLNFQWGEEGIFGMSLSPLGVDGYRTLFFHPLSSNREFAVSTRILRDEKLAE-DSYHEFDVLPERGPLGHCTASVMDDTGLQFYNLIDRNAVGCWNSRLP-YTPANQAIVAKHDEAIIFPADVKVHEG-LLWFISDRMP
BmY_y        TFIANIALDIGT-SCEDTFAYFSDELGYGLIAYSWEQNKSWRF-SHSYFMPDPLVGDFNIAGLNFQWGAEGIFGITASPIGADGYRTLYFSPLSSHTEFSVSTRILRDETKVK-GSYKDFSVVGVRGPDGHTTAKVMDDSGVQLFNLIDQNAVGCWRSSLP-YKPQNIGIADKDDVGLVFPVDVKIDDEKNVWVMSDRMA
BmanY_y      TFIANIALDIGT-SCEDTFAYFSDELGYGLIAYSWEQNKSWRF-SHSYFMPDPLVGDFNIAGLNFQWGAEGIFGITASPIGADGYRTLYFSPLSSHTEFSVSTRILRDETKVK-GSYKDFSVVGVRGPDGHTTAKVMDDSGVQLFNLIDQNAVGCWRSSLP-YKPQNIGIADKDDVGLVFPVDVKIDDEKNVWVMSDRMA
MsY_y        TFIANIALDIGS-SCDDAFAYFSDELGYGLIAYSWEQNKSWRF-SHSYFMPDPLVGDFNIAGLNFQWGAEGIFGITTSPIGSDGYRTLYFTPLSSHTEFAVSTRILRDESKVK-GSYKDFSVVGVRGPDSHTTAKVMDDSGIQLFSLIDQNAIGCWSSSLP-FKPQNIGIIDKDDVGLVFPSDVKIDEERNVWVMSDRMP
OfY_y        TFIANIAIDMGS-SCDDTFAYFSDELGYGLIAYSWEQNKSWRF-SHSYFMPDPLVGDFNIAGLNFQWGAEGIFGITLSPIGLDGYRTLYFSPLSSHTEFAVSTKILRDETKVK-GSYQDFKVVGVRGHDGHTTSKVMEGT-IQLFNLIDQNAIGCWNSALS-YKPQNIGIVDKDDVGFVFPCDVKVDEDKNVWMISDRMP
GmY_y        TFIANIAVDIGS-SCEDTFAYFSDELGYGLIVYSWEENKSWRF-SHSYFMPDPLTGDFNIAGLNFQWGAEGIFGIAPSPIKSDGYRTLYFSPLSSHTEFSVSTRILRNESKVENGSFKDFSVVGVRGPNGHTTAKVIDNLGIQLFNLIDQNAIGCWYSARP-YKPQNIAIVDKDDVGLVFPSDIKVDDNRNVWVISDRMP
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LdY_y        NFLLSSLNYNDINFRVMFAPIDVLVKDTVCE------------CR------PNDLSGL--------------------------RIP---HRFGQFPVQ----------------------------LYSPYPGKSLF------------------------------------------------------------
TcY_y        NFLLSQLDFNDVNFRIFVAPFGVLVSGTVCDAKT-----------------------------------------------------------AQFVI----------------------------------------------------------------------------------------------------
AvY_y        NFLISRLDYNETNFRILFAPVDVLVANTACADYRS-------------------------------------------------FG-------NDFFFKF--------------------------------------------------------------------------------------------------
AaY_y        VFLIAELDYSDVNFRIFTAPLSTLVAGTVCDVRPSLR--PGAIQSKFGGSDLATYPGT---TLLPVGYTQPIS----YTPSS-YAPTVAP--VTKYTAAP-----AYDHPTSHMYTTQEYPTTAKAYHFNKYHNVEYQSHGNGQADYHFGHGGHYHD-HDH-AHDYGHDHGYYGGG-QRRHWGAGAKKPEAWKQQLY-
AalY_y       VFLIAELDYSDVNFRIFTAPLSTLVAGTVCDVAPSLR--PGAIQSKFGGSDLTTYPGT---TLLPAGYSQPIS----YTPTS-YAPTVAP--VTKYTSAPA----AYDHPTSHMYTTQEYPTTAKAYHFNKYHNVEYQSHGNGQADYHFGHGGHYHGGHDHGGHDYGHDHGYYGGGEHRRYWGAGPKKPEAWKQQLY-
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DmY_y        VFLLSDLDYSDTNFRIYTAPLATLIENTVCDLRNNAY----------GPPNTVSIPKQAVLPMGPPLYTKQYRPVLPQKPQT-SWASSPPPPSRTYLPANSG-NVVSSISVSTNSVGPAGVEVPKAYIFNQHNGINYETS-GPHLFPTHQPAQPG-----------GQDGGLKTYV----NA----RQSGWWHHQHQG
LsY_y        VFLLAELDYNDVNFRIYTAPLSTLIEGTVCDQRSAVY----------GPSNAVSIPKQ------PPVYNKHYLTPLPQKPIHGTVIQPIAHPSPNYLP----------------SYASQKVDVPKTFVYNQQNGLTYEASNGPHLFPPIQLTAHTSV---------SQPDGLKNYV----TA----RSSNWWRHHHH-
ArY_y        NFLISKLDYNDINFRIFTVPVEDAVAGTVCE--D-----------------------------------------------------------PSIAKQ------------------------GRALWWRR-------------------------------------------------------------------
NlY_y        NFLISKLNYRDVNFRIFTVGVEEAIAGTVCE--D-----------------------------------------------------------PSLKFS------------------------GNQIWWRR-------------------------------------------------------------------
BmY_y        VFLEAELDYSDINFRIYTAPLDTLIQGTVCEAPLPVLQAQ---QILKPLQPIKALPRA------K-----------LYNHGLGVTATPFSEAVAVYRPG--------STKSELTGSYRQPIIKNTAPKVQNYIYIPKQTSSAYTSGQFTRPKSSN-----------KNPWWNKATN----------YNYEVFEP----
BmanY_y      VFLEAELDYSDINFRVYTAPLDTLIQGTVCEAPLPVLQAQ---QILKPLQPIKALPRA------K-----------LYNHGLGVTATPFSEAVAVYRPG--------STKSELTGSYRQPIIKNTAPKVQNYIYIPKQTSSAYTSGQFTRPKSTN-----------KNPWWNKATN----------YNYEVFEP----
MsY_y        VFLEAELDYSDINFRIYTAPMDTMVQGTVCERSPQYLQGK---PQSKPQISTFPQPTI------A-----------YFDSGLGVSSSKLNAPISFYTSTP-------SYQYDPPTTYRPQVIKNTVAKVQSYVNIPKQTAVPYIAARVAKLKSPE-----------NNPWWLQDG------------NYQIFEH----
OfY_y        VFLEAELDYSDINFRIYTVPLETLVQGTVCEAPVQFRSG------VNPSQNPQNLP------------------------VLRYQATPSPLRTKSYTTA---------LQTRPTPSPFSQISYNVIPKSNNYINIDFPAQPAVS--YFTNEPRNA-----------NHPWL---------------------------
GmY_y        VFLEAELDYSDINYRIYTASLDSLVEGTVCEPPIRFQLN--------PQTLVQPQS-------------------------VNYNTNLGSWQTSNLPYKP-------AIPQSQLSLLKKPLTENIIPTAPSYIDVDFPKQIRPAIAYNPRTITDSY----------KRPW----------------------------

              ** : *:: : *:*:  . .   : .*.*                                                                                                                                                                          
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dsMaY-y or dsEGFP (2 µg per insect) were injected into day 1-5 pupae. (A) Injection of dsMaY-y had no effect on pupal 
development or pupal-adult molting. However, unlike dsEGFP-control adults that developed black, reddish-brown and gray 
pigments in the body wall and elytral cuticles by day 5, the whole body color of dsMaY-y adults was obviously lighter than that of 
dsEGFP controls, exhibiting light reddish hue. P10, day 10 pupa; P14, day 14 pupa; A0, day 0 adult; A1, day 1 adult; A3, day 3 
adult; A5, day 5 adult. Scale bar = 1 cm. (B and C) The coloration and morphology in equivalent regions of cuticles such as the 
pronotum and elytron (boxes in 1 and 2 in A, respectively) from the day 5 adults were further analyzed by digital microscopy 
(Zeiss, smartzoom 5). In the elytron, grayish (box 3), reddish-brown (box 4) and black (box 5) pigmented regions are enlarged. (D) 
Cryosections (~14 µm) of the elytral cuticle dissected from day 5 adults were observed under an optical microscope. RNAi of 
MaY-y reduced pigmentation of the black exocuticle and scales (arrows). EXO, exocuticle; ENDO, endocuticle; S, scale. (E) 
Hindwings from the day 5 adults. There was no effect of RNAi of MaY-y on pigmentation of the veins. However, injection of 
dsMaY-y caused significant defect in the dark/black pigmented membranous region (arrow heads). Scale bar = 1 cm. 

Conclusion

• High transcript levels of MaY-y were detected by real-time PCR at middle stages of pupal 
development (Day 9 pupae).


• RNAi of MaY-y caused significant defect black melanin production, resulting in lighter adult 
body color, exhibiting abnormal reddish hue. 


• These results indicate that MaY-y is required for normal cuticle coloration, in particular, 
black melanin-type pigment of M. alternatus adult.  
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