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W OE: (B8] PPk 4iE (semigranular cell, SGC) IR 4HME ( granular cell, GC ) Je& & HRAG EA 1M 40 A B 19 K 3 %2
HBE, EMRETLRTARLE W BENEAG REDBE ML, T SGC Al GC MIifE, T REATI Fsashdil
ARG BRI Bl . (AR ) DI EHEHF ( Cherax quadricarinatus ) MK % %, 2 FH Percoll /N % 25 % & 5 Ji
BL RS B Alifk SGC I GC; AR5 X SGC FI GC AT R A Y, JFAT 22 00T . GO & #4317 L M2 KEGG ‘5 4
AAHT, DURFABATAEIIBE 225 B0J5 S0 fF RT-PCR X343 22 S 3L R 19 2k AT I0E . (&8 T 575
T LT AF 40 M i JE T A ME—JE B (unigene ) 3£ 116199 4>, iX % unigenes it 7 31K J& 24 763 bp, N50 2 1313 bp.
ZXF IR T 4488 4~ 2 R FIKIE (differentially expressed genes, DEGs ), H:H' 3951 3L K 7E SGC i B ik,
537/\%52“ GCHmEERIK, GOBHENMER TR fEMMAF LN T, SGCHEFLER 715 H, GCHELEF
A&H; A TN, SGCIHFHER 31 ~4H, GCILEHES 60 N5&H; AW REIN b, SGC HH
%@J 154104 H, GCHEEF 102 1% H., KEGG H £ 4 W4 R BI/R, SGCHEEF 44 Kk, GCIHEER
04, (48] 76 SGC ' {H E KA DEGs EZ SAUMIIEHT . /b, LB F AR . M= 4. WHEREHRMYA
H@éﬁ&ﬁﬁa&; TE GC "R 35 1) DEGs EE 58 4% ia . Ry, B bi RS . AW dE AP BE I m ™=E 4 5
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Transcriptomics of Hemocyte Subpopulations in Cherax quadricarinatus
LIJing, ZHANG Yiling, YANG Feng, LI Fang*
(Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, Fujian
361005, China)

Abstract: [Objective] Transcriptomics of the two primary subpopulations of circulating hemocytes representing the distinct
stages of immune cell differentiation in crayfish, semi-granular cell (SGC) and granular cell (GC), was studied. [Methods] SGC
and GC in Cherax quadricarinatus were isolated and purified by means of Percoll discontinuous density gradient
centrifugation. Transcriptome sequencing and analyses of differential expression, gene ontology (GO) enrichment, and Kyoto
encyclopedia of genes and genomes (KEGG) enrichment on them were conducted. RT-qPCR was employed to validate the
expressions of the differentially expressed genes (DEGs). [ Results] The sequencing identified 116 199 unigenes in the
C. quadricarinatus hemocytes with an average length of 763 bp and an N50 of 1313 bp. The 4488 DEGs included 3951
significantly upregulated in SGC and 537 in GC. On cellular components, there were 7 GO enrichment bands in SGC and 10 in
GC; on molecular functions, 31 in SGC and 60 in GC; and on biological processes, 154 in SGC and 102 in GC. The KEGG
analysis found 44 pathways enriched in SGC and 10 in GC. [ Conclusion] The DEGs enriched in SGC primarily involved in
cellular proliferation, differentiation, transcriptional regulation, enzyme synthesis, endocytosis, and adhesion processes.
Whereas those enriched in GC were basically associated with the transmembrane transport, metabolic pathways,
prophenoloxidase system, phagocytosis, and antimicrobial peptide synthesis.
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[ o8 LY G dEXTIE . Z50F . BSEE N+
/2 H (Decapoda ) ¥ |4 8 S A T /K BUR K 5758
S, HAERKOENE. FMEZTH YR
B ARABE 4 ORI 5 %% B R B sy, e R H 25 ™
&, W T AR FRGEN R R R R . DR H Y
WPERGE . WS HAE FHAIL ] 2 i Do 3 [R] RS ] 5
BRI Z— o T A R I 20 B 2 A ) 22 2 iR
AR WV B~ S T/ TITI = =010 W e =) 70 (1 A )
TR w A B AR . AT AR e ] W 7Esh ik
FEE R R IR S R G A TR L 8 7 S B AR 1Y
AR, R TR B R R R S
H, S5 ZMeELE, e, g, BOeRt
FgEin " KLk, K Sl Wy i 20 e AR e
HIE B4 A =K, BB ( granular cell,
GC). kWK 41 My ( semigranular cell, SGC ) H1 1% ]
2 (hyaline cell, HC) ", 30 1 BF 58 18 % SGC
1 GC 2 J& T P> A [l % & A 2 i 46 Jfd, 1 HC
SR IR LA R A S RaE, s
im20 My e Ak B, kB AL B B AT (Cherax
quadricarinatus ) M 20 L 2 H — ik REE, M
GC it 2. GC fl SGC & 4b T AR IF & & B B i1 7] —
R Y M40 . SGC A GC #F 2 T il S 7% 4n i
HARKE, SGC #3560 KB S e defE My, (1
P — b OB Y S SO LR, R DA R AL R A
R AT G U 97 5 i A R BB 3 1 AL AL
B BURE K . T MR DL R B AR 2R SEAE N 1Y S i
WP gk, PR R HC. SGC I GC ¥ A A4
5 W RE 1, E R 5] 400 B 75 W6 A X 42 A B A [ Vo
20 L D RE R ok il H R A B LR BT D E Y o
5T M 2 M AE S e b B R MEAE R, AT 2SR
HH % 5% 4 2 J7 3 4 B L9l I X IR ( Litopenaeus
vannamei ) . L 7 HF B (Scylla paramamosain) . i
R E MR ( Procambarus clarkii ) 25 W 5% 3 4y i4) 1L 40
s s e f i 13 T OARBRRE A S Y 4k
22 B 5 K 106 P 100 A LA S — A R AR AT 43 A
W TE AT FAS [R) 40 ML S 2 TRl 1 22 5 o ATl & i
B 20 B T BE Y 4 SR A R T AT M. (AU o
) QB R R Y AT DAL B BRI A A, sd i
5 e E 0 0 S 4T 2 B R Y R A 0 A it 4 L
SGC Fl GC, I3 iz e S5t 20 I 5 L g I 3Rk 3
WAL R 2% 36 1Y 22 T A BT SGC Rt GC fE T g b iy 25
5, AT H 2 iAo agsr b, DL
() 28 T &4 %ok i it J g g 17, 3 — 2D 58 A

1 MRS5S 7*®
1.1 R

LTHEHEF [EXIAE (5545) g, MEMETIAAT
FRAMLT I . 5T 25 C AR BRK T,
B H oKk —K, B H BRI —K, EXREK
HFERN 7 d AT RS . X3l A T4 5L
Af 2 6 28 it PCR GV, A SRR I BEZ5 6 1iE 0 5
( white spot syndrome virus, WSSV ) F1+ & H B U1 )%
# 1 (decapod iridescent virus 1, DIV ). g J5 5 I >R
FHE T TR 3 A R A RS B A 72 1 A B 28
TIE 93 7 ¢ 6 1 PCR Rz U500 &80 A0 1 /2 B R i 55
1 9&)E5E 7 PCR Kl & .

1.2 SGC #1 GC B4y S &

MR A 52 8 5 ST 1Y Percoll /N 1 41 55 i B B B9
LAY B Ak SGC A1 GCUY . D Z1 25 B Ak Py Wi 42
Mk B, JF Sr B 5 A R B B BE R U R (26
mmol-L ' #7 1 2 &1 . 30 mmol-L ' #7 £ #2 . 100
mmol-L™" % 2 #% . 70 mmol-L”' NaCl. 10 mmol-L™"
EDTA, pH 58) B4 . 4 CF 350Xg & > 5 min,
Fe Bk L R A0 M R B TR AE 0.5 RPN R
¥ 200 uL 20 M (MR 1X10° A4 mL ) i #)
Percoll M RIELEHEMERZR S (H 1 mL20%. 2mL
70%. 0.3 mL 100% Percoll 4 i, ). #f & £ 4T 4 C
T 500X g & .0 30 min. 43 9 W £ 57 T 20%~ 70%
Percoll ) SGC LA K& i F 70%~ 100%Percoll ) GC.
F 5 A5 ARBUY 0.5 fiF Prik MR WA B, £ 4 °C F LU
500X g B0 5 min LLSCGRANAE o 388 00 3 =X 4 A AR A
U 53 M GC F1 SGC W26 FE , e B 5 iy i 56 Hh (i
4R T 98% M an il . LR = dlmAniE (Cl.
C2 F1 C3) JI T SGC Ml GC #fhl %, 44 R4 10~
20 H 2T EEES MR I 41 A
1.3 RNA i2E

i F§ TRIzol™ix 57| ( Thermo Fisher Scientific ) M
Y B EUE RNA, R Evo M-MLV RT Mix {5
& (Accurate Biology ) ' ) gDNA Clean Reaction
Mix JHBRELH 4] DNA 155
1.4 STEEHI& AN F

S ) A NI R RN SRl PR A R A R
oy 5E 8. A Oligo (dT) 2k ¥ & 4 mRNA, =k
H Fragmentation Buffer ¥ & £ A mRNA F Btfb, f
FHBEHL 5] 90K mRNA R Bt 5% 5% B cDNA. SR )5
A QiaQuick PCR ## Bt i& 7 & (Qiagen, V enlo,
Netherlands ) 4lifk, cDNA F B, 7 KmBE, A
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poly (A) B, Jfi## I llumina 23k . W4
Byt G A EE 2 HRL Uk %8 % K /)y (200~300 bp ), PCR ¥
34 5 4 F Tllumina HiSeqTM 4000 #4170 .

1.5 E£YEEESH

5 2 Y JEUAA 51 i Trinity $EAT 20261, 4K

J& J RSEM ¥k 1 X 20 %% 1y 9k 90 42 ME — % A
(unigene ) HEFT 5 543 7™, i ] BLASTx %2 J7
NCBIETUAYE A i (NR) R0d8 % (http://www.ncbi.
nlm.nih.gov/BLAST/ ). Swiss-Prot f& 1 i % 4% /&
( https://www.uniprot.org/ ) . &R K 5 FL K 4 H F}
44 (KEGG) $#i/F (http://www.kegg.jp/ ) Fil COG
BUHE E (https://www.ncbi.nlm.nih.gov/COG/ ) X} 5 5|
(9 unigenes HEATIERE, e (BRI 1X107°, T Bk
Fik#, JFH — 1k A FPKM{A (fragment per

kilobase of transcript per million mapped reads ) e

%
JH DESeq2 3K {F #E AT P41 [H] RNA 22 7 %Kik nbr. H

AR K R (false discovery rate, FDR ) <<0.05 H.22
5% 4L (fold change ) 1426 X {H =2 114 & (K Ay J2:
P Ay 2 R XA (differentially expressed gene,
DEG ). #5454 411) DEG #4174, DITE 344
W) A 0 6 H WL DEG. % ¥ FPKM=1 &
Il DEG #17 GO 1 KEGG & %5317 .
1.6 SERTROLEE RT-PCR

ffi i Evo M-MLV RT Mix ik 7 & (Accurate
Biology ) & i ¢cDNA, Jffii H§ SYBR Green Pro Tag
HS Premix ( Accurate Biology ) ik 7| & it 17 5L B 7€ &
RT-PCR 701, SIW W3 1. W SETE 95 C T #47
1 min BYFBUAEYE, SRS 34T 40 DEAR Y 1E (95 C,
15s; 57 °C, 30s; 72°C, 45s), JGM 60 C %
80 C Lhr=A:dafihse, WOT =¥ ETE 150~250 bp.
PALTEEIEUR B-actin NS, S8 2 rikita
Fxr s, R 3K,

#F* 1 XEIER RT-PCR HIERAMSIHYFT]
Table 1 Sequences of primers for RT-qPCR

HHFID 4B Annotation

A (531

Primer sequence(5'-3")

Unigene0075897

BV B I

F: GTTAGCGTGCTCGTGGTTG

R: TCCCGTAGACTTTTGCCG

F: ATTGGTGGGGCTGGAAGA

Unigene0027599 U SRR R
R: TTTGAGTGTGATTGAGCAGAAGTA
F: TAACCTTCACTACCCCAACAAT
Unigene0049690 & I [KF2a
R: ACCAGTCCAGCTCCGCA
) F: GGGTTGATAATGCTTCCTTC
Unigene0022931 Ty S A Tl S5 R 73
R: TGCTTGTCTGGTCACTGGT
F: CCAGTTGGCTGCCTCACA
Unigene0112798 (ML A3
R: GACCACGACCGACTTTGC
F: TACAACACACTCGCAGCATCT
Unigene0006621 HFEER1
R: GCAGTCTGGGGGGAACC
F: ATTACCATCCAGGCTGTGCT
% [ Internal reference gene B-WahEH

R: GGGCGAAACCTTCATACACG

2 ERE55H

2.1 FHISHFEEINEE TR
MELEEES AR AR TS 6 1> cDNA CFE, 31k
H SGC, 34~% H GC, £ Ilumina HiSeq' " 4000 F
BHATIF . SIS 17.5 Gb B R GR KR, KA
it 7E R B PR A A 50 P o0 GSA Bl b, B
& CRA009714 ( https://ngdc.cncb.ac.cn/gsa) . M JF &
FRA 2,57 {1 IR TR (raw reads ), i GC HEA

AR 131424, SGCHREA R4 1.26 124 -
ML 99% 1Y reads £4F A BT B AR E . 3 U S Y BT
BERRE A AN 116199 AN FE N, K HEE 201~20262 bp,
-1 BE 763 bp, NS0 N 1313 bp. 41 % 25 3l i
BUSCO HiE™,

FH = R X AR AR 0 SR AT R,
H 36.94%, 24.77%. 18.24% Fl1 21.12% AIFL R 7E NR .
KEGG. COG/KOG #il Swiss-Prot 2 ¥ JZ2 ] #k 13 B 5
SV 45570 A o 5 R R S R, S BB


http://www.ncbi.nlm.nih.gov/BLAST/
http://www.ncbi.nlm.nih.gov/BLAST/
https://www.uniprot.org/
http://www.kegg.jp/
https://www.ncbi.nlm.nih.gov/COG/
https://ngdc.cncb.ac.cn/gsa
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39.22%.
2.2 SGC 1 GC ERREEFMEFRAZ N

AT e dsE SGC Ml GC Wy 3L R £ ik i, XM 34~
Y EAE (Cl, C2 M1 C3) #1485 1T PCA
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- &
S
r’] ®
2 0
= \\\V)
O
A~ [ ]
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PC1 (82.5%)

S8t . PCA S5 7R, ok [ M A 40 25 B i 5% 5%
PN -9 -3 S NI R S U2 N | s )
(El 1A), FB SGC 1 GC Z A 3 N F A fEER K
%Eo

Log, (FPKM)
2

= G2 ) okl dlh
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VOV N A

A: LB MR (SGC M GC) EMAT/3HT: B: HEEFIXME 7.
A: PCA on hemocyte subpopulations, SGC and GC; B: gene expression heatmap.
1 4TZEUF SGC # GC WAL S 7347 F DEGs ik A [E

Fig. 1

XF SGC Ml GC #£47 DEG ik, R0tk i1 4488
A~ # UL DEG, 3951 4> 3 I 7E SGC ' i 3R ik,
537 N EMTE GC PR (K 1B ).
2.3 DEGs MIN&EE

T AN TR I A0 Y S A T A ThRE 25 5, XA
SGC R 5 Mk 1oy 3k 19 3951 A4~ JE PFRITE GC e
Sk R IA Y 537 SR H 43 i 1T KEGG. GO & 4
I3
23.1 GO g %&n#r

GO & e R ER . TR (cellular
component, CC ) Z&5| ", SGC H & £ IAH) DEG & 4
T 74 GO%H, 45 k¥ (nucleus) . P 5T M JkE
(endoplasmic reticulum lumen )., 3 % 41 21 7 .0
LU 7) S-S SN
oo ik Jeoum kL IX
( chromosome, telomeric region ). K % B 1K W %
(large ribosomal subunit), £ JEE B (basement
membrane ) (& 2A). GC "' & % 35 (1) DEG & 4 T
10> GO 4 H, 1§/ IX (extracellular region ) .
Mo A X 4 19 4> (extracellular region part), [
(membrane ) . 4l i 11 (cell surface ) . ¥ [ 21 A%,
#K 43 (integral component of membrane ), Jii i 4 fil]
(external side of plasma membrane ). A% 1Y [& A K
JEE &R o3

('microtubule organizing center ) .

('spliceosomal complex ) .

4 (intrinsic component of membrane ) .

PCA and DEG expression heat map of C. quadricarinatus SGC and GC

( membrane part ) . & B9 ] i (side of membrane )
N BK B Clp & & % (endopeptidase Clp complex )
(K 2B).,
1E 53 T 3 ¢ (molecular function, MF ) 2& 5l i,
SGC £ ik ) DEG &% T 311 GO 4 H (& 3A);
Hrbfr 21 S SRS VEARDC, A IR REEE (lipase
activity ) . 1§ 5 fiff 75 ¥ ( phospholipase activity ) . ¥
T2 it S B 15 1 (lactate dehydrogenase activity ); 14 />
SESHSA L, Frilie 5 40 Mg 58 /oA Gy
Foit S, A REEEYFNE TS & 1 (drosophila
mothers against decapentaplegic protein, SMAD ) 4% &
( SMAD binding ) . ¥ 4% 17 B2 A 8 1 25 11 S8 0
( cyclic nucleotide-dependent protein kinase activity ) FlI
G #E M # Bt 32 1K 35 ¥ (G-protein coupled receptor
activity ); 5/~ 5 DNA & & M st ¢, 4655
B 5L X DNA N-# H ## % ¥ ( mismatch base pair DNA
N-glycosylase activity ). DNA N-## F i 1 ( DNA N-
glycosylase activity ) #1 # B2 45 & (nucleic acid
binding ). GC 7 % ik iy DEG & % T 60 1 GO 4
H (K 3B); Hi 36N 5B EELzAHL, W0
% iz 3% 3 (symporter activity ). #5 K % iz i
( transmembrane transporter activity ). il i i 3l
( channel activity ) . Ji& ¥ ¢ 55 1k %% iz 85 M o2 0% Mk
( substrate-specific transporter activity ) . F 3} 5 i %
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A SGC i Pk ik 2 [ GO ST B GC 5 Pk iR AL PR 1 GO wES
(AN ALSY ALY
WS L ans SERIH A ] a1 SEPRH
Spliceosomal complex - 3.00 E\Hntag‘e ]1 1\1{111" re,gri?j: © 1
¥ 50.25 JANX IR 1 |
\Iucleu/; " 192 ° Extracellular region part *10 ®9
i ® 97.50 [EAIRERND 4515 ® 17
PR I a5 ALY | g
Endoplasmic xenculmn lumen | @ 14475 Integral component of membrane @25
W 192.00 JEEAM | . 033
F-e34 . nal side of plasma membrane i
“lg(P-value) A || HePvalue)
s r 3 2.2 Cell surface | 2.375
R 2.0 21 @33 2.250
Basement membrane | =4 1.8 Meuhlbrau,e ® 2.125
IR B TE 16 IR Clp 50 ‘1 2.000
Large ribosomal subunit [ ® 41 14 Endopeptidase Clp cmnpleg 1 : 375
. . : ’ [ T 1 :
0.05 0.10 0.15 020 025 Side of membrane 1750
S . TR I sy | 1.625
E X H—‘z Gene ratio Intrinsic component of membrane ol4
JE&T
Membrane part [ ,. 19 i i
0 0.2 0.4 0.6

JER LE = Gene ratio

El2 SGCEH GCHRMESREEREN GO EEM T (AAEES)
Fig. 2 GO enrichment of SGC or GC up-regulated genes(cellular component)

A SGC F etk iR L FE K 1 GO & &7 Hr GC Ff 5 fim%%LﬁIE’] GO =
(X TIIRE (IFTIIRE
TemmsEt [ @12 H R wizimsy [ o4 B R
ngﬁ%x)cuvg ) Symponir gftjvity - 1.0
SMAD binding [ 4 5 BRI S r@l11 « 35
e T’g | 9 o7 Transmembrane transporter activity ® 6.0
Phospholl a:c activi 09 JRAVRE S VRIS 2R LI T . 11 ® 85
I Sl i 'Z 3 Substrate-specific transporter activity .
Lactate dehydrus;x:;}e%dqwn i @12 WIEES) [ o4 ®11.0
2% ] _ _ Ch lactivity | — _
Acetyltransferase act‘wn @1 lg(P Value) ;EE%%}Z ]g(P Value)
Protein metlaylﬁesﬁf[e%sﬂ:l E(%tﬁlrt% i 2 2.25 Monooxygenase activity - =3 2.5
nothylostorase activiey X 200 EapEEEE | 2.0
5'-3' exonuclease activity | » 1.75 Active transmembrane tra}?spor}er dct}v1ty r 15
UDP-BHIERE B | g0 150 JURRACARIEIE | 41855
UDP-glycosyltransferase activity . H i i Catechol oxidase activity | H .

0.1 02 03 04 05
FER L Gene ratio

0 0.05 0.10 0.15
FER L Gene ratio

DRy PR BREREFMELNH. K4, 5,
Only representative bands with minimal P-values and maximum enriched gene counts are shown. Same for Fig.4, 5.
B3 SGCH GCHRMUSFREERN GO BERTHT (7 FI#E
Fig.3 GO enriched bands of up-regulated genes in SGC and GC (on molecular functions)

iz 1§ Pk (active transmembrane transporter activity )
&y 6o 5 ARG PEAEOC, AR RN A T Pk
JL 2% W A Ak B TR T
( catechol oxidase activity ) %5 ; 3 4~ 5 i Ji 1A iR 5
MK, 9k 2845 & (polysaccharide binding ) .
2 45 & (pattern binding ) 1 5% /K 1k & ) 45 &
( carbohydrate binding ) ,
TEAWdE (biological process, BP ) 254, SGC
B #RIAH) DEG B4 T 1541~ GO & H (K 4A). I
L, SAREEHXHZAEIESE 711, 24l
YA K (multicellular organism growth ) . 4 il iy iz
BMP {5 5 il #%
O JE N B 4l i 4 4k
FEGRAE R] 2
ghap
A 294 %

( monooxygenase activity ) .

e %€ (cell fate determination ).
( BMP signaling pathway ) .
( cardiac endothelial cell differentiation )

# 2 A (imaginal disc pattern formation ) .

#4l % F (connective tissue development ) ;

B ML kA G, iR
FEH Ik (gene
expression ) 118 i BT $ 4K ¥ 17 mRNA 578 ( mRNA
splicing via spliceosome ) . 5 4fl Jitl 1T # F1 %t i AH 5C 1Y
1A% B, 45 40 g 5 BT &5 M (cell-substrate
20 B % Bt (cell adhesion ) 1l 41 fifg i %
(cell migration ) ; LA K 5 32 (KA 3 18 P9 4 HIAE G
WS4 H, Wi ZIENIIMAT (regulation of
Z A TN A AR Y I
%5 (regulation of receptor-mediated endocytosis ) F1 [N
TAE FHJAHE (regulation of endocytosis ) . GC = % 1A
) DEG & % T 1021 GO % H (K 4B); Hi A
245, SiEmASY AT (sulfur
EN ' iU
& Ak A W AR

# ( phenol-containing compound metabolic process ) #l

H 5 DNA &ifil .

# (nucleic acid metabolic process )

adhesion ) .

receptor internalization )

compound metabolic process ) .

( dopamine metabolic process ) .
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40 B i A% 8 3 B2 V] 35 (regulation of cellular amine
metabolic process ); 13 ™S HBHICHWELH, UG
Xt 40 TR B9 B 48 52 b ( defense response to bacterium ) .

FWEAEH 53159 ( phagocytosis, recognition ) . T A&
WL (antibacterial humoral response ) . IV 41 fifg
Fr=H: (macrophage cytokine production ) ,

A SGC Fitk A M 1 GO mENHr

ammsemEn [

Cell-substrate adhesion

BMP {5 il i

BMP signaling pathway
He PR ik

Gene expression

IEfRRARE |

Post-embryonic morphogenesis
RNA i T

RNA processing
LURAEEK

Multicellular organism growth

e bR |

Neuroepithelial cell differentiation

(LR

.15
-9
@265
-15
L 53

S
*2.00
* 67.75
® 133.50
® 19925
@ 265.00

—lg(P-value)
2.25

2.00
1.75

B GC Ik RFRIEZE N 1 GO HHEN

@s

mifk e Rid 2

Sulfur compound metabolic process
T4 A 7 0

Defense response to bacterium
R 72

Oligosaccharide metabolic process

Toxin metabolic process

LIREEN AW iR e

Serotonin metabolic process
AR, )
Phagocytosis, recognition
S HAl A W A E s B8

Defense response to other organism

(LR

o 4

re4

I -e2
wEAE |

R HCE
<1

2

o4

[ X3
o8
—lg(P-value)

B .3 1.50
Negative regulation of blood coagulation
Yol RBE e | .3
Negative regulation of response to wounding
MEAEIE | «7
Cell fate determination
£ O B

Celladhesion | ° 46
kEE |3y
Regionalization
ZWAFOINFEROET | .4
Regulation of receptor-mediated endocytosis
e RS 37

I o
Neurological system process
YR F R

Cellular developmental process

@210

0 02 04 06 0.7
FER L2 Gene ratio

. 2.25
2.00

1.75

P 1.50

2 R 7 A
Macrophage cytokine production [
U A

Antibacterial humoral response [
I o8 SIS

Humoral immune response |~ o2
LEAR=qSEAEIpUR

Hemoglobin metabolic process [ -1

0 0.1 02 03 04
FEX L% Gene ratio

4 SGCH GCHRMBREEEN GO EENT (E¥MIE)
Fig.4 GO enriched bands of up-regulated genes in SGC and GC (on biological processes)

ik, GO WEMTRY, SGC mERIES S
MOYEEE . AR R B RSN, A BRI 2 58 R AR
T JEHEER . GC & BRIk 5SS i iz 41
KHYHEH . MERIIRETE SR ML, SGC & EKILS
AR . TR AN AR IO EED, T GC R EEER
ISV SRR . AR R A L AR AT AL
0 At R R T A A
2.32 KEGG & %4547

KEGG & 7 Hr 45 R 7R« SGC iy R ik SE P T
T 44wt (& 5A), Horb 74 5 40 53 L #n
KREHK, 1% TGF-B 55 ## ( TGF-beta signaling
pathway ) . VEGF {5538 [ ( VEGF signaling pathway ) |
Wnt {5 5 i %% ( Wnt signaling pathway ) %5 ; 615
BN A K, AL FE TRP I I (1 R GE A 5 )8 1

(inflammatory mediator regulation of TRP channels ) .
# b 715 58 B ( chemokine signaling pathway ) ;
3INHERERIRA L, W EEAEYEEIKEY
4 . (ribosome biogenesis in eukaryotes ). #% B 1A

(ribosome ) FBTHEA (spliceosome ), 4, SGC H
WESE T 5 MR AEOCH 4 S, T 20 i 25 B
4+F (cell adhesion molecules ) . % [} i% 4% ( adherens
junction) Fl ECM %z & #1 & /£ Fi ( ECM-receptor
interaction ); S & RGE MK 441 B, 1%

g e B & (morphine addiction ). %l % # 4 (axon
regeneration ) FlIfil 7% ZX BEZR Ml ( serotonergic synapse )
TEX SRS, 25 2 M 20 g o R i — Se G R R Y
., f145 SMAD. STAT. notch. MAPK. CREB
M PKA BIRJRY), fE SGC i ERIXL

L2 T, GC IR RILEHAH . GC &
FIBMFEENAE 11 h a4 (515B); Hd 54
H5MRWA X, G5 A M H KA B (glutathione
16 4= U Jas B2 48 3 (arachidonic acid
metabolism ) 1 JJL 25 4 ] 2R 4 fk 4E ( amyotrophic
lateral sclerosis ); 2/ NS HE AT BMIFER X, WIGFH
¥ W K% bE R A W) A L (ribosome biogenesis in
eukaryotes ) FI#%fiz4 ( nucleocytoplasmic transport ) .
WAL, A AR G iR AR AMA FIEE 1L 28K ( complement
and coagulation cascades ) W75 %] T & 4 . 7£ GC 1,
Z 5 0% By A AL B R (prophenoloxidase, proPO ) 1
JURR & 1 e 35 e, A B A1k Bl R TS
¥ (prophenoloxiase activating factors, PPAFs ) . #£ 4
W2 % (1 i SP7 il SERPINBI. & & 1k ¥ 15 1k [

( superoxide dismutase, SOD ) #12 Jbt H ik i H L Wy

fiff ( glutathione peroxidase, GPx ) %5 ¥t %8, 1k fiff 1 =5 &
FKik.

KEGG & /-t =M, SGC 78 5 K % 5% 45 51

metabolism ) .
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Fig. 5 KEGG enriched bands of up-regulated genes in SGC and GC

WEK, MERESSAMIGEHMAE T HEERH . i L 3 PR T BE X SGC FIl GC i Th e 4 Ak 7 4k
GC fEE I A A . AU LI proPO R ZE 73 (1944 HEMEH., B2B R T R 540%ER5EMXMN
PR TR ER DEG., H:iff, HPT[H ¥ 9. Notch [FIHEH 1. #4
233 SGCA GC ¥ £F & Ay LMK R ABNNE . MEEM B, I RERER . B

H T KEGG HI GO {3 X £1 5 % i ifin 40 i i — 348 FE M 544 FE A X3, i 1L HF 2a 78 SGC H i %
Oy IEPEAT T 08T, — %% DEG K 5578 & &£ 0 b Ko B M BE E I R S B ek TV, e

2 ETFPKM EMNANMMAMTHERKIEER
Table 2 DEGs between SGC and GC based on FPKM value

FHF ik E FPKM
F:HID VEFE Annotation
SGCs GCs
Unigene0005146  5568.05 66.81  HPTIAF9 HPT factor 9 [ INZKUF Pacifastacus leniusculus)
Unigene0034901  3514.74 50.20 NOTCHI[A 4 1 Predicted neurogenic locus notch homolog protein 1-like [S£H44UF Hyalella Azteca]
Unigene0070406 3 468.68 36.63  HEREBEIERT Transglutaminase [ AR Pacifastacus leniusculus)
Unigene0043100  2227.69 4331 HEARGB Calpain B [ & M1 Gecarcinus lateralis)
Unigene0081651  1817.96 32.81  FFUBHEE R MHEREE R (galactose-specific lectin nattectin-like protein, partial) [3% [SJ5EEEMR Procambarus clarkii]
Unigene0044871  1604.99 15.45 R A 4538 Extensin-like [ E ML R Cricetulus griseus]
Unigene0025602  986.96 1241  BEEEAS44FETERX3 Zine finger protein 544-like isoform X3 [W 415l Rhinatrema bivittatum]
Unigene0049690 246.33 28.40 I IML[KF2a Astakine 2a [JBIREEHR Pacifastacus leniusculus)

Unigene0006621  1295.81  12639.05 M58 1 Crustin 1 [38 RIEZUF Procambarus clarkii]

Unigene0085460  1806.77 6228.55 A ALG)5 Prophenoloxidase [£LE#UF Cherax quadricarinatus]
Unigene0106531  1065.41 3376.95 5T E2 Crustin 2 [LLEEHEUF Cherax quadricarinatus]

Unigene0045189 26539 249635 H#&HE4 A & H Mannose-binding protein [l INELER Pacifastacus leniusculus)
Unigene0112798 53.04  1839.86 & ILKFAEF3 Astakine variant 3 [BET5XUR Penaeus monodon)

Unigene0013166 27.08  1283.46 ANMIZHHI A 1 Peroxinectin [ 7 FRJREMF Procambarus clarkii]
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Fig. 6 RT-qPCR results showing mRNA expressions of 6 genes
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FARIk . X —Z5REEM, MX GCTiE, SGC 4i i
DALY A= il 3 Bl B TR BR 2R L A Dy SR A Y i 2
fi, SGC b F kit . [, SRR hE
PRGN, S50 ALY FE bR AR e A 4
gt Y M SGC, GC 2 HLA T Rk 1 FLAL
TE 53 A A St 1) G 8 A0 A, 7= A T 4R Tl DR B 7R
kg E, GC i3 H 2 ik 1 [ SGC H i .
TEHAL 2 H 34 ot g 3 26l i 25 55

SGC R IEFEAML AR B m 4™, Wik, %%
50T . A4 R AR G Y 3 R R AE b g
FKik, W1 Wntfs 5 . TGF-B 5 = i % M
VEGF {573l M S i K o T 202 B AR 06 240 1t 20
JAE IE 3 A T AR5, Br A LR AR T S
R I B A Ak o AR X R AR R B P, KA
KT W SMAD %K % H SMAD4 #il SMAD6.
SMAD J& TGF- {7 %5 3 s i x5 1 2 0
fEH T, SMAD if 0] LLJHSY Wnt {558 # . EGF {5
3 % Toll B 37 15 5 4% Gl ™', SMAD i A
DL o 52 me e e AR M A 3G A . b R T, DL
T 20 B PR A 7 A R R Y Sl Ok A R e E R
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DIRe oAb b R ¥EVE D . 76 X | B 0 R o A4 17 B
i L S LG v, — 285 b 40 A KR ok R R
f 5 P 7E 5 SGC AH 56 ) 20 B % v s 2235570 e
A1, SGC 7 4t it A K 43k 18 4 4 G Y TR 2% 3k
it 4 7 2 R R S R . FEXT AR R, iR & SGC
T e PR 35 3K (19 308 6 % R T L A3 A R
iE AR, AR A0 I 40 A AT BE T A LA BT
4 5 .

R SGC 154k Forfad B e, (HEAT7E S8
I R 2 AU MR . SGC 2 1 5¢ 40 2 K S0k S ) 1)
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IR N D0 0 S e ¢ 2
SGC i £k A E (integrin ) S F 41 g h 3
G O e O T NS E DAl
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GC /2 5 HLRp o S 2 DI g 1 HL 58 4 34k 1 1f 48
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F AL IR A R A 5 A R B ML AR 2 —
iR 1 ( patten recognition proteins, PRPs ) 51|
T A= 0 ok R A e R R A DG 4 F B 20 (pathogen-
associated molecular patterns, PAMPs ) 2:fift )k — Z& 51| 22
SRR ARG ROE TR IR O B AU B S A

+ (PPAFs ) B/ 4 Ak 1 5 3005 % ( prophenoloxidase
activating enzyme, PPAEs ). B J5, PPAE ¥ ki 1)
porPO J#i% 4y PO, PO A A+, 77 AL A w bk
P AR AR, WEIFRIEARMIEIRR ., AWF5E A
I proPO WK R MM CE N AE GC s ik, Horp
£L4% proPO 1 3 Fft 22 2 R 3 F i (PPAF1. PPAF2,
PPAF3 ). proPO [ {8 11 7 B2 il K 9% 72 40 7™ 4 5 il o
PRI, —28 R HRFE GC PRk, X 52
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