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AT R G2 SRy b T TV VA 0 b 2 4 0 A Y
& )& (Suaeda) FH Y , FE & >R 4 Fh 28 6 Hb 1l 32
(Suaeda salsa) FIHIGE (Suaeda glauca) .

2022 4F 6—11 H , 75 117 5 Ml DX T e i a2
JEFED 4> AR A A U A AR 114 A R BT
032 R AL AR 23 A SR SRR L 25 BT 6 0] s 3
JEFE ) o3 A3 S, FERE PR B RAE AL, J
R P = M SRR M ST DAY B
1.CM-2.CM-3.CM-4 .CM-5) , iilfi &5 X 34 oz
(PD-1,PD-2 .PD-3), % % 34~ i {7 (FX-1 . FX-2,
FX-3). R RS HEARECH 250~1 000 m’,
SRAE S A LR i BRI AR 1.

KAE R SR B 12 5 RS N B 47
[l 52 56 = F A7 FF O AL B . OB ZE K
[A500197-0500, 4= T-AE ¥ T8 ( i) ey A R
O3 E) T VEAE MR 3 S 2R 3Rw i E ek e
GRT, T IREIE A= Moy T 50E .
1.2 WEREKESFEEE

S (b E A )X R AR S TR S
2T VI R AR Y e JE A
Fie BROE 25 A ARV TR K S 2 A 700 28 53 28 01 G
AP R SRR e % . RS
W5 52 B AERRAE R T —80 °CUKAH N ¥ FRARAE , LI
e SR TT Sy HE W) S E
1.3 EIEEEK DNA REX

KA T A TR ) BeAn A BR A 7 Y
Dzup FE [F 41 DNA $hi 38770 & (4 ) , e U e
SERE U g 21 T DNA R, $E U
1Y) DNA B 2800 LUK HH 30— 25 W15 5  DNA 2%
i, RV DNAFE S G4 . FTKEIE DL 2,
14 WEBEEKEERFIIS TSI

SR ITS (4 & P57 B A Al A2 B ) Fil marK &
PRI 30 3 A7 S 8 A i R 2R ITS Tl marK 3 ]
1B WS ) (3R 2) B 0 iR A= MR A TR
A PCRA I S5 G N7 7R3 2 Xh3d 5 14
b, PCRY™ 14 W R 50 pL A& & : 2 uL ) DNA
FE &, 44 uL 1) 2xTag Master mix, 2 pL 1) 10
umol/L 1E[a] 514, 2 uL 9 10 pmol/L & [ 5[4 .
PCR 4" $8 2 Wy S5 LK 3.
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Fig. 1 Distribution map of sampling sites along the coast of Shanghai
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Tab.1 Information about sampling sites along the coast of Shanghai
A X 4iE £33 e TR
Sampling area Latitude Longitude Number of samples
31°36'19.54"N 121°52'3.09"E CM-1-1,CM-1-2,CM-1-3,CM-1-4,CM-1-5
31°34'44.68"N 121°55'16.13"E CM-2-1,CM-2-2,CM-2-3,CM-2-4,CM-2-5
S X
s . o 31°33'4.73"N 121°56'46.77"E CM-3-1,CM-3-2,CM-3-3,CM-3-4,CM-3-5
Chongming District
31°29'59.68"N 121°59'31.07"E CM-4-1,CM-4-2,CM-4-3,CM-4-4,CM-4-5
31°29'49.23"N 121°59'20.84"E CM-5-1,CM-5-2,CM-5-3,CM-5-4,CM-5-5
‘ 30°52'19.68"N 121°57'15.24"E PD-1-1,PD-1-2,PD-1-3,PD-1-4,PD-1-5
30°51'35.81"N 121°55'11.61"E PD-2-1,PD-2-2,PD-2-3,PD-2-4,PD-2-5
Pudong New Area
30°50'45.85"N 121°53'16.91"E PD-3-1,PD-3-2,PD-3-3,PD-3-4,PD-3-5
30°50'51.30"N 121°43'8.07"E FX-1-1,FX-1-2,FX-1-3,FX-1-4,FX-1-5

30°50'51.17"N
30°50'35.72"N

Fengxian District

121°43'0.70"E
121°40'16.24"E

FX-2-1,FX-2-2,FX-2-3,FX-2-4, FX-2-5
FX-3-1,FX-3-2,FX-3-3,FX-3-4,FX-3-5

WF 535 FH 1) 2 Fh il 3% J& A 40 1) DNA 45 T2 i
FF1 Y PCR 338 45 5 (T 2) 7R AR AR 34 5
PR e WS T M AR S R SRl AR SR
P B ITS P31 B R 700~800 bp, marK J751
B2 4 800~900 bp, ¥ 34 J7 51 Jot it 4445 5 T 43
MrbrifE

4 PCR Y1515 3| 0 4% H R P 91 AE ik A4 T

A AR C R ) e A BR S /) AT 00 7 o
BioEdit “ A {4 45 J3 1 & &, JE AT N TAR
Xt . 7 NCBI (National center for biotechnology
information) £C4f 4 i A 47 ) BLAST J3 51 HE X T
HL5 P AR O [R] P 91 AT X, i — 2015 3
S P AN R ARG B
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Tab.2 Information on PCR amplification primers
B Jog7 i
514 514751 VR 2%k
. . Direction of primer
Primer Primer sequences . . Reference
amplification
18sdir 5'-CGTAACAAGGTTTCCGTA-3' 1E 1] Forward [5]
ITS4 5'-TCCTCCGCTTATTGATATGC-3' JZ ] Reverse [5]
matK 3F-KIM 5-CGTACAGTACTTTTGTGTTTACGAG-3' 1E 1] Forward -
matK IR-KIM 5'-ACCCAGTCCATCTGGAAATCTTGGTTC-3' JZ ] Reverse -
R3 PCR¥ERMFH
Tab.3 Reaction conditions of PCR amplification
h B PCR My S e
Fragment PCR amplification protocol
ITS 94 °C 4 min; 94 °C 1 min; 50 °C 45 5372 °C 1 min 30 cycles; 72 °C 5 min
matK 94 °C 1 min; 94 °C 30 5;52 °C 20 5572 °C 50 s 35 cycles; 72 °C 5 min

1 2 3
bp

1 000

600
400
200

4 5 6 Marker

718bp 718bp| 873 bp 873bp 873 bp
800 - - e W ‘

L
et

matK

B2 DNA KRR G KE
Fig.2 Electrophoresis map of amplified products of DNA bar code sequences

s SN IIRE FSENVESTIEIRUE S5 S F
FH T AE ) 19 DNA 2% JE 7%« 2k #b 5% 3% (ITS:
MF063498, matK: NC045302) . #i§ % (ITS:
MF063490, matK : NC045303) . #h ffi % Salicornia
europaea (1TS : MF063455, marK : MF063989) | .
A€ K Sporobolus alterniflorus (ITS : MF063664,
matK : MF064223 ) Fl #i i} Kochia scoparia (1TS:
MF063437, matK : MF063975) . 1% iR ¥ F1E K
AWEIE RSN R BOE 2R, DT AT Y
JER =SS SRS MEe Y 7/ iids 1B i Ve
1.5 REABHUKET

fi FH Mega 11 (Molecular
genetics analysis) X {4F HE 17 P90 % 5500 o 1815
BN P SRS B e 98RBT 8 5 AT IR S5 2L R 58
RE SR B ER R . REEL E A
BT AR B 2E AR Yy Bl AR (8 4 4k
5 TR A S OC R . AT i

evolutionary
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L8 AH % (Neighbor-joining, NN IEWH R FE K T
AR, A OC S B B AT - A RS I 2 3k
KA K ¥ (Bootstrap method ) , % B F 28 K6 56 {E
(No. of Bootstrap Replications) A 1 000 ¥ K 5 7
MEFERY,
1.6 BEESHEREESW

6 FH Kimura X2 5088 8 3 50 AS 7] b 2 44
[ it A2 B 2 A AR P9 s AL S . i DNAsp 5.0
A AT 7 50 AR AL s B AL AT R 2 M RS
RIZHEVE P IA%H R 22 S A sl Ak Ae Ak
W Al Tajima's D K % 09 31 & 4> dr o i H
Arlequin 3.5 #F 17 70 F A& F 4 > o A
PopART 1.7 2 i £h 1 8 3% A% AU 9 25 5] i ]
PopART 1.7 B £5 45 4845 7 1 P s ) g ] #0 Ak
135 7 W 2%, 6 £ %5 AMOVA 43 #7 fil Tajima's D
statistics SF 1L 2G0T
1.7 #HIESHEE

{111 SPSS 27.0 AT BRI 3 J5 22 70 B FIAH G
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PEOMHT, B3 MK P<0.05 %n E 5 B3, AR
Fh A AT RS R B B /NS 460
R , VAR ORI A e e S — BObE L
HF 5 43 BT A B2 )R

2 4%

21 LigWESEMEZEEEMMEBAERRE

bVt v 5 . M R SR L) A B
RO AT, R RAR I NEDR RV 78
TR A T BE A5 3 30 TR AR AR, 2 O B
s R A B R IR A (B 3) o Herp  fERIE AR

N T M, | 7 D VR VA N L L 5% B AR VM U A 1
S5 R IR K M TR A A o A1 (R 4) o

SRS, v LI 4G it v T v 10 b
B3 J AEL ) DX 0 Ry 2 ol < 5 b B3 AR , 2 4>
PRI b FEAFE DL R 5 B4 FIAL 5

3ANCRAE b, T T Eh M BE | (S R A
FIBLTE o A7) Hb R S 21 A 022 Jis A ) 1) R
W 6. 7R A K, 52 8] 4 A SRAE G 7 15 Hb
3% 129 53 A E 0 W, v AR ARG T K A YA B ) 42
o, T S A A B U YR AR IO,
TR, WKV T Ao T 5

x4 LiEWEESEMEZEREWHSHRER

Tab. 4 Distribution and area of Suaeda plants in Shanghai coastal wetlands

X35k Mo s TR B LS AR

Region Location Area/hm® Main species Distribution
AT RACARMESOERAD 0.1800-02000  ARMIBAIE  ESAMBLE, SBRRAER. Pk 108 LRI, Bk
Pudong New Area
ZEE X T o R, . g

S ZUHRIEEH  0.0660~0.1000  #hibBE  EEONIRMGIGE, PRI
Fengxian District
SWIX e B 0 RN . NN o
R SEUACHE IR i 4 45~50 ERMBEE BIE  ORIAFR ORI BN M DLBEE bk

Chongming District

R5 HMEESWHERSFEESR

Tab.5 Morphological differences between S. salsa and S. glauca

JEASH#1E Morphological characteristics

ELHBE S. salsa

W3 S. glauca

R # Height/cm 10~85
25T Stem
Jrki Branch MBTTH, 2125 13

7 Shape of leaves
I {4, Color of leaves

VN s At iU L)

1t Flowers A STREL, L ERIR
H Fruits M, A pls s R R

Z gk, TR HOE AL, WA 0, BB

ERISUEN #o QIR AR SN VS E AN )

15~120

AT A H S KD, 20, B
WK BT AR TR

HZAR ) A AR SRR
Is¥iS Y/ SN 58 S U i EAN i)
PRI NIN

A, BT AE N

22 LiEHEERMEEREEYS FLEE

TS Y Semt b i — 2 R T4
E. % DNA$2HU TS Fl marK ¥4 PCR " 1 J%
M RE3HT , HE458 ITS Fll marK 4= 5: R 41, 5 NCBI
T A b i Bl 32 B0 B 2 1TS (5 b ol 3% & % 5 .
MF063498 , i 3% % 5% 5 : MF063490) Fll marK (£
B B 5. NC045302, T % & % 5.
NC045303) J7 41 e X, 45 5 o, £k Hbds% 1TS )7
F AR S 100% , marK 50 B ARALE K 99%,
3% TTS 1 51 A4 AH 8L BE R madK e 51 A4 AR 4B B2 2
IKF 100%. 3o UEAS A 52 R A B 1Y F 16 TV 1R
b Bl 3 AR 530 Sy 6 b RS BRI -

23 REXRBEHUMIWER

T ITS Fl marK ¥ 500 HE00 & 40k & 1k
PR (B 7) : 558 4437 (CM-1 ,.CM-2 ,CM-
3.CM-4) 18 M FE il I AR 7 X 3 4>l 43 (PD- 1,
PD-2.PD-3) 15/ 22 B 34l 7 (FX-1 . FX-
2 FX-3) 15 A4 i 5 bR o 7 51 6 b el (8 S5
MK MF063498 FINC045302) 82—, A
JESZHFHE N 100%. 52 CM-1-4 .CM-1-5.CM-
5-1,CM-5-2,CM-5-3, CM-5-4 il CM-5-5 ¥ i
5 b o 7 51 B8 3% (5 5% 5 4RI MF063490 F1
NC045303) R H—3, A JE SR K 100%.
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L2015 2 ARSI 5 3. Wi AR g IE SRS s 4. 28t

1. Chongming District; 2. Within the embankment of Nanhui Town, Pudong New Area; 3. Outside the embankment of Nanhui Town,

Pudong New Area; 4. Fengxian District.

B3 LighiRiSRtEEREY e
Fig. 3 Suaeda plant populations along the coastal wetland of Shanghai

T R \ 5

L. #hibidis ; 2. EhHb RS A SR S0 5 3. AR bR E AT 5 4. FhHb AR
FEMZE; 5. FhHb iz A

1. S. salsa; 2. Fruits of S. salsa; 3. Leaves of S. salsa; 4. Stem
of S. salsa; 5. Roots of S. salsa.

4 EEEER R SFHE

Fig. 4 Morphological characteristics of S. salsa

24 BEES. BEESHEEMBEILITER
24.1 BHLEEE ST
T Mega 11 RGP HT 45 51, R LSS W R 4R
[ CM-1-4 .CM-1-5.CM-5-1,CM-5-2 .CM-5-3,
CM-5-4 Al CM-5-5 JL 7 ANFES LB A 0,
FEFITS JP 9 (st AL HE B B R (%6 6) ,3
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i s o | 3
LW 2. BRI 3. WOERYNE; 4. BERIZE; 5. BEROMR.
1. S. glauca; 2. Fruits of S. glauca; 3. Leaves of S. glauca;
4. Stem of S. glauca; 5. Roots of S. glauca.
B5 WENMEFRIE
Fig. 5 Morphological characteristics of S. glauca

A My $H DX 3 £ Hb B 3 A AR (0] 35t 1% PR B (E 2 R
0.001 0~0.001 4, J& T F #F [] 15t 1% IE B (0<D<
0.05) , 5% WIREAAR 55 10 A BREAC 1 35 12 1 2 e ok (D=
0.001 3), FEZ LRIk ; 5% WIRFIA S 25 BRI Y ast
P B Bt (D=0.001 1), SRR R W ARREA
52 GRS AL IR B 0.001 1.
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134

S. glauca

5’ S. salsa
\ 5

S. salsa S salsa S. salsa
l 0 Scm

S. salsa
11 12

9 10
1,28 CM-1 RERIFE i 5 3-6 fKIKH CM-2 .CM-3 .CM-4 .CM-5 REE M FE i 5 7-9 4K YA PD-1.,PD-2 . PD-3 SRAE M FE & 5 10-12 4K Kk FX-

1. FX-2 FX-3 RAEAIFE M
and PD-3 in turn; 10-12 Samples collected successively for FX-1, FX-2 and FX-3.
6 AERERHHERE

1,2 Samples collected for CM-1; 3-6 Samples collected for CM-2, CM-3, CM-4 and CM-5 in turn; 7-9 Samples collected for PD-1, PD-2
Fig. 6 Photos of samples at different sampling points
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et
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Mg
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X326 7|
D25
CcM-2-1 (62 i
N PD-23
X2
PD.22
%2t
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o
o,
Cuy,
Y5
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S & e
3 3
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1. BETITS P oI e B SR AE ) RGER B 5 2. 2T marK ¥ SR ALY 1R I A R T R B

1. Phylogenetic tree of Suaeda in Shanghai based on ITS sequence; 2. Phylogenetic tree of Suaeda in Shanghai based on matK sequence.
E7 NIZEHMEHRZERER
Fig.7 The phylogenetic tree constructed by NJ method

http://www.shhydxxb.com



220 B S (32

PN

35 %

BT matK J7 3 (3545 B B A B o (R 7)
3 b3 DX IR bl AR ) 5 A5 HE B4 0.000 6~
0.002 7, J& T Fl i ] 352 1% 11 125 (0<D<0.05) , 5% W]
TR 5 3 AR B AR A it A B 8 de izt ( D=0.002 6) , 3
GO R 5 S W REAAR 55 2 BT AR 1) a0 1% 7R B8 A i
(D=0.000 6) , L K AWML . AR Z %
BEUR B9 13 A BE 250 0.002 5. %45 5 1TS J$ 41
Sy BTEs FAH—2
242 2RV B

T ITS P ol e 25 R BoR (£8) : I
VT Y e i L WGE B AR Y A B SR H =
0.513+0.054, B R Z FE4E P=0.001 1, F3H% AT
1% 2% 5780 k=0.551, & BIZ A 15 Z AR RAIC .
HE—25 HLA & IR ZE R I R 78 R M AR X A
1% (H,=0.419+0.113, P=0.000 9, k=0.419) , Tl 5 B
HEA (H =0.542+0.086, P=0.001 2,k=0.582) Flli 7=
A (H =0.629+0.086,P=0.001 5,k=0.724) 55

T marK JFy ¥t Z G R B (£9) .
b VT Y R AR M B AR 1Y) H,=0.378+0.078,
PAE 4 0.001 8, k{4 1.320, % P77 7E— & 1Y 5
e ZREME . HE—20 B R RE .k B2 B AR 1Y)
WAL R R (H,=0.133+0.112, P=0.000 4,

k=0.267) , i i 45 BE 4K (H,=0.475+0.141, P=0.004
3, k=3.219) M1 5% B Bf 1k (H=0.471+0.082, P=
0.000 6,k=0.428 ) ¥ 5
243 BHASACAEEC T

BT ITS J¥ 9 1 Fo, 2 R 1 {E (-0.055 4,
-0.047 3,-0.028 6) , LA Wy2# & X, /5 #4754
B IE W3 6. i — 2k AMOVA 7 F 742 7 4
Br, 455 o 34k Ml IR 19 F 2 -0.045 0
(P>0.05) o Horpr s K 22 H80h 25 BF AR 8 3 8t 1% 2
5(99.99%) , 1 2 B Ry 4% BE A ) 19 35t 4% A2 S5
(0.01%) . HHERERH Tajima’s DA D=
0.409 6, P=0.001, ti I BEAR bR P ATk 5, B
RAET HEAI AR

BT marK ¥ Fo B 5 , CM-PD 9 F{E
70.067 2,N, K 3.470 2;PD-FX It F, {4 0.071 4,
N, A 3.251 4; CM-FX i F, {6} 0.210 1, N, K
0.9399(% 7)., #— AMOVA 4> F24 5 i
N, 3 ER BB EREAR ) F 9 0.088 9(P<0.05), H:
TR 2800 & AR N IRS A5 A2 5 (91.11 %) , 2K
Ry A TR ] 0 352 A% 72 S (8.89%) o H PR A B
Tajima's DR B8 D;=-1.870 0,P=0.001, 5P E:
M BIGER AL EAED TR 42

xo6 ETITSEE 3 ERKR SR EIZEES D(ATERSY) BHERIREEER oS (XA L) 0 F,(H LA7RS)

Tab. 6 Genetic distance between populations D (lower left part), genetic distance within populations 7S (diagonal

line) and F, (upper right part) of 3 S. salsa populations based on ITS gene

#R Population CcM PD FX
CM 0.001 3 -0.055 4 -0.0473
PD 0.001 3 0.001 5 -0.028 6
FX 0.001 1 0.001 1 0.000 8

RT ET maKEEH 3/ EEGEERER B R EISEEEE D(A TES) BHENBEERER 2S (X L) F,,(F LER5Y)

Tab.7 Genetic distance between populations D(lower left part) , genetic distance within populations nS(diagonal

line) and F, (upper right part) of 3 S. salsa populations based on marK gene

FEK Population CM PD FX
CM 0.000 6 0.067 2 0.210 1
PD 0.002 6 0.004 3 0.071 4
FX 0.000 6 0.002 5 0.000 4

®8 LiEWI N EMEEREEEZITS EENSEESHFNE

Tab. 8 Genetic diversity of nuclear ITS gene of 3 S. salsa populations in Shanghai

HER FEA R 7 S5 L ARR R AR Z R BT Erer:  PEETTRE
Population N S N, H, P, FH K
CM 18 2 3 0.542+0.086 0.001 2 0.582
PD 15 2 3 0.629+0.086 0.001 5 0.724
FX 15 1 2 0.419+0.113 0.000 9 0.419
CM+PD+FX 48 2 3 0.513+0.054 0.001 1 0.551
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*9 LW 3N EMEEHEITRE maK ERREE SN
Tab.9 Genetic diversity of chloroplast marK gene of 3 S. salsa populations in Shanghai

HEIR FEA & 78 S5 L, TARE R TARERI Z R BB PR 2E
Population N S N, H, P, S8k
CM 18 3 2 0.471+0.082 0.000 6 0.428
PD 15 2 2 0.475+0.141 0.004 3 3.219
FX 15 13 2 0.133+0.112 0.000 4 0.267
CM+PD+FX 48 15 3 0.378+0.078 0.001 8 1.320
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1. The haplotype relationship of Suaeda salsa along the coast of
Shanghai based on ITS gene; 2. the haplotype relationship of
Suaeda salsa (L.) Pall. along the coast of Shanghai based on
matK gene. In the figure, the circle represents a haplotype. The
size of the circle reflects the frequency of the haplotype. Different
colors represent haplotypes obtained from different sources. The
short vertical line on each haplotype line represents a mutation site.
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Fig. 8 The haplotype network of Suaeda salsa based
on the method of Median joining network
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Genetic diversity analysis of Suaeda plants in Shanghai coastal wetlands
based on DNA barcode

ZHAOQO Zitao"*, LI Min'?, WU Tingjian"*>, ZHANG Meijing"*, SHEN Xiyu'?, MA Shaozu'?, LIU
Jinlin'*, HE Peimin'*?

(1.College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China; 2.Environment
and Ecology Engineering Research Center of Shanghai linstitution of Higher Education, Shanghai 201306, China;
3.Department of Marine Sciences, Co-Innovation Center of Jiangsu Marine Bio-industry Technology, Lianyungang 222005,
Jiangsu, China)

Abstract: For exploring the species and genetic diversity of Suaeda plants in Shanghai coastal wetlands,
this paper investigated and studied the species resources and genetic diversity of Suaeda plants collected
from 11 stations in three coastal wetlands, including the Nanhui east tidal flat in Pudong New Area,
Fengxian tidal flat, and Chongming east tidal flat. The results showed that: (1) By the morphological
identification and molecular identification based on ITS and matK sequence barcode analysis, the collected
Suaeda plants in Shanghai coastal wetlands were two species: Suaeda salsa and Suaeda glauca. (2) In this
study, we found only S. glauca distributed in Chongming east tidal flat, and the genetic distance between
these seven samples collected was 0, indicating there was no gene exchange between the population and the
outside area. (3) According to ITS and mafK sequence analysis of S. salsa distributed in Chongming
District, Pudong New Area, and Fengxian District, there are 2-3 haplotypes, respectively, and genetic
distances (D) between populations of different districts are smaller than 0.05, indicating that most of them
are genetic variations within the population. We further found that the genetic diversity of Fengxian S. salsa
population was the lowest on ITS and marK sequences (H,=0.419+0.113, P=0.000 9 and H,=0.133+0.112,
P=0.000 4) , while the genetic diversity of Pudong S. salsa population was the highest (H,=0.629+0.086,
P=0.001 5 and H,=0.475+0.141, P=0.004 3). There is moderate differentiation between the S. salsa
population of Pudong New Area and both S. salsa populations of Chongming District and Fengxian District
(0.05<F;<0.15, P<0.05; N,>1) , while there is high differentiation between the Chongming S. salsa
population and the Fengxian S. salsa population (0.15<F<0.25, P<0.05; N,<1). This study laid a solid
foundation for the protection and population restoration of Suaeda plants in Shanghai coastal wetlands.

Key words: Suaeda; genetic diversity; molecular identification; ITS; mafK; Shanghai
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