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FRAS, BRI A . ISR AH TR Rk E
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T W82 40, RERS T A5 A F T 12 HUDNA,;
H R 2 1 R B S 1) AT IR 5 s 88 V5 A A AR
Tl EHTRF R RERA . IKEY A
FlOlympus BH240 7 W B WL 8¢, P A\ rhade B RUR
U 9] B i Nikon HEX-ITAFRAHMLAE S« ABFFE
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Tab. 1 Collection location, specimen numbers and GenBank
accession numbers of G. corymbcladia

I - BT R T
PRASR A A brAs Accession No.
Collection location ~ Specimen No.
rbcL col

LNU2017052601 MT656298 MN812880
PRI 235 g LNU2017052602 MT656299 MN812881
& By Nanji Island,  LNU2017052603 MT656300 MN812882

Wenzhou City,
Zhejiang Province, LNU2017052604 MT656301 MN812883
China LNU2017052610 MT656302 MN812884

LNU2017052621 MT656303 MN812885

1.2 RH%B

T2, PR IR A AR AT T K e I 75%
TR 2 6L 00 T M AR A, 1 5 P FH 2K B T K e
3. BRIG, TERG IR B I e 3 B, B b FE
T RTH E EE A S K B ARSI B, BINK
WK B RO . AR, B R A A
NGRS 746 (LRH-250-GB) P, 15 77 4514 % B N
20 °C, Y6 HB3REE80 umol/(m’-s), Y& & W (Light:
Dark)12L:12D, %A fil PR, 24hJ5, WA
TR B, 24 B BT (10x10) N 7B il ik )
2030, FEEBE A B N RE IR R, O G R R
M (LRH-250-GB) 4k 4L 895 . KM — ki1
H1A5 4k, H: H Olympus BX537%¢ ) & i385 A1Olympus

BH2E BB M i 3. B2 R B4 LIRES R
1.3 FFHHh

o HEAE 9 2[R 2 DN A $2 R 77 £ (TTAGEN,
Valencia, CA, Beijing) 125 BRHE HU P TR iz s i v 1
AFEH A DNA, FH TPCRY M. rbcLFICO 1 2:H
Bl TS I s Wang 25 i i, Bl A
N: rbcFST—rbeRT53, rbeF654—rbeR1381, CO 1 Fl-
CO I RI(3 2). W YangZ" vt it 47 PCRY
PR KA I, BIE R B PR Aidk
FOP0 e 20 A T A A ) SE Y

%2 PCRIHFFESIH
Tab. 2 Primers used for PCR

FEPR L) " " ar
Genotype Primer J#9llSequence (5'—3)

rbcL F57 GTAATTCCATATGCTAAAATGGG
R753  GCTCTTTCATACATATCTTCC
F654  ATGCGTTGGAAAGAAAGATTCT
R1381 ATCTTTCCATAAATCTAAAGC
col COTF1 GGTGGTTGTATGTCTATGC
COTR1 CCGGGTCGAAGAAAGAAG

rbeLF 50 M1 MGenBank H e B N4k 740
Fi 77 b Dy A e N T T R S PRSI AR G e 3 (e
R & 35 0 KY047357)1E N )23 i A 35 J& 1)
it 410 B2 g 188 Halymenialf H. durvillei i
1J& PolyopestHIP. constrictus' 249N EEF 1) rb-
cLIER 7 51 5 6/ - T SR WA P rb e L3EE IR 2 41 36 AT L
XF AT o

CO 1 NP H: \GenBankH i B R4 T 45
771 I A U M T R R B D TR R A P (R A
BT N KY047379)TE N I 144N R A 48 J8 W o %
DAHNEERNH. floresiaFIP. affinis’ > 19CO T 2 ¢
FI5 64 P TEIRIAEECO T KT 41 3EAT LEXT 53 #r

BL K7 41 Bk B2 #1#FClustalx (1.83) . S
MEGA6. 0% 414 2 2 Gtk A K & W FF 0 i &4 Fh
Bl i 2 A) ) 22 S B, B A% B R A )y Num-
ber of differences X 2 15 % I & (K2-P), Boot-
strap{H 1 B N 1000X o

2 %R

21 RARENERIMNBES

FEARE LB 1a), R4, BE R, 515—30 cm.
EA P, K4—6 em, R ZEK N T, 962—S5 mmo
FEPR RGP oA A NI, oA 7 O AR B
A HIEEA G 45K 10A1e); TR A
1—2BPIR A B, FE B 44, A 15 LA /N,
A BIMAE 53 H _FAE /NI, A5 77 2R S xd A
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Fig. 1 External morphology and surface view of G. corymbcladia
a. V92078 TR (LNU2017052601); b—c. 20 B x4 8 B4R (7
LFTR; LNU2017052601); d. &R 7E R BRI Fi(c. TR,
LNU2017052610)

a. Tetrasporophyte (LNU2017052601); b—c. Branches are
opposite or alternate (shown by arrows; LNU2017052601); d. Dis-
tribution of cystocarp on the main branch (c. cystocarp;
LNU2017052610)

BUHA . TR EERIY, MR I AR, B A
T A 2 M BN A (] 1d).
22 RARENEA RIS

B IR AR R L) 985—110 pm, HHEZ
K REH R (] 2a812b) . 22 HHS— 11240 R,
Hrpsh i Bmpa3—s52, 2RESRKHMEE, N
EgMI2—6)Z, BAKNZ ML . BEHS hiE
MY, B22K16—36 um, %2—3 um, TEBE I E L
LLE—E . ARSI REFEE, A2
ARG, EEAR R 2 I RE S S B 22D

AETE AR SRR AR AR AR TN E A
J, A A A B, 2l D R i s AT SRS 22
) A T SR B, 1AM IR TR 1) T o 248 Pk R 34 B (5 T2 4
Mo FAE BRI ER A A E AL, HiXEen
B AL AR 7] 4R 2R T I 1m) 4 2 it RpIRAS L R
BORCRAA (] 2cH12d) . 5 B 240 1 AR 5 R Al 7 A
T R E 40, 3R A FEAA 40 M, A AR K
(A 9 S B A0 . A2 A 32 b ) 4 i [
FEARA A A B A, [F DL 5B AR B A A ()
FERPIRETE BORARAAE (K 2¢) .

1 2 R HETC 1 14 Y88 A4 SR THI ARG 1 R R T,
W73 b B Z A=A o R T RT DL o R T A
F 2 22 B8 A, 5 H A U1 456 8
FAE o« A5 )5 B R M5 5 5 T or 48 i A 2R e
b SR R T R T . R A Y R A

HE T2 22 k2% 242 32 1T A 5 A1 408 B4) il ) 40 R A
b 5 A I PR A 4 S e B A R R A R . Rl
S B4 B 4 L P R TR %) R BR A v At 4 i 4 458
Al AT RS B AR 2f). BEERAE &k —
053 240 PRNE 1) 3 ZRAE A RO R 22, Ty — 053 Im) AR
F N7 3 L LEAT s 0 22, HAE 7= H 22 (1) T g =
ARMT . TR E IR 225 S 22 A B YR S5
KERFRY, R QA+, REATER(E 2g
Fi2h). BEE TR ISR, RAT 2 NEEAARR T
PERFURE(E] 21)0 P AATR ] 7E SR AR R T I 52 3
(Kl 1d), HEAATEE180—240 pm.

Bl 3a <P TG MA L DY 73 fF- A 2 TR, DY 43 fd
TP TR R R A, R DY 4 7 FE A R
T AR SR TR, BT AT T T MR WA TR 1 SE A A
B (& 3a). Y T EE H IR R, K
N50—60 pum, B 15—20 pum, H VY5161 58 BE4 iR
(Kl 3b) R E o R T R 43 R (] 3¢), B 349E
BV 7344 (B 3d)

23 PRARMGEMTARKIRINEN R E

TE SR I6 = 25 T RIS 15 7 7 < 1 0 s 358 0 IE
PR IR A 5 o < T 05 Mn 388 Rl 28 PR 4k 3 1D 20 A7
BIER, Bk bR B SR O & R0 1 28k
F(E 4d). RBTERE, R4 6, BEA20 umA 4
(Bl 4a). 24hf5, R+ —un ¥ g k& H R4 R
I IE M R E 8, AL B 2T i, 25
A EHB BRI (K 4b). 245 AR 4 3
BN RE G, T A R 2 e T BRI (B 4c
Fde). Bfifa, AR RTG53 22, Bl A 50 247 A= 40
A B3 2, v R A S R 0 A R o R R
T, B EA A A B (B 4f—j). A4ifu K
ST ) A HE 2 P HL 3 5 R 434k HS T4 A s
HEN B BRI B (] 4k) o JUAMEDIRIE S H 5
I R AESCIRR RS (B 41—m), SEDIR A 2R —
SE RN, 2z B E NE LB 4n), 1 5k
— R E N (B 40). MFCRERIAE R KT
TR 5 < T M A 38 8 4 — B
24 EERFI O

rbcLEEFS O A FRILIRE6 &AL
R WA L (W rbc LEE R P 41, P B FER) 1317 bp, EE
X RRIE G KB 1124 bp.

rbeL3E K 7 51 b 5 (MAGE6.0) 45 5 B R (B 5),
TR 5 1 6 RE A Z A ol 2 22 57, 5 T ATAR
IR R TG BRI 7 S, T R — N B /N 43 2, XA
T At < TR A 5 R STV PR 5 s 38 5 7 T R
WAVEG. turuturul) 3L 72 7 912 bp(1.089%), 5 %%
JTURUAEEG. orientalis IR AE % 5 538 bp(3.366%);
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Fig. 2 The internal structure of gametophyte of G. corymbcladia

a—b. FEARIBE VI W (mf. #§£2; LNU2017052602); c—d. S M A8 58 ARSI T W (tr. 32 RE 225 ca. R f; LNU2017052610);
e. I BhAH AR B AL M (ac. FEBLATIL; LNU2017052621); f. il & 2 &R (LNU2017052610); g. #1442 fl22(LNU2017052610); h. FER A=K
(LNU2017052610); i. i ZAFE R (LNU2017052610)
a—b. Transection of the thallus (mf, medullary filament); c—d. Cross-section of carpogonial branch ampullae (tr, trichogyne; ca,

carpogonium); e. Cross-section of auxiliary cell ampullae (ac, auxiliary cell); f. Complex fusion (LNU2017052610); g. Primary filament
(LNU2017052610); h. Growth of cystocarp (LNU2017052610); i. Mature cystocarp (LNU2017052610)

B AN O RN H. durvilleiFIP. constrictus Bl FE 22 7
43 HIN63 bp(5.564%)F165 bp(5.780%)

Co 1 EEFF| 34 A FILIRIF 656 <
TEARIAFE I CO T B2 K P51, J7 51K B 3415649 bp,
EEX R IR 5 K 2552 bpo

CO 1 Z: N FF 5 X (MAGE6.0) 45 5 5~ (H 6),
- TR WA 5 TR 6N FEAS 2 R Tl 2 22 57, 5 AT IR
R A VBE TE R 2 72 S, T R — AN BB N 2 3, XA
ATl o <o 0GR s 58 0 G LR A S A G
WAV (KRS 22 579 16 bp(2.983%), SHERIRIAFEG. cate-
natafIH83E % 535 bp(6.440%); 524NN EEFRIH.
Sloresia 1P, affinisHIHAE 2 553 71 942 bp (7.570%)

Bl 3 TR IO 43 47 P P B8 45 H(LNU2017052601) F148 bp(8.638%).
Fig. 3 The internal structure of tetrasporophyte of G. co- N
rymbcladia (LNU2017052601) 3 Fh'e
DU T FER T b. WU FE T FE RN . A d. R Ve S g e S e v S\ S
PSS ‘ i 4 SR TIE ) 0 R 2 LR 540 2

a. Surface view of tetrasporangia; b. Tetrasporoblas; c. Dyad; yjé’ [EVREE S BN RE NUNINP T P 2 Y aE U (DS
d. Tetrasporangia cross division (X 73 %5 7€ P 5 H 24 TH] % 25 AR AR B T8 S5 ) , H%
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20 pm 20 um 20 pm

@ @ 40 pm 20 pm 20 um

0.5 pm

4 DTRIRIRER R R E
Fig. 4 Early development of G. corymbcladia

a—c. WHRMEINHE av d. BHF; b, B RE T, ¢ JRATITB AW RE, e—j. IRE NS R, k. BDRAE; I—m. FRIERE
n—o. B

a—c. Taken by fluorescence microscopy; a, d. Carpospores; b. Germ tube generation; c. Protoplast migration to germ tube; e—j. Cell
division in germ tube; k. Discoid; I—m. Discoid Fusion; n—o. Upright branch

ELE R SR BE S THARNKE, b5V, T A S S ) T AR RS I8 A
930 M IZ AR 25 W0 52 1l 0 B DA HE Al 1) 4 RULRAER 7> TS5 RIGHTE, EIXFES T, 2T
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BB 7r R INENB A . 7 T HBIKITE
B REINEMR L AER R TSN RES D
Tor R R i, 38 W] Lhadsd o3 i L 8 41
SEHTHITE A 203 AR AE, X4 58 O AR A A B
SEHRA R . % ITE AR TR [ By -
PR Z UL, AU M 5 S B,
FEE AR 1T Z N AR BN % 5 3200

R R R PR SEAT T S D UER ) S, RIE T K
HFIRIAEEG. yinggehaiensis Wang et Luanfl i Rz
WAPEG. serra Wang et LouZeg A gip™ %> x4
Wi IANF] . LA EFEL Ry EoR T TR BNES
I3 I IRAE U 7 R vp B A, S L mTFE
AR FT I 4 T B TR A 4 2R 5 7 10 4
TR MG A Y5 R E AT PRI A B AT 1 B9 o JE WL ¢

r Grateloupia corymbcladia Nanji Island, Wenzhou [MT656298]
Grateloupia corymbcladia Nanji Island, Wenzhou [MT656299]

100/100/100 Grateloupia corymbcladia Nanji Island, Wenzhou [MT656300]

Grateloupia corymbcladia Nanji Island, Wenzhou [MT656301]

94/99/86 Grateloupia corymbcladia Nanji Island, Wenzhou [MT656302]

Grateloupia corymbcladia Nanji Island, Wenzhou [MT656303]

99/100/100 Grateloupia didymecladia China [KY047357]

Grateloupia turuturu South Africa [AB038611]
Grateloupia taiwanensis Taiwan, China [EU292742]

88/7m|: Grateloupia huangiae Taiwan, China [HM590410]

Grateloupia longifolia South Africa [AY772023]

100/100/ lOOI: Grateloupia belangeri South Africa [AY772027]

Grateloupia asiatica China [AB055488]
Grateloupia serra China [KP195736]

93/95/88

69/74/64

100/-/99

72/76/70

Grateloupia livida Japan [AB038610]

Grateloupia divaricata Japan [AB038609]

86/71/75 Grateloupia lanceolata Japan [AB055477]
Grateloupia elliptica Japan [AB055476]

Grateloupia imbricata Japan [AB038607]

80/92/78 Grateloupiachiangii Japan [AB061387]

Grateloupia filicina Italy [AB055472]
Grateloupia orientalis China [EU292744]

90/88/81

59/81/-

Grateloupia yangjiangensis China [HQ324236]

85/84/- Grateloupia catenata China [AB038618]

Grateloupia tenuis China [KC918541]
Grateloupia huanghaiensis China [KC869931]

—— Grateloupia ramosa China [JX974608]
Grateloupia yinggehaiensis China [HQ332514]

64/74/59
86/87/83 Grateloupia boaoensis China [KC904940]

Halymenia durvillei Sri Lanka [AY772020]

[
100/100/100 |

Polyopes constrictus Australia [AB084535]

A
0.01

K5 T rbcLEREEPMLAGAEH
Fig. 5 Phylogenetic tree based on partial rbcL sequences data
RGEM 2 EEFERE A RMEA000RER), NEFIAKICAML, NI, MP, R BR A RE KT 50%, <& B BEMKT50%. H
durvilleifIP. constrictusVE MR . BT NS AFEAR
The rbcL sequences of H. durvillei and P. constrictus were used as the out group. Numerals at nodes are the bootstrap values (only support
values >50 are indicated) from ML (former), NJ (middle) and MP analyses (later). The research specimens were marked in bold
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HMTEAS I 38 FEAAH [FMEIE AT 22 7:(3% 3). 2016
G 2 55 U IR 75 R VG T AN TR S ALK,
&) — Wb 5 DR PR AR SR AR I 8] . s fRT A 285
ISR AN [ T A AE 22 555 < P2 M WA S8 ) PAY 5 45 ) o
AIE 5 AT R R % 98 AH DG 5 Fh 3 Y A 3 5 H R
FE—F, 38 W5 B 40 i A2 TE B SR TY 38 0 Grate-
loupia®™(5cpb-4auxb®). 19704 Chiang" " 48 i

100/100/100

73/82/78

90/97/87

FETRE P 3 B 440 P A B A SR 5, o Grate-
loupia{ Rl i Ja H R SR AT AR 4 o R A 35
B 3 95 1Y) B EEARAE, KawaguchiZes B8 J5 7 vk B f
TAEFEE N GE RN TR R R R R N EE R
5 AE SR B SRS 855 R <P T 5 A Y R P AT PR i
i IMERC TR, W52 B 38 BT A 7 38 S P AR
RAE TR SRR, A1 B K E RN

Grateloupia corymbcladia Nanji Island, Wenzhou [MN812880]
Grateloupia corymbcladia Nanji Island, Wenzhou [MN812881]
Grateloupia corymbcladia Nanji Island, Wenzhou [MN812882]
Grateloupia corymbcladia Nanji Island, Wenzhou [MN812883]
Grateloupia corymbcladia Nanji Island, Wenzhou [MN812884]
Grateloupia corymbcladia Nanji Island, Wenzhou [MN812885]
Grateloupia subpectinata China [KY047379]

87/81/80 —— Grateloupia phuquocensis USA [HQ422586]
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Grateloupia turuturu Korea [KP976172]

Grateloupia californica Canada [KM254282]
Grateloupia catenata Korea [KJ648517]

Grateloupia asiatica Korea [KJ648516]
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Grateloupia angusta Korea [KJ648512]

r— Grateloupia imbricate Korea [KJ648527]

56/61/-

96/97/95

100/100/100 ! Grateloupia hawaiiana USA [HQ422635]

Grateloupia lanceolate Korea [JX475010]

Grateloupia divarivate Korea [KJ648520]
_|: Grateloupia elliptica Korea [JX475024]
Grateloupia kurogii Korea [KJ648538]

Polyopes affinis Australia [KF543068]

87/86/90 Halymenia floresii Sri Lanka [GQ862071]
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Fig. 6 Phylogenetic tree based on partial CO | sequences data
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The CO | sequences of H. floresia and P. affinis were used as the out group. Numerals at nodes are the bootstrap values (only support
values >50 are indicated) from ML (former), NJ (middle) and MP analyses (later). The research specimens were marked in bold
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Tab.3 Comparison of morphological characteristics of G. corymbcladia and G. subpectinata
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RESEARCH ON THE COMBINED SPECIES BETWEEN GRATELOUPIA
CORYMBCLADIA LI ET DING AND G. SUBPECTINATA HOLMES
BASED ON THE MORPHOLOGICAL OBSERVATIONS, EARLY
DEVELOPMENT AND MOLECULAR ANALYSES

MA Yue', BIAN Yao"?, WEN Xin', ZHANG Xin-Tao' and WANG Hong-Wei "’
(1. College of Life Sciences, Liaoning Normal University, Dalian 116081, China; 2. The Key Laboratory of Plant Biotechnology of
Liaoning Province, Liaoning Normal University, Dalian 116081, China)

Abstract: Grateloupia corymbcladia Li et Ding and G. subpectinata Holmes distributed in Nanji Island, Wenzhou
City, Zhejiang Province (specimen of origin) were studied in detail using molecular-assisted alpha taxonomy (MAAT).
The results showed that: (1)G. corymbcladia were upright, purple-red, cartilage and 15—30 cm height. The main
branch was flat, and the end was elongated to a sub-flat shape with 2—5 mm wide. Branchlets and 1—2 pinnate
branches were distributed on both sides of the main branch. The reproductive structure of the female gametophyte in-
cluded carpogonial branch ampullae and auxiliary cell ampullae, which were composed of five cells and four cells
(Grateloupia type), respectively. Mature tetrasporangia originated from inner cortex cells and split into cross. The
above characteristics were consistent with G. subpectinata. (2)Under laboratory conditions, the female gametophytes of
G. corymbcladia and G. subpectinata both produced and divided to form discoids. The spore development types were
all “mediate discal type”. (3)Based on the results of rbcL and CO I gene sequence analysis, there were no pairwise di-
vergence between the six samples of G. corymbcladia and the G. subpectinata. They all formed a single monophyletic
subclade. These results indicate that G. corymbcladia and G. subpectinata were the same species, and G. corymbcladia
was regarded as the synonym of G. subpectinata.

Key words: Grateloupia corymbcladia Li et Ding; G. subpectinata Holmes; Morphological observations; Early
development of spores; Molecular analysis
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