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Fig. 1 Locations of the sampling sites
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SRErbe L7 51 I D R0 AL 455 7 1 0 25 K0 &8
PFHEENFEERNRAERER. mEHMER
& R Plagiospora gracilis, 172 H IS K52
E#(H. caespitosa)FSchimmelmannia plumosa | {E
NAMEERR . SRELCO T Fe 5 R a0 48 7= B 5K
280 B A (R A R, 7 LR B S R
FP= BN KIS, plumosa MIAE N AN, N 3K
f:Clustalx (1.83)H47 7 41 L X, MEGA6.03E T Hifi
2T Lo R i R G, A8 B KB AR i Maxi-
mum likelihood (ML)i% . IIfiiri%Neighbor joining
(NJ)¥E A B K 18 20 Maximum parsimony (MP)i%
MERGRKEW . THE AL HEE R JyNumber of
differencesf1Kimura 2-Parameter, Substitutions
Type A d:Transitions+Transversions, Bootstrap # &

[13]

10004%"
2 #R

21 FERERFEMIESHEN

PN SR b T K B0 R IC TR B, A B
A, BRI R, 21 B 2, [ A S IR IR
TR, 2 AR B AR . 7B, A
XHE S BA D sCHESILE B BT AT T, T 23 B 3L

—
e = -

i

b

FEA 5 AT B IR 8. (EARRR 4
A AR K R AR 2 R, REBTRE
VRS IO S TR A K R A e R v T S Atha
KA (3 3). WAl F ok Fe R, 1R AR E TR
I FEIRIT I 2 5 AR, WM 7T

3AWI, BT ARG G I, AN T1 em
(B 3A). 3H WA, BRI b, K ik 2
2—2.6 cm (& 3B). 3K, AR EIAF3.7—4.2 cm
(E13C). 4H ), BEAKEILH3.8—6.3 cm, #5>
AR AR IS A FE R (] 3D). 5 H, AR
AR, BAAK A #5.2—9.1 cm, FE R4
(K 3E). 6H, HEAKEIXFI6—15 cm (& 3F), HF
KRR EATX20 ecm (K3G), FER &R T
TH, ARE B R ARG UG, A (8
R, SRS R . 8 H IR H AR BB E N
T4
22 HEEMTHMERGEHSEELEN

B IR GG IR 3 A3 T g e A7) T A A mg DLW
GBI AN 5 T 19 v el 40 e DA % DO A R il 4
T 4T R el A B S T HE B, A R il 2 B N
S T ) T O 2 BEAR 22 40 B (1) 4A) . LAl 4m i
BT BCHE S R I R R AR, TERTAE SRR,
BBl il 40 BV 2 o A IR 90 5 v o R R UL % B R ) A
B R gn B AR 22 4B (K 4B) . EIRAMF R
i R LT %, IR RE LR 3 Bz S 40 B DA B AR AR 22
I 4C)o AL H IR BE FREM —8. ME
A b A D) HhRT DY 214 5 A F 8] 4 43 22
(El4D). F A i 22 AR o 4 3 rh 8 IR, R AR
VIS METE(E 4E). [ JEH6—10/Z40 4k, J&
FEN45—80 um, 4R 2 H2—3 )2 HEF S % 1 [
SR T 40 B B, Y R 2 B A—T 2 AR )35 Ty
TEECOR T A0 M B . B0 7000 B A HEZ ) 22, K
15—50 pm, $52—3 pm, 7EHE 00T DO 8RR AR 22
ALK 4F).

T

K2 R smE MR SR

Fig. 2 The wild habitat and setting of the quadrat (25 cm*25 cm) for G. capillaris sampling
A. TFAMESE (L BTR); B. £ 7 1¥ E (25 cmx25 cm)
A. Wild habitat (arrowheads); B. The setting of the quadrat (25 cm*25 cm)
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AT G R - AR TR INC A M ) A, SRR H
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b, f BT — A — R A R L BN
RHE, ™A AT AL, 2R 22 i B el fh 1
[ BEAR R T (K] 4G). G B4R A= SR BRI,
5 620, AT B 240 i Al R s 48 L A B I8 4 M
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Tab. 1 Primers used in the study

LRI 514 B —
Gene type  Primer J¥%Sequences (5—3")

rbcL F57 GTAATTCCATATGCTAAAATGGG
R1296 TCAGCTGTATCTGTAGAAGTAT

F1237 CCAGATGGTATTCAAGCAGGTGC

RrbecS TGTGTTGCGGCCGCCCTTGTGTTA
GTCTCAC

Co1 GazF1 TCAACAAATCATAAAGATATTGG
DumR1 AAAAAYCARAATAAATGTTGA

v P AR PR A 22, PR 22 R i T BRCR AT, S Bh AT e
AT A IR A 5 R R ) i 42 A L B R g g, T
R EERE T 4D, RIETARINE, 7]
DIV R B A e S A 2 AR (B 50). e
FIEERIE, E4£100—140 pm. RFIRE, HiE
6—9 um (& 5K). &R 5 Rl vd i LR
e FETHEA N

23 FEREFENEDE. RBEMELEHS
RITIEEHT K

I FErt3—7 A AR A M s RN T A )
BRI, 3—6 H, B AYE—EHE K,
6 3 1 Wy R A B T, 722k 408 M3.628 g/m’
(3R 4), HoA R 7 I R B SR AR s I B A BRI AR
Yy, 4 994,023 14,132 g/m’. 7 H BEE K
BT &, PSRN, 8 3 BIRF2H R RE
FIFE A,

B TR D AR T A R S R T
e, SRR AR . 4 N R R TR T IR
DUAETE T, FET AR LB 10% (% 5),
RITHRECN% (% 6). SHFERE R, B A
LB N61%, RITHREUN60% . 6 F 17 A 4 i il 3,
BN LU AT 12 RITHE 0340 9 100%

#F2 rbcL. COIEBEFFINFAAYIM, REMRRERETRSTIR

Tab.2 List of species for rbcL and CO | gene sequence analysis with the sample location and the accession numbers of GenBank

YyFhSpecies

KA Hh 5 Sample location

35 Accession number

Gloiosiphonia capillaris (Hudson) Carmichael

Schimmelmannia plumosa (Setchell) 1. A. Abbott

G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael
G. capillaris (Hudson) Carmichael

G. verticillaris Farlow

G. verticillaris Farlow

Plagiospora gracilis Kuckuck

Hyalosiphonia caespitosa Okamura

Hyalosiphonia caespitosa Okamura

rbcL col

K B E(LNU2016050201) MG645982 MG645994
K A RE(LNU2016050202) MG645983 MG645995
KA H(LNU2016050203) MG645984 MG645996
KEEATZ FE(LNU2016050204) MG645985 MG645997
KEEARE(LNU2016050305) MG645986 MG645998
KEAE(LNU2016050306) MG645987 MG645999
KIEEAME(LNU2016050307) MG645988 MG646000
KIE 4 A #E(LNU2016050308) MG645989 MG646001
KT B (LNU2016050509) MG645990 MG646002
KEESET- B (LNU2016050510) MG645991 MG646003
KIEMFPE 5 (LNU2016051811) MG645992 MG646004
KEEHEVE B (LNU2016051812) MG645993 MG646005

PN KU382056

| GVU04195
JIEYN KM254896

PN KU905059

TN KT310684
AR & KC782901
TN KU382061 KM254413
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(25—30°CabL )", B R EAAGERE . )
W RIS R, B R TR AE KR A3—T A,
DAKIE T ), AR 0% 77 3—7 H ¥ K B AR A 4y
T R TR IR B M R . 3—6 ), I /KIR B M
5.9CHE15.3°C, 1X B [ i i 1Az A K
Hor5—6 M AR KTl B b, S35 AR ) R 4
K, KR EN10.6—15.3C. 6—7H, /KR
FEM15.3°C F+520.7°C, % AL T AR B8,
SH B2 AR FAEBNFE MR T8, 28 BATR,
FEERTANEEAEKREE10.6—153C, i
B T A IR M I R

R 3 FEIRESHFEEL TIPS HILLE

Tab. 3 The morphological characteristics of G. capillaris ga-

metophyte from different localities

KM i Sample  #EAKBI (A The color K JELength 7% Width

location of thallus (cm) (mm)
ATk Heishijiao e ARG 8—12 1—1.5
TR FANEE) 7—10 1—1.5
Fujiazhuang
Fi FShicao Rt 7—10 1—1.5
41 " Jinshitan Kaf 10—15 1—2
$& 1 By Zhangzi
Island a 9—18 1.5—2
187 B Haiyang
Island ae 12—20 1525

2.5 rbcLFICO I EEFF53 7

rbc LERFHI T AW T IN6H 3R
1824 AL 12 F B B rbe L7 71 31 #2532 3 Gen-
BankH, AT3RTS & 5% 5 N MG645982. MG645983 .
MG645984. MG645985. MG645986. MG645987.
MG645988. MG645989. MG645990. MG645991 .
MG645992F1IMG645993 ., FLLUXF 17457 %1, % LLHr
EJa AR K FE 1226 bp. & TMLZ%E. NJEE
AIMPIERIEE T rbcLIFFI R G R G W, 3Fh 55 Ar
Ty g ) % B B AL 4R Fh S5 4, i CAMLYZ: Fr
MERGE K EMRHRINE W ER. 4R sH
N, AR 2N REAR 2 [ B Z 5, 5=
FERIIFE AL R G R RAE— 4030, Tohsdk
25, WE NENE . SEVE R IR A R TR
R R N64bp (1.97%). SEE BRI Plagiosporal®
HIP. gracilishliFt 2 57 N157 bp (12.56%). 54N
Fh e 5 R TR e PR 22 57 9170 bp (13.07%) LA
K5 Schimmelmannia)&H1S. plumosali 3 7= 5 N
185 bp (12.83%).

CO1ERHRFFIMH  AWFEIN6H A%
RAF2K B N2KFEENCO 1 FHI I3 2
GenBank ™, Fr 313 &% 5 N MG645994. MG
645995, MG645996. MG645997. MG645998.
MG645999. MG646000. MG646001. MG646002.
MG646003. MG646004F1MG646005. 3 Eb X}
1526751, %F LU IE Ji5 72 5 AR B 9664 bpo. &
TML¥Z. NREFMMPIEME T CO 1 JFHIRI RS K
B, 3P VAT R B W B A A 4R b A

K3 BB T METE SR
Fig. 3 Different morphology of G. capillaris gametophyte at different stages
A.3F BRBC T4, B—F. 3—6 J HHASMEIERS; G. BRI T4
A. Gametophyte seedlings in early March; B—F. The external morphology of thallus from March to June; G. The largest mature

gametophyte
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M, MUMLIE T # Rk 8N 451 2
e R 6T R, BT FI2ANFEA Z 18] TE
HEER. MEREERNRAEREEREZESRN
44 bp (6.35%), 5 /M P R 1 S s 2
79109 bp (8.83%), L Schimmelmannia)& 1 S.

owm | %

T .
K4 FhEEN TS R 5 A 451

plumosaligiF: 7% 5 4110 bp (8.98%).
3 g

K H R 6™ Hi 55 1R AR A AN TS |
R R B 5 5 R A o R P R

Y.
At M 5

: e
Shy S8 sl gr —
St (R8N 50

Fig. 4 The vegetative structure and reproductive structure of G. capillaris gametophyte
A TR BT B DTN (L. P20 2. B h 20 3. AR 2240 /0); B. BEAR IR B b O R DD TR C. A4 TR 43 BOR o B A 1)
T D. B T Lo R DI T (L. B850 1] 23-2); B. 34 LA b RORE DY IETA; F. R SR A D) (oc. 1 2 R4 e, 1 B J= 4
it0; mf. $622); G. BB ATk N(1—3. B A B N A tr. 32RE22; cp. RM; hy. TAL4IMI; sc. SCFRF4IM0); H. 4l Bh 40 M kL 2E 7
B —6. il BV A2 FE AL A aux. FHEVANAE); 1 FERBEEE RAT (1. R 2. AraE66); BT RANERN. MERE

55 2. 722 KL AR L) T

A. Cross-section on the top of the secondary branch (1. centre axoblast; 2. pericentral cell; 3. rhizoidal filament); B. Cross-section in the

middle of the secondary branch; C. Cross-section at the end of the secondary branch; D. Cross-section on the top of the main axes (1.

medulla divided from the middle); E. Cross-section in the middle of the main axes; F. Cross-section of the cortex (oc. outer cortex; ic. inner

cortex; mf. medulla filament); G. Carpogonial branch ampullae (1—3. the bough of carpogonial branch ampullae; tr. trichogyne; cp.

carpogonium; hy. hypogynous cell; sc. supporting cell); H. Auxiliary cell ampullae (1—6. the bough of auxiliary branch ampullae; aux.

auxiliary cell); I. Carpospores surrounded by pericarp (1. pericarp; 2. complex fusion); J. Cystocarp tend to maturity (1. complex fusion; 2.

gonimoblast); K. Cross-section of mature cystocarp
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—8, FEANBIAE b, AW R RIREA A B K
RO R, TR AR (G, verticillaris) B A 3—64>
WA R B, BWRAESH, —E BT X4
MBS % EfE AR FURPE AR S R . 4R
rbcLIF A ML R i K B M (B 5) 2R, AR5
FRR2AMEAR S B INE KRS R —iE, B
B— NI 3 32, B RAE 100, X )T AR,
BUE T AT I2AFEA AR E B RECO 1 7
IR IML RS8R B W (K 6) 27, AR 124
FEAR A JRAE— i, TE R — ML 19y 32, B RIEN
99, 5 [Al @ A L BB (G verticillaris)iRIE 7 7N
44 bp (6.352%), FH- 5 1ZFH L BL— MK B3

53, Le GallZ" i 58 7 DNA KRS E AR T 5¢
PR Z R BIE F, DRI B 7 51 22 57 K
T2%JE TFh a2 57, 5k 7 AW 12 AN
T

Newton' St 43 A5 F- Wi 0 286 A5 86 FiC -4k 10 2
KRBT T IRE, RMEERNERE M, X
5N AESER 8. HTEEEMNSHT
PR FeR, TR MER 2 B8 5 DY 2 1R i AR K
W TR VR . AW R IR S 7 5 5l
PRV E BRI TR IR S 5Py a s LR
KFHARER S S lERIE TS 5FE
B30 25 P b, R AR S IR B R LT, WK E S

Gloiosiphonia capillaris Dalia Heishijiao (MG645982)
Gloiosiphonia capillaris Dalia Heishijiao (MG645983)
Gloiosiphonia capillaris Dalia Fujiazhuang (MG645984)
Gloiosiphonia capillaris Dalia Fujiazhuang (MG645985)
Gloiosiphonia capillaris Dalia Shicao (MG645986)
Gloiosiphonia capillaris Dalia Shicao (MG645987)

—_
S

== Gloiosiphonia capillaris Dalia Jinshitan (MG645988)

—p—
=t
(==

Gloiosiphonia capillaris Dalia Jinshitan (MG645989)
Gloiosiphonia capillaris Dalia Zhangzi Island (MG645990)
Gloiosiphonia capillaris Dalia Zhangzi Island (MG645991)

—
=]

—
-
=

00 Gloiosiphonia capillaris Dalia Haiyang Island (MG645992)

—
(=

Gloiosiphonia capillaris Dalia Haiyang Island (MG645993)

Gloiosiphonia capillaris Canada (KU382056)

Gloiosiphonia verticillaris USA (GVU04195)

Plagiospora gracilis Canada (KU905059)

Hpyalosiphonia caespitosa Canada (KT310684)

O\
oo[loN

Schimmelmannia plumosa Canada (KU382061)

:

0.02
K5 BT rbcLFFI T ERMLAR SR B M
Fig. 5 The Maximum likelihood (ML) tree was based on rbcL sequences
33 BRI RN HBAR(10007K ), 0 HIAML (B) NI (). MP (F), R &m HEH KT 50%
Numerals at internal nodes are bootstrap values (1000 replicates) inferred from ML (upper), NJ (middle) and MP (lower). Only values above
50% bootstrap support are shown

*4 FEERTFHREYENTN
Tab.4 The biomass of G. capillaris gametophyte

= . - Y1 Biomass (g/m’
kg PR Average biomass g T )zﬁmzmngzi #57F B Haiyang

Heishijiao Fujiazhuang Shicao Jinshitan Island Isalnd
3 0.511 0.478 0.463 0.480 0.493 0.569 0.584
4 1.015 0.965 0.842 0.957 1.034 1.135 1.156
5 2.738 2.478 2.366 2.747 2.895 2.964 2.977
6 3.628 3.230 3.064 3.425 3.896 4.023 4.132
7 1.659 1.442 1.346 1.785 1.559 1.957 1.864
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ARR BERLAS, P DARATTHE DN 36 8 i i AR K T 858 K& E IR i I AN S A AR Y R R,
FAFERE R, XN PEEE R AEESRENZ ) XK & S IR AN AN TR E 2 ) AR AR A 2 i
B, IR AR R R AN PR AR TS G i) i i ARl o BB LEFR A SR AR I R IR e 3800 LA 5
BIEEAE . Ek TS i X} 8 4% L B (Du- B AT B, 2R KX RS
montia simplex) KA AT T HFFT, KIAEHE KRIEHE JLHES—6 A A 26(U. lactuca) ¥ K&

x5 HERER TR MR AITL
Tab. 5 The mature individual proportion of G. capillaris gametophyte

N - o (%
A4 ST R L I The average of mature AN 14 L 5] The mature individual proportion (%)

Month individual proportion (%) A RS Al AR i Zhangzi HEF B Haiyang
Heishijiao Fujiazhuang Shicao Jinshitan Island Isalnd
3 0 0 0 0 0 0 0
4 10 9 11 10 8 11 11
5 61 59 64 70 54 60 59
6 100 100 100 100 100 100 100
7 100 100 100 100 100 100 100

Ro6 HEERTHARTHEHRNEL
Tab. 6 The R/T ratio of G. capillaris gametophyte

o N
H#r  “FYJR/THE¥(The average of RIT RITHH(The RIT ratio (%)

Month ratio (%) A (e Fitl ShME ST HZhangzi T fyHaiyang
Heishijiao Fujiazhuang  Shicao  Jinshitan Island Isalnd
3 0 0 0 0 0 0 0
4 9 9 8 10 8 9 10
5 60 62 68 56 52 59 63
6 100 100 100 100 100 100 100
7 100 100 100 100 100 100 100

Gloiosiphonia capillaris Dalia Heishijiao (MG645994)
Gloiosiphonia capillaris Dalia Heishijiao (MG645995)
Gloiosiphonia capillaris Dalia Fujiazhuang (MG645996)
Gloiosiphonia capillaris Dalia Fujiazhuang (MG645997)
Gloiosiphonia capillaris Dalia Shicao (MG645998)
Gloiosiphonia capillaris Dalia Shicao (MG645999)

O I\O[I\o

Gloiosiphonia capillaris Dalia Jinshitan (MG646000)
Gloiosiphonia capillaris Dalia Jinshitan (MG646001)
Gloiosiphonia capillaris Dalia Zhangzi Island (MG646002)

Gloiosiphonia capillaris Dalia Zhangzi Island (MG646003)

O o[ I\o

Gloiosiphonia capillaris Dalia Haiyang Island (MG646004)

Gloiosiphonia capillaris Dalia Haiyang Island (MG646005)

Gloiosiphonia capillaris Canada (KM254896)

Hyalosiphonia caespitosa Qingdao (KC782901)

Schimmelmannia plumosa Canada (KM254413)
0.02
Kle %:TCOILFFIREEIMLRAGRE W
Fig. 6 The Maximum likelihood (ML) tree based on the CO | sequences
O3S B HT FROR A FEAE(1000IK E 52), 23 HAML (1) NI (1) MP (), R &R B K T50%

Numerals at internal nodes are bootstrap values (1000 replicates) inferred from ML (upper), NJ (middle) and MP (lower). Only values above
50% bootstrap support are shown
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43 %

B K. WKEE RN A AR R IS
AR, R TE R4S R A SR, 4 K
52 S0 R R K ) A A TSR A
T I H, BE AT T AR o, B Al o A
BT 8 18/: RPN B1: o SV 90 REAV LR Sy Pl
BB Ah, 2B 3 T T DR T U A — G AL s 9 R S
(Codium fragile)~ #§35 (Gloiopeltis furcate)s H T
Y PR S A B A R A 0 A Y ] R A B R
N o HEGETH R M [X ¥ v 255 ) U R AT T 1 I
R T 25 i B pukti . PrA S 2 R
WIS R LA 06 TR K L [X Y A o LA
SRR S IR B R AT DR 47 SR 52 I UiV R S5 A i
LTI RFEE R R -

AW T T o0 AT A5 K T v O 0 S O
BRIRIUR, W 1 A ) S TR R IR b T
A AT R L, iz R . B E IR
2 ) B A S A T AN R B AT AR DN SR s i A
FEARAARTS Gy i R SRR, oA T4
] At A ) /G B R I B AL AR i S5
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MOLECULAR CHARACTERISTICS AND GROWTH STATUS OF
GLOIOSIPHONIA CAPILLARIS

WANG Hao-Lin, BIAN Yao, WANG Yong-Yu, LI Jia-Jun and WANG Hong-Wei
(College of Life Sciences, Liaoning Normal University, Dalian 116081, China)

Abstract: This study analyzed the external morphology, vegetative and reproductive structure, growth process, bio-
mass variation, mature individual proportion, R/T index, as well as the large subunit of ribulose-1, 5-bisphosphate
carboxylase/oxygenase (rbcL) gene and the partial cytochrome coxidase I (CO 1) gene sequences of Gloiosiphonia
capillaris (Hudson) Carmichael populations collected in the coast of Heishijiao, Fujiazhuang, Shicao, Jinshitan, Zhang-
zidao and Haiyangdao in Dalian. The results indicated that the gametophytes of G. capillaris were androgynous, soli-
tary or caespitose habit, and that the main axes were erect, disciformi affixus, gelatinous in texture, red or purplish red.
The length and width of thallus collected in Zhangzidao and Haiyangdao were significantly higher than those in other
sites. Thallus was composed of cortex that had 6—10 cell layers and medulla that was consisted of many rhizoidal fila-
ments. The size of mature cystocarp was small and protruded from the thallus. Cystocarps were spherical or hemispheri-
cal, and often became a group with 2—4 members. The maximum biomass of gametophyte appeared in June with an
average value of 3.628 g/mz. The proportions of mature individuals increased gradually from March to June and got
100% in June. The gametophyte growth cycle was from March to July, and the temperature property was temperate.
According to the phylogenetic tree of rbcL gene sequences, there was no sequence divergence among the 6 sites and
clustered in a single monophyletic subclade with the sample from Canada. There was also no sequence divergence
among the 6 sites based on the phylogenetic tree of CO I gene sequences. The samples were clustered in a single
monophyletic subclade and identified as G. capillaris.

Key words: Gloiosiphonia capillaris; Morphological structure; Biomass; Temperature property; Molecular systematics
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