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A HE Al s R

rh A SR R LR B i ok R A I T G, EL
PR o RS T A . MR 4 %
TG BRI o3 AT AR DGR A R, 3 Al T
AIRBAR, T BOR B i IR JIG & B 1 iy i B

s HER: 2024-02-14; 1&iTHHE: 2024-03-10.

XEHE: 1005-8737—(2025)05-0595—13

G WA NI E RGN T, AU KA A
PR KRB BRI A A s, T
PABRAZ HE )Ry 1 O T6 PE IR E 1, LA R A 3
BRI AL 3 g v U R R BRI Y TR D B
AT RETT A A0 B4 AR BE- i, DA T 52 ) HL T i

M R A R H R, R E A TR R AR
JE X R GBS IR IR K A e A — e s, R
FEZ AL oK WARGE o AR, BEE > T4
SFAFROR I PR A, 48 % K A2 A W 2 A 1 3
() Y LE R A Gy AL S0 T B T B0 Fl,
ST IR IR 50 7K A A 5 Wi 1) 5 S A L
FEEEAE P T RN | RERC B AR A i sy
fIEAEUT200 ) SRS BARERAT T — 5 ik, {HLF

EEWE: EREANAIHRITH (2022YFF0608204); [ R BHE B IS MR 55 - 65 o R G 0s S5 MERHIF e I S A BEIF AL 55 2%

£ 151(2020TD13)

fEE RN AEBQ2000-), @, WA, BFSETT R A KAE A Y 5 E 92, B-mail: chaoyue c@163.com
BEIEE: MBS, BIFFSE 0L, MF AR R 5 5 F 4 Y5 5. E-mail: hxr828@126.com



596 Hh [ K R A

%3248

FERIIREL N T Z A, 1R WL EIA SCIR I i F
FEARIE o
PRGBS AR SRR i A B R
WAL, AT SR AWM PR, 5 YO A
I i 2% AR T AR G R SR A e s AL o0 A
it 55 B ARG Y 22 S 2 N, 82 2 5 ik
N6 % E RM5 S i, A IR X AR g IR i
o= R AN R e IR =R ) T AN R S 22
B 0 M B DR Sl A SR R A A AN S HE

1 WS

1.1 KIEEhHIsRKIE

Jirik 180 H ey 28 M S I 4 R IR TV A
R WIFRAE Y, A MERE (120 H)FIMERE (60 FHRY
SR 43 R (87.3546.2) g FI(133.8+15.59) g.
VGl B SRy PR IR T 2 DK ITIB KA 7 d,
KAEK 1.80 m, & 1.55 m, % 0.80 m, {f4F/K¥%
0.30 m.
12 WARAE
1.21 REEE  SCHCMTON SIS B i B 53
RTEME 9 C(Z9). AL 9 T~15 C(Z15)F1fakE
15 ‘C(ZP), LHFFIRET N TR L 20 HHE
BN 10 HUEsE i =R KA, KA EAR 1.80 m,
B 0.60 m, KEMIE 0.30 m, SZIGH) A 0 F- 415
&R (14.80+0.42) °C, 2 A™E 25350 {8 FH VR iR L
P ISR BRAE 12h TFhm 1 C, B3
W L 5 E AT A L 52 5 o A8 e S 50 Hh 45 7K AR
AR 18.2120.30, pH {845 7.29+0.06, 45K
ERRETE L TRLEE T4 0 X A AR 1) B AR R A T A
e LI AR 3 A ROG IR, Rrafit e, &
H 8:30 #MHfif451¢ (Snonovacula constricta),
P4 R IR TR Y 1%~3%, I S R AR 1H .
122 HARE FPAREHMEE N5 3 d,
WS H R . N9 °C 4l rp 4t B 8 S S Bt ML
BUIRRG 300 HiZedy, M meseBlirgk, 7«
Olympus ‘B8 T 1708 @ IR N9 C
ZH BT AR IR 40 F 52 K5 O B 10, A O b+
ZAG IR IRIG R T 1.5 mL 204, I B
FRATEH, 20 min J55E-80 CUKH T RIT,
[F] B85 46 B0 8 EE B Rl R T v . R, K IR

2h T 1 CHZE 15 CR4kEEFRHE 15 C
HGA R —#E, B 2 d I IRAE G R FEHLEUIR
g 30~40 Ki/ZEA, 1E Olympus W68 F WL, 4
i WG AR AL TR AR B, 3 3R [ AH [R] A9 7
PRAERGRE S o 10 BRI HK IR, etk
L0 OB AL T 7 B A OB . A AR IR R 2K
K=N-(T-C)it#, X, K g EEIRG kT
FIT s B A ROBIR (- °C); N b AR O3 8 IR i 52
Wk B e BB R (h), T b & & W R A 24 7K
I(°C); C ARG Z MG K B 1 BREE(C).
1.2.3 RNA 2B, cDNA XEMEMTEEN
B FIH Qubit RNA A&l iU &% 5 RNA A
A, LIAE SCEM BTN RNA i, FIH
Nuclease free ) Beads Wash Buffer #17 i Bt fL 2
., @ E oA —48E G MU N . B Ist Strand
Synthesis Reaction Buffer \—20 ‘CHUH, f#iZR)G
HEITR AT, BOHZE—5E cDNA & BN, K
& PCR 4% T PCR U, #1745 —4E cDNA
HIA . ¥ 2nd Strand Synthesis Buffer \—20 C
B, RS AR ST, BCHISE — 4 cDNA A AL
S - ¥ iR PCR 4 E T PCR X, #E4T55 —
B cDNA ME M, B)aBAUEELEH . SR 5 X AL
B cDNA #EfTHERSEML . K Befbsrik, fefmit
T SCEY VERAT SO . Gt Rl F s g, &4
HAFRENSIE T Tllumina - & B9 ¥ 3% . CDNA
SCPER AL . B SR Y AR T AR TR ()
A BR2A 758 3 Tlumina Hiseq™F- 4 58 1
1.2.4 EERAAZEMIPEEERE (HH Trimmomatic
HEATEHE A B, K SR G B R S A Sk L IR
T B N HEAT S U, A PN L L BR reads
AR BTRAETE 20 LR ABEE DL S LB reads K
/NT 35 nt 1Y reads 45 B K % reads!?!, X raw
reads HAT )G, 1330& B clean reads, %
SHILRNAE NS HZ TS, ffi] HISAT2 H s
J& R P Y 5 5 225 e R AL i A7 exd, IF i i
RSeQC FiilHbxah i, KU clean reads #EZ%
FER A A EAE B, 15208 5 R A 1T S RREAS
SR I IR 2 r R BORT S TR 0 R, K
fii i DIAMOND #i 5 GO =N D RETE R .
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125 EEFRABHESW PraFEei T PCA (principal
components analysis) F 7538, KRH TMM X}
read count B FHATAREMLAL ], Z 5 25 5Kk
JE K (DEGseq) # 17 22 5 43 #1 o i 3% S5 113 hy -
qvalue<0.05 H 2= 7 f%%k|foldchange[>2. Ffif5, 4
il DEGs K ILEl; Bk, 380 2 i R 25
HTHIWr L5240 Z [0 DEGs FRikii,

| EREREE, i clusterProfiler #£47
KEGG il #% fil KOG 73285 %5081, i/ topGO
17 Gene ontology(GO)&E H 4 #T, HHrIEEH
P{H(Qvalue)<0.05 I, TARIZINREAATE 1 & & 4
IRV

2 HREHMH

21 MERREZEREMERRE

AN TR BE T rh e ok 8 R i e & I () B P
AR I 1, B R TR, WG & 8 A i
B4R . /£ 9 CHY, MR B ELMMBE
=W, R 616 h, Fris A K BIE N
1961.95h-"C., HREFA®mZ 15 CH, IWIGHEE
Aksh Kk H B IRECR AR, FrigatiE 824 h, AL
BUEH 7460.43 h-°C . fHIR 15 CHI, IEREE
JERR LA, B B ] 968 h, JLET AT AR I
i 8764.20 h-°C, LR 4 B 75 B[] A1 A ROR
AYWIBEIN T 144 h A1 1303.77 h-C,

x1 ARBETHEAZERRELEHENERRE

Tab. 1 Eriocheir sinensis embryonic development time and effective cumulative temperature at different temperatures

S E I & B W] /h developmental time BRI /M-C  effective cumulative temperature

developmental period 9 C 15 C 9-15 C 9 C 15 C 9-15 C
URZ4HA cleavage stage 616 216 120 1961.95 1955.65 1086.47
FEALH blastula stage - 336 228 - 3042.12 2064.29
JE ] gastrula stage 426 318 3856.97 2879.15
R AT 4114 egg-nauplius stage 596 464 5396.14 4201.02
JE LT 4K egg-metanauplius stage 752 608 6808.55 5504.78
JRER LR original zoea stage 968 824 8764.20 7460.43

22 HRANFLERSH

9ANKE S A 7R45 425886606 4% Raw Reads, 48
YRR g, HE 9 C(Z9). AR (Z15).
fER 15 °C(ZP) 4l HL k13 129779732 4% .
130090864 2% 1 137695862 4% clean reads, GC 7%

B35 R 48.02% . 50.57%F1 45.09%(F% 2).
Hrr, Q30 BEEE A LIE T 91%, Q20 A
S HTE 96% K Lh b, WP A5 R R A 0.04%
0.01%, FMET 0.5%, X L84 4R F B I e 4%
AlEE, AT R —25 40T o

R2 HEFBEBEERARIRRIZES T

Tab. 2 Quality control analysis of Eriocheir sinensis transcriptome data

= T 2 read

G Ml C BY%CE:

clean base GC content
7152 44804912 42318964 140.81 0.04 97.32 93.74 43.56
Z15-3 49378264 46626980 140.03 0.04 97.01 92.96 51.21
Z15-1 48629946 45610162 139.71 0.04 96.83 92.54 49.48
Z9-1 55597278 53926144 140.33 0.01 98.40 96.04 52.19
79-2 40643844 39261232 142.93 0.01 98.27 95.72 50.75
79-3 39127020 37986050 143.53 0.01 98.50 96.24 48.88
ZP-1 48656146 45791676 139.26 0.01 97.12 93.27 45.07
ZP-2 47229722 44215610 138.53 0.01 97.00 93.04 45.08
ZP-3 51819474 48645016 139.03 0.01 97.07 93.19 45.69
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2.3 ERARIZEKFEHEXESH
FRG T PCA 5 R WLIE 1a, 5B Bn =4
FEAKE R 425 (] Hp B R4 5, 8 BRI o e 4

PCA
a Z15 b
0zis
50
715 21 3] group
2 o Z15
o 29
S0 0 ZP
N
g
7p PRE state
bp @ X F development
=50 A ZEARE lack of development
ZP
0 100
PC1=0.54436

Ty FHLRRAS B] ()72 S e Bl A RO B o R A (R1ZR kK
SEAHSEMESM T B, 1HIR 15 C(ZP) vs. ZBIR(Z15)
2 HAG B AR LR R kA (1 1b).,

II.O

038
250
0.6 group
715
04 L

zp
I 0.2

H 51| group

4

v

215 group

K1 z9, Z15, ZP i M4y PCA 7MW ()F1 29, Z15. ZP HYREAS ] B & H4 5] (b)
PCA Zr M7 I HA ) B SO AR B s AR R PR SR PR T ROARRAR AL, B 2 PR AT T 0 AR B S fE,
I AT 2 7 A [ g T, R DB 8, T2 0 DO B o
Fig. 1 Principal component PCA analysis plots for Z9, Z15, and ZP (a) and inter-sample distance heatmaps for Z9, Z15, and ZP (b)
Points of different colors or shapes in the PCA analysis graph represent sample groups in different environments or conditions;
distance heat map color blocks represent distance values, the redder color means the closer distance between the samples and the
higher the similarity, and the bluer color means the further distance.

24 ERRESW

X b A I O AT 2% S R A T i
ffi ] DESeq 3{FiftA75rtr, 275 H G4 R
M3 PR IR 15 C (Z15)vs. HIR9 T (Z9)
LK EF5 5] 4767 4 DEGs, HH AL 1800 4~ |
PERAT 2967 S T IHEER; HIR 15 C (ZP) vs.
15 C (Z15S)AH L4 E 58] 2061 /> DEGs, H:
g 1326 A~ BIRZEEAT 735 ASTFIEHERHEL k
Ly P AT X0 7 T 1 AL i ) 222 S R TR ) 4
SATEBL(E 2), FIPaaFon BN, g
AR, BEAFRRIEE RN, NEH A E
WA ) ZP vs. Z15 b F B 22 R AH L ZP vs. Z15
2R

%3 Z15vs Z94AF ZPvs. Z15 AN EREF#H

Tab. 3 Number of genes differentially expressed
between Z15 vs. Z9 group and ZP vs. Z15 group

BEIR group 9 up T4 down JBEL total
Z15vs. Z9 41 1800 2967 4767
ZPvs. Z15 H 1326 735 2061

25 S5LXBEHEIMERRIIEE

HIRFEA R E T TR B G LE R
25, X & E MAEIAEC (5 5 8 % & DEGs
HEAT T S — 2 b, SRR, S5IRik
H e RS LR DEGs WA B 3F 2= 5 Hik
(P<0.05) (% 4). 1E Z15vs. 29 Hh, 2 5%
BRI AH 56 A 3 DR an B R oy £ P L () B 3
L s SR A 38 W 3 R M, A B 3 O S R R
& H A& [l B JE R (LOC 126998238); 7E ZP vs.
Z15 Arh, Z 506 & E AR G Y 3 X dn k)
SO HE A | TR B R R A B 3 R, R WA
SRS (- = W SO BRSNS VA -
(LOC126984051),
26 ERKRIEZEEKEGG EEHNH

A5 15 C(Z15) vs. THIR 9 C(Z9)4 KEGG
it L E 287 M, fHIR 15 C(ZP)vs. 42
i 15 “C(Z15)4] KEGG /it m 43| 264 il
. Z15vs. Z9 1R A 147 73L& 4 2 =k
(thermogenesis) (ko04714), 103 NZEFIEHN &4
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Z15vs. 79 ZPvs. Z15
20+ | 20 [
- B . -
I significance [ significance
i | Iﬁ 15+ | | T
own — down
o b7 o FAEA
L no difference & ¢ no difference
. a0 aE L
N up T L ¥ 4 f up
[ S [ 2
' ' ' ' )
|| | 3
of T AN
-10 -5 0 5 10
log, fold change log, fold change
K 2 Z15vs. 29 #l(a)5 ZP vs. Z15 #(b)Fis 2257 kLK
Fig. 2 Volcano plot of expression differences between Z15 vs. Z9 group (a) and ZP vs. Z15 group (b)
R4 HEGEERBRPELREMEENPHEXERETE Z15vs. 29485 ZPvs. Z1I5 AR ERKRIE
Tab.4 DEGs potentially associated with development and energy in embryos of Eriocheir sinensis
intheZ15vs. Z9 group and ZP vs. Z15 group
Z15 vs. Z9 4 22 5 3Rk FE R ZP vs. Z15 H h 22 S Rk FE A
differentially expressed genes in the Z15 vs. Z9 group differentially expressed genes in the ZP vs. Z15 group
LB /FE EiBa ik L REH /FE R EiiBa ik
functional group/gene description expression functional group/gene description expression
RSN E maternal effect gene
LOC127001330 aristaless down LOC126998221 tudor down
LOC127004846 bicaudal up LOC127008723 tudor up
LOC126985892 bicaudal down LOC126984051 helicase up
LOC126984051 probable down
mIfEE A gap gene
LOC126998238 gf’;‘l’:‘i‘lie down LOC126998238 gi‘;rn"ttfl‘i‘ll(e up
Xt¥ER A pair-rule gene
LOC126985973 runt up LOC127007755 runt up
LOC126985973 runt down
5Bt 2 A segment-polarity gene
LOC126981930 armadillo down LOC127008728 frizzled up
LOC127010020 frizzled down LOC127004134 cholinesterase up
LOC127005590 patched down LOC126995658 pangolin up
LOC127006813 wnt up LOC127003511 patched up
LOC127006594 wnt up LOC127005590 patched down
LOC126996456 wnt down LOC127003491 patched up
LOC127009570 wntless down
I A A dorsoventral patterning gene
LOC126996302 pipe down LOC126988486 pipe up
LOC126988486 pipe down LOC126984731 snail up
LOC127005490 pipe down LOC127001902 twist up
LOC126989807 pipe down LOC127008988 twist up
LOC127000086 pipe down
LOC127008977 pipe down

(f¥%% to be continued)



600 Hh [ K R A

%3248

(8t# 4 Tab. 4 continued)

Z15 vs. 29 Hh 22 S RIA LA
differentially expressed genes in the Z15 vs. Z9 group

ZP vs. Z15 A 22 SRk Sk
differentially expressed genes in the ZP vs. Z15 group

TyReLH /R EiiBu ik

TR Za /AR EiiBu ik

functional group/gene description expression functional group/gene description expression
Hox # K Hox gene
LOC126987920 Msx down LOC127010173 Msx up
LOC127010173 Msx down LOC127010172 Msx up
LOC127010171 Msx down LOC127010171 Msx up
LOC127000418 UBX up LOC127003446 Msx up
LOC127000418 Ubx down
eI energy metabolism gene

LOC127007080 COoX down LOC126986374 IDH up
LOC126998534 (6(0):¢ down LOC127008879 ATPase up
LOC126981735 COX down LOC126995924 ATPase up
LOC127007080 COX down LOC126986384 ATPase up
LOC126998534 COX down

LOC126981735 COX down

LOC127000860 SDH down

LOC126999774 SDH down

LOC126986374 IDH down

LOC126997865 ATPase down

LOC127008879 ATPase down

LOC126995924 ATPase down

LOC126986384 ATPase down

LOC126994218 ATPase down

LOC127002038 ATPase up

LOC127007311 ATPase down

LOC126986410 V-ATPase up

FI| 4R35} (purine metabolism) ( ko00230), 94 4~

St LN E 4 2 2 AL 75 2 1k (purine metabolism)
(ko00190)455# %, ZP vs. Z15 H A 103 2% 5L
& B IEESLi%f (purine metabolism) ( ko00230), 77
A2 5 P E 4 B 25 AR - 2 At B (drug
metabolism—other enzymes) ( ko00983). 61 |~ 5%
FEPH & B2 2 41 ffd = % (cellular senescence) (ko04218)
SR I

% DEGs #17 KEGG Ihfig & &1 (A 3),

KEGG 45 R, Z15 vs. 29 4 p Rk N £ 8
SETER BRI (ribosome ) FH 38 i 2 35 & 46 . FHAH
[l 33T ZP vs. Z15 4, 45 R ZP A
K L PR R AR AR H At 3R W B f#% (other glycan
degradation) . ZH %2 fi4f(histidine metabolism) .
51 % R /7% (lysine degradation)&E# B, Z15 vs.
79 4 51EYE 15 “C(ZP) vs. ZFIR(Z15)HAM, &
LEREK,

27 ERFIFEEGO K. HEXMEESW
XF 215 vs. Z9 415 ZP vs. Z15 4153 Bl b A7 i B
(Bl 4 FnEl 5), PRAHBERER =025 oihe, 50
9 4 Ml 20 B (cellular component) . A& ¥ i 2
(biological process)#143T- I HE(molecular Function)3
ARG Z15 vs. Z9 WA WS R I Ak AL
cellular process (2002 %) . metabolic process (1517
2%). biological regulation (1501 £)%&AHEA GO
TERE AN 7 rh ERAE cell (1994 Z5)F cell
part (1991 %)% AHOCH GO RS /- FHifgdh &
Al % binding (1331 £%). catalytic activity (908
Z)AHDCH) GO R, ZP vs. Z15 A AW
TIHE FE AL cellular process (926 5%). metabolic
process (738 2%). biological regulation (695 £%)5%
KR GO HR; MM s EEAR cell(892
Z5)F0l cell part (892 Z%)FFAHICH) GO iR, 701
e £ E 4L % binding (623 %) . catalytic
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activity(400 205 MHRCH GO 1R, ARIR 15 C(Z15) 5 ek FE [ R B & 476 N i W 2R

HE—2E X A Y R (BP)HH R E GO w4 1 # [] (protein targeting to ER), PN 1 & £

KT, BRI 6. A5 215 vs. Z9 Hirh, (establishment of protein localization to

Z15 vs. Z9 UP
ZP vs. Z15 UP
HA SRR
Fﬁ 3 _ other glycan degradation _
fivene -
e v i i A stidine metabolism
Jﬁ%ﬁﬁﬁég I %ﬂ‘ R PRI -
longevity regulating lysine degradation
pathway-multiple species P IR A R — B
?3 8 % 8 one carbon pool by folate -
t ey - R
8 E glycosaminoglyﬁ%eiflaﬁon I é’ ﬁ beta—alam’ﬁe metabolism -
: T
methane metabolism ~logyo (Q value)
WEAEA “logu(@ualue) e prmAE AR | g0
endocytosis 6 cysteine and methionine metabolism
; toane ey | I
4 styrene degradation 3.0
BURIT 5 5 3  mEmH | 25
antigen processing and presentation 2 tyrosine metabolism 2.0
1 A A [ :
0 2 4 3 drug metabolism - other enzymes
. | 01 2 3
ogio (Qualue) —log,, (Qvalue)
K3 Z15vs Z9 4l(a)t5 ZP vs. Z15 41(b) KEGG & 4 Aotk
Fig. 3 Histogram of KEGG-enriched pathway in Z15 vs. Z9 group (a) and ZP vs. Z15 group (b)
2 100 - FHIhEES>2 (GO) Gene function classification (GO) 10411
g 2314
50 8
% 1o} 1041 §
z 231 ¢
o
g .l J104 B
2 23 §
01} | ;0 b
K | | =
001l | 11 I 1 %
: §885 88 55F £s 85583 5 5. FFE LS S5 TS ST e el Fpe pe by 0
I R
I N R S E T FN b H ﬁ§§§§853 Fefss 4 Séfégé_gﬁﬁ §ifsiss
LT RN R ﬁ’g N §§§§*§§§ 55%%55555 T
EETNE fe BSGd [dsipiBd(Bs d54EY friif 5 |FiNifeieiFiififir
E FF iF gffs GaSIEESF SF jifed JEipf ¥ S5 SiEiEdiFESffkES
m_f:é‘# Fpk 3 S X Tow & FaRN¥ #:;ggﬂsri»wgg,,
R i85 Pty
Fxd 5 g5 H ggf &
g5 & ® 5
HE 7
#E g 4
S g
H :
H:¥)33 7% biological process ML AR, cellular component 43F3hEE molecular function

K4 Z15vs. Z9 422 5 B D RE 1 R 2 S AR 1A
B DRE 2, ARBEORRAR R 3. HAR RN Abr bl LR EE R AR R R, WOARIAER,
AN R %03 S N FE RSB, ZE I Sy (22 5 56 TR/ T A e DR TE B B D RE R S PRI o L.
Fig. 4 Histogram of functional annotation classification of differential genes in Z15 vs. Z9 group
The horizontal axis is the functional classification, and different colors represent different classifications. The light colors of the
values on the bar graph and vertical axis represent differential genes, and the dark colors represent all genes.
The right vertical axis is the number of genes within the classification, and the left vertical axis is the
percentage of genes annotated to the function (differential genes/all genes).
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FRHIIEES>2E (GO) gene function classification (GO)

100

LR T 43 L percent of genes

_ 10411
1052

11041
105

{104

R %E number of genes

H: 3372 biological process

4R ZH AT, cellular component

A+FI8E molecular function

Kl 5 ZPvs. Z15 425 3K INEEE R 2R A

Fig. 5 Histogram of functional annotation classification of differential genes in ZP vs. Z15 group

Z15 vs. Z9 UP

R B R
protein targeting to ER
T R B A B R

establishment of protein localization
to endoplasmic reticulum

HASRPISEBE R 1 AL R
SRP—dependent cotranslational
protein targeting to membrane

BOFEEARERN
protein localization to endoplasmic reticulum

SEBRPRER AR B
cotranslational protein targeting to membranc

Eil o4
cytoplasmic translation

BRI
protein targeting fo membranc

B FemRNARER R, XI5
nuclear-transcribed mRNA catabolic process,
nonsense-mediated decay

#3378 biological process

—log,,
(Qvalue)

WP i
late endosomal microautophagy
BRSO BIRA R
of protein ization to
0 2 4 6 8
—log,, (Qvalue)

ZP vs. Z15 UP

NG FREE R
small molecule metabolic process

HHLRABER
organic acid metabolic process
BB R

oxoacid metabolic process

—logy,
(Qvalue)

CESS

<] TR R
Q. small molecule biosynthetic process

HERABR
carboxylic acid metabolic process

T

12

HIREY AR 10
organic acid biosynthetic process

REEY AR
carboxylic acid biosyntheticprocess

WA LN oo
H: ¥4 78 biological

8

a- SRR
alpha—amino acid metabolic process

ALEY BRI R
response to chemical

EYIERLE
biosynthetic process

[=

5 10
—log,, (Qvalue)

Bl 6 Z15vs. Z9 #H(a)5 ZP vs. Z15 4 (b) GO & 5 JR AR &
Fig. 6 Histogram of GO enrichment pathway in Z15 vs. Z9 group (a) and ZP vs. Z15 group (b)

endoplasmic reticulum), SRP & ##i i1t H: B %8 &
# [n) il (SRP-dependent cotranslational protein
targeting to membrane) 54 Y it 2, ZP vs.
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Transcriptomics investigation of the mechanism underlying
temperature effects on the embryonic development of Eriocheir
sinensis
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Abstract: Eriocheir sinensis is an important economic crab in China; it has a typical migratory habit, including an
annual reproductive migration from November to May and for mating and spawning at the confluence of salty and
fresh water at the mouth of the Yangtze River. When the broodstock crab spawns, the fertilized egg will commence
a new life cycle. At this time, temperature is one of the key environmental factors regulating the development of
the embryo, which is particularly sensitive to ambient temperature during its development, and even small
temperature differences may cause stagnation of embryonic development. Therefore, it is important to investigate
the effect of temperature on embryonic development of E. sinensis. In order to explore the molecular mechanism
of temperature-regulated embryonic development in E. sinensis, three experimental groups were set up, namely,
constant temperature of 9 C, constant temperature of 15 °C, and gradually increasing temperature from 9 C to
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15 'C. We utilized transcriptomics to screen genes associated with embryonic development and to identify the
signaling pathways involved in the temperature-regulated embryonic development. The results showed that
temperature significantly affected embryonic development process and effective cumulative temperature. At a
constant temperature of 9 ‘C, the embryos were stagnant at the egg cleavage stage, and their effective cumulative
temperature was 1961.95 h-C. In the experimental group, with a gradual temperature increase from 9 C to 15 C,
the embryos were able to develop to the prothallus larval stage, and embryo development time and effective
cumulative temperature were reduced by 144 h and 1303.77 h-°C, respectively, compared with that under a
constant temperature of 15 ‘C. Temperature changes significantly regulated the expression patterns of genes
related to embryo development. A total of 4767 differentially expressed genes were identified under a temperature
increase from 9 ‘C to 15 ‘C, including 1800 up-regulated genes and 2967 down-regulated genes. The gap gene
(LOC126998238) related to embryonic development was significantly down-regulated, and the functional pathway
was mainly enriched in endoplasmic reticulum protein targeting. At a constant temperature of 15 C, a total of
2061 differentially expressed genes were identified, including 1326 up-regulated genes and 735 down-regulated
genes. Further analysis revealed that the maternal effect gene (LOC126984051) was significantly up-regulated in
embryos, and the functional pathways were mainly enriched in small molecule metabolism. The results showed
that embryo development accelerated with increasing temperature within a certain range and that variable
temperature accelerated embryo development more than constant temperature. Variable temperature significantly
increased the expression of genes related to embryonic development and embryonic energy metabolism, and it
accelerated embryonic development. The results of this study can provide a theoretical reference for the
interpretation of the regulatory mechanism of temperature on the embryonic development of E. sinensis.

Key words. Eriocheir sinensis, temperature; embryonic development; effective cumulative temperature; transcriptomic
analysis.
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