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Abstract The progress of DNA barcoding as a new taxonomic technology was reviewed, the advantages and disadvantages were introduced by
comparing with the traditional taxonomy, as well as the application status in the macroalgae. The suitability and effectiveness of DNA barcod-

ing as a new method for the quick classification and identification of genus Porphyra were summarized.

Key words DNA barcoding; Marine benthic algae; Porphyra

2322 B 213 1] ( Rhodophyta ) J5 21 % 4 ( Protoflorideo-
phyceae ) 21 &3¢ H ( Bangiales ) £ 32} ( Bangiaceae ) 2538
(Porphyra) W— RASHEAEY) , 22 A ARV A) A A0 T
W EAR BTz NP B b DXCER AT L2, 4t
FLHWT R B E3A 130 Aph' o HoA PEAR I S5 T
P ARITE T A AR, e T AT & Y 53 i ARAK,
ANERTER, h £RRE G S WA R 3 F 4R, iR T A R
LR R K AE DL T R A0 A i ) s
AARRSWERMNE, & FEE 0RO AR A oL 4
AR EIRISY, TR W AR R A i 32 2 2 9% it
WEC T DRI, Sl R R T 4 A R R
B EEAY, ik, EH TSR DNA JRIE S N T 465
HIRIFSE ik A T2 .

1 EFSEMIR

A BN BT A 200 ZAEM T s (L5405
TE FEIEARIIE B L5 K, 5 AN RIE A SR B L T R
i B, BB A5 A 0 AR B A AR I R R a3 A A
fiE T2 TS A5 2 At B, MR — B
F A2 SO 4 A2 R BSOIR AR 1R 2 W R S 5 T8 A 54
MELFEA R W X 47

SR AL A AE R IC A T A2, R EOR DA
SISE Ze N @S RN N A S I IN LN IUE S Do e 2 TAI S DA W)
R RO HE AT 4326 i TS Y e fk AR 3 /N, X i
HYL IR ST G IR AR

BEE 73 AW S DNA 2 FhRid R W Ag 2] 1
MR A, EATRE V2 N TR GO R YRGS 4EE
BRI R Mgt B R 5. HA R L
Tty A ac BOR B 55 L0 R R B B 2 S

E&mH R B ARFF A AR B (31270257 .31070185) 5 )~ A 5 A3
%77 B (2011B031100010,2012A020200007 ) 3 ol 3k 7 A+ 3%
X B (2011-162) ;3 sk X FA5F B 25 R B (09400133,
09400134 ) ; 3l 3k X 5 H 4 45 B (YR11004) ,

Fks (1974 =) o A F @A, S 3% W A E XA
R FRGEFE A ME AR, E-mail ; 1pd2118@ hotmail. com,
2012-11-13

EEEN
WA H

(RFLP) (##57 7€ PCR J:fili A BEALY 3 B B 2 3644
(RAPD) \ 9" # | Be K B 2 25 M (AFLP) | fi] 537 1 i &2
(SSR) ML H: i) B H IR 2 A5 (SNP) S pRic iR o
L H 3 R RIS AL AR > T R G B4
B2 T JLAR, 1N 58 S T R S B R L 0
2SR TT b, BB AT B 705 T H ) “DNA 2%
T HR . B, R “DNA B0 B, [F PR 445
SRR 21 B SR BT E SO AR R JLANJE , B Pyropia
Wildemania . Porphyra Bangia Fuscifolium F1 Clymene 21
2 DNA £

DNA ZI B2 I AT L 087 5 HL 5 4 48 (AR X 4 1Y
FrifE DNA R B, ZERR N Re S5 R ) 2 R 2 v S ) — Ao
LR B O30 2R G, DT S BN W ol g A L | s 2
PUIHIEESE . 2003 47, 15K Guelph K= Hebert (%551
UIER T DNA ZJERSEE, JF T 2004 421057 1M 4%
B, FRTA R A 50 AN 2819 200 242 S0 Hl
51,2007 4F 5 H I EE K Guelph KAgdiad 7t 155 1 4
DNA barcoding %852 70,2009 4 1 H 1F X8 30 FH bRk fir 55
JEASHH]” . DNA ZOIERS RS B2 5 X RRr oy 2
HARGIR T MG Z EY R GE" . DNA I HA
SEr R R B IR A E BB , BANER T AW St
T — AT o AR G S bR AR S bR R A
TADKER A AR 2562 A 45 R T e, AT S
YR HERR 4 E

YERZIEAS ) DNA J3 5 2500 2 : OFF 5148 oK -3l
NERIE P NEIk7 R dl AEes S N T b I 3 S U NS S SN
PP E /N T J5e/ N T B 2 S 5 @7 5 X i
14 P 37 e JEE AR, T it E AR 2 W b b R B 4 A 5 |
Y1 O P A S 1, ME T PCR BRI

DNA ZRIERH AR e IR 1A% 58 53 28 2 T TH I F) Xt , i)
B AL T L T B BOR JESHYAE Y, REFHIE 25 2 AR Bl
PRGRRBOE N 2 M IX 20 JT . HE, #id DNA Z 0265
B T, AR DR RE R 2 X 0 1) R 25 R 0E 55 0 T A4
BT AT RBUARZ Kbk pant ") siit DNA S0 R0HE AR,



41 K1 4

EksE EEB DNA £ AG MR R R 27

Oy AP Z A WYl JF I T PO S E

T DNA Barcoding [ R EEMFFEHGE O WLiE THIE A
FI¥ E, U0 Nature ,PNAS Molecular Ecology Notes %5, [f]Hif,
FEIFR T T2 Mk, an: gk DNA ZRIE RSB 5E Hhcs
(CCDB, http://www. dna barcoding. ca/) | FE BrA:ar 2 e 1T
%1 (iBOL, International Barcoding of Life, http://www. dna bar-
coding. org/index. html ) | 4 4y 25 JE % £ 45 & 4t ( Barcode of
Life Data Systems, http://www. bold systems. org/views/login.
php) (LB 45 3 (http ://www. all fungi. org) i3 H 45
3%k (http://www. lep barcoding. org) Fl £ 2 & fiZh [} 3k ( ht-
tp://www. fish bol. org) 4™, Hovp #5515
) DNA 2% 2 15 B0 45 /2 A http ://www. barcoding. si. edu, ht-
tp://www. barcodinglife. org, http://www. ibolprojec. org. ht-
tp://www. ncbi. nlm. nih. gov 4§, X BUEHE FE o DT R B e s
Py S e RN 2 MR PE T IR R RHIT TAE 2 B AL T AR 4 9 A8 Ui
FH.
3 KEVERFE AR DNA £

DNA ZIE RS ELLE 540 3 (0 2 S Rk B B 1
Wl L BB AR A A iR T 9 2 6 T
i) DNA &2 1% 3 34 . UPA ;- Bt (universal plastid ampli-
con) \rbel FEPR B (1,5 — ZBERR A% R 10 i/ S AL il R0
FEREDN ) marK PR R B (I 2R B 1 I R I ) L COT Sk A
B (AR C SEUARERIESE T BE) (ITS J350 (Bob R IE g
L SRR X)) (LSU B (#% 28S rRNA JE[H) (SSU R Bt (#%
18S rRNA JE[H ) rbeS A B (1,5 - BRI BRI B A 1L
fift /NI FEEFL K] ) (rbe spacer J Bt (rbel F[H 5 rbeS FEH 2Z [H]
B9 BE) «cox2 — 3 spacer B ( COXTIRER Al COXTHE K 2 [a]
MR B 55

R 10 FREEDR AR R B 3 AT (LLEET BB
HEETT) 197 AJm 403 AP, BT AORE i 2 e PR 2T
1], A7 57.9% , g del ULt 5. 8% s WF5E i R B 22
COI JLH F Bt (26. 3% ) ITS JF % (17. 1% ) . UPA J Bt
(12.9% )%, {5 i1 T % BF 5T 1Y B B 1) W 98 00 G 249 R A
[F), DRI AS B T LA T A5 | 7 i A5 R R e 1 ] 2R b iy
M BGE HIPES Ol . BARTE S SF A B h E UG T
BN — BRI K -2 AR BE D 20 rbell JE K FI marK & [H] 1)
TR P SV E AR HE R AR A% P 51 (B R B T B )
WEFErh AP A 238 PR i BVE S DNA Z8IEH
4 DNA £HBELXENFRIIX
4.1 COlEARBR(AMER CRUBIEIRER) Col
B R BOg i LA SR R 5 W T i 2 W 5B 22—
AR DNA HH L, 2Rk DNA 2 AL i AR R, 15 2 4>
FRREAS 1E A 58 B0 AN A BRI SS i I , — SERR IR I 28 10
SR 2 DFPREAE I RZORL IR DNA rh R R 2 D FRERYTIZ
25 DNA fF 25 220 ARE X R 2250, SIEREAS 3 Bk i 2 MR
AT B 2 ) B R 2 5 2 R [ B COT T 51 K JEE 2 650
bp! = 2 A Wy R A SRR A A B
S RIHBEEE LR R CESRR SRR COI IR B Hrd i

712 B s | il A bR E A s R R 2 R 22 R, H
Fofr ) A8 5 B 4 TR N AR S, P40 AT 2R, i ok HiAR
(I 2TEAD F BE 222 Saunders 2550 M T 41 B3R COI
B, RN AR R R 0 ~ 1. 63% ,F-H478 54 0. 136% ; Rl A8
S0 2.18% ~21.6% ,SE-HAR 5k 15. 2% , Fh i) 22 5 05 Bk
TR, UL COI REAR I I 45 21 B S8 B TR 9 b (X
I

SERAEG Iy I, COL TP HIE R 5 3% DNA K IES A
YRR ZREE R B DR AT 1. B RTEOE P
AREWA SR COLPANE B R Z RS 11, E AT
COI ¥ 9B GazF1 F1 GazR1'™"  CoxIR1"™' . GWSFn'"' |
GWSRn™ ") Fl PORF1' 4%
4.2 SSU K E&(#18S rRNA E[E) SSU FERIBFsc £ M
FLLBE VIR A5 52 . RS IR SSU R BERF 7% ik
7R BT SR B SR L i 25 5 Y (H SSU R
G FLAEAR ST, IR BERE T PR R X 50 F , A3l A B
DNA ZIEA A T R R S 2
4.3 PCR-RFLP(R#IMRBEKESTUHRAMERLN)H
¥t PCR-RFLP J&H] PCR ¥ 34 H (1) DNA, " 3% 7=y 11 ] 45
S P ORI A DD AR TR R /N B 3 4o 9 e v Kk T 2 3
AT R SR DX A3 b, AN [) A5 47 5 DR 19 B ol 42 g 0 7 o5
YA, PR A R RH BE Y DNA R BERA . % B R T 3d i
SSU tDNA ITS rbeL 55 H W FERN U E N T 5710 P, yezoensis
FlP. tenera /N[l 2 ZIA1 Y 22 5 LA K [R) BF A 5038 2 [R] ) &R
W, Aa S S
4.4 rbcL EFEFE (1,5 - “HiER IR LBy S KB K TE
EEE) rbel JFHE M SRS T AV 0 S
B K JEZ 1400 bp, I BER U B MM A0S 1Y
ik Btz —  FE s k) 2 W . Yang 28914 143
B TILE R 1L AFhIE 27 ARERR Y rbeL JER, % BRIZFEIR 78
TEBNA R AT R 1.2% ~12.6% , Fh 178 575
0.289% " Lin 2543 H7 T L0034 BH rbeLl 3K A B, 76
BT R G T, 21 g R S i TR AT 9T
B> 5 58 g 3 A, (R I A Al BEAT S 402 kb s
Saunders 2507 T 2L SERHA rbel Fr B, & IR A8 57>
0~0.37% , ¥ 745 5 H 0. 059% ; Ff ] 25 5k 0. 22% ~
10.7% ,SERAE 509 5. T7% ,FEA T RERLT B30 A R 4 b
XAIF

rbeL J7 3 HRTHVE N DNA 25572 F T 42K @ W Fh
gy TSR RS E T rbel 751 LT
JERFIT A TR ) DNA 255 22— IR IEAE GenBank H1iZ% /¥
5 B ST 20 TS R . SR, W70
R IR SRS — SRl rbel 751 (R PN 22 5 L@ I R ) 22 5%
[ AEAE A T, NIMTAEAEE S 2 AR P Fp o o W] — 4
FRA T e, I AT 45 & HoAth i) DNA SR 3[R (1
4.5 UPA F E&(universal plastid amplicon)  UPA Z &
SR LA 23 S rRNA L) V 45838, K 5 2 370 bp, 4k
e H A A A P R O AR S T 2 b S I R



28 BAR AL F

2013 £

38 Sherwood ZEWF5Y T 108 Fh 2K (f4% 63 FhLL3. 19
bt 14 P DL AEOR e 038 ) 19 UPA J B, 45 R R
HASSYEFEAE R K, 7D K ZE0 KX P Conklin
S50 ATT T RO S & AR A B 1 UPA | Be, R I AR IX 2
ANJE Z 184 A A 25 5, (EU P AE S BN . Saunders
GOt T EREY UPA B, & Bz Fr Ben | i il 4
Wi, RERS A 85% #ih ) DNA J3 1 438 sy, A I AN BB 1R
COI J Bt rbel. | BOISFERENE Y X 40 FF , B A i L A
FrBERIE A ML B #RE DNA 0
4.6 cox2 -3 spacer £ ( COXIIEEF1 COXME F Z 18 7Y
FE)  Zuccarello S cox2 -3 AEMELLEET T Fh 4
3 FHRIC ™, Conklin %8 1% K- BE/E 7 DNA £<JE A0 i
YT P. spiralis #1 P. amplifolia ) R0 B 25 4 7] BT Mil-
stein 25t FHIZ H BOE P. acanthophora F1 P. spiralis ¢ P. spi-
ralis 1 P. drewiana X453 JF ,IEB] T3z 4 BE Lk COI A1 UPA Fh
[F] 745 S 5 ke, i ) A8 S AE 13. 7% ~25. 0% ], {Hi% 3k
K BELL SR N AR 2 Bl e ARG 5 B Al
B AR TP 5E
4.7 ITS FH(#ZEFIERBEREREX) IZAEYT,
ITS 41y 1TS1.5. 8S FI ITS2 ¥4 ik, Hirr 5. 8S K& [K AH %45
S, R B, i ITST FITS2 fIrel & (977 51 i BE vl A2, 5. 88
FEPREH 5 ITS1 AN ITS2 2E[Rfd A . ITS [ Bef2h DNA 458
T iz B T KRB B A5, FEAE DR L
PE Y AR LIS TR R AR MR R Rl R B0 255
W
4.8 rbc spacer FE& (rbcL BEFE 5 rbeS EEZ ERIFEE)
TELLHET )50 R 5 RE b B 43 BT B, the spacer J Bext T
RGeS LK AN
4.9 maK BERRFE(BREREQHEBER) mak N0
AR SIS sk i BRI T T Iz N SR T AR s
Z R BN IFAZ , A Sanders SERFSY T 0 HEJR (AL iE
Ja& 5 B T DL KT R A 10 R AR EE Y
matK FeHEPY
4.10 LSU FEZ(#%28S rRNA EH) ZHBIELAETH
WFFEES R NS S AR N RS S FER B DL E AT g
froE
5 FEMEERREE

S5 150252 M Lt , DNA SIS B st e L e
TR R i BESRAR AR A, VB Ry — T M6 AR X A= W 43 2
WA JEC RS T —E R B HESIE ] (H A AR DR K
STHARIR GEAE S L M S A 65 B BA R B
P, HAETRADEGSEE I DNA JRJE A% 2 Lok iR i ¢
PR T P 5 120 R LR EHA% | S AP AR A S R I A W) 2
TET AT BB e A S WA AR AN S 4 3 R AL
AL B A G, DNA S IE A i ARMERE X FE (1 S AE X
SRRSO g RO E G 4 262 T RE 58 AL BB, T
1G5 R DNA SR8 R ol sl g 3 47 10, 4
TATR A BT S8 A S I TE S 22 FRE J& DNA Z50ER5 0% IE

BHORE AR = BB AL G038 i JF & DNA S i it
FORARMERR G100, AN T BE IS AL v o (0 R L DR
TEAEWI R R G AT K DNA SRR FE S 7326
SRLEARA BRI ST 4 SR A R T

DNA ZRIEAS AR 213 1) 73 J M J5 T CAT B2 B
I EBGEMIAR T AR R AEI S Z R S R B
PEVIRRSETT I ARG IR A 2. SRR H R UL, 5208
DNA ZIB ) % S HIH AT BEA G —RAmif, HE 257326
FEITHI DNA BRI IS & R 406k = . DNA AE
R ) 0L = BEAE P S P I KT B S50 PR ke A LT
SR B PP T IR R RIS, A g i A AR R o3 R
i FLIE PR LF I A2, 4 L S AR G 7y ep A Al ke,
AT RE R L 5 B SR P B AR A A
&% Sk

[1] BRODIE J,BARTSCH I,NEEFUS C. New insights into the cryptic diversity
of the North? Atlantic — Mediterranean * Porphyra leucosticta’ complex:
P. olivii sp nov and P. rosengurttii( Bangiales ,Rhodophyta) [ J]. Eur J Phy-
col,2007,42.3 -28.

[2] ROBBA L,RSSELL S J,BARKER G L. Assessing the use of the mitochon-
drial cox] marker for use in DNA barcoding of red algae ( Rhodophyta )
[J]. Am J Bot,2006,93(8) ;1101 —1108.

[3] MEIER R,ZHANG G Y,ALI F H. The Use of Mean Instead of Smallest In-
terspecific Distances Exaggerates the Size of the “Barcoding Gap” and
Leads to Misidentification[ J . Syst Biol ,2008,57(5) :809 —813.

[4] NELSON W A,FARR T J,JUDY E S. Phylogenetic relationships and ge-
neric concepts in the red order Bangiales:challenges ahead|[ J]. Phycolo-
gia,2006,45(3) : 249 -259.

[5] RUANGCHUAY R,NOTOYA M. Reproductive Strategy and Occurence of
Gametophytes of Thailaver Porphyra vietnamensis Tanaka et Pham-Hoang
Ho( Bangiales , Rhodophyta ) from Songkhla Province[ J . Kasetsart J ( Nat.
Sci. ) ,2007 ,41:143 - 152.

[6] WEEHE, oK) FEERE—Hih——ZRER [T ] i S5I0E,
1982,13(6) ;544 —548.

[7] £3FIE, B8 EXPh—RBEEIRL . B SE0E,
1980,11(2) ;141 - 152.

[8] 524 okidins. vhEPIMET R T]. g Sila 1978 ,9(1) .76 - 83.

(9] SRS, AR AR, (R i IR BR3e [T 71, 1960,9(1) :32
-36.

[10] 5K5E5E, FFHIA. ER—Hid

1993,24(4) :356 -361.
[11] HBAE. Ll

gizicss Sl O N e T N

OREERIET ] IR SIA, 1981,12(5) 447

—453.
[12] XBZAE. HrieEe——F SRR [ ] i 5i0E ,1988,19(5)
419 —424.

[13] T4, Hekinh, sk SREORE ST BUIR M R B [T ]. it
FEREEAR,2006,36(3) :377 —380.

[14] F8AKSD, PEATTR. SRR G AP DR M R B [T ]. F iR
F417,1999,29(4) :538 —640.

[15] e, ot e, in AR, SRR TPt R [T ], g
S2ER,2006,36(5) 1687 —692.

[16] SUTHERLAND ] E,LINDSTROM S C,NELSON W A et al. A new look
al an ancient order;generic revision of the Bangiales( Rhodophyta) [J].
Phycol ,2011,47:1131 - 1151.

[17] S2JEIR), 25001, (5. DNA SERGEOR FURAFXIE R K n LT ] 7K
HEHEAR,2008,32(6) 917 —919.

[18] XIAO J H,XIAO H,HUANG D W. DNA barcoding new approach of bio-
logical taxonomy[ J]. Acta Zoologica Sinica,2004,50(5) :852 —855.

[19] LE GALL L,SAUNDERS G W. DNA Barcoding is a powerful tool to un-
cover algal diversity: A case study of the Phyllophoraceae ( Gigartinales,
Rhodophyta) in the Canadian Flora[ J]. Journal of Phycology,2010,46:
374 -389.

[20] #2EEH, ERETE, 5R12E, 5. [HbrEaFIEAS 1] - DNA Barcoding
[J]. HEEHEEE ,2009(8) 49 - 53.

[21] KUCERA H,SAUNDERS G W. Assigning morphological variants of Fucus
(Fucales ,Phaeophyceae ) in Canadian waters to recognized species using

DNA barcoding[ J]. Botany,2008,86(9) :1065 —1079.



41 %1 # F ks F

23 B DNA &7 25 64 BF 53 B 29

[22] CLARKSTON B E,SAUNDERS G W. A comparison of two DNA barcode
markers for species discrimination in the red algal family Kallymeniaceae
(Gigartinales , Florideophyceae ) ,with a description of Euthora timburtonii
sp. nov[ J]. Botany,2010,88(2) :119 - 131.

(23] HEBERT P D N,RATNASINGHAM S,DE WAARD J R. Barcoding ani-
mal life:cytochrome ¢ oxidase subunit 1 divergences among closely related
species| J ]. Proc R Soc Lond,2003,270:96 —99.

[24] HEBERT P D N,GREGORY T R. The Promise of DNA Barcoding for
Taxonomy/[ J ]. Syst Biol ,2005,54(5) :852 —859.

[25] CONKLIN K Y,KURTHARA A,SHERWOOD A R. A molecular method
for identification of the morphologically plastic invasive algal genera Eu-
cheuma and Kappaphycus ( Rhodophyta, Gigartinales ) in Hawaii[ J]. Jour-
nal of Applied Phycology,2009,21(6) :691 —699.

[26] YANG E C,KIM M S, GERALDINO P J,et al. Mitochondrial cox] and
plastid rheL genes of Gracilaria vermiculophylla ( Gracilariaceae , Rhodo-
phyta) [ J]. Journal of Applied Phycology,2008,20:161 —168.

[27] SAUNDERS G W. Applying DNA barcoding to red macroalgae:a prelimi-
nary appraisal holds promise for future applications [ J]. Philosophical
Transactions of the Royal Society,2005,360:1879 — 1888.

[28] KUCERA H,SAUNDER G W. A Survey of Bangiales( Rhodophyta ) based
on multiple molecular markers reveals cryptic diversity [ J]. J Phycol,
2012,48 :869 —882.

[29] SAUNDERS G W. Applying DNA barcoding to red macroalgae:a prelimi-
nary appraisal holds promise for future applications [ J]. Phil Trans R
Soc,2005,360:1879 —1888.

[30] SAUNDERS G W. Routine DNA barcoding of Canadian Gracilariales
(Rhodophyta ) reveals the invasive species Gracilaria vermiculophylla in
British Columbia[ J]. Molecular Ecology Resources,2010,9:140 - 150.

[31] MILSTEIN D,MEDEIROS A S,OLIVEIRA E C. Will a DNA barcoding
approach be useful to identify Porphyra species( Bangiales, Rhodophyta) ¢
[J].J Appl Phycol ,2012,24 837 —845.

[32] MCDEVIT D C,SAUNDERS G W. A DNA barcode examination of the
Laminariaceae ( Phaeophyceae ) in Canada reveals novel biogeographical
and evolutionary insights[ J]. Phycologia,2010,49(3) :235 —248.

[33] BRODIE J, MORTENSEN A M,RAMIREZ M E. Making the links: to-
wards a global taxonomy for the red algal genus Porphyra(Bangiales ,Rho-
dophyta) [ J]. Journal of Applied Phycology,2008,20(5) ;939 —949.

[34] BROOM J E,JONES W A,HILL D F,et al. Species recognition in New
Zealand Porphyra using 18S rDNA sequencing [ J ]. Journal of Applied
Phycology,1999,11(5) :421 —428.

[35] KYOSUKE NIWA , AKIRA MIZUTA ,YUSHO ARUGA. Genetic character-
ization of a spontaneous green-type pigmentation mutant of Porphyra
yezoensis and the significance of using heterozygous conchocelis in nori
farming[ J |. Fisheries Science,2002,68:729 —735.

[36] KYOSUKE NIWA, ATSUSHI KOBIYAMA, YUSHO ARUGA. Confirma-
tion of cultivated Porphyra tenera(Bangiales ,Rhodophyta)by polymerase
chain reaction restriction fragment length polymorphism analyses of the
plastid and nuclear DNA[ J]. Phycological Research,2005,53:296 —302.

[37] NEEFUS C D,MATHIESON A C,BRAY T L. The distribution ,morpholo-
gy,and ecology of three introduced Asiatic species of Porphyra ( Bangia-
les,Rhodophyta ) in the northwestern Atlantic[ J].J Phycol ,2008 ,44:1399

-1414.

[38] KYOSUKE NIWA, ATSUSHI KOBIYAMA. Simple molecular discrimina-
tion of cultivated Porphyra species( Porphyra yezoensis and Porphyra ten-
era)and related wild species ( Bangiales , Rhodophyta ) [ J ]. Phycological
Research ,2009,57 :299 —303.

[39] YANG E C,KIM M S, GERALDINO P J, et al. Mitochondrial cox] and
plastid rbel. genes of Gracilaria vermiculophylla ( Gracilariaceae , Rhodo-
phyta) [ J]. Journal of Applied Phycology,2008,20:161 - 168.

[40] LIN S M,FREDERICQ S,HOMMERSAND M H. Systematics of the De-

lesseriaceae ( Ceramiales , Rhodophyta ) based on large subunit TDNA and

thell sequences, including the phycodryoideae, subfum [ J ]. Journal of

Phycology ,2001,37(5) :881 —899.

KUCERA H,SAUNDERS G W. A survey of Bangiales ( Rhodophyta ) based

on multiple molecular markers reveals cryptic diversity [ J ]. Journal of

Phycology ,2012,48 .869 —882.

[42] PRESTING G G. Identification of conserved regions in the plastid ge-
nome :implications for DNA barcoding and biological function[J]. Cana-
dian Journal of Botany,2006,84(9) :1434 —1443.

[43] SHERWOOD A R, PRESTING G G. Universal primers amplify a
23SrDNA plastid marker in eukaryotic algae and cyanobactertia[ J]. Jour-
nal of Phycology,2007,43(3) :605 —608.

[41

i

[44] CONKLIN K Y,KURIHARA A,SHERWOOD A R. A molecular method
for identification of the morphologically plastic invasive algal genera Eu-
cheuma and Kappaphycus ( Rhodophyta, Gigartinales ) in Hawaii[ J]. Jour-
nal of Applied Phycology,2009,21(6) :691 —699.

[45] CONKLIN K Y, AKIRA KURIHARA , ALISON R, et al. A molecular

method for identification of the morphologically plastic invasive algal gen-

era Eucheuma and Kappaphycus ( Rhodophyta, Gigartinales ) in Hawaii

[J]. Appl Phycol ;2009 ,21:691 —699.

ZUCCARELLO G C,WEST J A. Multiple cryptic species :molecular diver-

sity and reproductive isolation in the Bostrychia Radicans/B. Moritziana

complex( Rhodomelaceae , Rhodophyta ) with focus on north American Iso-

lates[ J ]. Journal of Phycology,2003,39:948 —959.

D’ ARCHINO R,NELSON W A ,ZUCCARELLO G C. Invasive marine red

alga introduced to New Zealand waters : First record of Grateloupia turutu-

ru( Halymeniaceae , Rhodophyta ) [ J]. New Zealand Journal of Marine and

Freshwater Research ,2007,41(1) ;35 —42.

[48 ] GIUSEPPE ZUCCARELLO, BERNADETTE SANDERCOCK, JOHN
WEST. Diversity within red algal species :variation in world — wide sam-
ples of Spyridia filamentosa ( Ceramiaceae ) and Murrayella periclados
( Rhodomelaceae ) using DNA markers and breeding studies[ J]. European
Journal of Phycology,2002,37(3) :403 —417.

[49] LANE C E,LINDSTROM S C,SAUNDERS G W. A molecular assessment

of northeast Pacific Alaria species ( Laminariales , Phaeophyceae ) with ref-

erence to the utility of DNA barcoding[ J ]. Molecular Phylogenetics and

Evolution ,2007 ,44 .634 —648.

YOON H S,LEE J Y,BOO S M, et al. Phylogeny of Alariaceae ,Laminari-

aceae, and Lessoniaceae ( Phaeophyceae ) Based on Plastid — Encoded

RuBisCo Spacer and Nuclear — Encoded ITS Sequence comparisons| J].

Molecular Phylogenetics and Evolution,2001,21(2) ;231 —243.

[51] LI F,FENG J,XIE S L. Sequencing and analysis of ITS sequences of
Bangia atropurpurea[ J]. Agricultural Science & Technology,2010,11(9/
10) :45 —46,192.

[52] BRODIE J,MORTENSEN A M,RAMIREZ M E et al. Making the links:
towards a global taxonomy for the red algal genus Porphyra ( Bangiales,
Rhodophyta) [ J]. Journal of Applied Phycology,2008,20(5) :939 —949.

[53] SANDERS E R,KAROL K G,MCCOURT R M. Occurrence of matK in a
trnK group II intron in charophyte green algae and phylogeny of the
Characeae[ J]. American Journal of Botany,2003,90.628 —633.

(541 TR, Ak, BB, 5. 5 TARIEBORTEE R i LR &
JREBLT]. iR, 2008,32(9) 82 - 86.

[55] EBACH M C,HOLDREGE C. DNA barcoding is no substitute for taxono-
my[ J]. Nature 2005 ,434 (7034 ) :697.

[56] RUBINOFF D,CAMERON S,WILL K. Are plant DNA barcodes a search
for the Holy Grail? [J].Trend Ecol Evol,2006,21(1):1 -2.

[57] WILL K W,MISHLER B D,WHEELER Q D. The perils of DNA barcod-
ing and the need for integrative taxonomy[ J]. Syst Biol ,2005,54(5) :844
-851.

[58] MORITZ C,CICERO C. DNA barcoding: Promise and pitfalls[ J ]. Plos Bi-
ology,2004,2(10) :354.

[59] WHITWORTH T L,DAWSON R D,MAGALON H,et al. DNA barcoding
cannot reliably identify species of the blowfly genus Protocalliphora( Dip-
tera ; Calliphoridae) [ J ]. Proceedings of the Royal Society B: Biological
Sciences ,2007,274(1619) :1731 - 1739.

[60] TOFFOLI D,HRBEK T,DE ARAUJO M L G,et al. A test of the utility of
DNA barcoding in the radiation of the freshwater stingray genus Potamot-
rygon ( Potamotrygonidae , Myliobatiformes ) [ J ]. Genet Mol Biol,2008,31
(1):324 -336.

[61] FUM L,PENG J J,WANG Y et al. Application and analysis of DNA bar-
coding[ J]. Henan Shifan Daxue Xuebao(Ziran Kexue Ban) (Journal of
Henan Normal University( Natural Science),2010,38(4) 118 —122.

[62] MEYER C P,PAULAY G.DNA barcoding: Error rates based on compre-
hensive sampling[ J]. PLoS Biol ,2005,3(12) :422.

[63] DESALLE R. Species discovery versus species identification in DNA bar-
coding efforts : Response to Rubinoff,Conserv[ J]. Biol ,2006,20(5) :1545
—1547.

[64] LIPSCOMB D,PLATNICK N, WHEELER Q, et al. The intellectual con-
tent of taxonomy: A comment on DNA taxonomy [ J]. Trends in Ecology
and Evolution,2003,18(2) :65 —66.

[65] TAUTZ D,ARCTANDER P,MINELLI A et al. A plea for DNA taxonomy
[J]. Trends Ecol Evol,2003,18(2) ;70 —74.

[46

[

[47

[

[50

[t



