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Abstract

A genome-wide survey across 10 species from algagGuillardia thetato mammals revealed

that Caenorhabditis elegaasid Caenorhabditis briggsaequired a large number of glycine-

rich secreted peptides (GRSPs, 110 GRSPs ©. eleganand 93 in C. briggsagduring evolu -

tion in this study. Chromosomal mapping indicated that most GRSPs were clustered on

their genomes [103 (93.64%) irC. elegansind 82 (88.17%) irC. briggsag Totally, there are

18 GRSPs cluster units inC. elegangand 13 in C. briggsaeExcept for four C. elegansvhere

GRSP clusters lacking matching clusters inC. briggsagall other GRSP clusters had its
corresponding orthologous clusters between the two nematodes. Using eight transcrip -
e"_"(E1SeSeZeel el —¢Ze>'j1-"E>"S>>S¢d1Z—"-7Z, 71 ScecC
many co-expressed GRSPs clusters afte€. eleganinfections. Highly homologous coding
sequences and conserved exon-intron organizations indicated that GRSP tight clusters

might have originated from local DNA duplications. The conserved synteny blocks of

GRSP clusters between their genomes, the co-expressed GRSPs clusters aftér elegans
infections, and a strong purifying selection of protein-coding sequences suggested evo
Iutlonary constraint acting on C. eIeganSo ensure that C. elegan$ould rapidly launch
S—eleze eel@teeZ-Se E1>Z@™ " —@Z®@1SeS' —®el’ —+ZE+""—c
co-functionality of GRSP clusters.

Keywords: glycine-rich secreted peptide, synteny block, co-expressed gene cluster,
nematode infection

1. Introduction

EE >e’ —el1e 1 Z1™5'-S5¢10e>2E*2>281esCE " —Z,>’E*'1™>
(1) consisting of large glycine-rich proteins (GRPs >200 AA) with a length of over 200 aming

ImECH i 7KH $XWKRU V  /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF
open science | open minds GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP O’ KH RULJILQD
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acids that typically function as cell wall structural components and (2) composed of small
glycine-rich secreted peptides (GRSPs, <200 AA) that have a typical signal peptide followed by
S1-Se7>Z1™Z™e’e7]1 'e¢'1S1 e lee¢E —Z1E —eZ—+il ®l>Z
multicellular organisms, possessing relatively simple structures but exhibiting complex bio -
logical functions. According to previous research, almost all animals, plants, and microorgan -
'e—e1S>Z17Z—>'"E'Ze1 '+'1 ®@d1eZE'1SeletE —7,> E" 1
glycine-rich keratin and keratin-associated proteins from 22 mammal genomes [2] and RNA-
binding proteins with C-terminal glycine-rich domain from  Arabidopsis thalian3]. Plant GRP<
have shown diverse functions, including cell wall structure, plant defense, oleosin GRPs in
pollen hydration and competition, extracellular ligands of kinase proteins, and RNA-binding
GRPs in osmotic stress and cold stress4]. Growing evidence suggests that these proteins play
key roles in the adaptation of organisms to biotic and abiotic stresses including those resulting
from pathogenesis, alterations in the osmotic, saline, and oxidative environment, and changes
in temperature [ 3].

"177517—" eZeeZ817eSe1 ®1Z—E"eZelcCleZ—"—-Z@1l ele’ £
tinct. GRSPs are enriched in some species, whereas in other species, no GRSPs have b
e 7 — o’ Cadbrhabditis elegammd Caenorhabditis briggsaee highly enriched for GRSPs in
this study. With relatively simple structures but complex biological functions, the importance
of GRSPs in nematodes is highlighted by the observations that many members in the GRSI
family were indicated to play important roles in C. elegansnnate immunity. For example ,
nlp-29 and cnc-2in the GRSP family were upregulated after Serratia marcescensfection of
C. elegang$5]. NIp-29 and nlp-311'—1 1eS—"e¢1 Z>71¢ 7Z>7Z—'See¢1ZiT
fungal and bacterial infection [ 6]. Six members in GRSP family from nlp-27 to nlp-31 and grsp-z
were upregulated after Drechmeria coniosporiiafection of C. elegansn vivo [ 7]. Expression of
the family member grsp-21was upregulated twofold in response to Microbacterium nematop#
um[8pil Y eZe'"—S>¢1e’YZr0’ ESe’"—17ele'ZeZ1 ®1-S¢172—
of C. elegan§7]. Although these GRSPs are important for C. elegangnate immunity, we could
— el —e1l'e@1E>>ZE@™ —e’ —el1Tre " eTe @]l —1'7-S—1Z2—"-7%
Z>081—7-Se"eZ®l Z>Z1E —®©*sS—+eC1lE 'SeeZ—eZe1c¢1Seele
and other microbes, which have been driving the evolution of nematodes. We were impressed
by published works about members of the GRSP family in immune responses of C. elegar
and interested in knowing whether there were more GRSPs in nematodes and how GRSP:
responded to C. elegansnfections. We believed that free-living soil nematodes very likely to
have developed unique components to adapt to the unique environment.

The importance of GRSP family in nematodes is further stressed by the fact that expressior
of certain GRSPs ofC. elegand S 17 ™>7e7eSe7e¢1¢¢1 >S-°81 >S— 1S —
tion. Supported by the above facts, we believed in the existence of additional GRSPs ani
hypothesized that analyzing the genomic sequence would identify novel GRSPs and provide
a new global view of GRSP evolution in nematodes. To have a general knowledge of the two
—Z-Se"eZ®d1l —1e'Z1™s7Z@Z—e1 ">"81 Z1 ™S>’ EZ2+S>eC1l"E
S—e1E*Sce® ES*'"—1"7-1 @l “E'1l “Zeel ™5 Y eZ1S1ee" S
two nematodes, (2) mapping these GRSPs on their genomes which would provide a global
view of GRSPs distributions on their chromosomes, (3) phylogenetic analyses based on signe
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peptides of the two nematode GRSPs, and (4) integrated analysis of public transcriptome
datasets about C. elegansnfections would gain insights into the role of C. elegan$&GRSPs ir
innate immune.

2. Materials and methods

XiWil eZ—e’ ESe’"—17e1 el —1e¢'Zle "1—7-8Se"e71e7—"-7

o™y 7—e’'YZ1IET-™Sy’ e —1".1 el SelE —-+7E - HdhdGp
ens Danio rerig Drosophila melanogaste€. elegansC. briggsaeA. thalianag Monosiga brevicolli
Saccharomyces cerevisiagtyostelium discoideurmgnd G. theta Genome-wide protein sequences
“ele'Z1IWV1e™ZE'Zel Z>Z1e" —e"SeZele>"—1e'7Z1 1+SeScSce
used to construct two local protein sequence databases. Local-Blastp and PSI-Blast programn
from NCBI were carried out to identify C. elegang el ’e'l1e'Z1™7ZY "7t
nip-29, nip-31, nlp-33, cnc-2 cnc-4 and cnc-6as initial queries. GRSPs ofC. briggsad. Z>7Z 1«7 -
by using all C. elegan§&RSPs as initiation queries.

2.2.C. elegansl elZi™s>Zee' " —1S¢l1e>S—@E>"™e'"—SeleZVZe

Z—717Zi™sZee'"—1"——'<zell (l1+SeSlceZexl —1 104"
»ZSeel "ol 1weZ282Z—E'—+1 ™M “ZE-110 YYVXYil' —1 Z
ZS>E‘&UL Z>721%200Z¢1"1E"— >—1+'7Z1+>S —QedEganGRSPs SndlaXqié
false positive arising from genome annotation. This RNA sequencing project is a component of
the C. elegansnodENCODE project including 308 SRA experiments and 196 Biosamples. Th¢
total number of genes on each chromosome ofC. elegand Sce 1 <eS’—Zele>"—1 10
for the estimate of GRSPs density on each chromosome.

XiYil S™M™ .1 le 1e'Z1eZ—"-72®17e1le'Z1le "1—Z7Z-Se"sZa

‘S>SEeZ>'ee'EL ™MS>S—ZeZ> @l "1 @l Z>721 <eS'— 71 e>" -

«<S®Zi“>e&0UT1 “— ¢2>Se’"—1 eZ0el Z5212—7>S+72831S—+1-S"
performed by Circos [9]. Spacing was based on chromosomal units and the results were
©72>0'7>1-S—7See¢1 "¢ Zele>172S@’'Z>1'eZ—+ ESe'"—il ¢~

the twoway reciprocal “best hits” and combining sequence similarity- and synteny-based
approaches. Orthologous GRSPs pairs were mapped to their genomes and connected acro:
their chromosomal maps by straight line to identify conserved orthologous synteny blocks of
the two nematode genomes.

XiZil >S—eE>' ™" 'Edéjans s ¢ ca@d ol '—el ' —eZE+""—

Eight transcriptomic data sets related to C. elegand ' —¢Z E ¢’ " — 0 1872S—e’ Ze1l<¢
array (GSE20053, E-MEXP-696, GSE27867, GSE54212, GSE53732, GSE41058, GSE372

X]1ZViUl Z>Z1e” —e"SeZele>" -1 1 1+SeS<SceZil ’ Z>7Z—«¢
extracted to analyze using the GEO2R tool in the GEO database. The range of co-expressic
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clusters of C. elegand ®1l SeleZ —Zele"1<Z1leZeels'S—1[VV1«I
of C. briggsad «Z —"—-7081 Z1eS'eZele"1E" — >-1 >SS — ceQEbrigysad>RIP
to estimate GRSPs density on its chromosomes and to analyze the co-expresse@. briggsa
GRSPs after infections.

XT[T1l ‘¢Ce"eZ—Ze¢' EL1S—e1ZY e7¢'"—S5¢1S—Sete’ e

With the signal peptide sequences of the two nematode GRSPs, a phylogenetic tree was buil
to detect how the nematode GRSPs families had evolved by gene duplication by using the
program Molecular Evolutionary Genetics Analysis package version 6 (MEGA 6) [ 10]. The
bootstrap consensus tree inferred from 500 replicates was taken to represent the evolution
ary history to assess the reliability of the phylogenetic tree using the neighbor-joining (NJ)
method under p distance [11]. All sites bearing alignment gaps and missing information

were retained initially, excluding them as necessary using the pairwise deletion option.

Xi\il —Setce’'el ™ ele'Z1—72EeZ"¢'e7210028272—EZce

®'—-1 1\81 Z1Zoee'—SeZele>S—e’'+'"—10 'U&*>S—eVY2Z e
the number of synonymous (dS) and nonsynonymous (dN) substitutions per site, and the
codon-based Z-test for purifying selection. The program was operated under the model of
¢tZ1-"e" Ze1 7', "<’ 10Seez-Z1 '& Y1<S®el%1IXoXil-Z
of dN-dS, and the values were estimated by standard errors (SE) by the bootstrap meth
"e®@10AVVI>Z™e' ESeZ®e010ZZ1%IW]IWWZil0e " >1eZ¢S e
methods in [12]).

Yil ZeZeeoe

YiWil Z—"—-7, '¢Z1S—Sete’'el""1 ®elSE>"exrelWVie™ZE

‘Z1—72-<Z>17¢1 1 —1ZSE'1eZ—"-7Z1"«1'Z1WV1e™ZE'Zce:
*>7’+1 ¢01W. Wegand3TorC. briggsaes2 forA. thaliana O for M. brevicollis O for S. cerevisig
5 for D. discoideumand 0 for G.theta.The two nematodes (110 forC. eleganand 93 for C. briggsay
are extremely enriched with GRSPs in this study. Analysis of C. elegan§&sRSPs in these specie
revealed that the number of twoway reciprocal “best hit” orthologs was respectively 0, 2, 8, 90,
3,0,0, 2, and OTable 1) [12]. Few matching orthologs of C. elegan$SRSPs in the other specie
may indicate that GRSPs were less vertically inherited. Besides the two nematodesD. melane
gasterand A. thalianaare also enriched for GRSPs when compared to the other species analyze
here, which may indicate that an evolutionary expansion of GRSPs happened in nematodes
arthropods, and plants over evolutionary adaption and speciation.

YiXi71l eZ—e’ ESe'"—1S—e1E+*Scex’ ESe’'"—1"e1e¢‘'Z1e "1—7-S

Based on sequence similarity and the conservation of intron position and phase, 203 GRSF
“ele'Zle "1—7-Se"eZ0el Z5Z1E+*Soee’ Z+1 —«"1W]laZceS—"0"7
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™MZE' Zel—S-7 Z2—"-710'£7210 <i  Ze1l@wZ§1™>"e72’'— 7757 —E Llelégans

H. sapiens 3200 55968 PRJINA168 4 0
D. rerio 1371 47861 PRJINA13922 6 2
D. melanogaster 144 30275 PRJINA164 53 8
C. elegans 100 26047 PRJINA158 110 110
C. briggsae 104 17682 PRJINA20855 93 92
A. thaliana 120 35378 PRJINA116 52 3
M. brevicollis 42 9203 PRJINA28133 0 0
S. cerevisiae 12 5907 PRJINA128 0 0
D. discoideum 34 13315 PRJINA13925 5 2
G. theta 0.67 632 PRJINA210 0 0

Tablel. —1Z0ee'—=SeZel—7—<Z>51"1

el —1e’ 7Z>7Z—ele@™ZE'Ze1S—¢1¢'CElegans.

and S2 in [12]). GRSPs mature peptides are enriched for glycine with content ranging from 17
to 74% (For details, please refer to Table S3 in12]). 62 GRSPs (30.54%) with glycine conter
from 30 to 40% are the most abundant ( * * Z > 2) 1Akhong 110C. elegan§RSPs, 36, 11, 14, anc
have already been designated as “fungus-induced protein related” (FIPR) or “fungus-induced
protein” (FIP), “ Caenorhabditidacteriociti (CNC), “neuropeptide-like protein” (NLP), and

1 "—e>"eeZedleZs—o'—71 7-"51S ZEe+' —e 10 U1'-

, W\ &

A:17%-30%; B:30%-40%;
C:40%-50%; D:50%-75%

1:18, 16.36%:; 11:6, 5.45%; I11:16, 14.54%;
1V:15, 13.63%; V:47, 42.73%; X:8, 7.27%

B

C

1:16, 17.20%; I1:6, 6.45%; I11:13, 13.98%;
IV:8, 8.60%; V:44, 47.31%; X:6, 6.45%

"« 7> 7 ISWitistic description of C. elegansand C. briggsaeGRSPs. (A) The number of mature GRSPs peptides witl
o 2572 —e1leeCE —Z1E —eZ—e@file'Z1—72-<Z>1"+1-Se%>71
(24.13%), from 30 to 40% is 62 (30.54%), from 40 to 50% is 55 (27.09%), and from 50 to 75% is 37 (18.23%). (B) The nt

and percentage of C. elegand

ele'Oeer'<ZeZel " —1E>"="

®l1™Z™e eZ0oel '

e -ZeAlWArLaW\iI\]-i1 el

(5.45%) on chromosome I, 16 (14.54%) on chromosome lll, 15 (13.63%) on chromosome 1V, 47 (42.73%) on chromost

V, and 8 (7.27%) on chromosome X. (C) The number and percentage of. briggsad

ele'ceer'<2eZ71°—10a

16 (17.20%) GRSPs are found on chromosome I, 6 (6.45%) on chromosome II, 13 (13.98%) on chromosome lll, 8 (8.€
on chromosome 1V, 44 (47.31%) on chromosome V, and 6 (6.45%) on chromosome X. Comparing S1B to S1C showed t
the distribution ratio of GRSPs on its corresponding chromosomes of the two nematodes is similar.
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o' Zle"ee” ' — 01 ®@‘'S>Ze1E'S>SEZ>'ee’ ENLIIWULIS1e¢t™ ' ES
(2) a precursor peptide with less than 200 AA, (3) a predicted mature peptide with high gly -
cine contents, and (4) by comparison with the three members (NP_001024238, NP_50111
and NP_504970) already named as GRSPg(sp-1 grsp-3 and grsp-4in public database), we
eZe's—SeZel1e' ' 72170 72512]12——S—-Ze1™MZ™e’eZ7Z®1Sel el
C.briggsadl Z>Z1>7Z+7Z>>Z1+"1S@1l <8 1>Z™>7Z0Z—e —ele'7Z1 >
C. briggsageplus the name of the corresponding orthologs in C. elegangollowing the previ -
ous study [7]. Except for Cbr-grsp-32 all the other C. briggsad5RSPs have its corresponding
orthologs in C. elegansThe number of FIPR or FIP, CNC, NLP, and GRSPs family member.
in C. briggsaes, respectively, 31, 9, 12, and 41 (for details, please refer to Table S1 ii%)).

YiYil ‘Z1ZY eZ—EZ1"«1+>S—e E>CMtlegansBe1bg™>7Z o’ " —1 ]

Highly homologous GRSPs are usually clustered together on the two nematode genomes. This
'e1ZiZ-™e Zelct1l ™oetdé>™sElustered on C. eleganshromosome V. Their percent
identity of protein-coding sequence ranges from 86.1 to 100% (for details, please refer to Figure S
in [12)). It is notorious that many short genes enriched for repeat sequences are frequently incor
rect in genome annotation. To avoid false positive resulting from genome annotation, we further
Y725 Zele'Z1e>S—a@E>’ ™.~ — G defjaiCRSRsmsing-tHe ablabielpublic database
Evidence of transcriptional expression in GEO database showed that 65C. elegan$&GRSPs wert
transcriptional expressions (for details, please refer to Table S1 in L2]). For the other 45 GRSP
without transcriptional evidence in GEO database, RNA reads from C. eleganganscriptome proj -
Z@Eel 75721720721 1E " — >—1'2Z51e>S—@E>"™e'"—edl *’ @4 ddd
100% matching reads in this project (for details, please refer to Figure S5 in12]).

YTZil ‘Z1@Eez@eZ>Ze1le’'0pe>'<2e'"—17e1 el " —1e¢'Z1e "1—7-58

GRSPs distribution on their genomes was marked by following qualities ( ’ > Z & Table 2 {
seedl-"0eel ele'Z1 @1l Z>Z1Ee7@eZ>Z2e1"—1e'2"51e72—"-7 i
clusters are (1) the scale between closely adjacent GRSPs should be less than 1 Mb, (2) the nt
ber of GRSPs members are equal to or above 3, and (3) the scale of GRSPs clusters is less th
Mb. The number of GRSPs clustered on their genomes was 103 fo€. eleganand 82 for C. brigg
sae The number of GRSPs clusters is 18 foC. eleganand 13 for C. briggsaeSecond, almost hal
of the GRSPs in the two nematodes were mapped on their chromosome V (47 inC. elegansnd
44 in C. briggsag The biggest cluster (from ™ t&Xnlp-24) on C. eleganshromosome V possesse
15 GRSPs. Of the total 3603 genes o@. eleganshromosome V, 47 GRSPs account for 1.30%.

Third, GRSPs clusters were maintained in relative conserved synteny blocks on the chromosome:
of the two nematodes ( '+ 7> Z antl Table 2). With the exception of four GRSPs clusters without
the matching synteny clusters on C. briggsaeggenome, all the other GRSPs clusters possess tl
matching synteny clusters between the two nematodes. Generally, the lack of the four matching
GRSPs synteny clusters inC. briggsad E~Z+e1<Z1S 4> <7eZele 1o 710 ee™ "—ol>7
of C. elegan§&RSPs were available inC. briggsae(2) the orthologs of C. elegan&RSPs inC. brigg
saewere integrated into another unequal GRSPs cluster of C. briggsaeand (3) the map position
of orthologs of C. elegan$sRSPs onC. briggsaggenome was changed. Some of the orthologou:
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"o 7> Z Méjifiing of GRSPs to genomes of the two nematodes is shown.C.elegansind C. briggsa€SRSPs are indicatec
015718 —e1™75™e71e7475@31>Z@™ZE'YZe¢d1 "E'1S5Z1e’—"Ze1 'e'1e'7'510
represent chromosome serial numbers ofC. elegangred) and C. briggsaépurple). GRSPs orthologs betweenC.elegansnd
C. briggsaare linked by yellow beelines. GRSPs lacking orthologs between the two nematodes are linked by a blue solic
o' —71 'l 2 1E ST -"@"=Sele"ES " — 1« "Clele§arSREPs(sp-4400ECH, Grsp-2q drsp-22,and
grsp-8on Chrll, nlp-32 on Chrlll, grsp-3on ChrlV, and grsp-6on ChrV) and 11 C. briggsa&sRSPs Cbr-grsp-26 Cbr-grsp-2:
and Cbr-grsp-8on Chrll, <>, ™ aWd]Cbr-nlp-21on Chrlll, Cbr-grsp-3 Cbr-grsp-20Cbr-grsp-30and <>, ™qryChrlV,

G, ™S AANCbr-nip-261~—1 > (118" —Z10ES4Z2521"—1'2>15Z00e™ZE'YZ1eZ—"-7

synteny clusters were observed one-to-two match on their genomes. For example, GRSPs clust¢
from Cbr-grsp-27to Cbr-grsp-23on C. briggsaechromosome V was matched to two orthologous
synteny clusters (from grsp-23to grsp-16and from grsp-40to grsp-4 on C. eleganshromosome V.

In addition, the order of the orthologous synteny blocks of GRSPs clusters on chromosome V was
more conserved than that on other chromosomes of the two nematodes. Orthologous pairs of GRSP
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between the two nematodes were linked by straight lines on their genome mapping, which showed
that the beelines of the orthologous GRSPs clusters on chromosomes V were more likely to be cros:
overs than those on other chromosomes (’« Z > Z)1 Khe crossover means that the order of ortholo-
gous synteny blocks of GRSPs clusters was maintained on the genomes of the two nematodes.

Yi[il ‘Z1e>S—0eE>’ ™e'~ S0 @cgansI™>7Zce tdFEsz®e/bel1SeeZ>1" -

Genome-wide transcriptional analysis showed that many C. elegangenes that responded tc
infection were located in small genomic clusters [8]. All members of the GRSPs cluster from
nip-27 to nlp-34 were induced by D. coniosporanfection of C. elegan$7]. Using the transcrip -
tome data sets ofC. elegand ' —+Z E+'"—1<«S@Z+1"—1-'E > "B 8,134 6 Sviicanas
lyzed the transcriptional expression change of C. elegan&RSPs afterC. eleganinfection. The
results showed that a total of 108 C. elegand celae'” Zele' Z>7Z—e'SelZ;™
scriptional levels after C. elegansnfection in previous studies, which are indicated by blue

« 7 47> 08 12>-710¥-expressed clusters ofC. elegan§&RSPs are shadowed by grey Table 3)

"« 7> 7 PHyildgenetic analysis based on the typical signal peptides of GRSPs inC. elegansind C. briggsads shown. The
—7—<Z>1" -1 1>Z2™s7Z@Z—ecele’ 7>7—¢1 o eldhanSHSRY AndZC. briggsaeGRIPE) lacking
“>e'eYeel<Ze 77 —1%7Z1e "1—7-8"eZ@1S5571@‘Se” Ze1<Ct1">S—+7Z1E"+T.EgahBRIE:!
e'Se1'SelesS—E> ™" —_SelZ;{™M>7E'"—1SeeZ>1" —eZE""—1’ —1 ™ ElsganSRER:
(grsp-24and grsp-3901 1 e "ZeleZeZEeSceZ1Z2i™>Z20e’ " — 18581’ —1™>72V " "70elcoeezs'Zcel



Table 3.

)

z

yZ—e'SelZi™s7Z00e’"—1"1

®1S—+1E", 7™ edaganfetiion

elEe7meZ>001See751

\fHO0OdMAdHT

AMSHE0Y®

odnmod® 950a A1AdOCaAT.



(YROXWLRQDU\ ([SDQVLRQ RI 1HPDWRGH 6SHFLILF *O\FLQ
KWWS G[ GRL RUJ LQWHFKRSHQ

(for details, please refer to Table S4 in 12]). Certainly, it is possible that two C. elegan§&RSPe
(grsp-24and grsp-39 without detectable expression in previous studies analyzed here may
be detectable in other studies, which we were unable to mine due to the limited length of
this study [ 7].

Yi\il ‘Z12ZY ez2e’"—1"e1 l—2ee'e7—71eS—"e"701<C1leZ—71-¢

®lez«eS—"e'Z®l Z>Z1E*Se®’ Z+1«S®Z+1"—1«'Z1™>7E7>a
ture conservation. Phylogenetic analysis was performed using the signal peptide sequences
It is possible that the similarity between the two group sequences is not perfectly consistent
among these GRSPs, which resulted in the observations that certain members within the same
7<eS—"e'Z®1l 2521« " ESeZe1' —1S1le’ Z>7Z—+1ES3 7)1 Sthelogdud

@1l7ele'Z1le "1 —7-Se"eZeleZeZEeZe1l —1'Z1S<YZLE 7o+
analysis. Certain members of subfamilies (such as the members of subfamily I) were clusterec
together on their chromosomes and also the same clade on the phylogenetic tree (' Z > Z)1
Five GRSPs fromnlp-27 to nlp-31 were clustered on C. elegangenome. Phylogenetic analysis
showed Nip-271 E+SeZ1 Sceles’ Z>7Z—e1e¢>"—1¢"Ap-BB+Bp-Z1which Kasisitilar
to previous results [7].

7c¢oS—"e¢ o e >7<S oot a’
I °[TY XY 0.073 0.000 1.81
I OXTX XA 0.038 0.028 1.32
1] oY T\ X\ 0.087 0.011 1.21
\Y °YTY XW 0.035 0.000 5.54
\% °Zi[WV 0.042 0.011 1.52
VI o[y X\ 0.036 0.000 1.26
VI °Yi\_X 0.028 0.000 3.32
VI OXi\Z _ 0.053 0.022 1.78
IX °YIiZ[W 0.038 0.000 1.67
X °Xi_zZX 0.046 0.000 2.15
XI °YTWI[Y 0.061 0.031 1.93
Xl °ZiYXZ 0.049 0.000 4.34
X1 oY I X[\ 0.027 0.000 1.52
XV OXi_\~ 0.039 0.021 2.86
Notesfil ¢ 01 —"—, ¢ —"—¢—-"201 cez<oee’*eZ2e'"—0e01l ¢+ 01 ®¢—"—C¢C-"Z01l ®ZcCR *’

>SS —@eVZ>0'"—01 81°YZ>SeelesS—@'e’"—&>S—eYZr®’"—1<Soeil ‘Z1"°YZ>Se.
standard error value was less than 0.05.

Tabled. cee'—=S¢70@17¢1°Y7Z>8¢e185Y7>8¢721YS5>'S—EZ21S—e1™S475—1"e1l—7@E 7"
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Under the model of codon-based Z-test, the estimate of purifying selection was conducted
directly to analyze sequence pairs and overall average. Its values are identically equal to zerc
S—ele' 252 >Z152"Z@EeZele'Z1—7001'¢C™ e Ze' @1l v1loee> Eel-
—Se'VZ1'¢™ e Ze'eil ‘Z1e’ Z>Z—E®Z1'—1SYZ>S¢217YZ>See1
dard error values were less than 0.05. Synonymous substitutions were clearly prevailing on
protein-coding sequences of the nematode GRSPs, which indicated the occurrences of purify
'—eleZeZEe " —il 'e'1S—18SYZ>5SeZ715S+’"17«1 10 '& YUlA1WS:
showed a predominance of transitions over transversions (Table 4).

4. Discussion

Soil organisms (A. thalianali 1S — ¢ & >1<«SE+Z>’Se1+7 7« 7> ce Didiscbideuirhng Fuit
CO1 ‘"1eZZe1"—15"4" —ele>7’el 'e'1S51eS5071—7—-<Z51"¢1<SEZ>’
'—1e'Z1EZ72>5Z—eleezeCil ‘Z1Z—Y > "——-Z—e1S—e1l®z>Y'YSelce
—SC1«Z1"—Z17e1'721-S"—17ZY e2¢'"—S>¢1le>’Y —ele>EZ0o1le">1c
'—1e'Z1e "1 —7-Se"eZ®il "ol S®1ZiZ-™s Ze1l<C1le'Z1Z{™S—
sory genes (for C. elegang is about 2000 and for human it is about 1000, about 2 times), whict
allowed it to mount a rapid response to environmental stimuli[ 17pi1l "—™ S5’ —e1e~1e‘;
" —17e1—7-Se"eZ, ™ZE' E1E‘Z-"®Z—®H>¢1eZ—7®d1"—7Z1-
“e1—Z7-Se"e7 e ™7 E’ CEdegangtik@edutl110 and for human, it is 4, about 28 times)

The conservation of precursor organizations, the unaltered position and phase of intron,
together with the homologous sequence of DNA, suggested that the GRSPs clusters in th
two nematodes might come from physically local DNA reproductions. The duplication of

local genes came into being by gene clusters of paralogous genes whose products have simile
77— E+e'"—@il S>Se”e"7@leZ—7®l '+l —eSr1lei—Ee"—el
C. elegang18pil ‘Z1E~,Zi™>Z0ee’ " —1"eleZ—721Es7@eZ>l1Z—CE
Z—Ee " —®l —1e™ZE’ El1sZ2«' " —wloe'"Zeel™>"Y'eZ217 ZE-
complex biological systems [19]. The scales of most co-expression GRSPs clusters on the
chromosomes are less than 10 kb and the smallest one is 1.05 kb (co-expression gfsp-40and
grsp-39 (Table 347l * Z>Z—-1 el o' —1e¢'7Z1@S-Z1E2@eZ>1’

same infection. For example, GRSPs frontnc-1to cnc-5(7.17 kb) andcnc-11in the same clustel
showed co-expression with the upregulation of cnc-13 cnc-1,and cnc-2and the down-regula -
tion from cnc-3to cnc-5after C. elegansnfection [14]. GRSPs cluster fromgrsp-35to grsp-3¢
(5.13 kb) were upregulated by M. nematophilumand P. aeruginosanfection of C. elegan$8, 16
and downregulated by S. entericeand S. aureusinfection [13, 14. A noticeable overlap of C.
elegand el —e7EZe1lctle’ 7Z>7Z—el —eZE+'"—e1-S¢t1l —«'ES
C. elegan$sRSPs may still share some functionalities. Considering a large amount of operor
regulation in C. eleganswe analyzed all C. elegangenes contained within operon by an inter -
nal Perl Scripts search to detect whether the small clusters of adjacent GRSPs could be co-reg
lated by operon regulation. While no C. elegand el Z>7Z1'eZ—e’ Zel'—1"™7
not shown), the short genetic and physical distance on chromosomes and highly homologous
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sequences suggest that neighboring GRSPs arising from duplicated GRSPs may share tt
same regulatory sequences. The same regulatory sequences on their promoters can be direct
and coordinately activated by transcription factors binding to the shared regulatory elements.

With similar variance of (dn-dS), the two nematode GRSPs might have experienced similar
selective stress during evolution, which is in concordance with the neutral mutation-random
drift theory of molecular evolution. Relative conserved synteny blocks of the GRSPs ortholo -
gous clusters suggested that these GRSPs were subjected to functional restraint. With th
increasing species complexity, the genome size and the members of a gene family usuall
undergo an evolutionary expansion in abundance for similar essential basic cellular mecha-
nisms shared by eukaryotes [20]. The basic physiological process for C. eleganss similar to
those observed in higher organisms. Few matching orthologs of C. elegan&RSPs in the othe
C™MZE ' Ze1-S¢1l —e'>7ZEee¢1>Z ZE+1—7-S+"+7CoelBhar@ESRSIPsltha
S>Z217ZweeZ—+'Sele™ 51 —72-Se"eZ e™ZE EL1Z—Y'>"—-2Z—e®l

‘Z21ZY 77" —S>¢1e’YZr’® ESe’ " —17ele'ZeZ1 oe @ -eledarisidnate
immunity to adapt to environmental stress [7].

This study built a full set of GRSPs from the algae G. thetato the mammal human by
genome-wide comparison across 10 species. The two nematodes were enriched for GRSF
which demonstrated a good example of DNA local reproductions and maintained a relative
conserved synteny block on their genomes after speciation and separation. The phyloge
netic conservation of synteny GRSPs clusters on their genomes, the co-expressed GRS
clusters, and strong purifying selection may indicate evolutionary constraints acting on C.
elegando guarantee that C. elegansould mount a rapid systematical response to infection
by co-expression of GRSPs clusters on the genomes. The mechanism of co-expression, «
regulation, and co-functionality behind these GRSPs clusters is still unknown. Our knowl -
edge about it is expected to improve by the increasing comparative genomics of correlated
Zi™>Zeme’"—1™S47>—e1SE> 0 el CZbiénrnerihnrd Z-r8mandi agHich
holds promise to provide insights into the adaptive advantage of co-expressed GRSPs ir
nematodes.
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