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Table 1 Two pairs of primers for PCR

FH R B E

Elk/ R ekl 275 SRk
Name of primers Sequence of primers Length of gene References
) fragments/bp
b F.5’ ~ATACACTACACCTCTGACATCGCAAC-3’ 979 (23]
« R:5’ ~GCTCCTCAGAATGACATTTGTCCTCA-3’
F.5  —-CCTTTGCATCATGATTTAGC-3’
16S rDNA ’ 330 [24]

R:5’ ~-CAGGTGGCTGCTTTTAGGC-3’
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Acytb 5 H¥ 1425 J the results of fish samples ampli-
fied by cytb; B:16S tDNA 5| ¥ § B 45 H the results of fish
samples amplified by 16S rDNA, M: Marker D2000; % . 5]
% round scad; Vb > T 4 sardine; % . #% £ mackerel ; ¢ . 5
8 4f Spanish mackerel; #k : £k JJ f&i Pacific saury; fif . fif £
cod fish; il . 4 plaice; I . VP A Basa catfish; & . & JE 1

tilapia,

1 cytb 70 16S rDNA 5|1y A RXHERHNER
Fig.1 Results of fish samples amplified by
primers of cytb and 16S rDNA
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A1 IR 45 R the amplification results for the first
time ; B: 55 2 IRY 145 5 the amplification results for the sec-
ond time, M: Marker D2000; 7 ; ¥ /K fii fff #} marine fish
steak meal ;7% . IR /K LK) freshwater fish meal; [ ; [E 7= 2 it
g4y domestic semi-skimmed fish meal ; 3 . [ 7= 18 10145
domestic common fish meal ; i} . #A & £ 4} fish meal from Pe-
ru; Bl . P AR 4E /7 KY fish meal from Argentina; 3¢ ; 3¢ [ £f1 #)
fish meal from America, [§ 3 [f] the same as Fig.3,

B2 cytb5/¥FE12XFE7HHIEMERNER

Fig.2 Results of 7 commercial fish meal samples

amplified by primer cytb for the first and

second time
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Fig.3 Results of 7 commercial fish meal samples
amplified by primer 16S rDNA for the

first and second time
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ASH 1 IR HEZE R the amplification results for the first
time; B 50 2 YR BEZ5 L the amplification results for the sec-
ond time, M:Marker D2000; 1 A il ffi }5 — self-formulated
fish meal 1;2; H B¢ i} — self-formulated fish meal 2,

El4 cytb3IME 12 RFE2HEREMFERIER
Fig.4 Results of 2 self-formulated fish meal samples
amplified by the primer cytb for the

first and second time
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thus) ; i #R & 64 & 1 H A 82 ( Engraulis japoni-
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2 Fh E R AR

HECAR RS E 45 Rk 4 s, HECEAB
— B 12 S PHPE s B LR 8 R Ak g 3 IR JE
WARFRN 1 YOI 8% ( Engraulis australis) , B 6145
Ttk iy £ ZE AP AR £ A B Aok A
BETT /N T 0 Rk ) a0 R R 6% DL R v £ 45 B
GG K M HE Ry 1Y = 2R 28 R b £, 1 5 5w
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3.1 1B A5 ¥R % K& I6HE
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Table 2 Sequencing and blasting results of marine fish steak meal

A2 YFh 2R JPHIK S AHARL GenBank & 3¢5
No. Species name Sequence length/bp Similarity/ % GenBank accession No.
1 K Parargyrops edita 192 99.5 KX485369.1

2 W R %5 Decapterus maruadsi 210 98.5 MG457135.1

3 Bty /N T i Sardinella gibbosa 197 100.0 MHO011393.1
4 BETs /N T 44 Sardinella gibbosa 187 99.5 MHO011393.1
5 BHE MM Trachurus declivis 198 98.5 AB262191.1

6 W% Decapterus maruadsi 208 99.0 MG457143.1

7 W /%5 Decapterus maruadsi 191 99.5 MG457148.1
8 W [R5 Decapterus maruadsi 196 99.5 MG457148.1
9 W5 F% Decapterus maruadsi 207 99.5 MG457148.1
10 B /N T 4 Sardinella gibbosa 210 99.1 KP307717.1
11 %5 Decapterus maruadsi 194 99.5 MG457148.1
12 H ARATIEM Trachurus japonicus 216 99.0 KJ464993.1
13 W% [R5 Decapterus maruadsi 196 99.0 KX212055.1
14 W [R5 Decapterus maruadsi 205 99.0 MG457148.1
15 %5 Decapterus maruadsi 190 99.5 MG457148.1
16 R Parargyrops edita 213 99.5 KX485369.1

AW FE 43 B T LR AR cytb A1 16S tDNA
SIIE N fa 258 51 i X &, e NIE N E
ZL) DNA s Fhric, )z W Fafh A Em
ZFPEAZ A YIS 08, Cyb HE PR Y 3 A
BEIE o — AN R R Bt AL & T R N ) R
] (4% 15 ., 2 T W Fh A 2 e ) ok ik
16S rDNA K& K 45 14 BE B A <p v, LR A & A8
Pk, AT R 7K AR B B A st 22 RE PR R R ek Ak 42
HEER R | SR BhJE %28 (10 43 F 3Rl

MAFFELE SRR F | cytb 514 BSR4 16S tDNA
50T 45 B £0 258 T ok B S A T4 1l 1 g
P A A2 3 g0 2 A 1) DNA | EL 08 o
Y e B ) £ I B E A 45 22 Fh AR S22, AT
Jeft | Ty i | R T SF X R IE T cyth 51
)5y T4 52 A T BE RS f vh B &2 ROk fa 1)
{5 5., Thomsen %52/ 84 1] cyrb JLH F Bt b3t
WGP 3G T P BRI s DR ULAY 10
it 0 i S PR BB, H L RE D 1 30 b 5 KRR v i 4
Pk K fa 26, X4 5D 48R iR D-loop X,
16S rDNA .CO I DL J% cytb 5145t T- 518 48 F o

J51 DNA #1793 J5 & 3, & B 16S tDNA FI
CO 1 59 B4 8 RAR T H Al LY 5149, 437 )i
KA RERIX T W R 3G 55 h 22 Sl iU . K224
U 5 R | W X R T M Y ey R
16Sr DNA 1 co 1 [ F Br b 474 34, & BH cytb
F116S rDNA | W) B AT AE Sy f0 28 V% 235 46 0 5 1Y
T, R RTH5 7 W R A0 2 A A
= TR, IR AT RE K R/ B B3 51 9
BT RAF R = B o R, 25 LRl AT 5
Pt rp g E FPEZ B H N R BER E
(P R 3 B2 7 2% 1 R ), B A 5 b 5 1
i S et TR B A IR LR E
32 ampEREARNEE

ARHFFELL cytb Jpid H 5190, 456 57 F w B
i FF R T —Fh R A T E R EOR
20 I S T FIRZ T s, DN 7 £ gy vp 3
YrEF 33 A 2 AL T b ORI R UL TR
A, UL ROURNE JFURHa b X =A% G Bk
FARTCHE B B W), BT 38 PR % 58 R JE T B 4L
Ry W
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.txt 1 G
.TXTRC T 3
SE v ez, J 2
.TXTRC y C J a3
5 c ) C q 9
Consensus t tac ct ta aaaga ac tgaaac
l.txt G COMTGE. AGC
2.txtRC A TCORACT' GGG
3.txt G. TCRTACH GAT
5.txtRC G A CT’ GGG
12.txtRC G. A CT’ GGG
cc!

Consensus g gt gt ct ct ct ¢ T

5.txtRC GAGCAATCTCTAGAGGATCCCCGGGTACCGAGCTCGAATC 304
12.txtRC GAGCAATCTCTAGAGGATCCCCGGGTACCGAGCTCGAATC 327
Consensus

ACTG.CCGTCGTACTCC 320
C  ACTG.CCGTCGTACGCT 343

P b TR O HE PN 8 DR 81 9300 X R eyeb B PR EG
IE SIS, 1.2.3.5.12 SYFh o35 5 2 2 v [E] — i
SRR L B350 S ARG IR 65 RN T
T AT e AR H AT S A

The gene sequences in the upper and lower boxes corre-
spond to those of positive and negative primers of cyth gene.
Species of No.1, 2, 3, 5 and 12 correspond to those in
Table 2, they are Parargyrops edita, Decapterus maruadsi,
Sardinella gibbosa, Trachurus declivis and Trachurus japoni-

cas, respectively.
Bs5 #wkafmnhsHRMEEERFIINSELRRE
Fig.5 Multiple aligment map of gene sequences of 5 raw

fish species in marine fish steak meal
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B faofy BT MR AL fRy RN S AR R A
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42.9% 1 30.8% , IESC T A& i 2 i 1 1 26 8 1Y
FE R, (AR, B A R T
Pl B A5 K 38 Z2 R b R DN B Je B AR
YR VE IR 7K fa 83 16 5 DL DR} i) 3 3 A AR R
FEIZ AR FE S R R U6 B AR T RE = LE
BB AT LA HE ok JFORHIR K fa ok, RS
XL FE S AT T Bk, 78 5 A AE h 21K
T B AR AR UESE T 43 R0 45 SR 1 R AR
K2 FERK AR 16 A BRAE 78 B TR AR 15 A4
Je W R a3 g T IR IR K R Y 32 2 ROR
SR AR T R B AN, R IR K AR TR R 1
AR FG 2 fit, DU AT B A2 A 55 42 ol Toad 72 4
SRIBA , FUJR By 13 0 e ARG H | 7 B A
PRBLT 5 TR B AR ) v R

7 HAth 21 8 83 A K HERY | =2 RS
My 36 R v 2 R B R 2 T LA T
Tt P e fa v B A R A R Ol L K faHE
3 R 2F JBE AR 00k 3 5 b 28 A (B4 s 1 B ) 2R
R a3k i NIESE TS BBDEHE & ) (5
TRV T i i A R i, AE K AR 2 KA
RS BTN T A H AR SE RS T X
S £y i) JERH 2 Y, BRI 2 A, DL Aok IR
TR AGE HH 1 40 o G UL 5 5 5 2 58 1 TG Al | ECL P VA
A FOBIN A A0 55 I A AR ok i SRR (H
0 L2 b S e T R ) A A R R 5 K 380G 4
FhZFEME,

5 [ 00 1 2 B JE0RE Ay T fif £ A5 N R 1 R
02 e EE 0 T RVGFEVTEF e RE
e 2N R Y+ Sh - AR N [ 1
1,20 AN FHAE v B Rz I 2] 5 A B P g R 7
KPGH M EE, 3511 07 ik 60% , WESE T 36 [ fi
K i) 2 R S bl (AR EE R, fEEE M
3 T i 22 R D 30 2 A L R K R £ g T R R T
i J | AR T KR, Tz o A TR P R
5 RVG T AR 3 5, L 2 A4S P B R 5 R )
FU TR X, I AR IR Ry O S B 0 2 1) S AT g
SRR B IR R A B K B, 5 A i b T B
o R R B 65 K7 T A A0 A L £0 R v R A
A SR T AR AR B AN E R 2R

MTHRZMEGFEL, U EEEEERRE M
Ky H A AT, ELEE A0 S BT g b R R 2 K
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Table 3 Identification results of raw fish species composition of 7 commercial fish meals

v UEHIR B80T JEURL £ A4 13 W
R A4 K o .
Identification Label description of
Name of samples . .
results raw fish species

W5 [A1#2 Decapterus maruadsi 9/16
TR Parargyrops edita,2/16
ety /N> T 4 Sardinella gibbosa,3/16 PRES VL
H ARAT 5 Trachurus japonicus,1/16
T YA Trachurus declivis | 1/16

it 7K 14y

Marine fish steak meal

IR ALK} Je B B ettt Oreochromis niloticus ,14/15

1
Freshwater fish meal IR E 8% Thryssa dussumieri,1/15 P

Wets/ND T o Sardinella gibbosa ,6/14
Wi [/ f% Decapterus maruads ,4/14
W% Alepes kleinii ,2/14 [
/NG T i Sardinella fijiensis | 1/14
Ft % ¢ Thryssa dussumieri,1/14

Pl 7 2 it i £ 453

Domestic semi-skimmed fish meal

Je B B AEfa Oreochromis niloticus ,7/13

] 7= 10 A2 Engraulis ringens ,4/13 i
Domestic common fish meal KPGEEMEE Brevoortia tyrannus ,1/13 e
4% %5 Etheostoma blennioides ,1/13
&g Engraulis ringens,10/13
TG0 B8 LBl Thamnaconus modestus ,1/13 e
Fish meal from Peru E VYIRS 8 Halichoeres brasiliensis | 1/13 e
TLIRIH \ 1 £ Bathyagonus pentacanthus ,1/13
e Engraulis japonicus,9/21
VP /N> T 8 Sardinella gibbosa ,4/21
#k I Cololabis saira,2/21
] IRy SH5 Pholi i,2/21 . N
BT AUE £ ) . o 2B Pholis fangi, 2/2 At = S
Fish meal from Argentina BT AL Trachurus murphyi , 1/21

BV BE Thryssa kammalensis | 1/21
KAEFEV T 1 Sardinops melanostictus ,1/21
W K4 i Oncorhynchus gorbuscha,1/21

E PGl Brevoortia aurea,7/20
KGR EE Brevoortia tyrannus ,5/20
A WIE B Holocentrus adscensionis ,6/20 T il
W R %% Decapterus maruadsi | 1/20
FIATBEAL Trachurus declivis | 1/20

W AR BB oy T AR B YRR AU, 3 BEROR FT LOW R B e RS, R AR,

The fraction in the identification results: the numerator represents the number of times each species identified, and the de-

JE[E fa

Fish meal from America

nominator represents the number of positive clones used for blasting. The same as below.
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Table 4 Identification results of raw fish species composition of 2 self-formulated fish meal samples

FE b £ F% Name of samples

%7 75 8 Identification results

SRIGRER e

Self-formulated fish meal 1

H e a8 —
Self-formulated fish meal 2

&g Engraulis ringens,8/12

% Bk Oreochromis niloticus ,3/12

W EE Engraulis australis | 1/12

W B5 Decapterus maruadsi,2/12
#kJI48 Cololabis saira ,2/12

Y15 /NPT fa Sardinella gibbosa ,5/12

{RIR B &% Pangasianodon hypophthalums ,1/12
HAAT % M Trachurus japonicus ,1/12
23458 Th 1 6 Thamnaconus modestus ,1/12

Zi LTI AR SEIE FHE T cytb 51T
BEPAIRAT T T PRI A 1 J5OR} £ 2
B LA ) 7 P 4 S A R SURL R 9 41 Y
SRR T AT AR T S, AR A B XL
IR AT s — R A, AR R H R IR R
(R N R AL N 2 VW R o Al s
AR o3 B AR AE Rl R A T 2L
SE Rl
4 & it

cytb 519 FT 1 SAy iRy v LR £ 2 S 1Y
FHSIY 38 i AT i e R R 1 B S e T
PEATIUY T SE T Bl b AR g 2 33 i
Heo THE P 9 S B XE L L7 AT T 88
UE B T %07 2 I T A
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Molecular Identification Method of Raw Fish Species
Composition in Fish Meal

ZHOU Meng"*** ZHAN Yanhang"*** LIU Zhenyu'*** LIANG Rishen'*?*"*
TANG Yimei'>** GAO Hongyan'>** HUANG Yanhua'**** LIN Li"***

(1. Innovative Institute of Animal Healthy Breeding, Zhongkai University of Agriculture and Engineering, Guangzhou 510225,
China; 2. College of Animal Sciences and Technology, Zhongkai University of Agriculture and Engineering ,
Guangzhou 510225, China; 3. Guangdong Provincial Key Laboratory of Waterfowl Healthy
Breeding , Guangzhou 510225, China; 4. Guangzhou Key Laboratory of Aquatic
Animal Diseases and Waterfowl Breeding, Guangzhou 510225, China)

Abstract; This study was to develop a sensitive, accurate and simple molecular method to identify the raw fish
species composition of fish meal. Two pairs of primers, cytb and 16S rDNA were used to amplify the genomic
DNA of 9 species of marine and fresh water fish, and 7 kinds of commercial fish meal, respectively. It was
found that the amplification efficiency of cytb primer were superior to that of 16S rDNA, clear and bright target
bands appeared for each sample. The PCR products of 7 fish meal amplified by cytb primer were ligated to
pMD® 19-T vector, and transformed into Escherichia coli DH5a competent cells, the identified positive clones
were sequenced and analyzed using BlastN. The results showed that 33 fish species belonging to genera of En-
graulis, Decapterus, Sardina, Trachurus, Brevoortia and Tilapia et al. were identified in 7 commercial fish
meal samples. The number of fish species was far beyond that labeled on the fish meal products. To verify the
reliability of the above method, two samples of self-formulated fish meal with known supplemented fish species
were identified with the same methods. The results were consistent with those of the design. In conclusion, the
molecular identification method based on cytb primer can be used to identify the raw fish species composition in
fish meal, and the results will provide abundant information for accurate judgment of fish meal quality. [ Chi-
nese Journal of Animal Nutrition, 2020, 32(12) :5795-5804 ]

Key words: fish meal; raw fish; cytb primer; molecular identification
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