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Abstract: Investigating plant genetic diversity can provide basic knowledge for vegetation conser—
vation and ecological restoration. Leaves of 280 individuals from seven Phragmites australis popu—
lations in the Yellow River Delta were sampled. We analyzed the genetic structure and diversity of
seven P. australis populations at 12 loci using microsatellite markers and analyzed the relation—
ship between genetic diversity and salinity. Results showed that the genetic diversity in these P.
australis populations was low. The Nei’ s genetic diversity index ( H) ranged from 0.077 to 0.107
and the Shannon information index ( /) ranged from 0.133 to 0.185. However the genetic diver—
sity of two populations from high marsh was relatively high ( H=0.101-0.107 [=0.176-0.185) .
The genetic divergence of these populations was low ( Gg =0.062)  with most of them coming
from intra-population. Moreover there was no significant relationship between genetic distance
and geographic distance ( r=0.026 P =0.354) . However the relationship of genetic diversity
and salinity was positively significant ( Rm,jz =0.597 P=0.026) . These results suggested that P.
australis populations from tidal marsh in the Yellow River Delta should be protected and that
seedlings or propagules from populations of other regions could be used to enrich genetic diversity
of P. australis in the degraded wetland during restoration.
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Table 1 Geographic locations and soil properties of seven Phragmites austrilis populations in the Yellow River Delta
pH

(g'kg_l) (g'kg_l) (g‘kg_l) (mS'cm_l)

1 38°03746.74" N 118°45°39.66" E 23.24+2.41 a 0.90+0.12 a 2.68+0.10 a 8.21+£0.08 a 2.25+0.18 ab

2 38°03749.02" N 118°44°13.5" E 13.27+0.44 b 0.41+0.04 b 2.78+0.09 a 8.19+0.13 a 2.01+£0.83 a

3 37°442.04" N 119°11712.84" E 24.48+2.01 a 0.91+0.08 a 2.48+0.05 a 7.68+0.09 b 2.27+0.38 ab

4 37°43°32.3" N 119°13-55.61" E 26.29+0.76 a 0.73£0.04 a 2.62+0.12 a 8.17+0.01 a 5.87+0.20 b

5 37°4556.9" N 118°58°50.96" E 16.19£0.89 b 0.48+0.05 b 2.40+0.06 a 7.92+0.13 a 1.79+£0.26 a

6 37°45°58.26" N 119°106.58" E 13.97+0.88 b 0.34+0.05 b 2.20+0.05 b 8.33+0.10 a 1.60+0.18 a

7 37°4722.51" N 119°1020.08" E 15.23+0.55 b 0.27+0.02 b 2.25+0.08 b 8.36+0.06 a 4.15+0.33 ab

mean+SE; n=5, “a . “ab” “b” ; 0.05
; HCIO,H,S0, 100 : 1 9 nL
; pH I pL 10 PCR 3730XL
5:1. ( ABI) o
CTAB  ( Doyle et al. 1987) 1.3
DNA. ( Saltonstall 2003; Yu et al. 2013) GeneMarker 2.2 280 W12
12
( 2)s PCR

PCR .- PCR ( 2)-

20 pl 0.3 pL F(20 0.1 o POPGENE 1.32
pmol * L7') 0.3 pL R(20 pmol * L") ( Yeh 1997) \
0.4 wL dNTP (2 mmol * L") 2 pL PCR PPL ( Percentage
(buffer) 2 pL DNA 0.2 pL Taq (20 U - of polymorphic loci) \Nei H (Nei’s
pL™h 14.8 pL. PCR 194 °C genetic diversity; Nei 1973) |Shannon

5 min; 94 °C 30 s 54 °C( 54 C I ( Shannon information index; Lewontin 1972)

) 355 72 C 40 s 35 ;
72 C

3 mino.
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Fig.1  Geographic location of seven Phragmites australis
populations in the Yellow River Delta
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Table 2 Information of twelve polymorphic microsatellite loci in Phragmites australis
(C)
PaGT4 F: TGCTCCCTGCCAGTTTCTTG (CA) 4 266~284 50~56
R: TATCCACCCTTCGAAGGCAC
PaGT8 F: TCTGAACATAATCCTGGTGG (CA) 4 170~193 50~56
R: TCTGTGTGAAGCAGTTCTGC
PaGT9 F: CCATGTGTTAATGTTGTCC (CA) 188~224 50~56
R: ATTGAATCCACACGTTTCCG
PaGT12 F: CTTCCTAGGTCAGTATCATCC (CA), 151~196 50~56
R: GTGGCAGCTGATTGATTTGG
PaGT14 F: GTTGCAGCAAGTATTTGG (CA), 169~198 50~56
R: CAAGCATTCTAGTAGTAGC
PaGT16 F: ACCAATCAGTCAGACTAGCC (CA) 4 231~298 50~56
R: GTTCTCATGTTGGAGAAGCC
PaGT22 F: TTGAGTGCCTGGTGTATTCG ( AC) {CTT( GA) s 159~209 50~56
R: AAGCTTCTGTCATGGAACCG
Phra98 F: CTGAGCCAGCAAAGTGAT (TG) 5 184~202 60
R: GAGCGCCTGTTAGGAAAG
Phral25 F: GATGAACAGGTTGCTGGGTA (TG) ¢T( GA) 187~219 60
R: GACATGAGCCCAAGAGGA
Phra522 F: TAATCTTGATTTCGACGGC (AC) |, 252~282 56
R: AGATTACAGCGATTTCAGC
Phra609 F: GAGGCCGAGACCATACGT (CT) 1o( GT) 4 110~150 60
R: TGAAGAAGGCTTCCCACA
Phra775 R: TCATTCTCCCTCACCACC (TC) 1o AC) 15( CG) 4 126~ 178 55
F: CTCCACAAGCCTAAGTTCC
3
Table 3 Genetic diversity in twelve polymorphic microsatellite loci
Nei Shannon (%)
PaGT4 280 0.155+0.182 0.249+0.258 9 27 100
PaGT8 280 0.183+0.187 0.297+0.244 8 35 100
PaGT9 280 0.134+0.138 0.235+0.192 11 54 100
PaGT12 280 0.184+0.182 0.294+0.255 10 49 100
PaGT14 280 0.107+0.107 0.197+0.162 14 86 100
PaGT16 280 0.075+0.132 0.137+0.185 14 32 100
PaGT22 280 0.080+0.109 0.151+0.160 17 64 100
Phra98 280 0.134+0.153 0.225+0.226 9 25 100
Phral25 280 0.088+0.091 0.169+0.144 19 84 100
Phra522 280 0.091+0.083 0.176+0.132 19 97 100
Phra609 280 0.068+0.086 0.134+0.138 24 85 100
Phra775 280 0.040+0.034 0.093+0.068 34 105 100
Total 280 0.094+0.117 0.172+0.171 188 743 100
0.040( Phra775)  0.184( PaGT12) ; Shannon ;
(1 0.093 ( Phra775)  0.297 Nei (H) 0.077~0.088 Shan—
( PaGT8) ( 3); 100% non @) 0.133~0.152 ;
Nei Shannon 4( 1 132;
o PPL=69. 11%) 7 ( 130; PPL =
H 0.094+0.117.1 0.172+ 68.06%) ( 4.
0.171 o 7 Nei (
7(H ) (R, =0.597, P=
=0.107+0.133; I=0.185+0.197) 4(H= 0026 ( 2 (P=0.962) . (P=

0.101+0.132; =0.176+0.195) 0.390) . (P=0467) pH(P=0.488) .
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Table 4  Genetic diversity of seven Phragmites australis
populations in the Yellow River Delta
Nei Shannon
(%)
1 40 0.077£0.121 0.133+0.186 94 49.21
2 40 0.082+0.126 0.142+0.189 104 54.45
3 40 0.082+0.127 0.141£0.191 103 53.93
4 40 0.101£0.132 0.176+0.195 132 69.11
5 40 0.088+0.131 0.152+0.194 114 59.69
6 40 0.082+0.127 0.142+0.190 106 55.50
7 40 0.107£0.133 0.185+0.197 130 68.06
2

Fig.2 Association of the genetic diversity in Phragmites au—
stralis and salinity of habitat in the coastal wetland of the

Yellow River Delta

5

Table 5 Genetic structure among Phragmites australis pop—

( Gy

7

0.062)

ulations in the Yellow River Delta

(N

m

H'l‘ HS GS’I‘ Nm

PaGT4 280 0.155+0.182 0.149+0.175 0.044  10.991
PaGT8 280 0.1830.187 0.170+0.172 0.069  6.755
PaGT9 280 0.134+0.138 0.123+0.127 0.082  5.585
PaGT12 280 0.184+0.182 0.171+0.170 0.072  6.419
PaGT14 280 0.107+0.107 0.096+0.098 0.102 4410
PaGT16 280 0.075+0.132 0.065+0.108 0.135  3.198
PaGT22 280 0.080+0.109 0.076+0.102 0.045  10.604
Phra98 280 0.134+0.153 0.127+0.146 0.050  9.561
Phral25 280 0.088+0.091 0.084+0.088 0.045  10.680
Phra522 280 0.091+0.083 0.086+0.079 0.047  10.079
Phra609 280 0.068+0.086 0.066+0.084 0.025  19.595
Phra775 280 0.040+0.034 0.038+0.032 0.040  11.940
Total 280 0.094+0.014 0.088+0.012 0.062  7.568
Hy: VHg:

7.568) o
PaGT16( Gy, =0.135)
Phra609( Gy, = 0.025) ;
Phra609( N, = 19.595)
PaGTI6( N, =3.198) ( 5). 7

6 5 6
(0.0001) 2 4
(0.0131) . UPGMA
4 7 1. 2.
3. 5 6 ( 3). Mantel

(r=0.026; P=0.354; permutations =999) .

3
( =
0.094+0.117; 1=0.172+0.171) Gao (2012
(2001) RAPD
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2009; Yu et al. 2012) .
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Table 6 Genetic distance ( below diagonal) and genetic similarity ( above diagonal) among Phragmites australis populations
1 2 3 4 5 6 7

1 0.9993 0.9985 0.9871 0.9967 0.9977 0.9899
2 0.0007 0.9989 0.9869 0.9976 0.9982 0.9899
3 0.0015 0.0012 0.9916 0.9967 0.9979 0.9918
4 0.013 0.0131 0.0084 0.9862 0.9876 0.9967
5 0.0033 0.0024 0.0033 0.0139 0.9999 0.9894
6 0.0023 0.0018 0.0021 0.0124 0.0001 0.9906
7 0.0101 0.0101 0.0083 0.0033 0.0106 0.0095

3 UPGMA ( )

Fig.3 A UPGMA dendrogram of seven Phragmites australis populations based on genetic similarity

( 2000; Gao et al. 2012) .
7 o (2003)
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