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Identification of Odorant-Binding and Chemosensory Protein Genes in Mythimna separata Adult Brains Using Transcriptome Analyses
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Large numbers of chemosensory genes have been identified in the peripheral sensory organs of the pest Mythimna separata (Walker) to increase our understanding of chemoreception-related molecular mechanisms and to identify molecular targets for pest control. Chemosensory-related genes are expressed in various tissues, including non-sensory organs, and they play diverse roles. To better understand the functions of chemosensory-related genes in non-sensory organs, transcriptomic analyses of M. separata brains were performed. In total, 29 odorant-binding proteins (OBPs) and 16 chemosensory proteins (CSPs) putative genes were identified in the transcriptomic data set. The further examination of sex- and tissue-specific expression using RT-PCR suggested that eight OBPs (OBP5, -7, -11, -13, -16, -18, -21, and -24) and eight CSPs (CSP2–4, -8, CSP10–12, and -15) genes were expressed in the brain. Furthermore, bands representing most OBPs and CSPs could be detected in antennae, except for a few that underwent sex-biased expression in abdomens, legs, or wings. An RT-qPCR analysis of the expression profiles of six OBPs (OBP3–5, -9, -10, and -16) and two CSPs (CSP3 and CSP4) in different tissues and sexes indicated that OBP16 was highly expressed in male brain, and CSP3 and CSP4 were female-biased and highly expressed in brain. The expression levels of OBP5 and OBP10 in brain were not significantly different between the sexes. The findings expand our current understanding of the expression patterns of OBPs and CSPs in M. separata sensory and non-sensory tissues. These results provide valuable reference data for exploring novel functions of OBPs and CSPs in M. separata and may help in developing effective biological control strategies for managing this pest by exploring novel molecular targets.
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INTRODUCTION

The oriental armyworm Mythimna separata (Walker) is a migratory and polyphagous pest species in China and other parts of Asia and Oceania (Jiang et al., 2011, 2014; Liu et al., 2016). The larvae of M. separata feed on more than 300 kinds of crops, including wheat, rice, corn, and cotton, resulting in serious yield losses. As with many other moth species, the M. separata adults rely heavily on olfaction to find host plants for food and mates for reproduction. To find the optimal chemical attractants for the control of the pest, the olfactory mechanisms of M. separata have been explored in many studies at the behavior, electrophysiology, and molecular levels (Mitsuno et al., 2008; Jiang et al., 2019, 2020; Wang et al., 2021). Thanks to advances in transcriptome sequencing techniques, a large number of chemosensory genes of M. separata, including genes for olfactory receptors (ORs), ionotropic receptors (IRs), sensory neuron membrane proteins, odorant-binding proteins (OBPs), and chemosensory proteins (CSPs), have been identified (Bian et al., 2017; Chang X. Q. et al., 2017; He et al., 2017; Liu et al., 2017; Du et al., 2018). The functions of some chemosensory-related proteins in M. separata, such as ORs, IRs, and CSPs, have also been well examined, and they are involved in sex pheromone, host volatiles and acid sensing (Mitsuno et al., 2008; Younas et al., 2018a,b, 2021; Zhang et al., 2019; Jiang et al., 2020; Tang et al., 2020; Wang et al., 2021). In addition to these proteins having known functional specificities, there is a large number of proteins of unknown specificity still awaiting experimental testing.

In general, chemosensory genes are expressed in the chemosensory organs of insects (Liu et al., 2012, 2015; Gu et al., 2013; Xiao et al., 2017; Li et al., 2020). However, chemosensory-related proteins are also present in various tissues and play diverse roles (Pelosi et al., 2017). Some insect chemosensory receptors have been identified in non-sensory organs, and their new physiological functions have been further clarified. For example, several gustatory receptors are expressed in the brains of Drosophila and Bombyx mori, and they are involved in the sensing of internal sugar and fructose nutrient cues, proprioception, hygroreception, and other sensory modalities (Thorne and Amrein, 2010; Miyamoto et al., 2012, Miyamoto and Amrein, 2014; Mang et al., 2016a,b). A subset of ORs are expressed in the testes of the malaria-causing mosquito, and their functions may be associated with sperm activation (Pitts et al., 2014). The OBPs and CSPs are small water-soluble proteins containing a hydrophobic pocket for ligand binding, and they mainly mediate the first step of olfactory signal transmission, which has been widely proven (Pelosi et al., 2017). In addition, the OBPs and CSPs have been detected in various tissues other than olfactory organs. For example, CSPs have been identified in the pheromone glands of Mamestra brassicae and B. mori (Jacquin-Joly et al., 2001; Dani et al., 2011). The OBP10 of Helicoverpa armigera was found on the egg surface (Sun et al., 2012), and OBPs and CSPs have been detected in the seminal fluids of Drosophila melanogaster, Aedes aegypti and Apis mellifera (Li et al., 2008; Takemori and Yamamoto, 2009; Baer et al., 2012). They have also been identified in venom glands of the parasitic wasps Leptopilina heterotoma and Pteromalus puparum (Heavner et al., 2013; Wang et al., 2015), in the eye of H. armigera (Zhu et al., 2016), and in the ovaries and eggshells of A. aegypti (Costa-da-Silva et al., 2013; Marinotti et al., 2014). These proteins may be involved in carrying semiochemicals that have various roles, such as in reproduction, regeneration, development, nutrition, anti-inflammatory action, and vision (Pelosi et al., 2017).

The chemosensory genes of M. separata identified from the transcriptomes of a head, antenna, palp, and proboscis also revealed that they have multiple points of origination (Bian et al., 2017; Chang X. Q. et al., 2017; He et al., 2017; Liu et al., 2017; Du et al., 2018). The antennal transcriptomes of M. separata revealed 37 OBPs and 14 CSPs in one study, and 32 OBPs and 16 CSPs in another (Chang X. Q. et al., 2017; He et al., 2017). Two studies of M. separata head transcriptomes revealed 50 OBPs and 22 CSPs, and 38 OBPs and 18 CSPs, respectively (Bian et al., 2017; Liu et al., 2017). More chemosensory genes in head compared with antennal transcriptomes may indicate that some of the genes are expressed in the brain. Previously, some chemosensory proteins, such as OBPs, CSPs, ORs, and gustatory receptors, were identified in insect brain tissues, and it was hypothesized that these proteins performed important unknown physiological functions as well as the specific known physiological functions (Miyamoto et al., 2012, Miyamoto and Amrein, 2014; Mang et al., 2016a,b; Walker et al., 2019; Wang et al., 2020).

In the present study, RNA-Seq was applied to mine OBPs and CSPs genes from the brain transcriptome of M. separata, and then semi-quantitative RT-PCR and RT-qPCR were used to confirm the expression patterns of OBPs and CSPs in different sexes and tissues. The findings serve as a foundation for exploring novel functions of chemosensory genes in insect brains and provide new pest control targets.



MATERIALS AND METHODS


Insects Rearing and Tissue Collection

Larvae of M. separata were collected in Xinxiang, Henan Province, China. The colony was reared on an artificial diet in the laboratory and maintained under the conditions of 27 ± 1°C, 75 ± 5% relative humidity, and a 14-h/10-h light/dark cycle. Pupae of different sexes were separated in glass Petri dishes before eclosion. Adult moths were provided with sucrose solution 10% (v/v). Brains, antennae, wings, legs and abdomens of unmated moths were collected 2–4 days after eclosion, immediately frozen in liquid nitrogen, and stored at −70°C for RNA extraction.



cDNA Library Construction and Transcriptome Sequencing

Total RNA extracted from brains of approximately 600 adult males and females independently were used to construct separately three female and three male cDNA libraries. The libraries were sequenced using the PE100 strategy on the Illumina HiSeq™ 2000 platform (Illumina, San Diego, CA, United States) at Novogene Bioinformatics Technology Co. Ltd. (Beijing, China). Briefly, mRNA was purified from total RNA using magnetic beads with Oligo (dT), and then, it was fragmented into short fragments after adding fragmentation buffer. First-strand cDNA was synthesized using random hexamer primer and M-MuLV reverse transcriptase (RNase H). Subsequently, the second-strand cDNA was synthesized using DNA polymerase I and RNase H. The double-stranded cDNA was purified using the AMPure XP system (Beckman Coulter, Beverly, MA, United States). NEBNext Adaptors having a hairpin loop structure were ligated to prepare for hybridization after the adenylation of the DNA fragments’ 3′ ends. Library fragments were purified using the AMPure XP system for selecting preferentially cDNA fragments of 150–200 bp. Then, the selected fragments were used as templates for PCR amplification. PCR products were also purified using the AMPure XP system, and library quality was assessed on an Agilent 2100 Bioanalyzer and with a Q-PCR system.



Brain Transcriptome Assembly and Functional Annotation

A de novo transcriptome was assembled using the paired-reads mode with default parameters using the short-read program Trinity (Grabherr et al., 2011). Trinity outputs were clustered using TGICL (Pertea et al., 2003). The consensus cluster sequences and singletons made up the final unigene dataset. The generation of unigenes was performed using BLASTx and BLASTn programs against the public databases, with an E-value threshold of 10–5. GO terms were extracted from the best hits obtained from BLASTx against the NR database using the Blast2GO program (Conesa et al., 2005). A GO functional classification of all the unigenes was performed using WEGO software.1 KOG and KEGG annotations were performed using Blastall software against the KOG2 and KEGG3 databases, respectively.



Identification of Putative OBPs and CSPs Genes

Candidate unigenes encoding putative OBPs and CSPs were selected on the basis of the NR annotation results in the remote server. All the candidate chemosensory genes were further manually checked using the BLASTx program. The open reading frame (ORF) of each candidate unigene was predicted using the ORF finder tool.4 The putative signal peptides of OBP and CSP protein sequences were predicted using SignalP 4.1.5 In addition, all the candidate genes were compared with previously reported sequences using the BLASTn program (with an E-value threshold of 10–5) to identify novel OBPs and CSPs genes (Du et al., 2018). These genes were named in accordance with gene naming rules by adding a suffix with a number to indicate the descending order of their coding region lengths.



Phylogenetic Analyses of Odorant-Binding Protein and Chemosensory Protein Family Proteins

Multiple alignments of amino acid sequences were performed using the online prediction website MAFFT.6 The phylogenetic trees were constructed using the maximum-likelihood method with a bootstrap analysis of 1,000 replicates and the JTT with Freqs. (+F) Substitution Model using MEGA5.2 (Tamura et al., 2011). The phylogenetic trees were visualized using FigTree v1.4.3.7 OBPs data sets contained 29 candidate OBPs from M. separata, and 150 from other Lepidopteran moths, including B. mori (Gong et al., 2009), H. armigera (Liu et al., 2012), Helicoverpa assulta (Chang H. et al., 2017), Spodoptera exigua (Liu et al., 2015), Heliothis virescens (Vogel et al., 2010), and Spodoptera litura (Gu et al., 2015). CSPs data sets contained 16 putative CSPs from M. separata, and 72 from other Lepidopteran moths, including B. mori (Gong et al., 2009), H. assulta (Chang H. et al., 2017), H. armigera (Zhang J. et al., 2015), H. virescens (Picimbon et al., 2001), Agrotis ipsion (Gu et al., 2014), S. litura (Zhang Y. N. et al., 2015), and S. exigua (Liu et al., 2015). The amino acid sequences used in the phylogenetic analyses are listed in Supplementary Materials 1, 2.



Tissue- and Sex-Specific Expression Analyses of OBPs and CSPs

To confirm the expression profiles of the identified OBPs and CSPs genes, semi-quantitative PCR (RT-PCR) was performed. Total RNA was isolated from brains, antennae, wings, legs, and abdomens of 50–60 adults and extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, United States) following the manufacturer’s instructions. Single-stranded cDNA templates were synthesized from 1 μg of total RNA from various tissue samples using the FastKing gDNA Dispelling RT SuperMix (TianGen, Beijing, China). Specific primers of predicted OBPs and CSPs genes were designed using Premier 5.0 (Supplementary Material 3 and Supplementary Table 1). PCR reactions were carried out using equal amounts of cDNA (200 ng) template. The β-actin (GenBank Acc. GQ856238.1) of M. separata was selected as the reference gene to test the integrity of the cDNA templates and also the expression quantification of the target genes. The PCR was performed in a Mastercycler® (Eppendorf, Hamburg, Germany) under the following conditions: 94°C for 5 min, 25–33 cycles (depending on the expression level of each gene) of 94°C for 30 s, 56°C for 30 s, and 72°C for 30 s, followed by a final extension at 72°C for 10 min. PCR products were analyzed on 1.0% agarose gels and visualized after staining with ethidium bromide.

The RT-qPCR analysis was conducted using an ABI QuantStudio3 (Applied Biosystems, Carlsbad, CA, United States). The specific RT-qPCR primers were designed using Beacon Designer 8.13 (PREMIER Biosoft International, CA, United States) (Supplementary Material 3 and Supplementary Table 2). Two reference genes, β-actin (GenBank Acc. GQ856238.1) and glyceraldehyde-3-phosphate dehydrogenase (gapdh) (GenBank Acc. HM055756.1) were used to normalize target gene expression. The amplification efficiencies of the target and reference gene primers were evaluated using a four-fold serial dilution of cDNA templates from adult antennae. Reactions for each sample (20 μl) consisted of 10 μl of SuperReal PreMix Plus (TianGen, Beijing, China), 0.5 μl of each primer (10 μM), 0.4 μl of Rox reference dye, 1 μl of sample cDNA, and 7.6 μl of sterilized ultrapure water. Amplification conditions were an initial denaturation at 95°C for 3 min, followed by 40 cycles of 95°C for 15 s, and a single step for annealing and extension was performed at 60°C for 30 s. The PCR products were heated to 95°C for 15 s, cooled to 60°C for 1 min, heated to 95°C for 30 s, and cooled to 60°C for 15 s to determine the dissociation curves. The RT-qPCR reaction of each sample was performed in three technical replicates and three biological replicates. Then, we used the relative quantitation method (2–ΔΔCT) (Livak and Schmittgen, 2001) to evaluate quantitative variation. Transcript amounts were standardized to 1 using the sample from adult male brain. Data were analyzed using Data Processing System software version 9.5 (Tang and Zhang, 2013). A one-way analysis of variance with Tukey’s multiple comparison test was performed to analyze differences in gene expression levels among multiple samples, and p < 0.05 was considered to be significant.




RESULTS


An Overview of Brain Transcriptomes

Six adult brain cDNA libraries, three for females and three for males of M. separata, were constructed and sequenced using the Illumina HiSeq™ 2000 platform. As a result, 61,283,994, 59,876,048, and 68,196,054 raw reads were produced from the three separate female brain samples; and 46,814,292, 60,931,890, and 43,177,818 raw reads were produced from the three separate male brain samples. After trimming the adaptor sequences, contaminating sequences, and low quality sequences, 56,689,466, 54,841,746, and 62,601,386 clean reads of the three separate female brain samples, and 43,297,968, 56,087,138, and 40,004,380 clean reads of the three separate male brain samples, remained for the following assembly (Supplementary Material 3 and Supplementary Table 3). Subsequently, all the clean reads were assembled together and generated 132,516 unigenes with lengths ranging from 201 to 28,894 bp, with a mean length of 579 bp.



Homology Searches and Functional Annotation of Mythimna separata Brain Unigenes

Homology searches querying the 132,516 unigenes against other insect species were performed using the BLASTx and BLASTn programs, with the E-value cut-off of 1.0E–5. In total, 27,594 unigenes (20.82%) had BLASTx hits in the NR database, and 12,499 unigenes (9.43%) had BLASTn hits in the NT database. Among the annotated unigenes, 4445 (3.35%) were annotated in all of the databases [NR, NT, KO (KEGG ontology), SwissProt, protein family (PFAM), GO, and KOG], whereas 35,484 (26.77%) were annotated in at least one database (Supplementary Material 3 and Supplementary Table 4). The analysis showed that most M. separata protein sequences were orthologs of proteins in B. mori (33.5%), Danaus plexippus (15.5%), and Plutella xylostella (14.1%) (Figure 1).


[image: image]

FIGURE 1. Proportional homology distribution among other insect species based on the best BLAST hits against the NR database for the assembled unigenes from the Mythimna separata brain transcriptomes.


According to the GO category analysis, only 21,188 (15.99%) assembled unigenes corresponded to different functional groups. Because one unigene can align to multiple GO categories, 54,623 (41.22%) unigenes were assigned to biological process, 33,526 (25.30%) to cellular component, and 23,545 (17.77%) to molecular function. In the molecular function category, the terms of binding and catalytic activity were the most represented. In the cellular component terms, cell and cell part were the most abundant. In the biological process category, cellular process, metabolic process, and single-organism process were most abundant (Figure 2A).
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FIGURE 2. Histograms of gene ontology (GO) classifications (A) and clusters of orthologous groups of proteins (KOG) (B). (A) The GO classifications are summarized into three main categories: biological processes, cellular component, and molecular function. The right y-axis indicates the number of genes in a category, and the left y-axis indicates the percentage of genes in a specific term in that main category. (B) The x-axis indicates 26 categories. The left y-axis indicates the percentage of a specific gene classification in that main category, and the right y-axis indicates the number of genes in a category.


In the obtained KOG functional annotation, 12,672 unigenes were categorized into 26 functional groups (Figure 2B). “General function prediction only” was the largest group (2764, 21.81%), followed by the “Signal transduction mechanism (1594, 12.58%) and Posttranslational modification, protein turnover, chaperones” (1353, 10.68%) groups, and “Cell motility” (25, 0.20%) was the smallest group.



Identification of Putative OBPs and CSPs Genes

In the M. separata brain transcriptomes, 29 OBPs were annotated on the basis of the TBLASTN results. Among them, 16 OBPs contained intact ORFs, with lengths ranging from 133 to 334 amino acids (Table 1). Based on the numbers and locations of the conserved cysteines, the OBPs were classified into three categories, Classic, Pluc-C, and Minus-C OBPs families. Seven full-length OBPs (GOBP2, OBP6, OBP9, OBP11–13, and OBP15) had the typical six conserved cysteines and spacing, forming the Classic OBPs family. Three full-length OBPs (OBP4, -5, and -10) belonged to the Pluc-C OBPs family, having additional two, three, and six cysteines located downstream of the conserved C6. The remaining six full-length OBPs (OBP1–3, -8, -14, and -16) belonged to the Minus-C OBPs family. OBP1 lacked conserved cysteine C1; OBP2 had none of the typical six conserved cysteines; OBP3 only had conserved cysteines C1 and C6; and OBP8, -14, and -16 lacked the conserved cysteines C2 and C5 (Figure 3). Compared with our earlier identified OBPs in M. separata (Du et al., 2018), many of them shared high sequence identity levels, ranging from 80 to 100%. However, OBP2, -3, -17, and -23 shared a no more than 36% sequence identity (Supplementary Material 3 and Supplementary Table 5).


TABLE 1. Odorant-binding proteins identified in Mythimna separata brain transcriptomes.
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FIGURE 3. Multiple alignment of amino acid sequences of OBPs from M. separata. In the sequence alignments, only the proteins with full-length ORFs were selected. Conserved cysteine residues are highlighted, and signal peptides are boxed in red.


Sixteen transcripts encoding candidate CSPs were identified. Among them, 14 CSPs contained intact ORFs, with lengths ranging from 106 to 290 amino acids (Table 2). These identified full-length CSPs proteins included a signal peptide and four highly conserved cysteine profiles (C1-X6-C2-X18-C3-X2-C4, where X represents any amino acid) (Figure 4). The CSP15 and CSP16 amino acid sequences were incomplete due to the lack of a 3′ or 5′ terminus. Compared with previously identified CSPs (Du et al., 2018), most of them shared high sequence identity levels, ranging from 74 to 100%. However, there were two CSPs, CSP9 and CSP12, that shared less than a 41% sequence identity (Supplementary Material 3 and Supplementary Table 5).


TABLE 2. Chemosensory proteins identified in brain transcriptomes of Mythimna separata.
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FIGURE 4. Multiple alignment of amino acid sequences of CSPs from M. separata. In the sequence alignments, the C-terminus of CSP15 and N-terminus of CSP16 are truncated. Four conserved residues are highlighted, and signal peptides are boxed in red.




Phylogenetic Analysis of Odorant-Binding Proteins and Chemosensory Proteins

All the putative OBPs clustered with at least one lepidopteran ortholog in the phylogenetic tree (Figure 5). The identified GOBP and PBP protein sequences in brain clustered into the GOBP and PBP clades in the phylogenetic tree, respectively. OBP5 and OBP7 shared a 68.28% sequences identity and clustered together. OBP11 and OBP18 only shared a 29.66% similarity, but they also clustered together. With OBP13, they formed a clade containing SlitOBP25. All the candidate CSPs proteins clustered with at least one lepidopteran ortholog in the phylogenetic tree (Figure 6). CSP3 and CSP15 shared a 67.97% sequences identity, and formed a clade with AipsCSP7. CSP7 and CSP16 shared a 45.60% sequences identity and clustered together.
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FIGURE 5. Phylogenetic tree of putative OBPs from lepidopteran species. This tree was constructed using MEGA5.2 based on alignment results of MAFFT. Msep: Mythimna separata (black); Harm: Helicoverpa armigera (cyan); Hass: Helicoverpa assulta (green); Bmor: Bombyx mori (red); Hvir: Heliothis virescens (dark violet); Sexi: Spodoptera exigua (blue) Slit: Spodoptera litura (sandy brown). The clades in violet and light cyan represent general odorant-binding proteins and pheromone-binding proteins, respectively.
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FIGURE 6. Phylogenetic tree of putative CSPs from lepidopteran species. This tree was constructed using MEGA5.2 based on alignment results of MAFFT. Msep: Mythimna separata (blue); Aips: Agrotis ipsilon (brown); Harm: Helicoverpa armigera (red); Hvir: Heliothis virescens (dark orchid); Hass: Helicoverpa assulta (cyan); Bmor: Bombyx mori (green); Slit: Spodoptera litura (orange); Sexi: Spodoptera exigua (black).




Expression Profiles of Putative OBPs and CSPs Genes

The RT-PCR expression profiles indicated that the majority of OBPs genes were expressed in the antennae. OBP5, -7, -11, -13, -16, -18, -21, and -24 were detected in the brain. Among them, OBP5, -7, -11, and -13 showed male brain-biased expression, whereas OBP21 showed female brain-biased expression. OBP16, -18, and -24 were expressed in both female and male brains. OBP5, -7, and -11 were also detected in the antennae and abdomens. OBP13 could be detected in the abdomens. OBP16 and OBP24 were detected in the antennae, abdomens, and legs. OBP18 could be detected in all the tissues, and OBP21 was detected in the legs and wings (Figure 7). The RT-PCR expression profiles indicated that most CSPs genes were expressed in all the examined tissues (Figure 7). Three CSP genes, CSP2–4, were expressed in female brain. CSP8 was detected in male brain, and CSP10–12, and CSP15 were detected in both female and male brains (original gel images of RT-PCR can be found in Supplementary Material 4).
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FIGURE 7. Mythimna separata OBPs and CSPs transcript levels in different tissues of male and female adults as evaluated by RT-PCR. MB: male brains; FB: female brains; MA: male antennae; FA: female antennae; MAb: male abdomens; FAb: female abdomens; ML: male legs; FL: female legs; MW: male wings; FW: female wings.


To confirm the RT-PCR results, RT-qPCR was performed to measure quantitatively the expression levels of six OBPs (OBP3–5, -9, -10, and -16) and 2 CSPs (CSP3 and CSP4) genes in the various tissues (Figure 8). The RT-qPCR results were mostly consistent with the RT-PCR results. They confirmed that OBP5, OBP16, CSP3, and CSP4 were expressed in brain, and further revealed that OBP10, which was not detected by RT-PCR, was also expressed in brain. The expression levels of OBP5 and OBP10 in brain were not significantly different between the sexes (p > 0.05), whereas that of OBP16 was three times higher in male brain than in female brain (p < 0.05). The expression levels of CSP3 and CSP4 were 40 and 24 times higher in female brain than in the male, respectively (p < 0.05).
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FIGURE 8. Six OBPs and two CSPs transcript levels in different tissues of both sexes as evaluated by RT-qPCR. The internal controls β-actin and gapdh were used to normalize transcript levels in each sample. The standard error is represented by the error bar, and the different letters above each bar denote significant differences (p < 0.05).





DISCUSSION

In the present study, we first sequenced and analyzed the transcriptomes of adult male and female M. seperata brains. Among the 132,516 unigenes identified, only 15.98% were annotated to one or more GO term, and only 20.82% had homologous matches to entries in the NCBI NR protein database. This was similar to other lepidopteran species (Liu et al., 2012; Zhang Y. N. et al., 2015), indicating that a large number of M. seperata genes are either non-coding or homologs of genes that have not been annotated to GO terms. Importantly, we identified 29 OBPs and 16 CSPs putative genes in the data set, providing valuable reference data for exploring novel functions of chemosensory genes in M. separata.

The number of OBPs obtained in this study was less than the number identified from the antennal (37 and 32) and head (50 and 38) transcriptomes of M. separata (Bian et al., 2017; Chang X. Q. et al., 2017; He et al., 2017; Liu et al., 2017). Here, we identified two novel OBPs (OBP2 and OBP3) and two OBPs (OBP17 and OBP23) that share a no more than 36% sequence identity compared with our earlier identified 38 OBPs from the antennae, labial palps, and proboscises transcriptomes of M. separata (Du et al., 2018). The other OBPs shared high sequences identity levels, ranging from 80% to 100% (Supplementary Material 3 and Supplementary Table 5). The small number of OBPs identified in brain may be because OBPs genes are mainly expressed in antennae, mouth organs, and other chemosensory structures. We identified 16 CSPs in the adult brain transcriptome, which is comparable with the numbers identified from earlier reported antennal transcriptomes, 14 and 16 CSPs reported by Chang X. Q. et al. (2017) and He et al. (2017), respectively, and head transcriptomes of M. separate, 18 CSPs reported by Liu et al. (2017), but fewer than the numbers identified in other head transcriptomes (22 CSPs) by Bian et al. (2017) and our earlier analyzed antennae, labial palps, and proboscises transcriptomes (38 CSPs) (Du et al., 2018). However, we also found that two CSPs (CSP9 and CSP12) shared less than a 41% sequence identity compared with our earlier identified CSPs. Most other CSPs shared high sequence identity levels, ranging from 74 to 100% (Supplementary Material 3 and Supplementary Table 5). The novel and relatively low sequence homology levels of OBPs and CSPs identified in the present study may indicate that they are specifically expressed and function in the brain, and their ligand-binding functions need to be investigated in the future.

The further examination of sex- and tissue-specific expression using RT-PCR confirmed that eight OBPs (OBP5, -7, -11, -13, -16, -18, -21, and -24) and eight CSPs (CSP2–4, -8, CSP10–12, and -15) were expressed in brain. The RT-qPCR results indicated that OBP5, OBP10, OBP16, CSP3, and CSP4 have relatively abundant and sex-biased expression levels in adult brain. These findings in M. separata brain are consistent with previous research on other insect species. For example, at least two OBPs and three CSPs were identified in the brain of Spodoptera littoralis. The genes with relatively abundant expression levels in the brain were SlitOBP4, SlitPBP2, SlitCSP1, SlitCSP2, and SlitCSP8 (Walker et al., 2019). Four OBPs were identified in the brain transcriptome of Vespa velutina (Wang et al., 2020). In the brain of Adelphocoris lineolatus, AlinOBP14 was identified (Tian et al., 2021). In A. mellifera, there are six CSPs and most have been detected in the brain (Liu et al., 2020). Indeed, several studies have reported their putative physiological functions as carriers for endogenous compounds in brain. In situ hybridization with mRNA of AlinOBP14 showed that the gene was expressed in the antennal lobe of the brain and fluorescence-based competitive-binding assays showed that juvenile hormone and the precursors of the hormone bound to the AlinOBP14 protein (Sun et al., 2019; Tian et al., 2021). Therefore, AlinOBP14 in the antennal lobes of A. lineolatus might function as a carrier of endogenous compounds, including juvenile hormone and hormone precursors. Juvenile hormone affects the responsiveness of olfactory interneurons in the antennal lobe and is likely involved in the plasticity of the insect brain (Anton and Gadenne, 1999). The possible roles of CSPs in the nervous system has also been demonstrated using gene knockout assays. A CSP AmelGB10389 knockout in honey bee resulted in abnormal brain development, which suggests the CSPs may play roles in neuronal plasticity (Maleszka et al., 2007; Liu et al., 2020). The CSPs may function as carriers of lipids and juvenile hormone to modulate olfactory responses, olfactory learning, and memorization in the antennal lobe and mushroom body neuropiles (Liu et al., 2020). The expression of CSPs in the neural systems of insects may function, by controlling diacylglycerol and protein phosphorylation, in neuroplasticity, neurogenesis, synaptogenesis, the formation of new synapses, and the generation of new neuron connections (Liu et al., 2020).

OBPs and CSPs are typically expressed in chemosensory structures, such as antennae and mouth organs, and their proteins function as carriers of odorants in insect chemoreception (Pelosi et al., 2017). However, OBPs and CSPs proteins in other insect species are endowed with multiple functions in the non-sensory organs of the insect body, such as pheromone delivery, solubilization of nutrients, development, and insecticide resistance (Pelosi et al., 2017). The varying expression patterns of OBPs and CSPs genes across tissues of M. separata may also suggest that their proteins play broader physiological roles in addition to carrying odorants. In particular, in the present study, the expression of several OBPs and CSPs in M. separata brain may expand our current understanding of the expression patterns of chemosensory genes in insect non-sensory tissues, and the results establish a foundation for further studies on the novel functions of chemosensory genes in non-sensory tissues of M. separata.
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ORF, open reading frame; SP, signal peptides; aa, amino acid.
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general odorant-binding protein 2 [Helicoverpa armigera]
pheromone binding protein 1 precursor [Mamestra brassicae)
pheromone binding protein [Mythimna separatal)
odorant binding protein 9 [Spodoptera litura)
odorant binding protein 23 [Spodoptera exigual)
odorant binding protein 25 [Spodoptera exigual
odorant-binding protein 19 [Helicoverpa assulta]
odorant binding protein 1 [Agrotis ipsilon]
odorant binding protein [Spodoptera exigua)
odorant binding protein 1 [Agrotis ipsilon]
antennal binding protein 7 [Antheraea yamamai]
pheromone binding protein 4 [Mamestra brassicae]
odorant binding protein 6 [Agrotis ipsilon]
OBP13 [Sesamia inferens]
odorant binding protein 8 [Spodoptera exigual)
SexiOBP13 [Spodoptera exigual)
odorant binding protein 5 [Agrotis ipsilon]
general odorant-binding protein 56a-like [Helicoverpa armigera]
odorant binding protein 9 [Spodoptera exigual)
odorant-binding protein 2 precursor [Bombyx mori]
odorant binding protein 2 [Agrotis ipsilon]
antennal binding protein [Heliothis virescens]
OBPS5 [Helicoverpa armigera)
OBP9 [Helicoverpa armigera)
general odorant-binding protein 28a [Helicoverpa armigeral)
odorant binding protein 22 [Spodoptera exigual
odorant binding protein 9 [Spodoptera exigual)
odorant-binding protein 9 [Helicoverpa assulta)

Reference ID

ABI24159.1
XP_021192653.1
AAC05702.2
BAG71416.1

ALDG5883.1
AKT26500.1
AKT26502.1
AGC92793.1
AGR39564.1
ADY17882.1
AGR39564.1
ADO95155.1
AALB6739.1
AGR39569.1
AGS36753.1
AGH70104.1
AGP03459.1
AGR39568.1
XP_021196568.1
AGH70105.1
NP_001140186.1
AGR39565.1
CAC33574.1
AEB54581.1
AEB54592.1
XP_021194660.1
AKT26499.1
AGH70105.1
AGC92789.1

E-value

4.00E-87
1.00E-29
1.00E-86
1.00E-116
4.00E-102
1.00E-1565
2.00E-96
1.00E-76
1.00E-86
2.00E-76
1.00E-73
3.00E-09
1.00E-82
2.00E-76
2.00E-22
1.00E-80
8.00E-24
4.00E-31
1.00E-55
2.00E-77
4.00E-68
2.00E-16
2.00E-49
1.00E-23
4.00E-23
2.00E-29
1.00E-37
7.00E-22
5.00E-06

Identity (%)

96
89
87
98
85
82
62
60
70
71
75
33
84
86
41
88
39
75
80
89
74
36
74
74
48
67
91
86
55

ORF, open reading frame; SP, signal peptides; aa, amino acid.





OPS/images/cover.jpg
frontiers
in Physiology

Identification of Odorant-Binding
and Chemosensory Protein
Genes in Mythimna separata

Adult Brains Using
Transcriptome Analyses









OPS/images/fphys-13-839559-g001.jpg
B Helicoverpa armigera

B Homo sapiens
33.50%

W Flutella xylostella

W Danaus plexippus

B Bombyx mon

other





OPS/images/fphys-13-839559-g002.jpg
-14000

s9ua3 Jo Jaqunp

o o
o o
o o
© (]
1 1

-12000
-10000
- 4000
- 2000

Gene Function of Classification (GO)

(%) Sauag jo 1uadiad

Molecular function

Cellular component

Biological process

— 3165

— 2532

SQua3d Jo JaquinN

— 1899

— 1266

633

KOG Function Classification

25 —

20

_
T}
a4

(%) S°uas Jo 1uadlad

[
o
=






OPS/images/fphys-13-839559-g003.jpg
Consensus

MsepGOBP2

AVAGSVMG

......................................................................................................................................................................... ESGPDPRDGFRQP
......................................................................................................................................................................... mpGGGTYCGETPSV
MCLINYAVLILCLILVESYALN

.................................................................................................................................................................................. va
.................................................................................................................................................................................. MRSFVVECLVLVVGVYANVTILP
.................................................................................................................................................................................. MRTELVLAACILLAQGLTDEQ.
............................................................................................................... [MNNEVFILVFLTYMSLAANSKAPFITKCKANDDKCHTESAQKVIPLFADGIPELNVEKHDPLI TDIVVKGLEN

............................... . e e 1 e e 5 i i B i S P R CE T Y LR B SR BCIAW L LR TN LAKMILKNI
BEVMSHY SAEI v Bz1iEusNRFSIICD 1 (MR 1 [ ELIHNBEKKFDSMIDD. . . .[R0RVVEVARRFKVDAKAAGIAPEVAMIEAVMERY . « o v v oo e veeneseennnseennasnnnsssnnnnsennss
IQAMNESG.SFLDETDKTPR .EEIR VETNVGIVSE I N 11— GDMTAMSAADRQETCP..... EERSYQFLI{LHSMEIEKYEKS .....................................................
TAG..SADNIK...F.. ILNA . KEF VEDETKYE ... B¥. . . o JSAETCRKNESYRERBYSDCENGRERCAETTANMFELENIBIITEL . o i o s b i i i
IS..DVINID...S....@YNGQEYFTKMGVLND | A KDETV d LEBVSEVENDGITET o o miis wvwms s o mmyssss e & o o 5040w 0 058 5 S8 55 0 & i B s
LAVMTSR. .DVILVN...PF....@LW8CLRKGGFIDD. EQYVLNPGLTYVKNIVKSDQFYT....FI...... ERSAK(EESVEDKAGSE CEE AN B EIMIIN -~ oo o e e o e S e
E I INCENGIFKEDTKLK. ...... PEREENEIIE . b okl i siin il TRMTESRRAFTEEDRENS, .. IR BEVH RN S NCROETEYEEE .o lis s o i s B o ol b D el i 50 St i /i
..A.. MKETMETAGMMS . . [eEVDIEAVLALLPPELABHK . « oo vvvnenenn.. PSLRABGTVHGADH...... DT AWK T QR OABANKADYFLT e & v v e ee e eenaesnnnnsannnnsennneennnsennnesnnnnsennss
LKPLSVCDIPELGDPKHLAKCSNPK. .LPGP......... NDI@VFEESGFLTD.V TLNKEAYKNHLKLWEENHAGWS....VA ..... VBRAIKINVDSDERQHENYE.. .. KAYDVETNTGERMLRKIEBBBWEN - - . « misn: s 6 1 a isin o o 1 i 05 i 1 i
VPHYCL PKI TEATEERR: o cuimwss ot KABAKDGGPSGPPYV. . .[8. EQDRIFYELTSNVLWN[EKLROFED[ERVLRAHMDE[RPY YWEKKREEDEANAPTS . ..o vieeneennnnnns
IXQCIMSEXVEADYVERNIRRYINIE . . o - o sin o m s n b oo n ansa !ERLT VFRESKWV . . AHI il ILSSEI!(HATP'IQWSSSASESYPHAYAAA!PV!PSD!ESPQVPYGSENAEYLQPRTP ........
I TENSSKETDNN.S. . . .BALHSFLENLEMTAE . feMPDRYLVTHAITKDVKDEDLRD. .. .FL...... QESIEHSFQILDNENTEDK. . !EES R OO TIN50 e i o N i o B B o B
TSEF INE..FVEDGGEIFK. .. .KF TE IFEH. «ovvvnnennnnnnnens IHVETKGEEEVVVPTTTASDYSEEFRQGV NY PETYEWGK « ¢ v v v v eenesennnnsennensnnansnnnnsennns
. . PTQQEKAQKLAAHNVKESGVSSEVLAEAKKGHIVEDENLK. . . ... .. KFT exI PPGVDKED........ B s wits KKVLEGQEKSKTGKDTAD. ... .. FERRYHEGEREHTEVAGE < ¢ iss sews s Seaione s Situn il se s dpms e Hed Pome s s
...... TGDYKAESEPLK...... LMTK ARSI, - PN, . /7 (1 - LANKGNTPHQ......IAWHYV IR ECTEIIR BB TIN5 e 5 5 o
FLL VP....SILIEVL .FENLFPODNELLRETTEELIAKNGNDVIIEIGEEI BVEREDETE 5 o0 5 miie o5 o 015000 o1 0100080 9010 105070110 o 0 9/ 0 19101500, o im0
IVAYGDENTT. ... .MIDLVYTWEKLSGV YVRIKDF F FLEVEYIDOLFPSSS . v o v o nimn o 0 0O

Cc e (o





OPS/images/fphys-13-839559-g004.jpg
MsepCSP15
MsepCSP16
Consensus

MsepCSP1

MsepCSP9
MsepCSP10
MsepCSP11

[MRAVEVLCVLVYVVVGRELNDMGNMPRYDSRYDYLDVDAIFTNRRLVRNYVI{@ LINSV ALKRILPEALRTR[®VRETER( AVKVIRRLENDFPEEWSKLASRWDPTGDFTRYFEEFLARESFNTIPGSGSAIPTSS
[MESYTVVIVLSVAVMALARPEE. . . AKYTDRYDNVNLDEVLSNRRLLVPYVE®ILDQGKSAPDGKELKEHIKEALE TQKSGTRRVIGHL INHEDAYWRELTAKYDPORKFSAKYEKELREIKQ ..............
..... [MEFVILIIL.CVMVAAVVAD. . .ERKYTDKYDNIDLDEILSNKRLLDAHY GKELEKDHLTEAIENGSAR®TENQEKGACQKVIDHLIKNELDMWRELAARKYD RARAAGIVIEAE. -« cs=ns=
JMELIVAVALLCVVAMAWGKPA. . .STYTDEKWDNINVDEILESQRLLRAYVDSLMDRGRETPDGKALKETLPDAL ERQRSGSDEVIRHLVNER STKYDPDNIYQDKYKTQIESAKQ ..............
PD. ...GRYTDRYDSVNLDQILSNRRLLVPYIKGMLDQGR@TPDGKELKTHIREALEQI{@ARIST nAORDGTRQVMGHLINHEVDYWNELKAKYDPKNLYSTKHEQELRKLKQ ..............
MNFLVLSVVVTLAAFAAADLT. . .... YTDRYDHVNVDEILDNRELLVPYIRSTLDQGRETPDGKELKAHIKDAM( VVEKHIRAREQDYWRKQIVNEYDPGNEFTETYEAFLASPDESK. « v v s v v e vvnn
. MRTLFILCALVIAVSARPE. . .EQYTTEYDNIDIDEILNNDRLFKSYFE®LVGEGR@TPAGKELKSHMPDALQT JREGTKRKVMKFLINNREPEQWKRLCAKYDPEGKYASKYERELREVSQ. « v o v v e v v een e
..... METILVLCVLIAAVCARP.EATYDTRYDNFDVESLVENVRLLEKSYGH@FLGTGHSTPEGSAFKRTIPDALQTHSGR®SPRORHLIRVVVNGFQTRKTPDIWKQLVERKEDPNGEFRETFTREFLEASD . « v o v v e e v ee e w s
....MERTWLLCLCVLTVVVSCYS|. . . QGPNRYENFNADAIIQNDRILLAY YR[@VMI JGRNFERVLPETLATA[SGR] NPAQKTIVRKLLLGIRTKSEPRFLELLDKYNPDRSNRDALYTFLLTGQ ...............
..... MRVLIVLSCLVVLAFA|. . . AERYNARKYDNFDVETLISNDRLLEAYINSFLDRKGRETPEGSDFRRTLPEAIETTSARSTERQRGNIRKVIKAIQQRKHPK BRETECER . ou o e e s i o
..... MRVVLLTLCLALGVLA. . .QDKYESANDDFDVSEVLSNPRLLNDr SKeLLNQGHSTPEVKQVKEKLPEALETR@ARSTDKQREQMGRKAL mF'VKKNHPDIWKQLVAMYDPQGKYQQAWQDFLKE. Ty nm—
METVILILVISCSVAVI VRRQEPGQLEN KRKYVQTQIRBILNEGREDKTGRDMEKDLLPEVLORNSRKSSEVORVNADRKI INYMEONHPSEW T RIFNIY SR . c v vt v vt v s sesenncnnencnneensas
... MOIRYALIIL.CCVAAVSLA... .QTQRPAVSDTALDDALQDKRFIORQLK ALGEAPBDPIGKRLETLAPLVILRGABPOBT POETKQIQRTLSYVQORNF POOWARIVROY AG . « o e s e s cesenecnncnnannannanenas
...MQITITITALCVGLVAGLH). . . .VQAGPCMTDAQLEQTLADRENTMQCRHIKSALGEGH®DPVGRRLRTLAPLVLRGAS PO SMOETRQIRRTLAFVORNY PWEW AR IVROY Gu o o o o e o e e et e essensnncneseaeennnansa
..... [MEFVILIIL.CVVVAAVVAE. . .EQYTDRYDNIDLDEILSNKRLLEAYVNSVMERGR[@TPEGKELKDHLQEAIENAS KRS TDNQQRKGAQRVIDHLIKNE LA TWRELARK . « @t e s s s e e scesnncanncaannanaaannsnn
..................................................... MMEEGR[@TSEGKELETHVPDALQ PRQREGTRKYVIKHLINHRKPQHWORLRAKYDPQGRYADKYERELKQLS . v s v e s e v ee e e e
C = = { 9
PLVPPRPIPTMPPTIASPAPGPTEPTPPRPAILNRFGEDGELMS SSGVMTPRPMTQATPRPTTTMRSTVNSRPVEPRP GAR QPTRFPLRPVSDLPPPYSTAITLIDQIGYRIIKTTELVTDLLRNTVRAVVG

------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------

145
128
128
127
127
127
125
124
123
122
120
114
107
10e
103

78

289
128
128
127
127
127
125
124
123
122
120
114
107
106
103

78





OPS/images/logo.jpg
, frontiers
in Physiology





OPS/images/fphys-13-839559-g005.jpg
W © . N
T 0330 o3 as
® i%m%.%%é’é%a%%
2% 9%5955%%88% 52
@ c&%%g’g%@%ﬁ;aaa;:: .3
<% 5 0% e |
% N %otc')@o%%”m
AR
O. (@) 6,)0 > &P
‘% 0. % AT -
9t R B
677- Q 630‘30
NN
o S, ,0+U’
A4, s B,
(7 ’)70 .07 4
SOGA 0’°7 .
S 0,7 &
0 5o,
,770,.0 Gp747
Moro, By -
é?r""fo SR26
-S‘ep 8p25
MS@ OBP
008 8 Bootstrap Value
S/ito 23
B PG | 100
eXlOBP2
mOrOBP3
Smorogpg;
MSEDOBP‘]S AAAAAA ) -
SeXlOBpg . ______ " '
SlitoBP12 .. .. o
MsepOBP24 ... bt e
HassOBP17 |
HarmOBP17
R 0 WY A W U  Bmor0BP40
e I Bl g ?ItQBP‘IB
BmorOBP38 """"""""""""""""""""""""""""""""""""" Mt:XIOBP13
—==—— VA g epOBP5
S.\\‘lOBP'Zo . B jep03p7
sePOBPzB TOBPO072
W BP9 Bmorogp
v oo Ha 41
oBP? " rmogp
N\sev 6936 e HassoBP w
ot a6 Msg, - 3P19
o°F " 57 SPOBR
a ab " litQ, 4 0
e ° 5p
5@*‘ 06??' 4 e ‘ “ Xi0gp
o\ 0‘06? &l s BMSSSOBP;Q 0.3
o© QDQ L AT R e 3,710 ’03,04 S
WO B P e
Y\ G'f“\oe?qr Q, 4 ,,.o D43
ROy e
N S - Slyyl0gy, %52
o 20 v S S 7S
) (O AN G_{_. l°
@ o) @K (o) <>
&© P N S 8o
o @Q N &9 /))o 7>
KK P %% 210y, Ry
& O K i 8. N5 By %
Q Q@,e@ &O@ <§N o i) @\9,[ ,(06) % '°;6, s
o (@)
L EEE 2 Y % O, %
TF LI . @% D S0 S0
Q:Q‘{S.Q’Q‘O m@%@&;/
STEESTo o AR AN
& ELORR L 252 % 9%
$ Z. >
TS8Rk 1538503 0"
xrﬁ*omqfi‘hc‘{,’wm muﬂgg&oo@o@o\
z ~Z“O§’Qomm°-a_ww“°’1:::::1mmw»na‘° 00 0 v
& a O m Qamﬂ.mm<<&m7<7ﬁ.o7oo@06‘
g0 Tag 52 3 :-:-35-606\@ % Y >
Sg;};cg;Qoogo%Bno omm-o-g,opoQ
§552999582388%33" 3 °
A% EZTVIRS S = = =
b i w W g = o =
W
o O





OPS/images/fphys-13-839559-g006.jpg
PR z Q59
® o E B 0 X o N
® 2 % O 0 23 B 59 o4 Q
<« % %.?a’%sm“"&S“’gQ% 5 &£
g O % 2 9 23 3 v g s 9 g s =
& 2 o Uy 5% 20 © v =22 &5 IS Q
GRS G = T . @ ¢ 5 (‘)0 Q©
8, " %, T . £5s S Q
% . & T ] c'f*) S ®
Q. O © ’ & 9O K
6’6 78 /0) QY Q‘o $)
S S0, B < N
S CSA ¢ Q}Q' -O‘bq A\
S //?C 7q 60*:\ O‘bq
Mor Sy &
A, Sp * -G‘E’Q 1
omey. N
Ms » ‘E'eQ B
0]
PCsp N ,,;\05?% Baiap e
P12 oo¥ 100
Ha,-mCSP WS 5?’\6
i
. psCSP4 ... 5\'\\059
se |
pCSP11 - 33;{\(:8?20
BmorCSP13 - . _ . - A'\psCSP5
BmorCSP12 | " MsepCSP13
S\\thi":8 v AipsCSP3
. =
A\QSC MsepCSPz
Sy SI
wee?” o / itCSP2
] 4 Sexj
o A B
X a2
\’\955 AD N MCs
of Ay Pq
(«\0 ) /rcs
o2 S Ha &
\(CJ A Ss,
oY g‘? r e/'f; CSD
e _ n, S
R g,
S 5 o, S —
& & 9D w : . % 0% W
K O AQ &Y ; £ Y
SEFEL a PELRN
S I A e » o % & 3 % % % ©
c3’°ococo°--~‘£‘—9 w"&"‘aome"‘
¢§ 98 0O 632 R T ER o & ® )
gt R - = -
£ o o © T > =
o »





OPS/images/fphys-13-839559-g007.jpg
-~ -
- -
L —
—
— - e

- - —

— a— S S — —
- - — -—
- - fo—






OPS/images/fphys-13-839559-g008.jpg
OBP9

5

OBP

L
o—
s 2
o =
B A
2|
- =
)
©
o H
[
o
=
o H
©
I T T T
(=] (= o o
S =] S S
@ O -+ a
[PA9] uoIsssaidxa aane Y
>
©
g =
0 -
e A
$
i
Y
W
.
7
< }—
7
) C\\
o \«\
2,
7.
),
2,
o %
~v\\
7,
¢ 8
o
&,
3] 2,
= @
T T T T
- ag) o — o
[PAD] U0 IsssaIdXD AT
=
I
[5)
<t
&
<
I I 1 1
o = o o
S S S
S S S
Py ~ —_
A uoisssaidxa oAnePY
-
<
=
=
)
S 9
o
Ay
~
—
=)
o
r T T T 1
S o o o o
(= =] (=] o
w o o o

) 1 —_
oA uoisssaxdxa aaney

CSP4

Bl fFemale

Male

80

CSP3

OBP16

OBP10

Bl Female

[2A9] uoisssaxdxo Al

[2A9] uoisssaidxa aAne|Yy

Bl Female

T
=
A=l

Male

o
=

Male

I Female

Male

o

(N

<

100+

80

T
=2
b=

PAd uoisssaidxa aAne Y





