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Abstract

The shortage of available genomic and transcriptomic data hampers the molecular study on the
migratory locust, Locusta migratoria manilensis (L.) (Orthoptera: Acrididae) central nervous
system (CNS). In this study, locust CNS RNA was sequenced by deep sequencing. 41,179
unigenes were obtained with an average length of 570 bp, and 5,519 unigenes were longer than
1,000 bp. Compared with an EST database of another locust species Schistocerca gregaria
Forsskai, 9,069 unigenes were found conserved, while 32,110 unigenes were differentially
expressed. A total of 15,895 unigenes were identified, including 644 nervous system relevant
unigenes. Among the 25,284 unknown unigenes, 9,482 were found to be specific to the CNS by
filtering out the previous ESTs acquired from locust organs without CNS’s. The locust CNS
showed the most matches (18%) with Tribolium castaneum (Herbst) (Coleoptera: Tenebrionidae)
sequences. Comprehensive assessment reveals that the database generated in this study is broadly
representative of the CNS of adult locust, providing comprehensive gene information at the
transcriptional level that could facilitate research of the locust CNS, including various
physiological aspects and pesticide target finding.
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Introduction

The insect nervous system consists of a
central nervous system (CNS) and a
peripheral nervous system. The CNS is
formed by ventral segmental ganglia and the
brain, and usually controls the reproduction,
metamorphosis, growth, metabolism, and
behaviors of insects directly. Insects have
provided important model systems for the
analysis of the neural networks underlying all
kinds of behavior. Diptera such as Drosophila
melanogaster, have long been used for the
study of the nervous system. The nervous
system of Orthoptera, which includes the
locust, shares many properties with the
Diptera. However, large body size makes the
locust particularly well suited for investigation
into the development (R. Lakes-Harlan 1995),
structure, and molecular biology of the
nervous system (Ayali et al. 2002; Stern et al.
2007, Braunig 2008). The locust has been a
model for developmental processes in the
nervous system for decades (Thomas et al.
1984).

The locust phenotypes that are related to its
migration and agricultural damage are
regulated by the nervous system. The
phenotypic phase change makes the locust
undergo a transformation between solitarious
and gregarious forms, inducing widespread
differences in  behavior, reproduction,
endocrine balance, immunity, physiology, and
morphology (Rahman et al. 2003; Kang et al.
2004). It is regulated by substances of the
nervous system, such as pheromones,
neuropeptides, and neurotransmitters (Rogers
et al. 2004; Pener and Simpson 2009), and
numerous molecular activities are involved in
phase plasticity (Kang et al. 2004; Ma et al.
2006). However, because of the shortage of
gene information, the molecular mechanisms
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of these phenotypes, especially the exact role
these nervous system substances play in phase
transition, are currently not known. In order to
control these worldwide agricultural pests,
many pesticides have been designed to disrupt
the proteins essential to the normal function of
the pest nervous system including voltage-
dependent sodium channels (Narahashi et al.
1998; Narahashi et al. 1999; Zlotkin 1999),
GABA receptors (Hosie et al. 1997), nicotinic
acetylcholine receptors (Massol et al. 2000;
Matsuda et al. 2001; Toshima et al. 2009),
glutamate-gated chloride channels (Cully et
al. 1994), acetylcholinesterase (Zhu and Clark
1995; Zhou and Xia 2009), and octopamine
receptors (David and Coulon 1985; Roeder
1999). The study of the locust nervous system
may help us to identify efficient insecticide
targets, using molecular methods to solve the
problems of existing pesticides, such as
pollution, low toxicity, and pesticide
resistance.

There is no genome sequenced for any locust
species at present, in part due to the large size
of locust genomes (Pener and Simpson 2009).
Although a complimentary project was
finished on the CNS of desert locust
Schistocerca gregaria Forsskai, with 12,709
EST obtained from two phages (Badisco
2011), research at the molecular level of the
locust nervous system is still insufficient.
Specifically, the gene information about
neuronal transcripts of the migratory locust,
Locusta migratoria manilensis (L))
(Orthoptera: Acrididae) is scarce, and does not
reach research needs. It is necessary for us to
develop a complementary project providing
more transcript data for functional gene
screening and large-scale studies of gene
expression in the locust L. migratoria
manilensis nervous system.
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In this study, the Illumina HiSeq™ 2000
platform was used to sequence and analyze
the transcriptome of the CNS of L. migratoria
manilensis in order to find more functional
genes related to the locust nervous system,
and to provide a useful resource for future
study on the reproduction, metamorphosis,
growth, metabolism, and behavior of locust.

Materials and Methods

Locust culture and total RNA extraction
Adult locusts used in this experiment were
obtained from a gregarious population, and
cultured according to the description of
Gillespie (Gillespie et al. 2000). Locusts were
raised with corn sprout food, in 20x20%20 cm
cages at 28 + 2° C, under a 12:12 L:D
photoperiod. CNS samples from 80 locusts
were harvested according to the description of
Rogers (Rogers et al. 2004). Briefly, the
whole brain, including the optic lobes, was
dissected from the head. The complete
thoracic ganglion chain and the ventral nerve
cord were also harvested. After harvesting the
CNS samples, the total RNA was immediately
extracted.

RNA was isolated using Trizol (Invitrogen,
USA) according to the manufacturer’s
instructions. To remove any contaminating
genomic DNA from the RNA sample, total
RNA was treated with DNase I (Takara Bio,
www.takara-bio.com) at 37° C for 30 minutes.
Next, total RNA was subjected to the Trizol
extraction once again. The RNA quantity and
integrity ~ were evaluated by  gel
electrophoresis, and quantified by measuring
absorbance at 260 nm and 280 nm.

RNA sequencing,
annotation

The total RNA was sent to the Bioinformatics
Center of BGI-Shenzhen for RNA sequencing

data processing and

Zhang et al.

using Illumina/Solexa sequencing technology,
as described previously (Cloonan et al. 2008;
Mortazavi et al. 2008; Maher et al. 2009;
Filichkin et al. 2010).

Transcriptome de novo assembly was carried
out with short reads assembly program
SOAPdenovo (Li et al. 2010). SOAPdenovo
first combined reads with a certain length of
overlap to form longer fragments called
contigs. Then, the reads were mapped back to
contigs. With paired-end reads, contigs from
the same transcript, as well as the distances
between these contigs,were detected. Next,
SOAPdenovo connected the contigs, using “N”
to represent unknown sequences between two
contigs, to generate scaffolds. Paired-end
reads were used again for gap filling of
scaffolds in order to get sequences with
minimal N’s and the longest length; these are
defined as unigenes.

All of the wunigenes were annotated by
comparing against nr databases in NCBI and
the Swiss-Prot database. Annotation was
performed using Blastall software to compare
against Cluster of Orthologous Groups (COQG)
and Kyoto Encyclopedia of Genes and
Genomes (KEGG) databases in order to
facilitate future studies. Hits with E-value <
10~ were considered to be significant matches.
If more than one sequence in the existing
database had high sequence similarity to a
unigene, the most similar one was assigned to
the query. The data discussed in this
publication have been deposited in NCBI's
Gene Expression Omnibus (GenBank ID:
GSE24498). The Blast2GO software was used
to obtain the Gene Ontology (GO) annotation
terms based on the similarity information of
gene sequences (Conesa et al. 2005).
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Comparing with the existing locust genes
The unknown unigenes were compared with
ESTs of other non-CNS organs, including
whole body, head, hind leg, and midgut of L.
migratoria manilensis in NCBI, with £ < Je-
05 (Kang et al. 2004). The same genes were
filtered out from the dataset in order to get the
CNS specific genes.

In order to isolate the specie specific genes, all
of the unigenes were compared with the EST
database of another locust specie, S. gregaria
(Badisco 2011). Hits with E< le-05 were
considered to be significant matches. The
isolated unigenes, including conserved genes
and differentially expressed genes, were
compared against nr database, and the GO
annotation terms were obtained by Blast2GO
software.

Results

Sequencing and sequence quality

In this study, 4,276,182,450 total bases from
57,015,766 sequence reads were obtained.
Data analysis showed that there were 41,179
unigenes total. A total of 14,611 unigenes
were longer than 500 bp, and 5,519 unigenes
were longer than 1,000 bp (Table 1). The
length distribution of contigs, scaffolds, and
unigenes are shown in Figure 1.

Annotation of the unigenes

Using BLAST searches of the nr, Swiss-Prot,
and KEGG databases, 38.6% of the total
unigenes (15,895) were identified (E< le-05),
and the remaining 61.4% (25,284) showed no
or low similarity. The species distribution of
the best match result for each sequence is
shown in Figure 2. The locust CNS showed
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18% matches with Tribolium castaneum
sequences, followed by Pediculus humanus
corporis (14%), Apis mellifera (14%), and
Nasonia vitripennis (12%).

In the 15,895 identified unigenes, 644 nervous
system relevant genes, coding approximately
130 different nervous system genes, were
identified based on previous research in
insects. The most common nervous system
relevant genes were classified into five groups:
neural components genes, ion channel related
genes, neurotransmitter transporter and
receptor related genes, period circadian
protein genes, and others. Due to the large
number of nervous system relevant genes,
only one representative unigene was listed in
Table 2 for each typical nervous gene. To
estimate the coverage of the CNS genes in this
database, the signal transduction component
genes, such as neurotransmitter, modulator,
transporter and receptor genes, were counted
to calculate the coverage (Table 3). The result
showed that this database covered most of
signal transduction component genes.

The 15,895 identified unigenes were then
classified by ontology in order to get the GO
functional annotation describing the molecular
functions, cellular components, and biological
processes of unigenes. The unigenes of the
locust CNS were classified into 54 major
ontology sub-categories (Figure 3). The
molecular function ontology reveals that the
largest functional categories for CNS
transcripts were those related to binding
proteins, enzymes, and transporters. This
predicted result was consistent with the
function of genes in the nervous system. The
GO functional annotation items were further

Table I. Sequencing results and quality.
Sequences Total no. of | Avg. length | No. of sequences | % of sequences
sequences |of sequences| beyond 500 bp | beyond 500 bp
Contig 101,836 254 10068 9.89%
Scaffold 69,440 391 14422 20.77%
Unigene 41,179 570 14611 35.48%
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able 2. Representative genes of the locust nervous system.

Gene category Accession Blast match (sbs Species E-value
survival of motor
Unigene21918_All neuron protein 1401 | Gallus gallus | 1.00E-44
interacting protein 1
Unigene36037_All| YSteinemichmotor | 436 | P ed‘ﬁ"’;o | 400E-38
Neural Unigene13704_All| synaptic vesicle protein | 588 | Aedes aegypti | 6.00E-19
composition | Unigenel 5461_All [YPePtic vesicularamine | soq| P ed‘c:é‘:;o s | BO0E-84
genes = -
Unigene23514_All Ws“"‘g‘&‘if{’“"e‘“ 814 | Apis mellifera | 1.00E-46
Unigene33778_All| Synapticglycoprotein [ | Pediculus 4 oop 49
SC2 corporis
» . Pediculus
Unigenel8682_All| neuroglian precursor |[3837, eorporis 0
Unigene35955 All|  potassium channel 432 | Ixodes scapularis | 2.00E-51
large conductance
5 calcium activated Periplaneta
Unigenel1997_All| o0 0 el psio | 250 | amevicana | 300E-10
pliceform 1-5A
Unigene39238_All ‘3"“’“".’:;;‘:“;',‘0":;; 761 | Aedes aegypti |1.00E-114
glutamate-gated R
Unigene6459 All |  chloride channel | 257 x;‘;’:“""n 7.00E-28
isoform b
- chloride channel protein Pediculus
ol Unigene6683_All iy 32, vorporis | 200E27
glutamate-gated s
relaled §0ES | (ynigene7457_All | chloride chamnel | 909 | Tibolium ) 4op 105
isoform ¢
Unigene12467_All ;’;;‘:3‘?".""“‘1“““: 266/, P ‘d“go";;o | 3.00E-68
Unigene4853 All | sodium channel | 408 | Aedes aegypti | 8.00E-16
Unigenel970_Al | "CUromansmitier gated | g Culex | ¢ 40g.73
Unigene9713_All | Yoltege-activatedion | ., | Pediculus |, gop og
corporis
glutamate-gated o
Unigene6459_All | chioride channel | 275 | Iibolium 1 5 o0 5¢
isoform b
Unigene35233_All|  acetylcholinesterase | 401 [, Fediculus |5 g0 5
corporis
acetylcholine receptor 7
Unigene17779_All| protein subunit delta | 548 |, Pediculis ' | o0p 43
umanus corporis
g nicotin]c acetylcholine Nasonia
Unigene20787_All| 20 e et | 315 | vitriponmis | 200E-06
nicotinic acetylcholine Tribolium
Unigene24308_All | receptor alpha6 subunit | 204 e 2.00E-32
isoform 8
nicotinic acetylcholine Tribolium
Unigene29826_All ptor alphal0 subunit| 270 B 5.00E-10
splice variant
5 nicotinic acetylcholine Schistocerca
s .| Unigene4333_All tor bermsubunit | 233 | gregeria | LOVE28
transporter and nicotinic acetylcholine Tribolium
receptor related | Unigenes972_ All |  receptoralpha 10 | 1273 L 2.00E-17
genes subunit casianeun
Unigene25707_All| dopamine transporter | 217 | Apis mellifera | 2.00E-31
Unigene27987_All|  dopaminebeta- o | Pediculus | 3005 19
=: hydroxylase precursor h corporis | ™
Unigened099s_All| GABA IEUTOANSIINET |y | i melifera 0
Unigenel5540_All NMD’: 'c’;"fet‘f‘l"""“"‘ 223 | Apis mellifera | 2.00E-26
Unigene22282) All|| Btutamatereceptorlilag, | Pediculus = 1y oop 14
p corporis
Unigene30222 All|  glutamate receptor | 276 Culex |4 00E 40
high-affinity Na'- .
s Diploptera
Unigenel761_All | dependent glutamate |1724 o 0
Unigene29536_All| Gproteincoupled o0l oy capularis | 2.00E-14
Unigene15086_All| nitric oxide synthase | 934 | .92 1 gop 128
Period circadian | Unigene16458_All| Period clockprotein 1 50 | - Periplaneta | 5 g 5
protein genes = homolog americana 2
3 circadian clock protein Blattella
Unigene230_All SRor] 1963|  oimica | 00E-38
circadian clock- Pediculus
Unigene23540_All| controlled protein 760 Fiim e 4.00E-57
precursor AHES COTPO!
. circadian clock protein Sarcophaga
Unigene8752_All et s 0
= circadian transcription Dianemobius
Unigene12476_All dulator CYCLE 1905 foroascl 0
Othergenes |Unigene326020All || o cineurm subuntt BN {770 | W Pediculis S| oop o
isoform corporis
Unigene6499_All |  preprotachykinin | 458 | Leriplaneta 1y gop 1
jred americana
Unigene41038 All|  COMP-dependent 1[yo0 |y ) o terrestris | 0

protein kinase foraging
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(I'able 3. Neurotransmitter, modulator, transporter and receptor related genes. A
LG categorl.e - . Neurotransmitter Transporter Receptor
neurotransmitter/| Neurotransmitter
related genes related genes related genes
modulator
Acetylcholinesterase R — Acetylcholm.e
receptor protein
Choline Acetylcholine Nicotinic
—_ e acetylcholine
receptor
Dopamine beta- ;
Dopamine hydroxylase dopaniing e
transporter
precursor
5-
Amines glycine . hydroxytrypt.ami
dehydrogenase ne (serotonin)
5-hydroxytryptamine receptor
Sodium-and | 1o ine eceptor
e chloride-dependent )t,) it al hz-3
glycine transporter SOk a'D
Na'-dependent
—_— glutamate —_
transporter
: GABA
SR glutamate synthase | neurotransmitter —_
transporter
glutamate
o s receptor
Amino acids neurotransmitter I sl
transporter, GABA
gamma-
Glutamate o ehat i
o e acid (GABA)
receptor
preprotachykinin R _
GABA angiotensin e s
converting enzyme
Tachykinin nitric oxide synthase — —
Peptides Angiotensin prostaglandin E .
synthase
Gas Nitric Oxide S e S
Lipids Prostaglandin — — e
- J
compared with the existing non-CNS locust “Posttranslational ~ modification,  protein

database (Figure 4). The results showed that
some new items were generated, which could
contain many genes related to the function of
the CNS. The annotated sequences were
searched for genes involved in COG
classification in order to further evaluate the
completeness of the library, and the
effectiveness of the annotation process. As a
result, out of 15,895 nr hits, 5,922 sequences
had a COG classification (Figure 5). Among
the 25 COG categories, the cluster for
“General function prediction” represents the
largest group (1,163, or 19.64%), followed by

turnover, chaperones” (503, or 8.49%), and
“Replication, recombination and repair” (496,
or 8.38%).

After comparing with the non-CNS organs in
L. migratoria manilensis, 62.5% of the
unknown genes were similar to previously
acquired ESTs from non-CNS organs, and the
remaining 9,482 (37.5%) unknown unigenes
had no significant similarity to the non-CNS
genes. Since the genes from other organs were
filtered out, more CNS specific genes could
be found in the 9,482 unknown unigenes.
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However, the other organs included the nerve,
which made the CNS share unknown nervous
unigenes with other organs. Because of this
sharing, some of the unknown nervous genes
might also have been filtered.

The unigenes were compared with the S.
gregaria EST database in NCBI (Badisco
2011). As a result, 32,110 unigenes were
differentialy expressed between S. gregaria
and L. migratoria manilensis, while 9,069
unigenes were conserved. There were 3,633
unigenes identified in differentially expressed
unigenes, and 335 identified in conserved
unigenes. Both the identified unigenes in the
differentially expressed and conserved group
were classified by ontology in order to get the
GO functional annotation (Figure 6). The
conserved unigenes were mostly constituted
of basic physiological genes, metabolic genes,
housekeeping genes, and so on. The
differentially expressed genes had three items
not found in the conserved genes: viral
reproduction, metallochaperone, and auxiliary
transport protein.

Discussion

CNS genes in the locust

The mean length of assembled transcriptome
data (41,179 unigenes) in our study was 570
bp. After annotation, the most common CNS
genes were found. GO functional annotation
and COG classification showed that the
transcriptome library has good coverage, and
the annotation was effective. All the results
indicated that this database provides a better
resource for cloning and study of CNS genes,
greatly enriches the current locust database,
and will contribute to research with respect to
the identification of novel genes, insecticide

targets, and various physiological mechanisms.

Zhang et al.

Using transcriptome sequence analysis, it was
surprising to find that 7. -castaneum,
belonging to Coleoptera, shared the highest
similarity with the locust CNS in the BLAST
annotation, whereas Gryllus veletis, belonging
to Orthoptera, and a fellow locust, showed a
very low match percentage (0.17%). These
results may be due to the lower availability of
sequence resources of Orthoptera. However,
even though the numbers of sequences of T.
castaneum, P. humanus corporis, and
Drosophila melanogaster were comparable,
the transcriptome sequence of locust shares
only a small number of similar sequences with
D. melanogaster. This may be due to the
phylogenetic relationships between locust and
these insects. The phylogenies inferred from
both morphological and molecular dataset
comparison support that the locusts of
Orthoptera had a closer relationship with 7.
castaneum and P. humanus corporis than with
D. melanogaster of Diptera (Andrew 2011;
Strausfeld 2011).

The conserved and differentially expressed
genes between S. gregaria and L. migratoria
manilensi have been studied. Compared to the
large number of differentially expressed genes,
the conserved genes played a relatively small
part that mainly focused on basic life
processes, including the cellular processes,
metabolic processes, biological regulation,
pigmentation, and so on. The differentially
expressed genes shared most of the items with
conserved genes. However, some new items
were found in the biological processes and
molecular function, including viral
reproduction, metallochaperone, and auxiliary
transport protein. The smaller number of
conserved genes suggested that the two
locusts had many differences in molecular
level, and some of these genes could be due to
the different living environments and habits of
the two species. These results can help the

Journal of Insect Science | www.insectscience.org 7

Downloaded From: https://bioone.org/journals/Journal-of-Insect-Science on 31 Aug 2024
Terms of Use: https://bioone.org/terms-of-use



Journal of Insect Science: Vol. 12 | Article 86

study of the differences between L. migratoria

manilensi and S. gregaria in behavior
characteristics and physiological
characteristics.

In this study, many new nervous genes were
found. This may be due to the suitability for
gene discovery of the new method. Another
possibility is that the insects used in this
experiment had been raised in cages, which
resulted in an environment with a high
population density. It is well-known that
locusts express different phenotypes in
response to local population density, and more
nervous genes related to the phenotypes are
found in population-dense situations.

The representative gene of the locust
nervous system

Based on previous research, 644 unigenes,
coding about 130 different nervous system
relevant genes, were identified in this study,
including typical CNS genes such as ion
channel related genes, neurotransmitter
transporter and receptor related genes, and
period circadian protein genes.

Ion channels related genes

The ability of neurons to generate and
transmit electrical signals depends on the ion
channels that are permeable to ions, including
potassium (K"), calcium (Ca™"), and sodium
(Na"). Because of their essential roles in
signal transduction, the ion channels are the
molecular targets for a wide range of drugs,
insecticides, and neurotoxins (Bloomquist
1993; Zhao et al. 2005; Nicholson 2007). Due
to the high GC content, and the long sequence
length, there is a shortage of EST information,
and relatively little is known about the
properties of ion channel genes in locusts. In
this study, 12 genes, including the K'
channels, Ca®" channels, and Na® channels,

Zhang et al.

were identified (Table 2), with sequence
length between 250 bp and 2,260 bp.

Neurotransmitters,

receptors related genes
Neurotransmitters are chemical signals
released at nerve terminals. Generally,
neurotransmitters are conveyed by
transporters, and bind to  specific
neurotransmitter receptors on the membranes
of post-synaptic neurons and transfer the
signal (Caveney and Donly 2002). Various
neurotransmitters, transporters, and receptors
have already been identified in other insects
(Osborne 1996; Caveney and Donly 2002).
However, the lack of locust gene information
made the current molecular methods
unapproachable for large-scale application in
multi-gene functional studies of the locust
nervous system. With the finding of many
neurotransmitters related genes in this
database, these problems can be easily solved.

transporters, and

Acetylcholine is an important
neurotransmitter, and is hydrolyzed by
acetylcholinesterase (AChE) after signal

transmission. Insect AChEs have attracted
interest because of their function in
neurotransmission, and are a target of
organophosphate and carbamate insecticides.
So far, only one AChE gene of the locust has
been cloned (Zhou and Xia 2009), and no
other AChE ESTs are in the existing databases
of locust. Three unique transcripts were found
in this study, providing an opportunity for
cloning and functional analysis of additional
AChEs genes in locust.

Many of the transmitter-related genes were
found by sequencing. The neurotransmitters
have been shown taking part in locust phase
polyphenism (Rogers et al. 2004). However,
the exact role these genes play in phase
polyphenism is still not clear. With the
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sequences, the transmitter-related genes can
be cloned easily, which could then be used to
investigate the phase polyphenism related
path-way and regulation mechanism.

Period circadian protein related genes

The insect period circadian proteins, which
are located mainly in the brain, provide
organisms with a means of synchronization of
life processes and adaptation to environmental
cycles. In mammalian, the circadian rhythm
can specifically affect the immune system
(Lowrey and Takahashi 2004). The same
phenomenon has also been well studied in D.

melanogaster (Nishinokubi et al. 2003;
Shirasu-Hiza 2007). Research on D.
melanogaster circadian genes, including

period (per), clock (clk), cycle (cyc), shaggy
(sgg), and timeless (tim), have provided clues
to the mechanisms of the period circadian
system (Nishinokubi et al. 2003). The clock
genes period and timeless have been
demonstrated to be related to photoperiodic
sensitivity in Sarcophaga crassipalpis (Kostal
et al. 2009). The rhythms of locust activities
have not been elucidated at the molecular
level, and identification of several unigenes of
period circadian proteins in this study provide
the basis for a detailed analysis of their roles
in locust.

The unknown genes

A total of 61.4% of unigenes had no
homologues in existing databases, but they
may not be entirely novel genes, since some
of the genes in locust may not be highly
conserved. Nevertheless, there should be
numerous genes with unknown function. The
new nervous system relevant unigenes provide
a new resource for elaborating on unknown
mechanisms in locust nervous system research,
as well as in the characterization of signaling
pathways. Since the RNA interference (RNA1)
technique has been shown to be effective for
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functional analysis of locust genes (Dong and
Friedrich 2005; Zhou and Xia 2009), the
functions of the 9,482 genes that were shown
to be CNS-specific can be explored by high-
throughput RNAi, as the researches did in
Drosophila (Boutros et al. 2004; Cronin et al.
2009) and Caenorhabditis elegans (Fraser et
al. 2000; Maeda et al. 2001).
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annotation. Figure 6A shows GO catagories of the differentially expressed genes of Locusta migratoria manilensi compared to S. gregaria,
while Figure 6B shows GO catagories of the conseverd genes. High quality figures are available online.

Figure 6. Comparison of CNS unigenes with EST database of Schistocerca gregaria. The unigenes in this research was compared with the
S. gregaria EST database were compared. The differentially expressed genes and conserved genes were annoted by GO functional
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