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p- (B-actin) S9(Ribosomal protein S9, RPS9) , QAAC
PCR (Real-Time quantitative PCR, RT-qPCR) s AS Fad
, (Tripalmitin, TP )
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(EO ) Hdhfadl Hdhfad2 f-actin  RPS9
PCR (Efficiency, E) 1.05 0.99 097  0.98, pAAc E
527C, 25uL  ,RT-qPCR A5 Fad
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[9—13]

Fad s
[13—15]

A5 Fad , AS

[16]

AS Fad LC-PUFA
2

(Haliotis discus hannai Ino) A5 Fad  c¢DNA ,
Hdhfad1(GQ470626)  Hdhfad2(GQ466197) DNAMAN

Hdhfadl  Hdhfad2  c¢cDNA

96.82 %,
Hdhfadl  Hdhfad?2

SYBR Green
A5 Fad  RT-gPCR

~AACH
2

A5 Fad

1.1

1 3, 3 )
50 [ (0.38+0.01) g,
(15.0620.21) mm]

(Tripalmitin, TP)
(Arachidonic acid, ARA)
(Eicosapentaenoic acid, EPA)
TP AO EO
(Nx6.25),
; (550°C),
(
120d
17:00—18:00 ,
2%—5%,
7:00-8:00
16.0—18.0°C,
>T7 mg/L

31%0*35%0, pH 75*80,

1.2 RNA ¢cDNA

1 mL TRIZOL reagent

F1 ZWIEAREHFUARBSEK
Tab. 1 Formulation and proximate composition of the experi-
mental diets

Diets
TP AO EO
25 25 25
Gelatin 6 6 6
33.5 335 335

Ingredients (%)

Casein

Dextrin

CM-cellulose

20 20 20

Sodium alginate

0.5 0.5 0.5

Choline chloride

Vitamin mix'

4.5 4.5

Mineral mix?

. - 3.5 0 0
Tripalmitin

ARA ARA oil 0

EPA EPA oil 0 0 3.5

Proximate analysis (%)

30.5 31.4

Crude protein (%)

32 34

Crude lipid (%)

Ash (%) 11.7 11.9

. . 16:0 (91.34 %) ARA (41.81 %) EPA (44.89 %)
Main fatty acid (%)

DHA (8.34 %) DHA (24.10 %)

Thiamin HCI, 120.0 mg;

Folic acid, 30.0 mg; B6/

Pyridoxine HCI, 40 mg; / Niacin, 800 mg;

Ca pantothenate, 200 mg; Inositol, 4000;
B12 Vitamin B12, 0.18 mg;
E Vitamin E, 450 mg;

2! (/kg) : B1/

B2/ Riboflavin, 100.0 mg;

C
K3

Biotin, 12 mg;
Ascorbic acid, 4000 mg;
Menadione, 80 mg; A Retinal acetate, 100000 1U;
D Cholecalciferol, 2000 1U; 2 (/kg): NaCl, 0.4 g;
MgSO,7H,0, 6.0 g; NaH,PO,2H,0, 10.0 g; KH,PO,, 12.8 g;
Ca(H,PO4),'H,0, 8.0 g; ZnSO,-7H,0, 141.2 mg; CoCl,-6H,0, 0.4 mg;
KIO;, 1.2 mg; CuSO45H,0, 12.4 mg; Na,SeO;-5H,0, 0.4 mg;
Fecitrate, 1.0 g

Note: 'Vitamin mix (/kg): Thiamin HCI, 120.0 mg; Riboflavin,
100.0 mg; folic acid, 30.0 mg; Pyridoxine HCl, 40 mg; Niacin, 800 mg;
Ca pantothenate, 200 mg; Inositol, 4000; Biotin, 12 mg; Vitamin
B12, 0.18 mg; Ascorbic acid, 4000 mg; Vitamin E, 450 mg; Me-
nadione, 80 mg; Retinal acetate, 100000 IU; Cholecalciferol, 2000
IU; *Mineral mix (/kg): NaCl, 0.4 g5 MgSO,7H,0, 6.0 g;
NaH2PO42H20, 10.0 g5 KH2PO4, 12.8 o Ca(H2PO4)2H20, 8.0 g
ZnSO47H,0, 141.2 mg; CoCl,'6H,0, 0.4 mg; KIO;, 1.2 mg;
CuSO45H,0, 12.4 mg; Na,SeO;-5H,0, 0.4 mg; Fecitrate , 1.0 g

(Invitrogen) 1.5mL  RNase ,
TRIZOL

RNA

Smin RNA,

DNase (TaKaRa)

RNA DNA
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NanoDrop®ND-1000 Spectrophotometer ,
RNA , 1.2% ct Lg (
RNA 1 ng RNA TaKaRa ) , Ct ,
PrimeScript™ RT reagent Kit (Perfect Real Time) RT-qPCR (Efficiency, E)
cDNA , -20°C [E=10"" )-1] Lg (
1.3 RT-qPCR A5 Fad ) , ACt ,
ACt ACt
, E [71
. p-
) (f-actin, AY380809)
, RT-gPCR S9(Ribosomal Protein S9, RPS9, EU247757)
(274 Hdhfadl — Hdhfad?2 ,
cDNA (4 ) Primer 5.0
) ( 2
F2 ZRRAXEE PCRTAMNERESIY
Tab. 2 Details of specific primer pairs used in RT-qPCR
Primer Sequence 5'-3’ GE) T Product length (bp)
Hdhfadl-F CCATTTACTCCACCACATT 42.1 50 135
Hdhfadl-R AACAGTTCCTCCACCCTA 50.0 49
Hdhfad2-F CTGTTCAAGCCCAACG 56.3 49.4 193
Hdhfad2-R TTAAAGACGGAAATGTGAC 36.8 47.9
f-actin-F GCTGCGTTGGTTATCG 56.3 50 193
p-actin-R GGTACTTGAGGGTGAGGA 55.6 49.1
RPS9-F GTCGGCTCGTGCGTAT 62.5 52.0 198
RPS9-R GGATGTTCACCACCTGTTT 47.4 52.1
RT-qPCR ACt=Ct( )—Ct( )
52C 50°C  48C PR , AACt =
:95C 30s; 95C Ss, ACH( )—ACH( ), ACt = CK(
15s, 72°C 20s, , )—Ct( ) TP ,AO
35 :95C, EO
15s; 15s, Smin 95°C QAN 7, SPSS Turkey
, PCR , 10 25 , P<0.05
50 pL ( 25 uL ):
SYBR" Premix Ex Tug™(2x)12.5 uL; PCR Forward
Primer (10 pmol/L) 0.5 pL; PCR Reverse Primer 2
(10 pmol/L) 0.5 puL; cDNA 2 uL; dH,O up to 25 pL
1.4 Hdhfadl  Hdhfad2 RT-qPCR 2.1 RNA
, RNA, 28S 18S ,
Ase0/A2s0 1.90  2.00 ,
p-ACt RNA ,
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2.2 Z A »=0.19x+7.10
Hdhfadl Hdhfad2 p-actin ot 5
RPS9 PCR 6 AoocE-ocE---aco-
S5t y=10.06x+6.1
, , < gt O Hdhfadl-B-actin
4 4 31 A Hdhfad2-B-actin
2 F —— k4 (Hdhfad1-B-actin)
R PCR 1t - -~ £V (Hdhfad2-B-actin)
O 1 1 1 ]
E 0 1 2 3 4
(Hdhfadl HdhfadZ) (B-actin Lg (X% D1 %) Lg (relative copy)
RPS9) 1, Ct Z [B y=0.16x+6.95
cDNA 77
el i - &--&5---%
, R? st y=0.03x+6.00
<
E : Hdhfadl: y = =3.20x + 31.32, R? = 0.997, 41 o Hdhfadl-RPS9
3T A Hdhfad2-RPS9
E=1.05 Hdhfad2: y = -3.33x + 30.37, R? = 0.9998, 2 —— %+ (Hdhfad1-RPS9)
-—= B
E=0.99 f-actin: y = —3.394x + 24.22, R? = 0.9999, ! [ (a2 RPS9)
0 1 2 3 4
E=097 RPS9: y = -3.37x + 24.37, R? = 0.9999, Le GHIRHE VR Le (relative copy)
E=098 FE 1, ,
2 (Hdhfad\ — Hdhfad2) B-actin(A)
E RPS9(B) ACt
2 2(A B) 5 Hdhfadl Fig. 2 ACr standard curves of series of diluted template of target
Hdhfad2 [)’—actin ACt genes (Hdhfadl and Hdhfad2) with S-actin (A) or RPS9 (B)
0.19  0.06, RPS9  ACt reagent Kit(Perfect Real Time)
0.16 0.03 0, , 25 uL RT-
p-actin  RPS9 , gPCR
2.4 SYBR Green RT-qPCR
2.3 Hdhfadl(A)  Hdhfad2(B)  p-actin(C)
(52°C 50°C  48°C) RPS9(D) ,
52°C , )
52°C (10 25 so0uL)  Cr , RT-qPCR
PCR PrimeScript™ RT 2.5 Hdhfadl Hdhfad2
35
30 f )
25 )
20 t
151 ( 3 RPS9
L O Hdnfadl —— %tk (Hdhfadl
10 A Hdhf;dz ----- ?«fj’ EHdhf_:dzg Hdhfadl
; [ CRee T il (ke Hdhfad2 3, (TP)
0 1 2 3 4 AO EO Hdhfadl  Hdhfad?2
S K i
Lg (HIX$4% VL) Lg (relative copy) AO Hdhfad| Hdhfad?
! (Hdhfadl  Hdhfad2) (p-actin  RPS9) (60.44+0.17)%  (68.04+0.12)%, EO
Fig. 1 Standard curves of series of diluted template of target genes Hdhfadl Hdhf ad?

(Hdhfad and Hdhfad2) and reference genes (f-actin and RPS9)

(43.30+0.14)%  (68.39+0.10)%
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#3 FRAEBMHHMAEAAEREARIEZENZ
Tab. 3  Effects of different dietary lipids on the expression levels
of reference genes in muscle of abalone

ac
Diets p-actin RPS9
TP 1.03+0.28* 1.00+0.07
AO 0.67+0.14° 1.01£0.10
EO 1.56+0.27° 1.01+0.25
P <0.05 >0.05
(P<0.05)

Note: Different letter represents significant difference (P<0.05)
14

- oTP
g12r o AO
% 1.0} T I o EO
§ 08} x Tox
S o6t NN
0.2
E]
Hdhfadl Hdhfad?
3 Hdhfadl — Hdhfad2

Fig. 3 Effects of dietary lipids on expression levels of Hdhfadl
and Hdhfad2 in muscle of abalone

TP
Asterisks represent significant differences (P<0.05) between the
column’s dietary treatment and the TP treatment, for the respective
transcript

3
LC-PUFA, ARA EPA DHA,
, Fad
, A5 Fad LC-PUFA
A5 Fad (Hdhfadl  Hdhfad?2)
, cDNA
Hdhfadl  Hdhfad2 96.82 % ,
AS Fad  RT-qPCR
A5 Fad (7]
27AACI PCR
[7] ,
[18]
Hdhfadl Hdhfad?2
p-actin  RPS9
RT-qPCR
ACt
1,

—AACt [7] PCR

s PCR
RPS9 AO EO
A5 Fad

RT-gPCR
AS Fad (Hdhfadl — Hdhfad?2)
AS Fad (Hdhfadl
Hdhfad2) s
SYBR Green I RT-qPCR
(TP) , LC-PUFA AO
EO Hdhfadl
Hdhfad?2
(Dicentrarchus labrax
(Salmo
Jade Tiger

Haliotis

L) (Oncorhynchus mykiss)
salar) (Cyprinus carpio var. Jian)
hybrid (
laevigata) , s
LC-PUFA
A6 Fad A5 Fad (1. 19241 1 C-PUFA
Fad )

Fad

Haliotis rubra x

( ),
LC-PUFA , AS Fad
[13, 15, 16, 25]
A6 Fad A6 Fad
LC-PUFA A6 Fad
EPA , EPA
, A6 Fad
LC-PUFA

DHA

[16]

A6 Fad

AS Fad, mRNA

[22—24] A5 Fad (Hdhfadl
Hdhfad2)  RT-qPCR

A5 Fad (Hdhfadl
Hdhfad?)

LC-PUFA
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ESTABLISHMENT AND APPLICATION OF REAL-TIME QUANTITATIVE PCR
REACTION SYSTEM FOR STUDY IN GENE EXPRESSION OF AS FATTY ACYL
DESATURASE IN ABALONE (HALIOTIS DISCUS HANNAI INO)

LI Ming-Zhu, MAI Kang-Sen, HE Gen, Al Qing-Hui, XU Wei and ZHANG Wen-Bing

(Key Laboratory of Aquaculture Nutrition and Feeds (Ministry of Agriculture), Key Laboratory of Mariculture
(Ministry of Education), Ocean University of China, Qingdao 266003, China)

Abstract: AS fatty acyl desaturase (Fad) is the key enzyme for the biosynthesis of long chain polyunsaturated fatty
acids. Abalone, Haliotis discus hannai Ino, has two genes of A5 Fad (Hdhfadl and Hdhfad2), of which the cDNA se-
quences are highly similar (96.82 %). In this study, an efficient Real-Time quantitative RCR (RT-qPCR) assay based on
the 2 **“’ method was established for measuring the expression levels of Hdhfad1 and Hdhfad2. Data were normalized to
the gene expression levels of f-actin and ribosomal protein S9 (RPS9). The effects of different dietary lipids on the ex-
pressions of Hdhfadl and Hdhfad2 were studied in muscle tissue of abalone using this assay. We prepared three types of
diets that contain different dietary lipids tripalmitin (TP diet), ARA oil (AO diet) and EPA oil (EO diet). The results
showed that primers designed for Hdhfadl, Hdhfad?2, f-actin and RPS9 were specific, with the amplifying efficiency of

A5 method. The optimal

1.05, 0.99, 0.97 and 0.98 respectively. The efficiency of these primers was suitable for the 2
annealing temperature and reaction volume for the RT-qPCR amplification were 52°C and 25 pL respectively. We con-
cluded that this assay was rapid and sensitive in analyzing the expressions of A5 Fad in abalone. This assay demon-
strated that the expression levels of Hdhfadl and Hdhfad2 were significantly decreased in abalone fed with EO or AO

diet compared to those of TP group.

Key words: Fatty acyl desaturase; Abalone; Real-Time quantitative PCR; Gene expression
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