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Abstract This study was conducted to investigate the
potential use of New Zealand spinach (7etragonia tetragonioides)
as a new vegetable crop which will be cultivated in
salt-affected soils such as reclaimed areas. New Zealand
spinach ecotypes native to Korea were collected across the
Southern, Western and Eastern seashore regions of the
Korean peninsula, among which fifty-five accessions were
later further propagated and evaluated genetically by using
an AFLP (amplified fragment length polymorphism) marker.
Based on the AFLP analysis performed to uncover the
genetic diversity of the collected ecotypes, enzymatic
cleavage of the extracted DNA was implemented based on
12 EcoRI and Msel combinations. A total of 1,279 alleles
(107 alleles per EcoRI and Msel enzyme combination) were
successfully amplified, among which 62 alleles per enzyme
combination were polymorphic (58%). The AFLP analysis
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indicated that the rate of genetic dissimilarity was 29%
among the New Zealand spinach collections, which were
clustered into the 7 genetic diversity group. This is the first
report on the genetic variation in the genus Tetragonia, and
the basic information can be applied to select parental lines
for enhancing the segregation spectrum of the new
halophytic vegetable plant grown in salt-affected areas.

Keywords Halophyte, Leafy vegetable, New Zealand
spinach, Genetic diversity, PCR marker

ME

A2 stz Qg sjeHY A, 71E BESY E
9 ZAAR Y F7H= 2 oy WAE SelA A
ok W-goltt. o]t ISt FYRokY & W3 F

L A A A2 E] w T F4A] Az o] W
2 & 4 A cK(Kurukulasuriya and Rosenthal 2003). -2
Zol sAMA] FiL AFASH 9 EA|Slo| w7
e B R P R R R RS e Eavd B P i 78’—‘% A28
P2 2] o] HAYS A 2 7l§134 R*ﬂ 34 Aokl 2

_,>4_12

o

© o o mt ol

o 1
e gze oy Ao

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



J Plant Biotechnol (2016) 43:157-163

2 AN BHEA 8 AT AYNBE 4TS
n e 2 o S A A7

i QlE %‘*M%Ol A TH(Myeong et al. 2011), —5—%}5 i
gk olF oF 27 Bt AEE 1.0%Y HIGtER ZlifiH

A #E st EOtX]OﬂOH/HE A &o] 7h53ite AL
). wEbA] A ge %
= I2E2 Z-80] 7H53 A4S
AL, 715 1sto] whE Al AT T
= | 229} 2o oA Ya=2 A
P 0le T A28 7T 222 HoU(Kim et
. 2008). B+ T ST AR §ARD] A
OFAME (pH 4.4 ~ 8.8), 3~50%
O] EOF 97| & (.2~5.0 dS/me] Bk A, 18|31 9o
|2 ~39 cmolkg?] EFZ oA AL 9lo]
& AgEo] i w2 AERE FYHEKKim et al. 2011).
E}Z]lﬂ- o]a—]b-} EOk x—l o /HJ,]. ol }‘%j_ El-o 0k9_7]
5 (Aoki et al. 1982; Choi et al. 2008) 5 -
ofel &l E/of mlsto] WPz F d

sk
oM.
o

>

O T
2w Fo| glrk. GEAY slERE o} oko]
SHBAS o8F B7 TibA %7}9} @e] AFLP

(amplified fragment length polymorphisms) u}7]+&= FU i
DNAZE 712 i T €71492) Al ol
of ABRLE stolF B DL Aekstn ke
oo AR FEFORN GHAULY GHA WolS
Hrtsl=d 8914 &85 Qlth(Arroyo-Garcia et al.
2001). AFLP u}A+= 8-AFSE 7|52 RAPD (Random Amplified
Polymorphic DNA)S] ]ato] 1 bp =] B2 Zlo] zpo]e]
DNA SHE d&o] FHsstn Adgo] & 4HE 7
Az glol 2o A Ausk AdHen & gelN
A e A4 EE opAEe] 944 thkd e Bl

o Qb

= wo] o] &5 Qlrh(Blears et al. 1998).
Teba] &2 A4E ol AMgshe A Halx £
XPJ 4 FH4 54L& vlusta, g 83 WAl

o ALS AT ALF xS vheshs o 1 27

A e e A2 daE

[‘

o8

iror
o
%

91k AL A4 4
2 7Y

re
rE
o
B
Jo
)

AH1-E 2010-2011 ]
o} AFEE ] sjetrt
e % 1230 A]

2 e
g
2w
N oo

i

N

of

'Y

o
Fo e

= 1=

v

Y

H

rir

ofN

>

o

-~ o
do ot e oo

=
oN >
i)
£

ofi
L

1z ofN

-z

vl

O o

Z.

>

i

o

M

ok

2

>

=

~ 2
>,

do £ F

rio
2
O
il
]

O
=
P
i
bt
I}
>
M
—
0
F I

g o | 5ol §ABA U8 ol 85461 22T DNA
230 720 Lelrl CTAB B Waste] Sasteln

(Keim et al. 1988), NAE= 233335 Al(Jenway 6505,
Essex, UK.)& ©]-83dlo] FU3t 5 %(50 ng/pl)= A=kt &
digestion, ligation, preamplification % selective amplification
5 AFLP EA11A-& AFLP A4 A| AH] T (Invitrogen, Carlsbad,
California)& w2l 2Yst¢ich. Ago] o] &5 Agtas
= EcoRIT} Msel©]91al, %5 selective primer?] 5 Lo
Table 20 41 4 VIC, NED, 18] 1 PET % %S 22}
sto] A53t A7IAE A Al o7 A 2= FAll
AT = =F ST

At A EcoRIT} MselE o]-&3}o] Atst Halz 7
= DNA AH-L EcoRlI U Msel adapter?} 37°Cof| 2A] 7k Hb
SAA Z2ro] Agta s osf Aty ©H | Wit
733?/\]741:} o] £ DNA ©vHL TE &8&H o2 1/10u)
3|43t & AFLP Pre-Amp Primer Mix I 7] E(Invitrogen,
Carlsbad, California)E A}-&3lo] HA FEZHHS g S =35}
UTH 13} F3F-2 72°Cof| A 248 &<t EA 23 = 94°Cof
A 30%22F dWA, 65°Ce] 60 il Zefolw AY, 1311
72°Co| Al 6027F DNA A4S wHEslo] & 30 §]
& Yt PCR 4HE9] SE A5
%’—]EH 1.5% agarose gelof] 5 ule] PCR 5% DNAE A}

‘%UV]% TE ¢tZ-8§H o2 1/108] 3]Asto] B

0}0% 22} S22 917 T (template) 2 = 0] 33} Tt

23 M 22 FeoRlol §3 3LAH 3722 FAM,
HEX, NEDZ 3 X|; Applied Biosystems, CA, USA)E o|&
stol & 127) 2%& 7FA 2L 538l Th(Table 29} 3). Al
Bz ZZ 9 95t PCRS 2 ul pre-amplified DNA, 1 uM
EcoRI primer, 2.5 uM Msel primer, 10X buffer, 8 mM dNTP,
2231 0.65 Unit Tag polymeraseS :E¥sto] AA| FaE
10 Wz gr3o] +3sqleh Ad ZefolmE o] &3t 234
PCRE touch-down PCR HFH(uj3] 0.7°CH L% 7}a})e
o]-&3}o] 94°Cof| A 30%, 65°Cof|A] 30%, 18|31 72°CYj

A
iy
rﬂ
-

[

J‘fi
ro, olN
Obo SL A

r ol

—|—‘—‘



J Plant Biotechnol (2016) 43:157-163 159

Table 1 Collections of New Zealand spinach accessions from different locations in Korea

No. Accession 1D Collection location” No. Accession 1D Collection location
1 CNUO06AO01 39 CNU06A39 )
2 CNUO06A02 40 CNUO06A40 Sinan-gun,
Jeollanam-do
3 CNUO06A03 41 CNU06A41
6 CNU06A06 Jeju-si, 22 CNU06A22
8 CNU06A08 Jeju-do 23 CNU06A23 Haenam-gun,
Jeollanam-do
10 CNU06A10 24 CNU06A24
12 CNUO06A12 25 CNUO06A25 Boseong-gun, Jeollanam-do
14 CNU06A14 26 CNUO06A26
CNUO06A04 27 CNU06A27
CNUO06AO07 ) ) 28 CNUO06A28 )
CNUO06A09 Seogwipo-si, 29 CNUO06A29 Jindo-gun,
Jeju-do Jeollanam-do
11 CNUO06AI11 30 CNU06A30
13 CNU06A13 31 CNUO06A31
5 CNUO06A05 32 CNU06A32
15 CNUO06A15 42 CNU06A42 N
Nambhae-gun,
16 CNU06A16 Wando-gun, 43 CNU06A43 Gyeongsangnam-do
17 CNUO06A17 Jeollanam-do 44 CNU06A44
18 CNUO06A18 45 CNUO06A45 Yeongdo-gu, Busan
48 CNUO06A48 46 CNU06A46 Gijang-gun, Busan
19 CNU06A19 47 CNU06A47 Ulju-gun, Ulsan
20 CNU06A20 54 CNU06A54 Goheung-gun,
21 CNUO06A21 55 CNUO6AS5 Jeollanam-do
33 CNU06A33 ) 56 CNUO06AS56
34 CNU06A34 Sinan-gun, 57 CNU06AS7
Jeollanam-do Yeosu-si
35 CNU06A35 58 CNUO06AS8 i
Jeollanam-do
36 CNU06A36 59 CNU06A59
37 CNUO06A37 60 CNUO06A60
38 CNUO06A38

“Further information on the detailed geographical locations can be obtained from the previous reports (Kim et al. 2011; Kim et al. 2012)

Table 2 Combinations of preselective and selective EcoRI and Msel primers used in this study

Primer Code Sequence
EcoRI+A E-A GAC TGC GTA CCA ATT CA
Msel+C M-C GAT GAG TCC TGA GTA AC
EcoRI+3-ACC E-ACC (VIC)?” GAC TGC GTA CCA ATT CAC C
EcoRI+3-ACG E-ACG (NED) GAC TGC GTA CCA ATT CAC G
EcoRI+3-AGC E-AGC (PET) GAC TGC GTA CCA ATT CAG C
Msel+3-CAA M-CAA GAT GAG TCC TGA GTA ACA A
Msel+3-CAC M-CAC GAT GAG TCC TGA GTA ACA C
Msel+3-CAG M-CAG GAT GAG TCC TGA GTA ACA G
Msel+3-CAT M-CAT GAT GAG TCC TGA GTA ACA' T
Msel+3-CCA M-CCA GAT GAG TCC TGA GTA ACC A
Msel+3-CGA M-CGA GAT GAG TCC TGA GTA ACG A
Msel+3-CTA M-CTA GAT GAG TCC TGA GTA ACT A

“Fluorescence labels are mentioned in a parenthesis to distinguish different alleles present in the same genotype
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Table 3 Percentage of polymorphism among alleles of 55 accessions estimated by AFLP markers

Selective primer EcoRI Total Polymorphic Polymorphism
and Msel combination alleles alleles (%)
E-ACC/M-CAA 92 65 71
E-ACC/M-CAC 100 56 56
E-ACC/M-CAG 78 42 54
E-ACC/M-CAT 121 75 62
E-ACC/M-CCA 153 112 73
E-ACC/M-CGA 195 130 67
E-ACG/M-CAC 92 37 40
E-ACG/M-CAT 100 37 37
E-ACG/M-CCA 78 47 60
E-AGC/M-CAG 92 50 54
E-AGC/M-CAT 100 64 64
E-AGC/M-CCA 78 28 36
Total 1,279 743 -
Average 107 62 58
A 2% B DNA B4 RS wEsie] & 128 ANE L EA AW A 29 989 14 uo] uet o
T, amnealing £EE S6°Cof W0l #7130 o w4 E Ao el wee] Bebd 47t QlofAl )
AT 2 PCR A ABI S0 genctc amalyzer 5 W2 4B AL AN £F B FFL
(Applied Biosystems, CA, USA)E o[ 5fo] o gief ) ohm A% AEES 248 & e vl $A487)
A715 AAste] Mz FAAATY FAAE &40 Basithe ARES AARITAL S kAN ol A
o]-§s At ATte] FAA Apolof thet HH = of2 WEE Ao
Q3 28 ojuloA K ATE Fo) A4 WAz 24 A
NEESY Q7h9] 47 Aol molFE A Al Hzo| Anete
1, 2} preamplification X selective amplification ¥} # HollA & & Z87HA7} l"“—/}_’ o 4 Sl
# olo] A PCR 7%}%0 AH o §5o utet z+z 1 ® TG Bt FARET °*347~W B AE
Loz ojg T TAse] olg WEYAS & o ol HEH AFLP 01AS Bgatel 2astelth W
Asteich 7ieks] A" ASES oz 9AA 9A} % Ao EARRIE Arksl= EcoRl (5°-GTAATTC-3Y)
e Z=A5kgar, 4 AL NTSYSpe 3 & 713 (version I} Msel (5°-TVTAA-3") ASFEA 127 23S o] &5}
2.0; Rohlf 1998) ©o]-83}o] unweighted pair-group method Aegt 5 oyt d7IAE SAS Hol= HHES AW
arithmetic average (UPGMA) B} © & A A| 51911 MEGA 4 Hog FZebd 4= Q)= ProbeE o] &3to] F 1,27971¢ A
22 WL o] &3] genetic treeS TR EHTH HE SHE 4= 9191, o]= AxnduS d=t &8st A
(Kumar et al. 2007). Polymorphic information content (PIC) %@ 2FT Bt 107709 HH pof sjggtrhTable 3).
value@t & ThokA(genetic diversity)S o] &3teo] Hajx 2T FHAE Mucuna & A& E= 3h2 3} Bermudagrass
SARYTEO] GAHA Wo] A2 AASYI(Nei 1978), E WHCE FYU ATFAALE o] &3 AFLP 24 A3t
o] 9|5}o] Powermarker (version 3.25) TE 1L o] & Z23 & Z-7) ot 134709 18719 dHE IS 4 AU
3t (Muse et al. 2005). d Hauel vus) & o 2 AqtofA —L% Jof o] &-H A
of $& e Sate offeh 3 % Y AckKang et al
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WAz 94 AU AW A 45 EFAE B A
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Fig. 1 Chromatogram of 4 representative accessions exhibiting allelic variations and size difference as marked in triangles (V)
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