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WE: T Al E B X ER (Fenneropenaeus chinensi )20 B i BE/A calcineurin B 3 Kl (FCCN-B)3 ik 1t [ 15t % A8 53
K, DA 2018 AERG AN G13 R BHALIEIR 32 KR, BAKRBEVLELE 20 BAME, 2508 20 ASWFE T (5
PR AR 32 BAF), BRAIREBHEE R, FFH Real-time PCR J7 ¥ 46 I 45 JB& MR 4 28 15 4 41 b FeCN-B BEH 1y 83k & .
5L R, FCCN-B ZEE 26K L3Rk W 2 IE WA 10, BIE(8.25)K T (i %(6.95), FMALELEM KAENK;
WZEH 43.48, B RAHRE/MEN 44.48 £%, MARIRIBERENE R RZECH 66.55%. K H M FcCN-B Rk MAEF R
BORXT 3 /N19.31%), T KA S/ ME R 2.20 £ BRI 208128, FcCN-B B R IXBAER ZKF 2%
5 5.3 (P<0.05) . FIHA RSB RILE & RiEEE, 3543 FcCN-B R 3Rk & 5984 145 T1HE R 0.60£0.13, XKW
HAE B IR b LA 5 M 8L A8 KT, AL O R s 1 K o 5 485 5 A A AT o sl B X R 5 e A7 R 1 40 T AILEE

RS PR T B A S5 L

KB PR WIXTER, B B B AL N SNSRIk, AL, R

HE S ES: S965 MHERARERE: A

v [ BH X ¥R (Fenneropenaeus chinensis) & 7k
FE AR + RS, 2018 4EMFRIH = AN 5.6
I3 ¢ [ B S A A 3 A e AR X R R A R
i, — FRDRE A BT EOE A BLAAS B AR ME, MR
] 75 2 R PEORY 28 () A B R 7 A s 4, S AR K
SRR AL I R, A FBAET R EZH.
HWFFEFRW, AR 58 A7 % 3 B 0 26 7= il
AR B rm, Bl sE, segett ol
P — R A R, MU S A ik 52
FEPR A 42700 45 38 et 22 B R 18 (cal cineurin, CN)
M E R SERY Ca®'/ 4% M 2K 1 (calmodulin,
CaM)MEH 1 14 22 S R/ 95 AR R e e ),
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SiF 55 A FEE SR SR, A [ B X T RO
Zrh, BB A E IR, S 5540801
A, WA SRR EAS SE T —
MHARK R UAT FELZER R MLy vk, s R
R AR B R AT R 50 G MR, R AN RE R
— PR AL T 2, ERRIRORIL . FERRIR
HAE R T 3R A, VRN AR 55 4 5. 1 98 59
g — A S HT, XRS5 50 4R 7 IR
PEEA HEAT BEHE, UT o TR A MER I R, TR
A 55 B BRI AR S 3L R 0 3R 0k T 7E B RP IR
B LA SRR, eI A TR, Y
B, 7F K 74 7 6 (Salmo salar)!'® . K JiE #A fa
(Oncorhynchus tshawytscha)!'' . fii(abalone)**' il
s (Meretrix petechialis) > &K = gy, 23 Hr
T YN PUTEA SCIE R B A L Sy . Ko
K= S BE R R ik B s AL 4G THE VI 0.01~
0.90M%), & B AR IR AH 56 56 18 26k B ol S sk A7
ZRERE TR SRR e e 25 . A
BH X HR 5E 4 b DG 35 R 6 58 B 19 38 A5 S U0 T 9%
v A DL

TEFT AT X FCCN-B JE A g fiF 58 1), {3 6
MRZITT 30 RBARTEA [FI L2 1) F K18 dl itk
TFT 5001, I FREAS AR RN, Tk el PEAh
FCCN-B JL[K ik i AF & FhBER (1) 35 4% A8 57K
W AT BRI IE A R R )
WAL SR, AP E XTI G13 AR E
RO REESE 32 DR AR, 3t 640 BAME, F
H Real-time PCR £ K 43#H1 FCCN-B F K 75 A 7] 5
REAEMAEAL P RIE T . SRR
BERIGE & 205 At FCCN-B 2L [R5 B0
TS50, WRoR 4S5 R R A v B B X IR 55 47 R 1)
LR i R e R AL T RS B

1 #MHEFE
1.1 WAL
ARSI AR A AR TR K SR 8 AL O

(B S E K= R BT 1L D E Fh L) 47, 5
SRR A 2018 AN GI3 R EFZLEE,
HREHLE I 32 DR R, B IRRBEPLER 20 &
SR, it 640 B, FATSCIE Y 20 R4

AWM 32 MRARM 32 BIF, HTEZM
FCCN-B JE K k43 HT
12 HmXE

FEASPUFE X ER SR 77 2~3 d, HURERTYLER
48 h, fEHEHEE . BRI BB 15 min
MU AE B AR R D 1 R R, i i —
ANTEGIIAEE, 15 min J5 3R R R ARG M2
AR TTUERS B RNA Keeper Tissue Stabi-
lizer (Vazyme)H FFi F-80 CykFa ™, FHTIA4:
RS2 I 56 R B R TR AT
1.3 RNA HYREUK R ¥ 3%

i TRIZOL ¥, #%HH RNA isolater iz
(Vazyme) st B 4552 B = B 6 HRAE & 9 6L RNA
K 1.0% Bet Big 8 1 AL VRS I L Se e v, i
NanoDrop 2000UV/Vis 437611 (Thermo Fisher
Scientific)fzil] RNA [k B AL i FHU0) &
HiScript III RT SuperMix for qPCR(+gDNA wiper)
(Vazyme) 1 4xgDNA wiper Mix, %8804,
MIEER 28 RNA Bk 4 DNA, FIH]
5xHiScript III qRT SuperMix & BAH N Y cDNA .
1.4 FcCN-B EEHEERIESHT

TEFNVRLZE BT, Sl el S ) R R Y B
PG, WK SR ERE ST AT A IR R 3R
ik, O T FCCN-B JE K AT g 50T Al 4
FINFEG . FERLEERE b, ARBFRURE) 4 FcCN-B
FERTEMBAL R RAKF EIE S RIBEIL, NS
M 18S, HFFIH 18s-F 5'-TATACGCTAGTGGA
GCTGGAA-3'118s-R 5'-GGGGAGGTAGTGACG
AAAAAT-3"; FcCN-B 3t A 8] ¥ )§ 51 K (q)-F
5" TGCTGATGAGATTCGCCGACTTG-3' Hl (q)-R
5-TCGCTGAACTAACGGATTCTGCTG-3"!, 4%
I ChamQTM Universal SYBR qPCR Master Mix
B F & (Vazyme) 15 B 45 £ 17 Real-time PCR, #~
WA RGBS 10 pL): EF5I94 0.2 uL,
SYBR Master Mix FIREY 5 uL, Bt cDNA
1 uL, KE#HaiK 3.6 uL, N NEE 3 F
FEXIR . RN 45 95 CHARME 30s; 95 CARME
55,55 CiRk 34 s, 40 MER; Rl 95 C
155,55 C 1 min, 95 C 15 s, 3REE MM

Hiki,
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15 Sitah
K ] 274G 22444 FcCON-B HL P 1 AH % 2235
o U TEBURE ISR B RNA (095 2 b il TR ]
TS EGER A RE RO, BRI 599 RAMARY
A 5 RNA & 2 500 o FlH Excel #1451 FCcCN-B
R R KRR WIAR S TS5 1), i SPSS
23.0 AT B H E 7 2 40 BT (ANOVA), FIH
LSD 475 & ] FCCN-B JEH Fik L E I
B, P<0.05 Fom 250 5K 50 1 B B 2 KOF,
P<0.01 /R 25 B G RI0 18 B 257K .
1.6 EESHMET
K ASReml4 Vi, il ik AR S AR AG
71 FCCN-B P R IA 57 (1) 22255 . FCCN-B 5: 4]
TR BB SEAGTRIT
Yi=p+a+§ )]
Yik = 4+ 8 + 1+ (2)
R (D) A B i 3 4% 85000, A (2) 4 5 fin
S i QA IS PR G AL LRV SRV - N =T 1
FCCN-B JEH Wik, p & BRIE; o &%
AR AR, a~(0,Ac?), A A
A BT £ 3 30 3] A9 BT A AL 516 18 428 588 £ R G B
oajE DGE MmmiEsiL 22, t 258 kIR
K BERL , by ~ (0,1 02), | JEBARLEEFE, of 2
BRSOV B 07 225 @ Fl ey 45 | RAFAYBEHLER 2%,
e~(0,107), oo BFREMTTE ., T AREHE
FCCN-B Rk L2, A A FLA O [ 2 5L
LR AR AT 50T o B F Uik 1A 5 FCCN-B

FE R IR 7 Z M TCA DG E, BRI A R HLAE Ry A
N AR LT T

RLER LU K 56; (likelihood ratio tests, LRT )& H
S PEAR IR A5 TR BB T A M P R, K SRR Y v
% R FE BN R AT SR THE R . LRT &
U=/ (1

LRT =2(InL, —1InL,)

A, Inby J2& 7 SRR B X R UK, InL, 25 24
R (0 X BRI AR . LRT 3 L 45745 15 75 20 i,
Horr, [ REAE TR 2B AU o B i BE LAY
AAE

%ﬂﬁ%@%%ﬁ@ﬁﬁ@?:

2
p

BAE TN R, AR

_ 2, 2, 2
Op =0, +0{ +0;

hzzaé/d‘z3
2 ZER5451
21 Z=&HINMET FcCN-BERARIEZEMH RS
iS5

TGN FCCN-B 3E [RIfEAMA I 2K F
rFRIEEHIAMEG T R 1SR BN, 1E
AMEIK N K- | FCCN-B 3 [H 1 28 ik 54 {E
511k 8.25 F 8.28; TEAMAFIZK /K- I, FCCN-B
FEA RN AR R RN 66.55%F1 19.31%,
W RS TS #(66.55%>19.31%), TEMEKF
I, FikEEKEER/MAER 44.48 15, MTER R
Kb, ik i KAE O S/ MERY 2.20 £%.

£ 1 PEBPAMNMME FcCN-B EERIEZEMHE IR ESRITHTR

Tab.1 Descriptive statistical analysis of individual FCCN-B gene expression in Fenneropenaeus chinensis

AR generation FK & family A type

AR number YJ{H mean Jx/MH min  f K{H max FrdfE2% SD AR ZRE/% CV

G13 32 A& individual 599

K% family 32

8.25 1.00 44.48 5.49 66.55
8.28 5.79 12.71 1.60 19.31

2.2 FcCN-BEEAENMEKTE LHMRIEERST

HTF 599 FEH EXTHFAY FCCN-B JE [H £ ik
s, oA EE 1), 25RFM, EANERKTE
FERIR R B AR, 28 AR RIA R
HITE(5.6~7.9) ML IFE N, 250 43.48, DU %L

[BFE R 4.45, HAIECFIIE 58 6.95 Fl 8.25,

FAIEEN KA, T K563k 2 8 3% K F

(P<0.01),

23 FcCN-BEREERRKFELHNRIEZERSW
I B 28 2253 0T (ANOVA) J5 1 430 B 22
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WL LT FCCN-B JE M Rk it 7 AN R 58 & (] 1) 22
SERERE, 5L 2, FCCN-B LN AR AEAR
RAMAERKZES, F BT 8 E K
(P<0.05), [ 2 &y FCCN-B J: [ F ik EAEA[H F &
B ) LSD £ H b, 45K R AWK &R N
FCCN-B J [A ik 1 22 J 3A ] i 3 7K - (P<0.05).
24 FHEHAHSTEEZESH

HE B XTI FCCN-B 3 (K 36 1k (18 E B8
fhTHE LR 3, FLAY(1)3k45 FCCN-B JEH Rik i
(3545 145 B (0.74+0.13) 885 (2) (0.60+0.13)
K, ¥yJEesttl Sk R R g 45 R R I, &5
TN R O AL 1 AR AR R R (LRT=6.70, P<0.01),
PR 5 BT (2) AR AT A A 145 S S v . I
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Fig. 1 Boxplot of individual FCCN-B gene expression

level in Fenneropenaeus chinensis

P65 200 %ok e T T 22 B BTRRA 12.2%, RIS
(I I FEEREE X FCCN-B Ak X (1) 3R 35 77 A T — i
JERIRZ I

K2 HEANEKZE/ANE FCCN-B ERARIEZENFTEHH

Tab.2 ANOVA analysis of variance of FCCN-B gene expression level for families and individualsin Fenneropenaeus chinensis

A5 5 R VR variation source SEJ5 F sum of squares H H J¥ degree of freedom 477 mean square F P
K 7 [6] between families 1492.120 31 48.133 1.646 0.016
X Z M within families 16577.624 567 29.237
SR total 18069.744 598

30
E 2 .
2 %0 o
= = Do o
S R Ew QBT LoT
2 SESECE2T7 28 0Y Hwad
Y E ERCERR R Sy
5 8 883G e
OV o 80
ﬂm 0T Y &Q&D
X
®

296 830111161814 2 281019 5172232 4 1231159 23212027262524 7 3 13

KEHS family ID

K2 EPIXEFE R FCCN-B K KA (R LSD £ AL

HEIR I AN TR) B s AN R A [ 22 53 1.3 (P<0.05).

Fig. 2 LSD multiple comparison of the average expression level of FCCN-B gene for families of Fenneropenaeus chinensis
Different letters on the column indicate significant differences (P<0.05).

&3 HEPAEF FcCN-B EERZENBESH

Tab. 3 Genetic parameters of FCCN-B gene expression level in Fenneropenaeus chinensis

2 2 2

LA model lgL ol o} o o, h?
(1) -1366.85 34.01£9.12 - 12.17+4.81 46.18+4.93 0.74+0.13
2) —1338.29 27.96+8.10 5.68+2.37 12.87+4.30 46.51+4.66 0.60+0.13
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CN 2 I3 605 ) 2 /85 8] 28 380 1) M — 22 5 T/
I TR R VRS FR 76 3N W ORN T8 N &
HEEEERAY, CAMTEERE CN RT3
VI Z R 2L 83658, eI & R G el
EE P AR B B R, Mg T
ESCN-B J [K () % ik i i 25 T EsCN-A'Y; £
[E] BH X MR 22745 21 20 ) FCCN-B B[R 1 26 ik 1 fi
Bl I, AR AL, TR G S s
B e B TR AT

AWF5EiE T Real-time PCR 384535 S+ 3REE
FCCN-B RHEMAHLUP I RA R, 458 BR,
AN RTEN AR K RIKF- |, FCCN-B 5 A
M P EE LR R CDAWRE
B, A6 /46 3 2 1A P 22 SRR R 1 I (CASK)
BE DR 255 55 U] b 2 W R I 1R (CN) R caskin 1 5
PR (CK)7E S8 1Y) 5 e 470 R R LR, JF
i 3ot FRK R 28 E T SR A B A o U2 e
HE L BRI AT Y vh & B, ESCN-B 745 il JIL 1A i 42
B PR AE BV U L A e R A I 5
FCCN-B HLFI 7 55 047 0 Hh R 4 — 2 I T BE, 78
WAL B2 R R, X 5AM
SR —F, BEAl, CN F PRIFE R 6 PR32 i 36 B4 2 1
Hrl 25 SC AR, 7EER B A pH Bl T ESCN-B 7E
JULPA L BT | b5 el 4 b 0t 3 R, 5
it 1A 23T 2% B v X 5 v A B Y R 2
KFR A, H CN-B A 7EH EBXTUE | sh el
v AT A R AR ST R 45 M )10 AR5 v, 7
2 T ) 5 S PR R FCCN-B 3[R 7E #2820 41
I RIR, MEARE R EEER, £
AH7E #2820 40 FCCN-B 3 (K 5 ESCN-B 2 [K 1] g
RAEALA DI RE

TEABIFE T, FCCN-B JE H 7EMA K iR
IFAER R EF (LR RZE 66.55%), WURERT 4
AR AT B — A B ZE R R I AR 5% 75 B
e, KIRE FFHER 16 CA. AWFREW, |
FE] A o SR AN X308 ) T 32 i 0 A7 A 22 20 TR
ST R SRR AN AR, A A2 B A1 SRR T R
BT RTEAAT R, MR FCCN-B JEH 31k

AR AR, MR, IR E R BUR MR, TR
P 0D ORL I, 2 B T R Y ST AR,
FCCN-B 3 [H] 1) e ik AR X B =, X T RE &S IR
AMARR] FCCN-B JLH A BN 22, FHER R
LA N

AR, REFLENBRETTREL
ZeMEAR AL AR I Rl R 2 N0 h
Itk AERT IR RS )y 2 T il )y %
RO A A AR S, SR AT A AT,
UL LEARE, B XK= S A% O B R R 1 PR AL A 5T
2 BAH OC 5E P 36 3k i B A B v st 4% 78 S oK
SUS20T AR A T A £ (BT R, S IR R I e
PERIE 24 h )5, 4 DA I R A B AL
JIAG A FE 0.04~0.4108 YT RUE % SCis 5 A4S
B DU A CHE I ek B A B, st L Ak
FHEIE BN 0.113~0.53021 75 %) ¥ o K 7 KL R
(hsp60. hsp70 Fil hsp90)2< ik My WF 5% & B, 7F
29 ‘CHI 36 CAHZM T HAR IR EMBL At
YGRS 9K 0.32~0.88 F1 0.21~0.79, ¥R N
HrEs KSR A ST R RS Bk A 32
MREN 599 BAMMAR FCCN-B 38 A #E AT
TatE kvl RSRAE 1o 0.60+0.13, J&F
mis AL Sk, RI\HAEFTMEH AT AR EE
AL 28 5, Lt R BT 1 BOR

ZE LTk, ARWFFEE IS Real-time PCR % & 53
Br, K3 FcCN-B FLHF B E AR RAKT LAAAE
BEMES, BaEnfh¥air kY, xR KL
R H R B SR R . ST FcCN-B
L PR ek B ol v [ BH OH IR B e AT AL ok LR
AT . (HSEFA TN R AR I AS I PR3 R
), TMje— R A 23 H M, I
BEHE— A5 NP 2% I ) SRR BE R A T IR A ST o

S 30k

[1] Bureau of Fishery Administration, Ministry of Agriculture
and Rural Affairs, National Fisheries Technology Extension
Center, China Society of Fisheries. China Fishery Statistical
Yearbook 2019[M]. Beijing: China Agriculture Press, 2019.
[ AR R R e U0 B BRR), A K BT R,
HEDKAA 2 2019 HEML G HHEREM]. dbat: B E
Al Hipiit, 2019.]



5514

22 I A v [ B X AR AT R W R i L IR calcineurin B 263k 8 1Y B AR S AT 17

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

Nielsen H M, Monsen B B, @degard J, et al. Direct and so-
cial genetic parameters for growth and fin damage traits in
Atlantic cod (Gadus morhua)[J]. Genetics, Selection, Evolu-
tion, 2014, 46: 5.

Khaw H L, Ponzoni R W, Yee H Y, et al. Genetic and
non-genetic indirect effects for harvest weight in the GIFT
strain of Nile tilapia (Oreochromis niloticus)[J]. Aquaculture,
2016, 450: 154-161.

Luan S, Luo K, Chai Z, et al. An analysis of indirect genetic
effects on adult body weight of the Pacific white shrimp Li-
topenaeus vannamei at low rearing density[J]. Genetics Se-
lection Evolution, 2015, 47: 95.

Leder E H, McCairns R J S, Leinonen T, et al. The evolution

and adaptive potential of transcriptional variation in stickle-

backs—signatures of selection and widespread heritability[J].

Molecular Biology and Evolution, 2015, 32(3): 674-689.

Sun L, Lu X, Kong J, et al. Identification and characteriza-
tion of the calcineurin B in Fenneropenaeus chinensis: Its
implications in competitive ability[J]. Journal of Fisheries of
China, 2020, 44(1): 11-20. [#MEL, 72, LA, 45 hEW]
XTHF calcineurin B 3k R 1) 5 b & HoAE 5w AT A P E R4
R[J. K774, 2020, 44(1): 11-20.]

Warren W D, Phillips A M, Howells A J. Drosophila mela-
nogaster contains both X-linked and autosomal homologues
of the gene encoding calcineurin B[J]. Gene, 1996, 177(1-2):
149-153.

Wu M L, Han Y H, Cao X D, et al. Cloning and expression
of Schistosoma japonicum calcineurin B gene and assess-
ment of immune protection of the expressed protein[J]. Chi-
nese Veterinary Science, 2014, 44(5): 458-462. [{li{b34, &
HrE, EIFT & HAR AES T ZRERAE B FER
VERER IR S IR W S R RCR B TTAR D). b
EERL2E, 2014, 44(5): 458-462.]

Giri P R, Marietta C A, Higuchi S, et al. Molecular and phy-
logenetic analysis of calmodulin-dependent protein phos-
phatase (calcineurin) catalytic subunit genes[J]. DNA and
Cell Biology, 1992, 11(5): 415-424.

Li S, Jia Z R, Chen X L, et al. Identification and characteri-
zation of the cDNAs encoding the two subunits of Chinese
mitten crab (Eriocheir sinensis) calcineurin: Their implica-
tions in stress and immune response[J]. Fish & Shellfish
Immunology, 2015, 43(1): 91-102.

Schulz R A, Yutzey K E. Calcineurin signaling and NFAT
activation in cardiovascular and skeletal muscle develop-
ment[J]. Developmental Biology, 2004, 266(1): 1-16.
Slawson J B, Kuklin E A, Ejima A, et al. Central regulation
of locomotor behavior of Drosophila melanogaster depends

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

on a CASK isoform containing CaMK-like and L27 do-
mains[J]. Genetics, 2011, 187(1): 171-184.

Li Y H, Ouyang J P, Wei J B. Role of calcineurin in cardi-
ovascular system[J]. Chinese Journal of Arteriosclerosis, 2003,
11(5): 477-480. [ZEMeer, RRBHEE, 202005, E5Rhams
R B e ARG IOPERI[]. P E ShbkEEL 288, 2003,
11(5): 477-480.]

Li S, Jia Z R, Li X J, et al. Calmodulin is a stress and im-
mune response gene in Chinese mitten crab Eriocheir sinen-
sig[J]. Fish & Shellfish Immunology, 2014, 40(1): 120-128.
Li C Z, Liang J, Ma Z J, et al. Calcineurin mediates the im-
mune response of hemocytes through NF-«kB signaling
pathway in pearl oyster (Pinctada fucata)[J]. Fish & Shell-
fish Immunology, 2010, 28(2): 253-260.

Zhong W P, Luo K, Meng X H, et al. An analysis of the
indirect genetic effect on the body weight of Fennerope-
naeus chinensis under restrictive feeding conditions[J].
of Fishery Sciences of China, 2018, 25(6):
1245-1251. [fhFEMG, 20, WL, 5. FREHEARET
S REERO AN N QSR -3 vy QiAo v I L RN 5B S e o
2018, 25(6): 1245-1251.]

Robinson N, Goddard M, Hayes B. Use of gene expression

Journal

data for predicting continuous phenotypes for animal pro-
duction and breeding[J]. Animal, 2008, 2(10): 1413-1420.
Robinson N, Hayes B. Modelling the use of gene expression
profiles with selective breeding for improved disease resis-
tance in Atlantic salmon (Salmo salar)[J]. Aquaculture, 2008,
285(1-4): 38-46.

Aykanat T, Heath J W, Dixon B, et al. Additive,
non-additive and maternal effects of cytokine transcription in
response to immunostimulation with Vibrio vaccine in Chi-
nook salmon (Oncorhynchus tshawytscha)[J]. Immunoge-
netics, 2012, 64(9): 691-703.

Brokordt K B, Gonzalez R C, Farias W J, et al. Potential
response to selection of HSP70 as a component of innate
immunity in the abalone Haliotis rufescens[J]. PLoS ONE,
2015, 10(11): e0141959.

Jiang F J. The identification of Vibrio resistance related gene
expression traits and their heritability estimation in the clam
Meretrix petechialisiD]. Beijing: University of Chinese
Academy of Sciences, 2018. [YIJXUH. SCIAIREEPTIEAHC
FERF IR AR 3B B Hagi 4% F1AhTH[D]. Jbxe: hER
2Bk, 2018.]

Livak K J, Schmittgen T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2%
method[J]. Methods, 2001, 25(4): 402-408.

Gilmour A R, Gogel B J, Cullis B R, et al. ASReml User



18 o A B2 28 45

Guide. Release 4.1 Structural Specification[M]. Hemel HBAESEOTA[D). Ml R2#0ERE, 2018, 39(3): 96-102.]
Hempstead: VSN International Ltd., 2014. [27] Powell J E, Henders A K, McRae A F, et al. Congruence of

[24] Takaishi T, Saito N, Kuno T, et al. Differential distribution additive and non-additive effects on gene expression esti-
of the mRNA encoding two isoforms of the catalytic subunit mated from pedigree and SNP data[J]. PLoS Genetics, 2013,
of calcineurin in the rat brain[J]. Biochemical and Biophysi- 9(5): €1003502.
cal Research Communications, 1991, 174(1): 393-398. [28] Yang S J. Genome-wide eQTLs and heritability for gene

[25] Leandro M J, Cambridge G, Edwards J C, et al. B-cell deple- expression traits in unrelated HapMap individuals[D]. Shang-
tion in the treatment of patients with systemic lupus erythe- hai: Fudan University, 2012. [# /A4S AE2:4 HapMap M4
matosus: A longitudinal analysis of 24 patients[J]. Rheuma- R eQTL ML FIR/KIEMB ML S0 [D]. L
tology, 2005, 44(12): 1542-1545. W 2 AR, 2012

[26] Wang M Z, Meng X H, Kong J, et al. Evaluation of genetic [29] Tedeschi J N, Kennington W J, Tomkins J L, et al. Heritable
parameters for growth and cold tolerance traits in Fennero- variation in heat shock gene expression: A potential me-
penaeus chinensis under low-temperature stress[J]. Progress in chanism for adaptation to thermal stress in embryos of sea
Fishery Sciences, 2018, 39(3): 96-102. [TERHER, #2B4r, LA, turtles[J]. Proceedings of the Royal Society B: Biological
S5 ARIE M 25T A Bl B 6 0 A A PR A A 2 R Sciences, 2016, 283(1822): 20152320.

An analysis of genetic variation in calcineurin B gene expression in
Fenneropenaeus chinensis

LI Bobo'%, KONG Jie**, LU Xia*?®, SUN Li"%, SUI Juan*?, LIU Mianyu®*, LUO Kun®**, MENG Xianhong™*,
CHEN Baolong”*, CAO Baoxiang®*, LIU Ning”*, LUAN Sheng”*

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture and Rural Affairs;
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266071, China

Abstract: This study aimed to evaluate the effect of genetic variation on expression of the calcineurin B gene
(FCCN-B) in a breeding population of Fenneropenaeus chinensis. Thirty-two full-sib families of the G13 genera-
tion were randomly selected in 2018, and one individual from each family was randomly selected and rehomed to
new cages (each cage contained 32 shrimps). The amount of feed was limited, and real-time PCR was used to
detect the expression of the FCCN-B gene in the ganglion tissue of each shrimp. The results showed that the ex-
pression of the FCCN-B gene at the individual level had a positive skew distribution. The higher value of the mean
(8.25) compared to the median (6.95) indicates the presence of individuals with extremely high expression. The
maximum expression of individuals was 44.48 times the minimum expression of individuals, and the range was
43.48. The variation coefficient of FCCN-B expression at the individual level was 66.55%, whereas it was rela-
tively small (19.31%) at the family level. The maximum expression was only 2.20 times the minimum expression
at the family level. One-way analysis of variance showed that there were significant differences in the expression
level of the FCCN-B gene between families (P<0.05). Heritability for FCCN-B gene expression, estimated using the
animal models and their pedigrees, was 0.60+0.13. This indicates that there was a high level of genetic variation in
the nuclear breeding population, and great genetic gain may be obtained. The results provide reference data to
investigate the molecular mechanism of the competitive behavior and improve competitive ability in F. chinensis.
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