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Tab.1 The codes, origins and characteristics of the six strains of Pyropia yezoensis in this study

JF5 No. fUHY Code SR 545 Source and characteristics

1 LS % B VL7 BT X — Bk B A B A% S 5F 20 32 MR A O 09 SR 16 7 8 kT ok

5 B4 BT EE S A T R (LS)RY IR AR 22 0Co-y SR IR STIT ,  MHAA 200 it v 12 1 v 075 12 1 ok A T e
R 5 & (Zhang et al, 2011)

3 HT S PR R B ARIAZ CCo-y ST MESTE, ML M T A A b i vk 11 S i 21 € B R
(Zhang et al, 2011)

4 TMIS S BELEE N R (B RARZE ©CCo-y ST RS IS, MIHLAA 4 M 18 T A rb 5 20 1 S 0 T s YL o 2R
(FAEZ 4%, 2012)

5 - H 75 77 4 BT S8 S BF AR 780 5 & (U-S 1D R R IA 2 MNNG ARBIE , MERAOF 8 & 1k v i v o ke i 4
85878 i R (2% ESE, 2000)

6 ROs,  TAPRIESRETE MG R (U-STDIOMTAR AL MNNG AbBIUR , ML T B 4 ol i e 28

KPR R JAL fh 2 (2% HE4F, 2000)

122 AW Fr 65 38 Fam HF RUBISCO
Spacer, UPA . Cox2-3 1 ITS-5.8S 3 [K 4H 4" 14 i 5
SEMEG Y153 K TE Wang 55(2009) Flil /N 45 (2013),
HAE T( )Y TRARAR G K, BARY 6
MBS 2,

PCR WA Z M 25 ul, Hr, ddH,0 13.5 ul,
10xLoading buffer 2.5 pl, MgCl, 2 ul, dNTP 2.5 ul, 1E
K514 0.5 ul, 1 U Taq i 0.5 pl, 541 DNA 3.0 plo

RUBISCO Spacer. UPA., Cox2-3 Fll ITS-5.8S J¥
H)f) PCR LW FE/F: 94°C 5 min; 35 MEH . 94°C
45 s, BKIKIEL SR E R, 72°CREff 45 55
)5 72°CHEMH 10 min, 4°C F{#4F., PCR ¥4tk
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Tab.2 Primers used for the amplification of the four DNA barcodings

FEP A 5194 Fx Gk 2]l SRS
DNA barcoding Primer name Primer sequence (5'-3") Annealing temperature (C)
RuF CGCTGCTAAAACTTGTGGGC 56
RUBISCO Spacer
RuR GGCGTTGTAATAAGAATCCTGG 56
UPA UPAF GGACAGAAAGACCCTATGAA 50
UPAR TCAGCCTGTTATCCCTAGAG 50
Cox2.3 Cox23F GATGCTGTACCCGGTAGAT 55
0x2-
Cox23R GTTGTAATTGTTTAGCTGTTTTT 55
17S.5.88 ITSF GGGATCCGTTTCCGTAGGTGAACCTGC 60
' ITSR GGGATCCATATGCTTAAGTTCAGCGGGT 60

M 1

bp
25000 hnud Nt bt e ) e

BT ZRBEZESE 6 /i R M R 2 DNA 9 BB B e H ok
Fig.1 Agarose electrophoresis of the total DNA extracted
from the six strains of P. yezoensis
M: ADNA/HindIll digest DNA marker; 1-6: LS, B4, HT,
TM18, GT, and ROS-2 respectively
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25 PCR [ , NARBESE3% 6 4~ il R ) 3L K ] DNA
Hr BT BE H 4 BRI SRS R S, Ay
M2} 500 bp . 365 bp . 365 bp H1 1100 bp (& 2), PCR

PP —, G BENY G, 4 FhERH 450
NCBI R 55 A 3,

23 HFWEFX6ITMAR 4FEREKLHFTIERME

SR 6 - 5h & 1) RUBISCO Spacer [ 51 724
G R HE rbeL . /NESE rbeS DA S FE [ [] B X
RUBISCO Spacer, H4f 3 H 1] [X. RUBISCO Spacer
JEFITHA R RIVEMENSR 4 B, 6505838 6 MR EA
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Fig.2 Agarose electrophoresis of the four DNA barcodings of the six strains of P. yezoensis
M: DL2000 DNA Marker; 1-6: LS, B4, HT, TM18, GT, and ROS-2 respectively
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Tab.3 Accession numbers of the four DNA barcodings of the six strains of P. yezoensis

NCBI B %5 GenBank accession No.

A% Code
RUBISCO Spacer UPA Cox2-3 ITS-5.8S
LS KR260245 KR260251 KR349291 KR260257
B4 KR260246 KR260253 KR349293 KR260259
HT KR260248 KR260252 KR349292 KR260258
™18 KR260247 KR260254 KR349294 KR260260
GT KR260249 KR260255 KR349295 KR260261
ROS-2 KR260250 KR260256 KR349296 KR260262

% 4 EHTF RUBISCO Spacer 1 UPA F 3%
6 1~ R E R S AT
Tab.4 Sequence homology analysis of the six strains of
P. yezoensis based on RUBISCO Spacer and UPA

ST 2L 3

v 751 [H) 5 Sequence homology (%)

Code LS B4 HT T™M18 GT ROS-2
LS 100 100 100 99.2 99.2
B4 100 100 100 99.2 99.2
HT 100 100 100 99.2 99.2
™18 100 100 100 99.2 99.2
GT 100 100 100 100 99.4

ROS-2 100 100 100 100 100

. RUBISCO Spacer: X f%k FJ5; UPA: %ifazk by
Note: RUBISCO Spacer: below diagonal; UPA: above
diagonal

5E4 MR B RUBISCO Spacer J£41, [R5 H 100%.
ZBEEESE 6 N R 1Y UPA JE 91 Y [R) JEMETE 99.2%—
100%z2 /8], Hd LS. B4, HT F1 TMI18 X 4 ~fh £
) UPA J¥31 52 e HlE, Fp 2l RIEYE R 100%,. ROS-2
M GT MARTE 4 ML EETRA, 51LS, B4, HT
FTTMI8 X 4 A~ R BT A [RNR M R 99.2%
Cox2-3 J¥*% i COX2 il COX3 E’Jﬁlﬁﬁﬁﬁﬁ%ﬁ 7]
DL R FE TR B X 3 AN A2 B . 453 OTE 0]
Cox2-3 J¥ 4 [R) Y5 7 97.8%—99.2%2@@% 5),GT 5

x5 HF Cox2-3#ITS5.8SFEFIHEBILE
Im%ﬂﬁﬁﬁﬁ

Tab.5 Sequence homology analysis of the six strains of
P. yezoensis based on Cox2-3 and ITS-5.8S

i 751 [H) I Sequence homology (%)

Code LS B4 HT T™MI18 GT ROS-2
LS 98.9 99.6 99.6 98.4 98.6
B4 98.1 99.1 99.8 98.6 98.8
HT 98.4 99.2 99.1 99.5 99.6
™18 98.9 98.3 98.1 98.7 98.8
GT 98.6 98.4 98.6 98.9 99.8

ROS-2  98.0 98.1 97.8 98.6 99.2

T Cox2-3: XML i ITS-5.8S: XLk 1J7
Note: Cox2-3: below diagonal; ITS-5.8S: above diagonal

ROS-2 & F1 HT 5 B4 & REYFH RITEM R, Y56
#] 99.2%, HT 5 ROS-2 f &P HIRIE AL, H
97.8%.,

ITS-5.8S J¥HIFERZMEIR 18S. 28S #4375 LA
S ITS-5.8S SEHEJFH1] . 45BE2EE 6 it & ITS-5.8S
FEA R E B, IR 7E 98.4%-99.8% 2 [H]  Hirpr,
GT 5 ROS-2 fh & . B4 5 TMI18 §i & /Y ITS-5.8S i
HI M, ¥ 99.8%., B4 5 ROS-2 i &%
G [V, R 98.6%.
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MR R L TR

Fig.3 Phylogenetlc tree of UPA of the six strains of
P. yezoensis constructed with the neighbor-joining analysis
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Fig.4 Phylogenetlc tree of Cox2-3 of the six strains of
P. yezoensis constructed with the neighbor-joining analysis
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Fig.5 Phylogenetic tree of ITS-5.8S of six strains of
P. yezoensis constructed with the neighbor-joining analysis
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Applicability of DNA Barcoding in the Identification of
Different Strainsin Pyropia yezoensis

CAO Dianjia', YAN Xinghongl’2®

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Exploration
and Utilization of Aquatic Genetic Resources, Shanghai Ocean University, Ministry of Education, Shanghai  201306)

Abstract

In order to find out an effective method to identify Pyropia yezoensis germplasm, we tested

the efficacy of four common DNA barcodings—RUBISCO Spacer, UPA, Cox2-3, and ITS-5.8S—in
determining the genetic relationships between six strains of P. yezoensis from China and Japan. The four
DNA barcodings showed high sequence homologies varying from 97.8% to 100%, and the homology of
RUBISCO Spacer was 100%. Four Chinese strains (LS, B4, HT, and TM18) shared the same UPA
sequence. However, the barcoding was different from that of the Japanese strains GT and ROS-2 and the
homology was 99.2%. The homologies of Cox2-3 and ITS-5.8S sequences were 97.8%—99.2% and
98.4%—-99.8% respectively, which were lower than those of RUBISCO Spacer and UPA. Phylogenesis of
UPA, Cox2-3 and ITS-5.8S sequences revealed that the four Chinese strains clustered into one branch
according to their UPA and ITS-5.8S sequences, whereas the two Japanese strains belonged to another
branch. These results were consistent with their actual relationships. Moreover, the four Chinese strains
could be further distinguished according to their ITS-5.8S sequences, but were identified as in the same
branch with the Cox2-3 barcoding. The results confirmed that ITS-5.8S was the most effective barcoding

for identifying P. yezoensis strains in this study.
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