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H iy mtDNA # TS HY 31 4B & 2366, 2648, 2644, 2873, 3559, 9948, 6452 #n 8872, # —F
R MER LT, mDNA # 5 X oA FAEMHKXE, Hx ZHh 083, AAEEKH, ME
HRANAHAK, LN mDNA # IR EERE EA#E,
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TG SR AL RE i (REARSE, 2014), LRRiIRThfE M9
AASAR AR T 2 A0 R 5 PR 201 ) 5 6 1 A A% 35 PR 441 1) 9
5, MR 2H 145 DU (Hock et al, 2009), A
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(Pejznochova et al, 2010), AZE.0 LAH A 4 A9 mtDNA
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(Kaaman et al, 2007; Justo et al, 2005), {EAS[A] )4 B
RO, mtDNA £ DUE IR HLG 25 M AT .
HHET, X T mtDNA $8 DU pF 9 32 B4 v 7 N 2695
g AT, JUHGRSGMEME , iE . SibdE . F
JigE . BG4 (7 4%, 2016; Linkowska er al, 2015;
Lemnrau et al, 2015; Kim et al, 2014), {EZEEIRH
KAEDRET, mtDNA # D12 1035 T s 503 PR AIG
(Akbar et al, 2016; Mambo et al, 2005), UNTEM 555K
AL, mDNA #8 DB E & 24121 W 2 75 (Qu
et al, 2011), THi7EMEEMR AL, mtDNA #5015
BOE# HLUE 3 B K(Lin et al, 2008), BRI 4h, 7F
INE(Mus musculus) . ¥ (Sus scrofa) . BEhfh(Danio
rerio) . 75 N BAT 28 H (Caenorhabditis elegans)=54)
1T mtDNA # DU R 3R W, WLRTEAS [F] Y
ARG, AR mtDNA 5 01802 B i 5
A (Ikeda er al, 2015; BOCHAE, 2012; JARFIHAE,
2013; WAL, 2011), WiAERFES P, BR T KSR
(2016)% 4 B UF mtDNA #5 D100 5 5K e (128 1k
FEIESN, T mtDNA # DUE A 58 WA LA o

H B H YR (Exopalaemon carinicauda) g3 & i) —
FREE T R TR, HoA B R | AR R
FIFREEIE PR 200 5 (Xu et al, 2010), 3~4 S Af
BHE AR, AT DAAE S R[] USRS AN [R) AR K B B 1
FRAE, J2 T W 5T sl SEab st AL Mg (e & At s i R
iR, PRREE R IR A, LRSS A
P B Mg brth 2284k . BT, R AR KB
B mib o 3B AR TR AETH AL AN SR e B AE . IS A4l AR A7
53R HRL R BEE 7 (Babulo et al, 2008; RINAE,
2015; 2% % 4>, 2014; G445, 2017), MWix;F
mtDNA # DU 58 270 . mtDNA 8 DA 28 fk—
FERRRE bR T HUAA: driE ZhAERE R 2 /0, o A T
PRI T A RACHH S A K Pt . AR5 AE g —Fh
TR . KGO0 R IR mtDNA £ DB ik i) ik
filh b, BP9 TR ADL B A R H AR mtDNA 45 DUEL )
KRR, Ay B AR I E R S R mtiDNA

5 DUBCR AR AR 204, S e R 2R K 7 T Y
AR B 4 R ) A= W 4 s

1 #MREFE
1.1 LI

SO A R FHEREL A VLR 4 & = s S i A (5 K
PEIE R A BN R A FRFE W, 2 b 3 0 AR TR
H%amick, fESC s R AR/ TS 24 h )5,
HEAT RS SES . SEYR I AE HROR (R eS 1K), %
ZEFA, KIRRFRE 25°Coatn, #hER 26, A
=5mg/L, pH 4 8.0~8.5,

1.2 5|¥i%it

e ANTOIR PR ¥ F W 55 H, GenBank No.
KP892663.1, 4%k A 2H 5145 DKL K Fl ATP6( =W R [
4 Ml 6, GenBank No. NC012566.1, Z&bifA LA
s LR AN FS, BT SEa E PCR
(qRT- PCR)Y" 45 [#) }2 TaqMan ##4H(E HiFE %L
Fl, HiES A 201610906439.X), 5 FERE 4 A
TAY TR B A BR A T A .

1.3 mtDNA F1 nDNA #r/E GBI H &

RBCH B EF4 4L DNA, LA iR, 4
S ANT F1 ATP6 5194794, 10 ul PCR KR
7.0 ul ddH,0, 1.0 ul 10xPCR Z i, 0.6 ul MgCl,
(25 mmol/L), 0.2 ul ANTPs (10 pmol/L), 0.2 pul Tag DNA
REBRGS U/, b, FHESIPA 0.4 pl (10 pmol/L),
0.2 ul mix-DNA (20 ng/pl), ¥ 3EFF : 95°CHAEME 3 min;
95°C 30's, 60°C 30s, 72°C 1 min. 35 MEH; &5,
72°CHEAH 10 min, PCR I 1.5%Ba B W EE I FL 7K
K, P B =2 e m atifb 5, 4% pEASY-T3 Zero
Cloning Kit #VE LA, AR A9 Fr B B2 31 ook 4 4
i, 5 AL A Trans1-T1 phage Resistant &2 2541 i,
I FH 0 0 BRE 0 20 A B s B TR R, PR A PR e

#F 1 ANT, ATP6 EFE LK EE PCR 5|4 & TagMan %t
Tab.1 Quantitative real-time PCR primers and TagMan probes of ANT and ATP6

5|9 KR4 Primer and probe

J¥%1 Sequence (5'~3")

ANT-F
ANT-R
ATP6-F
ATP6-R
ANT-Probe
ATP6-Probe

GGGTTGAAAGAGGGAATG
CAAGCATTATATTTTGTACAGAC
TGCATGGTCCTCTCTCACGCT
AGTGAGACGAAGACAAGGGTGCC
FAM-CTTACTACAGGGCATGTCGCTCC-TAMRA
FAM-CCTTTTAGGGCCAGCCAACC-TAMRA




% 6 9

sk HSE H R FIFAER E I mtDNA 5 DUECE (LR AE S i 175

BER IR SERE R TE Y KGR, IRk 2AE TAY TR
TR )RR A BR 2 w1y S 28 . 28 5 0 Sl FRAME BORL Y
H NanoDrop 2000 Il % i ki i B, F1|FH XUE DNA #
DL B3t 55 4% (http://cels.uri.edu/gsc/cndna. html) K 5 ki
Jo R R DU (F% D1 /ul), /EH mtDNA Fl nDNA
PR o

1.4 mtDNA F0 nDNA #Rf i £ B 8 51

fdi FH G DNA i) ddH,O 5 FORibR i 5 10 £5 86
JERRBERL 107, 10°, 10°, 10*, 10°, 10°, 10" #£01,
2% 1000 wl, FfLABLHIFEAR I .

qRT-PCR 2K 10 pl H 34K R, RBAAFR: 5 ul
Premix Ex Tag(qPCR Probe), 0.2 pl . FiE54)
(10 pmol/L), 0.2 pl 50xROX Reference Dye, 0.2 pl
gDNA(20 ng/ul), 0.4 pl TagMan #41(0.6 umol/L), %
F  StepOnePlus™ %I 5% S 7 & PCR {Y (Applied
Biosystems Inc.)#EA 74 54, $ HFLR . 95°C 2055 95°C
1s, 60°C 20s, 40 MEH,

15 BHEBIMAREAEH DNA gJiZE

B R ARG R E SR — 8ol 2 i
4 NI . 8 ANAI . 16 ANAEI | 32 AN | BEARI
SR IA | TC G AR | R gh AR T R A A T
BRI . BRZIRIVIY . Bk gh ik VI L itk
LA VI FAT 08 45 B 0 (R 2 BK A5, 1988, ST,
1984; 251k, 1991), ABFFRIEE T 32 KGO0 . =k
SR T, BRAR T, BRAIRTITY . R 4h ik
VI R VI L AT IR LR 8 A~ 1A A A
f, B3 B, AW ENHE S H DNA Pk
PR G 2R T AR AR (i) e A R w3 R
& DNA, f DNA ¥R B2 20 ng/ul & H .

1.6 HESH

K SPSS 19.0 X HdE HE AT H KM T . WE R
PR AZ AL D I H o — A5, R, A diiE b iy
ok AR R A0 48 DUE TR A R

mtDNA ¥ D1 §=2xATP6 & VL5 /ANT ¥ 11 %1

2 “#R

2.1 mtDNA #1 nDNA #R/f th 2k pot i

L 10 560 B AR B S 41 SR, HEER 107~107 AR
FEFRAE 1T qQRT-PCR ¥ 34, 43 9I3K15 ANT 3 5
ATP6 FEN B4 18 128 . ATP6 K& DA B o it 28 A ] U
R y=—3.402x+15.928 3 ANT FH:PH B bR Hh £k A4 1] )
TR y=-3.439x+15.248, X R R>0.99, WK 1,

22 BEANARAZEHLEHAEREREAE NHHEN

FIH qRT-PCR, MR 454 i fth 2 3545 25 MEAT- 1
BRI M SR AL 298 DL%L, it as R R, &
KRB W mtDNA 5 DUBBEE A K AR SRR FTHE
(B 2). KON, RGN T 1, BRI T
FORANRTITE . SRRV, BERAMA VI L fFIF
WA AARY 8 ASATIAY mtDNA $% D1 (8 70 51
2366, 2648, 2644, 2873, 3559 9948, 6452 Fl 8872,
BRI V ISR mtDNA $2 0 50R £, 4002
ZABIRY 4.2 F5F1 3.7 £, 5T Mr &I,
mtDNA ¥ DUECRN & & B [ A B A OGPE M OC ROl
0.83, HIBARAIA VI FFURFI AR 5 HoAl % & 10
FETE B 35 1 25 5 (P<0.05),

3 g

HAT, #0 mtDNA # DB ik £%H SYBR
Green [ YR} (i #45, 2014)F1 TagMan #4415 (Chiu
et al,2003) 2 Fl . 1T SYBR Green | YLlf ik il 45 S5k
AN5ig, 2% mtDNA # DUEON € 38 2R il TagMan £
Fridko SR TaqMan $R5F T A bRME & 2 A R A7
PEEME, Bl . WE PV S RS A BAE oG
F OB PR IE s il TG PCR R FE P Y SR G
(Pohjoismiki et al, 2010), AWF7T A4 HH R IR
LRI A% F DR 20 598 D1 L PR A SOk A R b o o,
ST AP A, KR ROR A R S mtDNA
VEULBR ek, IRTEIL LR B, TSR AR AT
W) mtDNA 8 DUEIGHAT T RSB 2 1 o

WG ATP AKCPREEREIRIRIR I R E
7K (Dumollard et al, 2008), £&kiiky= ATP g} X5
I mtDNA #5 DUECH % V) EK & (Dumollard et al,
2007; Tsai et al, 2015), EASHVFLHE K mtDNA #
DUERAE R VEAl B9 B 48 il & & 7K F- 9 — A~ 48 45 (Van
Blerkom, 2011; Santos et al, 2006; Zeng et al, 2007),
RP mtDNA 8 DUEH w, O REAH M OB B 5y, 20
REJlkE, MG A BVRE R . FTLL, mtDNA #4501
BOSHUA RIS K B A A I . A0S R W
N, HESRAMAER, AR mtDNA # D14
FEAWTHE N, SRS BT, X 51 (2014)7E
XA AS R A K B B AN [ 41 40 mtDNA #5 DU (R 5%
R RIS ARRL, RIFEREE B R AR A, IS
SR, PUARER TR K, mtDNA #0152
BEZ 3800, mtDNA # DR — @ BB et 75 2
FIRAS [l A K B B BE i SR AE 0, o PEAG R R
AR EKF R T — A YRR
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1o SAFOIN; 2. BRI T, 3. w4k 0
4: BROIRGMAIIN; 5. BORAVIAIVEL; 6. wRLA V1,
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indicated significant differences (P<0.05)

H 523l AT hRR 0 B A KT 5K, 7R AR K
1812 H B PR AT 0 2B K g A S BT P K
FEPERE G HUARARZS , 3 AX Il 57 B AR R (Gore
et al, 1985; Anger ef al, 1987), 7E 1 R XK K T H
B, AR 2 ) F PR A A A — AN B e S i A K
RIBCE — AR ), DL HLIARTE AR TE K | THFERE
w2, SRR MRS A K KRt R EE R AL
W25, HUAREE R AR K R AR, gt BB pE 2 A8
2%(McConaugha, 1982, 1985), MUK EEE TR K,
mtDNA 5 VUG, 3% 0] AR SR AT 9% Hh iR gh 4 V
1 mtDNA 8 DU e T HAB R A RN 22— J34h,
A AT HE LA mtDNA # DS £ ML A v
HATHGE ) mtDNA # DRz SR A S F A (Lu
et al, 2013), [FJEEHEE & H Rad51(Sage et al,
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Abstract Mitochondria are important organelles in cells. Mitochondria can produce ATP and provide
energy for almost all biological activities. Mitochondria have a relatively independent genetic system, and
nuclear genes also encode certain enzymes responsible for mitochondrial DNA (mtDNA) replication and

transcription. Therefore, the number and function of mitochondria is essential for embryonic development.

Mitochondrial function depends on the integrity of the mitochondrial genome or the regulation of nuclear
genome, as well as the mtDNA copy number. Many studies have investigated mtDNA copy numbers in
animals, including studies on oocyte maturation, mammalian embryonic development, and human disease,
but none have reported the mtDNA copy number in Exopalaemon carinicauda. To study the profiles of
mtDNA copy number at different developmental stages of E. carinicauda, and the energy expenditure of
tissues at the different stages of development, total DNA from zygote, zoea 1, zoea II, zoea III, zoea IV,
zoea V, post larvae, and adult shrimps were used to analyze the mtDNA copy number. One TagMan
probe-based real-time PCR was established to assess the mtDNA copy number. Our results showed that
the average copy number of mtDNA per cell was 2366, 2648, 2644, 2873, 3559, 9948, 6452, and 8872 in
the zygote, zoea I, zoea II, zoea III, zoea IV, zoea V, post larvae, and adults, respectively. These results
show that mtDNA copy number is positively correlated with age, and the correlation coefficient (R) was
0.83, i.e. the copy numbers of mtDNA tend to increase with progressing developmental stages of
E. carinicauda.

Key words Exopalaemon carinicauda; TagMan real-time PCR; Mitochondrial genome; Different
developmental stages; Copy number
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