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Genetic Diversity of Salicornia herbacea according to Habitat Area by ISSR Markers'

Suk-Kyu Kim’, Yoon Sik Cho’, Young Baek Hur’, Jae Hee Songz, Hee Do Jeongz, Sang Ok Chungz*
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Fuke] el A Wl e A S ZA5p] $15le] 67 2 9671A1S 4O ISSR markers
ARgsto] 481 67) ISSR Zeto|m oA ZF 49712] PCR 5% W=7} | glow o] F 30702 st 44
RS de es et SErhd A A9 f44 e dE Yelle A5 1(Shannon's information
index)= 0.3822 UENF O™ h(gene diversity)= 024902 et 5 Z7]|o wE (A4 ok A=
0.1mx0.1mof| 4] 0.092(I), 0.058(h)& 7F8F SHA| LFERETL 25mx25moflA] 0.338(1), 0.227(h)& 7F =7 vt 944
4] S 2 W0l Hae wolel o 4 ek $Fuhel A T Aol e 01 thoryel R
UPGMA Mo BAeh 23t BEub] Al 7k 7Aeioks gofah AnatAS wolx) aotek. & o A Al
Aol Ak BESE 407 CRMS 20 21 FAS 919 4T 2] ol44e) WHe] SHuslolol @
Aoz perEr.

F20|: GMAS, Ched

ABSTRACT

This study analyzed 96 individuals in 6 populations using ISSR marker to investigate the genetic diversity
of Salicornia herbacea populations. The total of 49 PCR amplification bands was observed in 6 ISSR primers,
and 30 of them had genetic polymorphisms. The Shannon's information index (I) and gene diversity index (h),
which indicate the genetic diversity of the Salicornia herbacea populations, were 0.382 and 0.249, respectively.
The genetic diversity according to the population size was lowest with 0.092 (I) and 0.058 (h) in 0.1 m x 0.1
m and highest with 0.338 (I) and 0.227 (h) in 25 m % 25 m, which was suitable for the furtherance of the high
population with high genetic diversity. The UPGMA dendrogram based on Nei's genetic distance did not show
a significant correlation with the distance between the Salicornia herbacea population. The results indicate that
the Salicornia herbacea habiting in the restricted environment should have an area over a certain size to ensure

the formation of a population with genetic diversity.
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ISSR W& o83 A4 =

o wE FEuir o $H4 A 493

2] ghnsle] 493 4 gl e Tsle] Ekstn
ol 9204 thapie] Sel eiglon|(Ayala and Kiger,
1984) A% o] 4] chopae Wl Bl 23
Shot] Selshl Ahagtosy MakAld AR HATS
fASHE mgol ek webd £ Tyl Brhet
FAA ABAE AL AR AR AN hehs §AH7
RS BB o JE 44 B

Qlth(Paterson et al., 1991). 9] {-A 2]

A&3cK(Schaal et al., 1991).

RAPD(Random Amplified Polymorphic DNA) 7|&-2
AT 9 AR FofollA] 14 thef S gjlshe
o &3t uAE AFstar JtiWilliams et al., 1990;
Smith and Wayne 1996; Cruzan, 1998). RAPD u}#=
2o AEAEERE Ay A FolA SFAIE 5= 9l
Zefolm A2He] 7HEA, HI§ Ais o7 A A
A Y3l QQtkFritsch and Rieseberg, 1996). 12{1} RAPD+=
gehebA] ok FARF 2919 A, Rl gk |
A7 9 DNA F3o] it A4 5 AFE 2A-S
eIl §lo] o5 Hekstr] 93t W o= ISSR(Inter
Simple Sequence Repeat) 7]&0] A& ¢tk ISSRE=
microsatellite JFE-A1E Wof| £Afsl= FH o2 ThE Q129
Zejo|mef Hlw S uf of2] {IA|oA] Azo] Eol2 Hol&
Aol gred &= 7] ol Al WY f44 e
Z2AT 7VsAo] w9 E=t(Zietkicwicz et al,. 1994).
microsatellites©] 50|42 7 Afo] w2 HEJu}
A0 Al oftjo At s, =2 7hug=
ISSRE uj-- 8¢k upA R YH=TtHGortner et al,. 1998).
ISSR }#= RAPD =t} B W 4=0] thg 4] DNA i
ST 4 glow zefoln fRRIE 9] DNA A Hof
gt AP RS Fa = 5HA] 7] wiiZoll RAPDE} A
3t A& A dcth(Kantety et al., 1995; Yang et al., 1996;
Fang and Roose, 1997). &3 Zgto|H Q] Zoj= ¢ A1l
EE 2504 od(annealing) 7] wjZo] RAPDETH
% DNA WHE9] Af@Ayo] =2 xS 7HAAL itk
(Nagaoka and Ogihara, 1997; Wolfe and Liston, 1998).

SEUH S AAA SR OF 30F0] XS o=
A A lem(Davy er al., 2001) -2 ytol= 150] A4
o= o= Halgofqle}. vt FEuits 2 A
oL} ZFAR] GHFHAA st ek o] E . 1HAR| o
FAERE Tt ek 1H 2709 W e gAdst
7t BoFo ghedo] XA AR 7| & b Al sfiete]]

A 3H o Lushuct $44 o 7|8
&g Alo] Tho] o]Fo]x 1l QJrh(Kim and Ihm, 1988).
St AR A4 548 e st wsHA
o 2 ApaaEle] A4 Bk Zasia ok 5
nhr] o] AgHA Q1 A4 EA4 S WSl RIZFSHAl Lehd
o2 ApAEe] A4 BEAb Zhaska ik bt
B 97 B A mut gl Aow eld ol
(Bang et al., 2002; Han and Kim, 2003; Cha et al., 2006;
Kim et al., 2009; Cho ef al,, 2010 ). o83t 7|54 &=
4G o877 w71 wiel AHiE flsl STt
Aol &4 Ao ef al., 2002; Kim et al., 2016), 7FH%]
e ulH AE(Park et al., 2004; Jeong et al., 2013) 50|
Higo] Qlrk obgAlQl Senid HE B B AQuiE
SN Snte] capol Bt A} Lasto] S
HES 9ol $04 S4o] gHoR §RE 5 ol A%
Aol 2715 sokska SA e SAlak] g3t
2 WA AR5 2 A7 Basith Te QA
=t iRt FA4 okl Bt At s u=Eel
3t ATHIhm er al., 2004), A3l AAYAIE 42(AHZ,
s 3rhE, A, Zd) Al Ha HE WA AA
W3t Af(Lee et al.,, 2006)5-0] o]Fo]A glo] wjL- u]Z 3t
axole.

& d9s e lA Hu kg Aolal vt #414
548 5] 919 ISSR v S ol gtel Al 2
A7)0l T FAA S ERlge RN BE Y 5
Bagh 24 1z W 240 tigt 7| 2Rs AEska

=

B 24} TS 9lstel S ol o] U Wl ol ey
ZA WSl YRR St AMARIelA 2 2715
Tefelo] MR AR T Zzke] AT elA] Qo=
167HA142 A7 ste] ISSR 2415 913t DNA S22
AH8-5F4 tH(Table 1).

2. Genomic DNA =&

DNA S A§3 At AAULE AMgste] Haz
e S B 100mg #5He] 1.5m¢ Eppendorf tubeo]] ¥
& Accuprep®GMO DNA Extraction Kit(Bioneer., Korea)
AE2l ol wek DNAS F&35H3th 53 DNA=
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Table 1. Locality of population and the number of individuals sample

Population Quadrat area(m’) No. of Sample
W01 0.1mx0.1m 16
W02 Imx1m 16
W03 Smx5m 16
W04 10mx10m 16
W05 25mx25m 16
W06 50mx50m 16

1% op7}2 2 Z(STRATAGENE Agarose I, USA)ol|A] 7]
gEsto] 2olslglon, DNAY £E8) el Baste s
(ATI Unicam Ltd, UK)E AF£3}o] 260met 280nm o] Al
OD(Optical Density)3ls S75to] ghelstal, Z474e] ses
20ng/uwl & 3|45 & PCR ¥Hgo AHg-3lglct,

ajl
=

3. PCR = % MIIFS

S AR 14 GRS 48] S8t 10719
Zfo|HE ARGl om, ofH] A¥ ISSR 3%
DNA =7} 2 Yeh = 6719 Zeto|HE AAlsto] ¢t
8519 thTable 2). ISSR-PCR y¥H&-A13 o] x}23F PCR
HES-O0e (0.2m) microtube®] 1wl 558 DNAQ20ng/ul), 2.5ul
1X Taq a4 4ZH(10mM Tris HCI pHS.3, 50mM
KCL, 1.5mM MgCl2), 2wl 2.5mM dNTP mix(dATP,
dCTP, dGTP and dTTP, Promega, USA), lunit Tag DNA
%318 4 (Elpis Biotech Co., Korea) 1u¢ ISSR Xz}o]H
(10pM/u) A7 sk 2% volume©] 25ul 2 ZASFH o1,
PCR WH&2 Thermal cycler (GeneAmp® PCR System
9700)E AR&-3F0] 94°C oAl 5E7F predenaturation A]71 3
94°C ol A] 18 denaturation, 50°C |4 157} annealing, 72°C
of| A 257} extension®] TAIE 1 cycleZ 5} & 35cycleS
Ayt on AFHOE 720 108 WAL F
4ol BasleiTht 47195 sttt PORE 2] e}

o
=

Table 2. List of ISSR primers in this study

ofmof HA}lo] AT 2Ho= 7 53T PCR A=)
71952 1X TAE(4O0mM Tris-Acetate, ImM EDTA,
pH8.0)& A}83}0] 1.5% ol7FEA ZolA 100Ve] Het=
302 & AVde= A 7ol B 3 gel
< EtBr(ethedium bromide, 10mg/mf)= 1587 GMgE =
2= EollA 1587 EA5ke] UV transilluminator Aol A]
WEE 391513t} (Sambrook ef al., 1989). EQlE HiE=
gel photodocumentation system (Vilber Lourmat, France)&

A1l Qe
4, Xtz 2N

ISSR-PCRZ 53l &2 DNA HHE QP2 o] ZIH&
$510] W= §-2o] e} 17} 002 L= sfof 7
ttofAd el A =& POPGENE 1.32 program(Yeh et al.,
1999)= o]gsto] A8kt 4 thef/d- Shannon's
information Index(Shannon, 1948)% L5}om 7)A|+
At 4742 7 2]+= Nei's genetic distance(Nei, 1978)%

o) Fpsck

o]

primer No Sequence GC content(%)
TFRC-03 (CA)SR'G 52
TFRC-04 (GGAGA)3 60
TFRC-05 (GA)SGT 50
TFRC-07 (GA)STC 50
TFRC-09 GCG(AC)8 57
TFRC-10 CCGG(AC)8 60

R = A+G
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ISSR #41& o] &3t F5ntt] A|AHA | w2 544
o 4 Slsl 10719] Zefo|HE ARE-5H3l o, PCR
W] AE o] W 4719 metolui= 2 AF A A9
AT 6719] Zeto|mE Fal AHAlE et elA tHdE
7t= DNA dHs S3Es1glon, o)5 viges 7F 7iAS
ko] 414 thgAdS BlaLskglet. ISSR-PCR Z 3 DNA
SEH AR F = 497190 o] 5 30719t WET)
e E4t 61.7%2] T3] AR HlE(%P) S H3itk
AHE9 8 5% 9= 150~1,800bp ArojolA] LefLt
ISSREAJo] 293t Aoz UelyithFig 1). 2H2+9] Zefo]
¥ DNA $ZA3H= TFRC-03004& 7712 SEWErt
et o o] ZF 5749 MET) kS vEal S
¥ 9] 300~1,500bpo|ch. TFRC-042 7709 W=7} 22
o 4708 WET}t oS UEhal 5 W=
300~1,500bpo]|t}. TFRC-05+= 97§ ZZu=o} 671<] T}
e = e Yeh o] F2 1l $l= 350~1,600bp
o]t} TFRC-07+= 87]2] DNA ZZ =7} UeRton 67]<]
TS 2he Wer Uehd 71 2 Woles 2= DNA
HREAER Ao g Ueyton F5 ¥ 9= 400~1,500bp
ot} TFRC-09+= 10702 7H @2 52 eSS 4513
o 57K9) vy WiETE UEiY 50%E Belon S
H$l= 250~1,600bp Ate]oflA] LFERSETE TFRC-10 Zejo|w
9] 7% 8719 SFHMETL Uepton 47]9] theld siert
Vel o ZZ WOl 150~1,800bpo|th AA|ZQl A}
B2 HYS uff ZHke] mato|uj= 50%0]/de] theky WEs

M1 2 3456 7891011121314 15 16

i e

4.5 6 7 8 9 1011 12 1314 15 16

M1 2 34 56 7 8 91011121314 15 16

BAst AT 74 TS HoiF=al tk(Table 3).

St Fiol e eElM AAsH] wiEe] i
0] AHbARl AEihs thEA| A o] AljtAlol A

< =2 Z7)7F vl ohefsHAl Yebdt S Aol
AAshe Adolztal sttt EEshe o] WX 2719}
FEi7E - th=7] wiZel F Wel 1% S0l it
A7k W Fastch 27 270) W2 FAH P
B3] 915 ISSR 0HAS o] §stel FET Ant B
61.7%2] 4= 2= DNA WHEYF Yebdo=a) 14t
60.5%)(Prevost and Wilkinson, 1999), S5 54.5%(Souframanien
and Gopalakrishna, 2004), & 21} 72%(Dangi et al., 2004)
Shalego] 83.3%(Kelkar ef al., 2017)9] t}&A] A2t
Aol W] glob % W 4] RIS 91 B 4= 9l
G835 B9S selaigih

ISSR 2442 o83t 714 thefd 2] #=+= POPGENE
(Ver. 139 ol-g3fo] 24k 24 27]0] 02 55
o] 67 24 AR S AR Sne) B 14152
UERgto.m, Shannon®] thefd A9 Bt 03822
uebde: 2 W o84 AR HIE(%P)S Bt
44.89% =2 UEPton 54 bl Ash)= 02492 e}
Wk 239 271 oA R vleat A Bl
A4= TWO01(0.01m?) o A 20.41%%} 0.058= e} 714+
A yebgke s, TW02(1m?)of| A 30.61%2} 0.0732 TWO01
T} O qrovt A OR HokS 1) v ekt
IW03(25nr) ol A= T+ FaAE HlES 57.14%= &7
UERG oY thokd R4 0.1182 LERGTE TW04(100md)+=
A AR vl 38.78% 2 WA UER o £414

102 3458 5586 778‘9 10 11 12 13 14 15 16

Fig 1. Electrophoretic patterns of DNA fragments amplified using TFRC-10 primer. fragment patterns of
Salicornia herbacea obtained with the primer TFRC-10. M: 1kb ladder size marker, A: IWO01 B:

W02, C: IW03, D: IW04, E: IW05, F: IW06
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Table 3. Summary of ISSR results for Salicornia herbacea

primer NF' PF’ %P’ Fragment size(bp)

TFRC-03 7 5 71.4 300-1,500

TFRC-04 4 57.1 300-1,500

TFRC-05 6 66.7 350-1,600

TFRC-07 6 75.0 400-1,500

TFRC-09 10 5 50.0 250-1,600

TFRC-10 8 4 50.0 150-1,800
:NF = number of total fragments obtained
PF = number of polymorphic fragments

= percentage of polymorphic loci

CRORY A4 01412 IW03HTH %7 Uehith thgd B0xe] mE 9dTE AFAH 548 meldh
QAN ulgT} SAF b A7) P A e BR0i) ek 7F 9HA 5 Ae(Vm)s 05692 e}
2319 Z7]+= IW05(625m) 2 65.31%2} 02272 e YtHTable 5). et o2 GHA}F IF X|4=7} 1.00]3}=2
S TW06(2500m?) 0|4 57.14%%2} 0.176 2.2 el WA UelE 844 B giyp 34 Zgst=s Aoz Uk
3719 S7tef whE A4 T A Sk HolA s SltK(Slatkin, 1987). T52=¢] ghefsl Heko] 704
SIHTable 4). §704 chbdS 20 A4 UARAS  WE A4 S dehe A0 Basel o olag
thopy M4o] sk opAfo] EIAHE el WAL AT AT 3wy} 47 Bdsgon Eusly)| wio

A4 dHA o2 TSI QtHLee et al., 2006). wEhA

FEolels] 07 clpge 2 9] BAe WosolA
]'o]' lTE‘S. q’oo‘:E- X] s Ho ]j]l % UZ] E]'_r] EﬂX—] 57].0“5

79 o ol Tl 480] S8 el 7] Hge]
A ThopA A40) 3} 9IAAE 25mx2sm B

FHE A o]
AYE FHa
ﬁ&i B glomn
AAZE A7) 20~25me]]
A FRA gRE E"JE}F’— X 18R tH(Choi et al.,
2004b). Y AM ZE A= EEulr] 31 §47 thofA
A 4=9] Z3MAFE Q) 25mx25me] AWS Ho] ZEAEO]

(Choi et al., 2004a) 2

A 7 AR WR7} QoA Bz Ptk 7t 94

2 23} A7t AXCKKim ef al., 2009). ThebA S50
Ak s AAlgg o Qlsf 444 g st 34

XP_Q_O].___ Aoz Helrh

St 3 Batole) 413 gl IW013 IW04
/\}0]01]/\1 0.1200.2 713 27| Yelg e TW022F TW06
AtolefA 0.25302 HHjA|S Et(Table 6). w5 42|

Hatd A4 Agle 01752 UEYes UPGMA
(Sneath and Sokal, 1973)¥-& 0]—51*8}04 |22 ZFA)5}o

BAE Aal IW013} IW047} 15
o} TW05, TW033} IW060)| 4] Zkz} 18-S
7F Ao Aol YERHTHEFIg 2).

2 GHstgon W2
GHgstol 2t Wer

Table 4. The estimated genetic diversity base on ISSR fragments from sampled area

Population na ne h I %P
IW01(0.01m") 1.204 1.092 0.058 0.092 20.4
TW02(1m) 1.306 1.109 0.073 0.119 30.6
IW03(25m) 1.571 1.172 0.118 0.198 57.1
TW04(100m’) 1.388 1.245 0.141 0.210 38.8
TW05(625m") 1.653 1.396 0.227 0.338 65.3
ITW06(2,500m") 1.571 1.289 0.176 0.270 57.1

E3

na = Observed number of alleles
"ne = Effective number of alleles

"h = gene diversity

"I = Shannon’s Information index
P = Percentage of polymorphic loci
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Table 5. Nei’s analysis of gene diversity in subdivided populations

HT HS"

)

GST Nm*

0.2487 0.1323

0.4679 0.5685

"HT = Total genetic diversity
HS = Mean within-population genetic diversity

"GST = The proportion of the total genetic diversity found among populations
"Nm = Estimate of gene flow from GST or GCS. E, g., Nm=0.5(1-GST)/GST (McDermott and McDonald, 1993)

Table 6. Nei’s genetic identity (above diagonal) and genetic distance (below diagonal)

Pop IWO01 W02 W03 W04 IWO05 W06
W01 - 0.806 0.782 0.887 0.881 0.869
w02 0.216 - 0.865 0.803 0.871 0.776
IwWo3 0.246 0.145 - 0.827 0.865 0.781
W04 0.120 0.219 0.190 - 0.867 0.856
IWO05 0.126 0.139 0.145 0.143 - 0.875
W06 0.141 0.253 0.248 0.156 0.134 -
Sile wesh] 91 04 el £201 4 sle
wor  HAW MAFLH SR Bzt glek 2 AT} 1H
2 Aofl AASHE FE0H Beks o ol Rold dvel
Wos = gjgido] qloth AAIEY] A4 WA e $44 o
3 woa A BIE B3 BEulTe) 9104 thebd A4t ma)
1 Afefel] o] 2z e25meo] WAS AMFoRA BE W £
5 Wol o Mgk /2ARE BEY S U Ao A
W 06
4 Ak
w o3
S o] EE IYLAILY SAISIATAY Aol

Genetic Distance

Fig 2. UPGMA tree based on ISSR data for 6 population
of Salicornia herbacea

g Fo| Aed Bx, g4 7], 2k
W el Jok 7he] §AA ohekA] 92 Lx

=

83k 99lo =2 285l HChung et al., 2013). ISS
o

U N,
)

i)
o rlr
L >N N
Ir

=
A
1T

S B3 AUKim e al, 2014) YSAT} /3
(Hong ef al., 2013)¢t204] 402 Azl Zek 2k 2|4
Aol §4 Azl7h ArAle] Gl A0 WaElo] glo
o uhd “ESUEY(Ahn ef al., 2013) HThe] A9 Hok 7t
Aeloh 24 Aol ABTATL FolotA] e Aow
Ureht BE Rk oA Lebbs EbAbol] ﬂm LRIES

chep A7 AR AT 2 AT Kolx ek A
a4 AR ol 831 Sl v 8 st
QU3) BERHo] FH aska gk APzt 9l B

A RUEY(R2017056)9] A POz Z=3e A7),
AEAA B TAATA Aot Q7200 2
EYUT G $L =80 F 4 QES 14L 34 A

YA ALY B =yt

REFERENCES

Ahn, J.Y., K.N. Hong, J.W. Lee and B.H. Yang(2013) Population
genetic variation of Ulmus davidiana var. japonica in South
Korea based on ISSR markers. J. Korean For. Soc. 102(4):
560-565.(In Korean with English abstract)

Ayala, F.J and J.A. Kiger(1984) Modern genetics, 2nd (edn)
Benjamin-Cumings. Menlo Park. USA.

Bang, M.A., Kim, H.A and Y .J. Cho(2002) Hypoglycemic and anti-
oxidant effect of dietary hamcho powder in Streptozotocin-in-
duced diabetic rats. J. Kor Soc Food Sci Nutr. 31: 840-846.(in
Korean with English abstract)



498

oy
1%
4]
BN
Ho
1
o
of
=

A3 - HAE - A

=g AlEskelA] 31(6) 2017

Cha, J.Y., Netty, E. Kim, S.G. Lee, J.J. Lim, C.O. Chung, W.S. Lee,
K.H. and D.Y. Son(2003) Molecular cloning and character-
ization of salt-inducible Aldolase from Salicornia herbacea.
Kor J. Plant Biotechnol. 30(4): 323-328.(in Korean with
English abstract)

Cho, 1.Y., S.Y. Park, M.J. Shin, T.C. Gao, J.H. Moon and K.S.
Ham(2010) Isolation and Identification of Antioxidative
Compounds in Fermented Glasswort (Salicornia herbacea L.)
Juice. Korean Soc Food Sci Nutr. 39(8): 1137-1142. (in Korean
with English abstract)

Choi, H.S., K.N. Hong, J.M. Chung and W.W. Kim(2004)a Spatial
genetic structure and genetic diversity of a rare endemic
Juniperus chinesis var. sargentii in Mt. Halla, Korea. Korean J.
Ecol. 27(5): 257-261.(In Korean with English abstract)

Choi, H.S., K.N. Hong, J.M. Chung and B.Y. Kang(2004)b Genetic
diversity and spatial genetic stucture of Empetrum nigrum var.
Japonicum in Mt. Halla, South Korea. J. Korean For. Soc.
93(3): 175-180

Chung, J.M., S.W. Son, S.Y. Kim, G.W. Park and S.S. Kim(2013)
Genetic diversity and geographic differentiation in the endan-
gered Primula farinosa subsp. modesta, a subalpine endemic to
Korea. Korean J. Pl. Taxon. 43(3): 236-243.(In Korean with
English abstract)

Cruzan, M.B(1998) Genetic markers in plant evolutionary
ecology.Ecology. 79: 400-412

Dangi, R.S., M.D. Lagu, L.B. Choudhary, P.K. Ranjekar and V.S.
Gupta(2004) Assessment of genetic diversity in Trigonella foe-
num-graecum and Trigonella caerulea using ISSR and RAPD
markers. BMC Plant Biology. 4: 13.

Davy, AJ., G.F. Bishop, C.S.B. Costa(2001) Salicornia L.
(Salicornia pusilla J. Woods, S. ramosissima J. Woods, S. euro-
paea L., S. obscura P.W. Ball & Tutin, S. nitens P.W. Ball &
Tutin, S. fragilis P.W. Ball & Tutin and S. dolichostachya
Moss). Journal of Ecology. 89: 681-707.

Fang, D.Q and M.L. Roose(1997) Identification of closely related
citrus cultivars with inter-simple sequence repeat markers.
Theor Appl Genet. 95: 408-417.

Fritch, P and L.H. Rieseberg(1996) The use of random amplified
polymorphic DNA (RAPD) in conservation genetics. In:
Molecular Genetic Approaches in Conservation Oxford
University Press New York. 54-73.

Gortner, G., M. Nenno, K. Weising, D. Zink, W. Nagl and G.
Kahl(1998) Chromosomal localization and distribution of sim-
ple sequence repeats and the Arabidopsis-type telomere se-
quence in the genome of Cicer arietinum L. Chromosome Res.
6: 97-104.

Han, S.K. and S.M. Kim(2003) Antioxidative effect of Salicornia
herbacea L. grown in closed sea beach. j .Kor Soc Food Sci Nutr
. 32:207-210.(in Korean with English abstract)

Hong, K.N., J.W. Lee and J.T. Kang(2013) Genetic diversity and
population genetic structure of Exochorda serratifolia in South
Korea. J. Korean For. Soc. 102(1): 122-128.(In Korean with
English abstract)

Ihm, B.S., H.H. Myung, D.S. Park, J.Y. Lee and J.S. Lee(2004)
Morphological and genetic variations in Suaeda maritima
based on habitat. J Plant Biol. 47:221-229.

Jeong, J.H. Kim, T.K. Choi, W.Y. Baek, N.H. Yang, C.H. Kim, D.H.
Kim, S. Kim, Y.D. Lee, S.B. Lee, K.B. Park, K.H. and K.M.
Cho(2013) Optimum salinity concentration and nitrogen fertil-
ization for Salicornia herbacea growth in reclaimed land.
Korean J. Intl Agri. 25(1): 62-67.(in Korean with English ab-
stract)

Jo, Y.C. Lee, K.S. Chon, S.M. and D.S. Byun(2002) Characteristics
of growth and germination of S. herbacea L. for the soil salinity
and manure condition. Korean J. Medicinal Crop Sci. 10:
100-108.(in Korean with English abstract)

Kantety, R.V., X.P. Zeng, J.L. Bennetzen and B.E. Zehr(1995)
Assessment of genetic diversity in dent and popcorn (Zea mays
L.) inbred lines using inter-simple sequence repeat (ISSR)
amplification. Molecular Breeding. 1: 365-373.

Kelkar, V.G., S.V. Sawardekar, S.G. Bhave, N.B. Gokhale, D.V.
Rasam and S.S. Sawant(2017) Analysis of genetic variability
among the finger millet germplasm by using ISSR markers.
Environment &Ecology. 35(2C): 1233-1237.

Kim, C.S and B. S. Ihm(1988) Studies on the vegetation of the salt
marsh in the southwestern coast of Korea. Korean J Ecol. 11(4):
175-192.(In Korean with English abstract)

Kim, H.S. Park, J.JW. Lee, Y.J. Shin, G.W. Park, I.B. and Y.C.
Jo(2009) The amino acid content and antioxidant activities of
glasswort. Kor J Food Preserv. 16: 427-434.(in Korean with
English abstract)

Kim, S.K., S.0. Chung and J.G. Na(2016) Molecular isolation and
characterization of the 2CysPrx gene from Salicornia
herbacea. Korean J. Environ. Ecol. 30(5): 810-820.(in Korean
with English abstract)

Kim, S.Y., Y.D. Kim, J.S. Kim, B.H. Yang, S.H. Kim and B.C.
Lee(2009) Genetic diversity of Forsythia ovata Nakai
(Oleaceae) based on inter-simple sequence repeats(ISSR).
Korean J. Pl. Taxon. 39(1): 48-54.(In Korean with English ab-
stract)

Kim, Y.M., K.N. Hong, J.W. Lee and B.H. Yang(2013) Genetic var-
iation of Abis holophylla population in South Korea based on
ISSR markers. J. Korean For. Soc. 103(0): 182-188.(In Korean
with English abstract)

Lee, J.S., B.S. Ihm and W.J. Lee(2006) Determination on the mini-
mum area for conservation of four halophyte species from the
southwestern coast of Korea based of AFLP. J. Ecol Field Biol.
29(6): 503-509.(in Korean with English abstract)



ISSR MHAS 0|43t 44| WAe] Wi FEuhT) $14 thA 499

McDermott, J.M and B.A. McDonald(1993) Gene flow in plant
pathosystems. Annual Review of Phytopathology. 31: 353-373.

Nagaoka, T and Y. Ogihara(1997) Applicabilty of inter-simple se-
quence repeat polymorphisms in wheat for use as DNA markers
in comparison to RFLP and RAPD markers. Theoretical and
Applied Genetics. 94: 597-602.

Nei, M(1978) Estimation of average heterozygosity and genetic
distance form a small number of individuals. Genetics. 89:
583-590.

Park, J.C., Jeong, Y.O. Kim, Y.S. and M.R. Huh(2004) Research on
transplant possibility of glasswort(Salicornia herbacea) into
new reclaimed land. KSPP Envir. 7: 59-63.(in Korean with
English abstract)

Paterson, A.H., S.D. Tanksley and M.E. Sorrells(1991) DNA mark-
ers in plant improvement. Adv Agron. 46:39-90

Prevost, A and M.J. Wilkinson(1999) A new system of comparing
PCR primers applied to ISSR fingerprinting of potato cultivars.
Theor Appl Genet. 98: 107-112.

Sambrook, J., E.F. Frisch and T. Maniatis(1989) Molecular clon-
ing: Laboratory manual, 2nd edition. Cold Spring Harbro Press.
Cold Spring Harbor Laboratory. New York. (1):6.6.

Schaal, B.A., W.J. Leverich and S.H. Rogstad(1991) Comparison
of methods for assessing genetic variation in plant conservation
biology. In: Falk DA, Holsinger KE (eds) Genetics and con-
servation of rare plants. Oxford University Press, New York.
123-134.

Shannon, C.E(1948) A mathematical theory of communication.
Bell System Tech J. 27: 379-423.

Slatkin, M(1987) Gene flow and the geographic structure of natural
populations. Science. 236: 787-792.

Smith, T.B and R.K. Wayne(1996) Molecular genetic approaches
in conservation. Oxford University Press, London.

Sneath, P.H.A and R. R. Sokal(1973) Numerical Taxonomy.
Freeman San Francisco. CA. P. 573.

Souframanien, J and T. Gopalakrishna(2004) A comparative analy-
sis of genetic diversity in blackgram genotypes using RAPD
and ISSR markers. Theor Appl Genet. 109: 1687-1693.

Williams, J.G.K., A.R. Kubelik, K.J. Livak, J.A. Rafalski and S.V.
Tingey(1990) DNA polymorphisms amplified by arbitrary pri-
mers are useful as genetic markers. Nucleic Acids Res. 18:
6531-6535.

Wolfe, A.D and A. Liston(1998) Contributions of PCR-based meth-
ods to plant systematics and evolutionary biology. In: Soltis
DE, Soltis PS, Doyle 1J, eds. Molecular systematics of plants.
II. DNA sequencing. New York: Chapman and Hall. 43-86.

Yang, W., A.C. de Oliveira, I. Godwin, K. Schertz and J.L.
Bennetzen(1996) Comparison of DNA marker technologies in
characterizing plant genome diversity: variability in Chinese
sorghums. Crop Sci. 36: 1669-1676.

Yeh, F.C., R.C. Yang and T. Boyle(1999) POPGENE. Microsoft
windows-based freeware for population genetic analysis.
Release ver.1.32. Edmonton: University of Alberta, Canada.

Zietkiewicz, E., A. Rafalski and D. Labuda(1994) Genome finger-
printing by simple sequence repeat (SSR)-anchored polymer-
ase chain reaction amplification. Genomics. 20: 176-183.



