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Table 1 Primers information for detection of PcClk and PcCryl genes mRNA expression
FH 514 i 5149 % B Sl F4) (5'—>3") RS
Gene Primer purpose Primer name Primer sequence (5'—>3") Accession
PcClk RT-qPCR qClock-F AAGATGGAGTGCTGGACTTTAG MN908585
RT-qPCR qClock-R GGATAAGGGAGCTCTGAAACAA
PcCryl RT-qPCR qCryptochrome-F AGTCAGTGCAACGAGCTGCGAAAT MN908586
RT-qPCR qCryptochrome-R AGGTGGAGGTGATGGGTAGTGGTC
B-actin RT-qPCR qB-actin-F GCACCATCCACCATGAAGATTA KR135165
RT-qPCR qf-actin-R GGTAGAAAGGGAAGCCAAGATG
Fx2 ATERMEHUITHNEYM Clk EAFIIER
Table 2 Genetic sequence information of Clk in various species for adaptive evolutionary analysis
Wil £ Yrwh By
Subphylum Class Species Accession
HHESI Y W] Vertebrata 54 Aves AR Gallus gallus AF246959. 1
T FL 49 Mammalia K B Rattus norvegicus AB019258. 1
T 7L 40 Mammalia H2E Owis aries EU016223. 1
€474 Reptile A8 Pelodiscus sinensis KY624634. 1
g 4N Actinopterygii BE Dt Danio rerio AAl163244. 1
8.1 ] Crustacea 44 Malacostraca B RAIBIF Macrobrachium rosenbergii AY842303.1
B 24X Malacostraca 2 H i Eurydice pulchra AGV28723.1
7240 Crustacea T EANIR Penaeus vannamei ROT60838. 1
H 7240 Crustacea Ti QR EE MR Procambarus clarkii MN908585. 1
NI ] Hexapoda B H 4 Insecta YE# Antheraea pernyi AY330486.1
B H 4 Insecta K Sitophilus oryzae MHO070263. 1
B4 Isecta TR ¥ Tribolium castaneum EF174303.1
B H 4N Isecta TALEE Chilo suppressalis MH933743. 1
FEE W] Chelicerata J H 4 Merostomata FEWE Limulus polyphemus KX014718.1
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Table 3 Genetic sequence information of Cryl in various species for adaptive evolutionary analysis

Wil 4
Subphylum Class

YiFh 4

Name of species

B
Accession

H5E T Crustacea 524 Crustacea
524 Crustacea
il /£ 40 Branchiopoda
FH 4 Malacostraca
BH 4 Malacostraca
#H 4 Malacostraca
B A4 Insecta

L HL 2K Insecta

E 2 Insecta

B A4 Insecta

EL 112 Insecta

E 2 Insecta
4 Insecta

E 112 Insecta

E 2 Insecta
P48 Amphibian
414 Insecta
MEEAO A Actinopterygii

75 W] Hexapoda

HHESI YW ] Vertebrata

54 Aves

B K AXTER Penaeus vannamei ROT79736. 1

WG R B AR Procambarus clarkii MN908586. 1
KAV Daphnia magna 1.C027222. 1
I H WM Eurydice pulchra K(885970. 1
BRIMTD 2% Talitrus saltator JQ413343.1

T AE YL Eriocheir sinensis MG659714. 1

MG RS Drosophila melanogaster AF099734. 1
¥ Ky ¥R /NI Ceratosolen solmsi JX409893. 1

gy Helicoverpa armigera GQ896502. 1

TSR Spodoptera exigua HQ234484. 1
k4 BEME Danaus plexippus AY860425. 1
& MK KA Laodelphax striatella AVP27638. 1
BRI K Agrotis ipsilon JQ616846. 1

KU RE W Bombus terrestris MK250529. 1

B Modicogryllus siamensis LC320665. 1

H AR Hyla japonica AB206651. 1
KBEER IR Gryllus bimaculatus 1L.C202047. 1
BE 2 Danio rerio AB042248. 1

Ji# Columba livia MG839692. 1
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(b) Phylogenetic tree of PcCRY 1 and its’ homologous proteins
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Fig.2 Phylogenetic trees of PcCLK and PcCRY1 and their homologous proteins based on neighbor-joining method
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Fig. 5 Phylogenetic trees of PcClk (a) and PcCryl (b)

genes in arthropods
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K, SR 2] PeCle A 2 A IE B AL 45, Pe-
Cryl ZEFAE 1 NIEREM S, K, PcCle FEF
B 71,218 {37 5 ] g FEL, SLAC [a] B 4G I H3 ok, i
PcCryl FH 1y 63 i £ 7] #f PAML.FEL,SLAC
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Table 4 Selective pressure analysis of the PcClk gene based on branch model,site model and branch-site model

” " TEZEEEA 8
" A i 1
A 5 _ P i o {8 Positive
Models Model . InL. ZAlnL af P values w values selection sites
comparison (PP>>0.95)
fir AT M3/MO0 11 341.852/11 437.834 191.963 4 Nearly 0 — Not allowed
Site model
M2a/M1la 11 728.389/11 728.392 0. 006 2 0.997 — Not allowed
M7/M8 11 347.926/11 347.928 0. 003 2 0.997 — Not allowed
M8a/M8 11 360.329/11 347.928  24.802 1 Nearly 0 — Not allowed
53 SR A Free-ratio/one-ratio 11 419.506/11 437.834  36.655 16 0. 002 — —
Branch model I =0.023,
Two-ratio/one-ratio 11 437.829/11 437.834  0.010 1 0.921 Background — —
WForeground — 0+ 011
SRR Ma/Ma0 11 728.389/11 728.389  2.000 1 0.999 Background(a/b) Not allowed
Branch-site 0.000/1. 000
model
W=7 RoR TN
Note:" — " indicates that the content does not exist

£S5 SXEE ARRBEMSXAMRERR PcCryl EERBEEENSR

Table 5 Selective pressure analysis of the PcCryl gene based on branch model,site model and branch-site model

o EFE LA
- LN -
i AU # _ . P i w i Positive
Models cml]\q/[poadrion InL 24InL df P values w values selection sites
) (PP>0.95)
AL AR M3/M0 21 566. 245/21 566. 245 0. 000 4 1.000 Not allowed
Site model
M2a/Mla 22 029.630/22 029. 635 0. 009 2 0.995 Not allowed
M7/M8 21 558.841/22 029. 635 941. 588 2 Nearly 0 Not allowed
M8a/M8 22 029.635/22 029. 635 0. 000 1 1. 000 Not allowed
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Continued table 5
" " TE R AT
- T b 5 i
i A e _ . P w Positive
Models orlr\l/[Od?lo InL 24InL df P values w values selection sites
comparison (PP>0.95)
53 SR Free-ratio/one-ratio 21 548.131/21 566. 245  36. 227 2 0.029 — —
Branch model ~0.029
w =0. s
Two-ratio/one-ratio 21 566. 166/21 566.245 0. 159 1 0.690 Baclground _ —
WForeground 0. 022
I3 S R AR Ma/Ma0 22 021.236/22 029. 630  16.788 1 Nearly 0 Background(a/b): 2 A0.953 %,
Branch-site 0. 000/1. 000, 3 D0.988 * ,
model Foreground (a/b): 7 G 0.996 % % ,
105. 267/105. 267 9 A0.985 %,
14 F 0. 985 % ,
16 F 0.977 %,
al.a total of 121
=7 RRTCHTINA 2A 3D TG 9A - RIR AR ; » FR TR AR T 0.95; x » FoRJFRMAERT 0.99
Note:" — " indicates that the content does not exist;2A,3D,7G,9A-+-indicate amino acid; * indicates a posterior probability is greater than 0. 95; *

* indicates a posterior probability is greater than 0. 99

R 6 PcClk EEF1 PcCryl £ EHIERFMS

Table 6 Positive selection sites detection of the PcClk and PcCryl genes

Datamokey
Gene PAML FEL FUBAR SLAC
(P<0.2) (PP>0.8) (P<0.2)
PcClk 71.124,145,157,163,201,217, 218,222, 364,376,406, 71,136,
432.433,445.455,458,460,471,507.513,521,522,525 218,346
PcCryl  6.18.21,26,27.29,31.33.34.37, 3.9,15.17.18,21.39.45,52, 63.64,65.95,99,133, 169 1,50,53,55,57,63,

40.41.43.47.51.52.53.56.57.62.
63.64.66.68,69,76,80,81,85,65,
99,105,108,110,112,122,123,130,
133, 138, 139, 140, 141. 147. 152.
155. 157. 158. 163. 167. 168, 171.
178, 183, 185, 195, 200, 205, 207,
208, 209, 211, 216, 218, 226, 230,
232. 237. 238, 241, 242, 243, 246,
252. 254. 256, 257, 261. 271, 276.
281, 285, 293, 300, 302, 303, 304,
305. 306, 310, 311, 312, 318, 319,
323. 371, 385, 388, 399, 404, 409,
413. 424. 425, 427, 432, 434, 439,
441, 443, 447, 448, 452, 453, 454,
460,463 ,475,477,484 ,489

134,148, 159, 177, 181, 186, 191, 197, 209, 215, 222,
237,240, 247, 250, 261, 266, 271, 272, 273, 285, 309,
319,334, 352, 360, 361, 374, 380, 389, 390, 405, 406,
407,408,409,411,414,430,437,449,453,470,477

70, 77. 103, 125,
131, 178, 213, 239,
280 302, 303. 340,
400, 410, 417, 462,
478.479

T LA Dl YR 2 A0 o 0 B L 3 AR

Note:Bold plus wavy line numbers are strong positive selection sites
RIS
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Effects of Temperature and Light on the Expression of Circadian
Clock Genes PcClk and PcCryl in Procambarus clarkii

ZHOU Hui'?, WU Haixia®, XIE Wei’ s WANG Yunyun®.JIANG Qichen’,LI Peng”
(1. College of Ocean Science and Engineering, Nanjing Normal University, Nanjing, Jiangsu, 210023, China;2. College of Life Sci-

ences . Nanjing Normal University, Nanjing, Jiangsu, 210023, China; 3. Jiangsu Freshwater Fisheries Research Institute, Nanjing.,
Jiangsu,210017,China)

Abstract:Clock (Clk) genes and cryptochrome (Cry) genes are involved in the regulation of biological intrin-
sic thythm. Procambarus clarkii is an important economic aquaculture shrimp in China. In order to explore
the effects of temperature and light on the growth of Procambarus clarkii and the rhythmic oscillation ex-
pression of clock genes PcClk and PcCryl ,real-time quantitative PCR was used to explore the mRNA ex-
pression patterns of PcClk and PcCryl genes in brain,eyestalk stem and hepatopancreas tissues of Procam-
barus clarkii. The adaptive evolution of PcClk and PcCryl genes in the adaptation process of temperature
and photoperiod was also discussed. The results of fluorescence quantitative PCR showed that PcClk and Pc-
Cryl genes of Procambarus clarkii were both expressed in the brain,eyestalk and hepatopancreas. Under dif-
ferent photoperiod,the mRNA expression of PcClk and PcCryl genes in the brain and eyestalk showed a cer-
tain oscillating rhythm,and the mRNA expression of PcClk and PcCryl genes in the brain was more obvious
under the culture mode of 25°C and 12 LD. The selection pressure analysis showed that the positive selection
sites of PcCLK screened by PAML and Datamonkey were 71 and 213, and the positive selection sites of Pc-
CRY1 were 63. The above results indicated that the PcClk and PcCryl genes were subjected to the selection
pressure,and PcClk and PcCryl genes were endogenous rhythm genes.

Key words: circadian rhythm ; Procambarus clarkii ;circadian clock gene; mRNA expression;selection pressure
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