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Abstract: Cuticular proteins ( CPs) in insects are of particular importance for the development and
against adverse environmental conditions. However no information for CP genes of Rhaphuma horsfieldi is
available to date. Based on the transcriptome of R. horsfieldi here totally 108 CP genes were identified
using a bioinformatics approach including 41 CPs with a Rebers and Riddiford motifs ( CP-RRI) 30 CP-
RR2 8 CPs analogous to peritrophins ( CPAPI) 7 CPAP3 3 CPs with two to three copies of a C=(5) -
C motifs ( CPCFC) 14 CP unclassified ( CPU) and 5 tweedles ( TWDL) genes. Of these 39 CP genes
had fulldength open reading frames. Structural domain and conserved motif analyses showed that both

RhorCP-RR1 and RhorCP-RR2 families had a conserved Chitin_bind_4 domain in which the CP-RRI
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family completely matched insect classical R&R motif ( GX (8) -GX (6) -Y) while that of the CP-
RR2 family was changed into G-X-Y-X(5) -D-G-X( 6) -Y. Phylogenetic analysis showed that RhorCPs
were classified into 7 families: CP-RR1 CP-RR2 CPAP1 CPAP3 CPCFC CPU and TWDL.

Expression profiling analysis revealed that RhorCP genes were broadly expressed in various tissues. Some
of RhorCPs were detected in all tested tissues at low levels. Parts of RhorCPs were highly expressed in
antennae and tarsi suggesting their chemosensory roles. Some were detected in the bodies without the
antennae and tarsi possibly associated with the formation and development of adult cuticle. Together this
study provides reference data for subsequent functional studies of R. horsfieldi CP genes and meanwhile
identifies candidate molecular targets for pest control of this beetle.

Key words: Rhaphuma horsfieldi; cuticular protein; structural domain; conserved motif; phylogenetic

tree; expression profile
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Table 1 Information for cuticular protein genes in Rhaphuma horsfieldi
cp ( / ) E (%)
Gene ORF ( AA) FL  Blast hit to Anoplophora glabripennis ( GenBank No. /Gene)  E value Identity

Cuticular Proteins with a Rebers and Riddiford motif ( CP-RRI)

CPRRI. 1 88 No XP_018575118. 1 AglaCP-RR1. 44 4e33 67
CP-RRI. 2 132 Yes XP_018580237. 1 AglaCP-RR1. 22 4e44 69
CP-RRI. 3 108 Yes XP_018562931. 1 AglaCP-RR1. 24 8e40 63
CP-RRI. 4 128 Yes XP_018574441. 1 AglaCP-RR1. 45 5e-50 63
CP-RRI. 5 117 Yes XP_018576797. 1 AglaCP-RR1. 50 Te-61 78
CP-RRI. 6 136 Yes XP_018570532. 1 AglaCP-RR1. 29 4e40 60
CP-RRI. 7 187 No XP_018580264. 1 AglaCPRRI1. 19 2e-26 50
CP-RRI. 8 129 No XP_018579264. 1 AglaCP-RR1. 4 9e35 66
CP-RRI. 9 153 No XP_018575117. 1 AglaCP-RRI1. 43 5e33 46
CP-RRI. 10 155 Yes XP_018568269. 1 AglaCP-RR1. 28 led7 38
CP-RRI. 11 206 No XP_018574348. 1 AglaCP-RR1. 28 2e-60 49
CP-RRI. 12 163 Yes XP_018568269. 1 AglaCPRR1.28 2e14 39
CP-RRI. 13 102 No XP_018568269. 1 AglaCP-RR1. 28 3e46 40
CP-RRI. 14 159 No XP_018578131. 1 AglaCP-RRI. 57 1e90 82
CP-RRI. 15 143 Yes XP_018574964. 1 AglaCP-RR1. 40 6e75 79
CP-RRI. 16 191 No XP_018564026. 1 AglaCPRR1. 5 2e-56 88

CP-RRI. 17 111 No XP_018576798. 1 AglaCPRRI. 51 1e-39 69




1 Continued table 1

cp ( / ) E (%)
Gene ORF ( AA) FL  Blast hit to Anoplophora glabripennis ( GenBank No. /Gene)  E value Identity

CP-RRI. 18 203 No XP_018574345. 1 AglaCP-RRI. 38 2e-61 73
CP-RRI. 19 258 No XP_018578419. 1 AglaCP-RRI. 55 8e-85 65
CP-RRI. 20 137 Yes XP_018575897. 1 AglaCP-RR1. 49 2e-82 85
CP-RRI. 21 92 No XP_018577186. 1 AglaCP-RR1. 54 Se41 74
CP-RRI. 22 117 No XP_018562156. 1 AglaCP-RR1. 27 Te-34 55
CP-RRI. 23 234 No XP_018574347. 1 AglaCP-RR1. 39 498 74
CP-RRI. 24 410 No XP_018577235.2 AglaCP-RRI. 47 0.0 74
CP-RRI. 25 108 Yes XP_018562931. 1 AglaCP-RR1. 24 5e-45 69
CP-RRI. 26 180 Yes XP_018580259. 1 AglaCPRRI1. 11 4e-44 59
CP-RRI. 27 133 Yes XP_018580236.2 AglaCP-RRI1. 16 6e22 51
CP-RRI. 28 95 No XP_018580256. 1 AglaCP-RRI1. 59 S5e-40 71
CP-RRI. 29 317 No XP_018563931. 1 AglaCP-RRI1. 10 1e-88 60
CP-RRI. 30 134 No XP_018568269. 1 AglaCP-RRI. 28 1e20 38
CP-RRI. 31 168 Yes XP_018574122. 1 AglaCP-RR1. 36 8e-81 78
CP-RRI. 32 221 No XP_018564024. 1 AglaCP-RRI. 8 2e-63 83
CP-RRI. 33 239 Yes XP_018579201. 1 AglaCPRRI. 3 e-80 68
CP-RRI. 34 169 Yes XP_018580260. 1 AglaCPRRI. 17 4e-46 57
CP-RRI. 35 204 No XP_018577372. 1 AglaCPRRI1. 56 Te-47 87
CP-RRI. 36 105 Yes XP_018574074. 1 AglaCP-RRI1. 37 9e-34 55
CP-RRI. 37 110 No XP_018577186. 1 AglaCP-RR1. 54 7e-50 74
CP-RRI. 38 198 No XP_018562156. 1 AglaCPRRI. 27 led4 41
CP-RRI. 39 109 No XP_018575898. 1 AglaCP-RRI. 48 8e52 72
CP-RRI. 40 149 No XP_018564030. 1 AglaCP-RRI1. 6 4e43 86
CP-RRI. 41 154 No XP_018580261. 1 AglaCP-RR1. 20 4e-45 59
Cuticular Proteins with a Rebers and Riddiford motif ( CP-RR2)

CPRR2. 1 155 No XP_018566856. 1 AglaCP-RR2. 9 le33 48
CPRR2.2 126 Yes XP_018571774. 1 AglaCPRR2. 59 2e22 64
CPRR2. 3 152 Yes XP_018566221. 1 AglaCPRR2. 45 4e37 62
CP-RR2. 4 252 No XP_018561133. 1 AglaCPRR2.2 2e25 63
CPRR2. 5 122 Yes XP_018566220. 1 AglaCP-RR2. 44 9e-44 80
CPRR2. 6 186 Yes XP_018572515. 1 AglaCP-RR2. 62 4e-80 74
CPRR2.7 113 Yes XP_018561136. 1 AglaCPRR ( LOC108903441) 8e45 68
CPRR2. 8 112 No XP_018572821. 1 AglaCPRR2. 64 2e-55 80
CPRR2. 9 205 Yes XP_023313029. 1 AglaCP-RR2.23 4e45 77
CP-RR2. 10 229 No XP_018563463. 1 AglaCP-RR2. 38 le91 75
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1 Continued table 1
cP ( /) E (%)
Gene ORF ( AA) FL  Blast hit to Anoplophora glabripennis ( GenBank No. /Gene)  E value Identity

CP-RR2. 11 165 No XP_018561035. 1 AglaC2P-RR2. 15 1e47 70
CP-RR2. 12 146 Yes XP_018561020. 1 AglaCP-RR2. 27 8e-59 67
CP-RR2. 13 198 No XP_018577010. 1 AglaCP-RR2. 66 le-60 80
CP-RR2. 14 250 Yes XP_023313168. 1 AglaCP-RR2. 51 3e-58 46
CP-RR2. 15 162 No XP_018571773. 1 AglaCP-RR2. 60 4e-57 76
CP-RR2. 16 232 No XP_023312999. 1 AglaCP-RR2. 35 5e49 61
CP-RR2. 17 155 No XP_018566243. 1 AglaCPRR2. 39 2e-61 67
CP-RR2. 18 88 No XP_018561038. 1 AglaCP-RR2. 17 9e-34 66
CP-RR2. 19 150 No XP_018561033. 1 AglaCP-RR2. 16 4e-67 73
CP-RR2. 20 166 No XP_023309914. 1 AglaCP-RR2. 10 4e-50 79
CP-RR2. 21 340 Yes XP_018566263. 1 AglaCP-RR2. 42 4e28 54
CP-RR2. 22 106 No XP_018566845. 1 AglaCPRR2. 12 2e33 44
CP-RR2. 23 183 Yes XP_023313033. 1 AglaCP-RR2. 28 2e-56 57
CP-RR2. 24 208 No XP_023309915. 1 AglaCP-RR2. 24 3e38 51
CP-RR2. 25 196 Yes XP_023310031. 1 AglaCP-RR2. 6 9e-57 50
CP-RR2. 26 174 No XP_018562897. 1 AglaCP-RR2. 53 Te-52 62
CP-RR2. 27 173 No XP_018561020. 1 AglaCPRR2. 27 3e-62 69
CP-RR2. 28 155 No XP_023310028. 1 AglaCP-RR2. 5 Te33 57
CP-RR2. 29 200 Yes XP_018567125. 1 AglaCP-RR2. 52 5e-69 67
CP-RR2. 30 205 Yes XP_018566219. 1 AglaCP-RR2. 41 2e49 61
Cuticular Proteins Analogous to Peritrophins ( CPAP)

CPAPI. 1 598 No XP_018578797. 1 AglaCPAPI. 1 0.0 59
CPAPI. 2 944 No XP_023311614. 1 AglaCPAP1. 3 2e-45 53
CPAPI. 3 564 No XP_023311614. 1 AglaCPAP1. 3 0.0 62
CPAPI. 4 172 Yes XP_018570675. 1 AglaCPAP ( LOC108910540) 3e94 78
CPAPIL. 5 106 No XP_018567545. 1 AglaCPAP1. 2 Te-52 92
CPAPI. 6 688 No XP_018571448. 1 AglaCPAP1. 6 0.0 47
CPAPIL. 7 129 Yes XP_018570674. 1 AglaCPAP1. 7 Se-72 80
CPAPI. 8 406 No XP_018564602. 1 AglaCPAPL. 4 Te82 47
CPAP3. 1 227 No XP_018569399. 1 AglaCPAP3. 5 2e-149 88
CPAP3. 2 238 Yes XP_018569398. 1 AglaCPAP3. 4 1e-160 92
CPAP3. 3 150 No XP_018571556. 1 AglaCPAP37 8e97 95
CPAP3. 4 181 No XP_018570214. 1 AglaCPAP3. 6 4e97 77
CPAP3. 5 167 No XP_018569407. 1 AglaCPAP3. 2 9e-107 88
CPAP3. 6 255 Yes XP_018579209. 1 AglaCPAP3. 1 8e457 86
CPAP3. 7 172 No XP_018569404. 1 AglaCPAP3. 3 6e-105 85




1 Continued table 1

cp ( / ) E (%)
Gene ORF ( AA) FL  Blast hit to Anoplophora glabripennis ( GenBank No. /Gene)  E value Identity

Cuticular Proteins with 2 or 3 Cx (5) -C repeats ( CPCFC)

CPCFCI 109 No XP_018574004. 1 AglaCPCFC1 le47 82
CPCFC2 214 Yes XP_023311323. 1 AglaCPCFC3 4e-69 72
CPCFC3 186 Yes XP_018573996. 2 AglaCPCFC4 7e-70 72

Cuticular Protein Unclassified ( CPU)

CPUI 251 No XP_018565075. 1 AglaCPUS le-56 64
CPU2 412 Yes XP_018568600. 1 AglaCPU7 6e-124 71
CPU3 271 No XP_018577635. 1 AglaCPUI15 3e-96 62
CPU4 422 No XP_018574644. 1 AglaCPUI2 4e-155 60
CPU5 350 No XP_018575098. 1 AglaCPU11 2e112 47
CPU6 171 No XP_018572158. 1 AglaCPU10 le77 73
CPU7 200 No XP_018567240. 1 AglaCPU4 Te48 65
CPUS 285 No XP_018577023. 1 AglaCPUI13 9e-69 71
CPU9 348 No XP_018575098. 1 AglaCPU11 3e31 38
CPUI0 177 Yes XP_018571732. 1 AglaCPU14 Te-58 85
CPUII 222 No XP_018571433. 1 AglaCP-RR2. 65 4e-34 50
CPUI2 208 No XP_018565075. 1 AglaCPUS Te3 70
CPUI3 221 Yes XP_018571433. 1 AglaCP-RR2. 65 Sed4 32
CPUI4 1093 Yes XP_018564695. 1 AglaCPU2 0.0 52

Tweedle ( TWDL)

TWDLI 465 No XP_018570155. 1 AglaTWDLS 9e-116 51
TWDL2 268 No XP_018564608. 1 AglaTWDL7 2e26 61
TWDL3 153 No XP_023312955. 1 AglaTWDL6 6e-61 91
TWDIA4 310 No XP_018564608. 1 AglaTWDL7 le-54 95
TWDLS 255 No XP_018564608. 1 AglaTWDL7 8e45 81
ORF ; FL o Note: ORF open reading frame; FL fulldength.
2.2 Ccp ; CPRR2 3
CP ; CPU
N N . 12 CPF ;
CcpP o CPLCW ; Ccp
cpP Locusta o
migratoria- CPRR2 CPAP1 N
Nasonia vitripennis ( 2) o ; CPRRI

CP-RRI ( 2).
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Fig. 1  Characteristics of cuticular protein domains of Rhaphuma horsfieldi
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2 CPRRI (A) CPRR2 (B) WebLogo
Fig.2  WebLogo analysis of conserved motifs of CP-RR1 ( A) and CP-RR2 ( B) families from Rhaphuma horsfieldi
o ; CPRR1  CPRR2 o Note: " represented conserved amino acid

residues. Conserved motifs of CP-RR1 and CP-RR2 were presented on the top of sequences respectively.

3 cp

Fig. 3 Phylogenetic tree of cuticle proteins from Rhaphuma horsfieldi ( Rhor) and Anoplophora glabripennis ( Agla)
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Fig. 4 Expression profile of cuticle protein genes in different tissues of Rhaphuma horsfield:
© A RhorCP-RRI i B RhorCP-RR2 ; C RhorCPs o
FPKM . MA ; MTa ; MB
. FA : FTa . FB o Note: A Expression profiles of RhorCP-RRI

genes; B Expression profiles of RhorCP-RR2 genes; C  Expression profiles of other RhorCP genes. Gene expression levels were
shown by mean FPKM values with two replicates. MA male antennae; MTa male tarsi; MB male bodies without antennae and

tarsi, FA female antennae; FTa female tarsi; FB female bodies without antennae and tarsi.
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