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Abstract: As a habitat-forming species, the red alga Gracilaria vermiculophylla has been noted to play an
essential role in shaping coastal marine communities and maintaining intertidal ecosystems along Chinese
coasts. However, few studies have been conducted that analyze the genetic structure of the population and the
distribution patterns of genetic variation. In this study, we compiled partial mitochondrial DNA cytochrome ¢
oxidase subunit I gene (coxl) of 19 G vermiculophylla populations (461 individuals) and performed phy-
logenetic analysis and population genetic surveys. A total of 461 mt-DNA cox1 sequences were obtained and
edited into 641 bp, which contained 21 polymorphic sites and yielded 15 haplotypes. Phylogenetic infer-
ences, haplotype networking, and principal coordinate analysis consistently indicated that G. vermiculophylla
populations diverged into two groups: the northern group is comprised of specimens from the Yellow-Bohai
Sea and the Shengsi Islands, while the southern group is comprised of specimens from six locations south to
Xiamen, Fujian Province. Analysis of the molecular variance and Nei’s genetic distances indicated low ge-
netic differentiation between populations in each group while group-level genetic divergence is comparable
to the degree of subspecies differentiation.
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Gracilaria tikvahiae (F1499539)
Gracilariopsis lemaneiformis (KF789531)

100/100

51/51

100/99

96/94

100/99

0.02

Bl BETEIBZNEcoxIFIEEHNIFTMLE . ¥FRTETRNERIFRREE 50%, H&EANIK, HHIML
Bh). BHAERSERER.

Fig. 1 Neighbor-joining (NJ) and maximum-likelihood (ML) phylogenetic trees based upon mt-DNA cox1 sequences of Gracilaria
vermiculophylla and some congeneric species. Numbers indicate bootstrap values (> 50%) of NJ (left) and ML (right) inferences.
Population codes are the same as in Table 1.
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Fig. 2 Median-joining network of mitochondrial cox1 haplo-
types in Gracilaria vermiculophylla populations. We only de-
tected haplotype HO—H4 in the populations south to Xiamen,
while H5-H14 only in the populations north to Shengsi Island.
Population codes are the same as in Table 1.
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JEG AL AN H SR, AMOVA 2 M7 22 81 93% ()8t 4%
A SR F LSRR, LR SRAE (R] (st AL kR
WL E(Fer=0.933, P<0.001); RA3%M38 7K H
FEAATA] (Fsc = 0.465, P < 0.001), 1M #EAR P 38 AL AR
FEANFNA% (Fsr=0.964, P<0.001). HIT & B b8t
[F|NmAE N0.019 (F4), B rgbRBER K3 R 28I
FEHEA IR
3 g

Saunders (2005)7EH & 21 ¥ 25 JE AL AT WA 4
SERT R I, LB N cox | 7 A% TF IR A8 S KA1
0-0.3%7r A1, J& N Fh i) A% R AL 3 %45 4.5-13.6%
Ffi. YangZH(2008) LA 1 i AT H A 43 HL X 1)
144 BT B 2k bR cox 1 7 41, Kol B 148 S RN
1.2%. Kim%F(2010)ELAL 7 A 3K3 120k BT & B kL
fRcox 131, 22 7 22 81.98%.. AW 7L,
H ET 46 1R BT AR EVL B 2R cox LT 1A% 1
R R N3.27%, L RN EREN
1.25% 677 KB THEN1.40%, B LB
cox1 [FHITE346. 517 562H1604 bplfFLf &5 477
B R AR AR AR S (F2) . LA W 7T P VT 8 2R 4

LES T AP

g JIMJCD, HN, HS, ZZ

o

DC

South @

Coord. 1 (86.66%)

*YT «JH *TC *NA «ZP XL 88 *YY “EY *8Y *YH “LR *SD «DC *JM *CD «HN ¢ HS *ZZ

E3 ET&hiFcox1 FHERBEEMNERST DTEFRSERD
Fig. 3 Principal coordinate analysis of 461 mt-DNA cox1 sequences based on Nei’s genetic distance. The amount of variation is
explained by Coord. 1 and Coord. 2, respectively. Population codes are the same as in Table 1.
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Table 4 Analysis of molecular variance (AMOVA) of Gracilaria vermiculopylla populations

AR 5 SRR B H B Rkl Vi BRENH I RE EYeshint
Source of variation df Sums of squares Estimated variance % of variation F-statistics Nm
—A~ZH One group

BE1ATA] Among populations 18 434.049 24.114 93

4K Within populations 442 34.103 0.077 7 Fsr=0928"  0.039
PHANZBE (R T BEAR, JE 7 BE4A) Two groups (Regions: South, North)

2K Among regions 1 405.675 405.675 93 Fer=0.933" 0.019
25 H Py 44 18] Among populations 17 28.374 1.669 3 Fsc=0.465

FRPY Within populations 442 34.103 0.077 4 Fsr=0.964"

For NSRRI 70 RBL, Fsc ISHE P RFOR )18 15 2040 R AL, Fso WREIR IR AL 2L R B P <0.001,
Fcr was calculated as the proportion of variance among regions; Fsc was calculated as the proportion of variance among populations within regions;
Fsr was calculated as the proportion of variance within populations. * P < 0.001.

cox1 JP B % H TR AL 7 %24 /T Saunders (2005) 7+
SE P L5 A PN S 8] A e 2R () X TR N o SRABLIR) &5 3R
1 BAE XS 4L (Gracilaria gracilis) (2.04%) V%
S (Hypnea asiatica) (2.06%)F Mastcarpus stellatus
(2.60%) %21 FI 70 1 (Robba et al, 2006; Gerald-
ino et al, 2009). Robbat%(2006)>K 44Saunders (2005)
MBI T RIRAERT G gracilisFIM. stellatusidt
ATHFEAIDIR, B S BB R AL 5 3 R AT A
J¥ Hi(incipient speciation) il . Hebert%(2003)7E
I3 BT SRR cox 1 7 1 R 158 A I B A B A P 1 4%
BAEAE/NT0.200,  [7] J& Fil B (1) 38 4% B 5 — MR 4%
JE Rl A AL RS ) 1064 22 « Chus5(2009) 1Ay 24 7
P 15 A% BE B K T0. 200 1T BE A7 78 A 2 B A7 b (9
P14, 2012). AHFFT R ALSEHE ) & HEAR (] ) 188 4% R
B K 90.062, A T70.200, T R Ak S 18] 1) 35
fEFE B 0215, fiff A S 4E %5 (2009) Cheang %%
(2010)F1Bo0%5(2014) %} e i (Tegillarca granosa)~ ¥
I & ¥ (Sargassum  hemiphyllum) 1 44 ¢ 3%
(Gelidium crinale) ¥ BV Fp [P HF 5T, 45 & A& XK
PCAZ3 T - AMOVAZL SEANFE R BB vT 41, o
I 21 LV e G S A] 9 404k 2k M N S 7k
o X AR N ZEE IR 0 (A D 51 A 5
B )RR j7 A 45 110 A8 A (a3 SR 20 P4 B P [ b gt
XTI T RE B W AR S 4. Rk, A VL&
A6 A B A TR A W AR AR A7 X T YL E W R 1
AT RFER ORGP AR H A B S X

Kim %5 (2010)7E 3 [ 35 7 J M7 AR I 21 1 Ff
cox1 Bf5 74 . Gulbransen®5:(2012)84 1 7 KAF S AR
FERRE, AE[R] — M DR I 380 7 /b B A T, #8012k
T35 5 R A B 0 0V 8 AR 10 A% &5 4 40 M 1

PR o ANHIEFUAE B AR I 2 154 T E cox
BAER, ST ET R SR IE (Kim et al, 2010), X
HE— 301 S R A SR B TR 0T 41 95 AR 13 A 45 4 AT
R ITIE B, AN, AR IR AR
71~ H LV R AL 2R 0 AL A DT b LR, 3 ok
RER AN VL E AL PSR R R, XA
R T LUE B RFEERAE N DLER )

FAR R ] 3 v VT ) AR AL TR A S A A
BRI Z AR, (BAEIR 2 AN TC ZP.
SS. EY. SY. SD. JM. CD. HSHIZZ)H H Al
BN FRAEDY, BN v B AR B . X T
M5, JotE S0 o (R AR A 2k R B T4l
A, 3E T PG R R AR B A% 2 FE 1% . Peason Al
Murray (1997) & BLLL# Lithothrix aspergillum{E NF|
A R I B 0 1 X AT A P IR A B A R () gt
& Z R, TAEALIBAT Jo P BTA M R L A 2 F
PG . XM RAEVLE @i i b R G HiE . i,
Guillemin %5 (2008) f# i SSR 5 ic #f 7T &4 | V1 &
(Gracilaria. chilensis)KIN, £ EARTEWTEIGIE KA
TIRTE BRI 8 AL 2 FE K- BAC T B AMTH
PEAFEIG EARBER . HVL B N AE AR g, A
ARG ARTT DAZE [F]— I S AEAE, DY) fld 144 F0
ME HERC TR LE [l — I i AR R AR . BRAT
AIEETE AN, 1E B AR S B Tl 40 ) VL
FEREAE AW 2r R AR, A R H BT R BT 1 B AR
("G B FPRIBZY, 1959; Rueness, 2005). FILE—
AR AR AR A TR T AR AL T BEAE DN /N . PRI J5 A
XRRE « 1 MR 9T (Rueness, 2005), iX
A g I B 2% A0 45 V0 1 i 1) B AR 48
Jifhi, BEAARAR KR, ot B MIA B 4%
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AT BE A ] 3T oA i A VT 6 b T A R L o
TR Y4 O 11 R A

AR AR AL TN 7 PR S5 AR I R e 3 i AR
VIR A CR R 2, i BT AR
[ Ak L T g 5 Ak 2 Bk S AR AR B 51 i i
BRI 5 A o B AP PE TG S A 40,
TEHTAEAR B IATE W5 28 107 1 TR 2 <A AR 355 A
o TESEHTHUKI, 7R o [ i A0 o ] e i i1 T L
IAEARZI100-150 m, T R 5 A e 3 2 Sl A 7 A ik
SR BB I 258 (Wang, 1999). IXELi 2 1)
AL TE VKA 70 8 P (B SE T, O AT B (g
AEVERE, (R N B AL 1S R 201k (Cheang et al,
2010; Hu et al, 2013). [T BT &L 758 H
AT RHS-HI144H %, S AAEF ARG, BT 2KHEH
FERIHO-HAZH R, DA AfEmif; BILER . 6k
BEBE B3, R MARGER], Re). X
A 2 AT RS A P8 A6 78 JEC AT A= 13 1003 1) 5 i
IR RAARIE . 0, VDR H SRR B Y
N C1-C9, T [H & ¥ AR 1 5 A% ALy C10-C15
(Geraldino et al, 2009). FEAESEHIFERREAR, RiEHE
PN IR R R I SR AN TR IR R b A cox 1 R Y
434 (Hu et al, 2013). CheangZ5(2010) #7522 1 G
R S B 5 T 80T e 5 2 A DA
B HE AR 5 KT DAL B H SRR 2 R 38 1 R
Ao FRATIHE AR 7 52 A5 % A 36 s PR 35 2R v A
T PR K30 25 8 1 4 B 1T R 5 BOLVT % A H i
HFE ARG R ) B R ] . BT ra AL B AN SR AT
RE K E A [F) R vk g B, e A1 B 3R A i 4H 2%,
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ARG YR . X — R A B RETE S5 St i
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