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ABSTRACT

In this research, the Pteridophyta recorded in Seupjibohoguyeok Jeongmiljosa
Dongbaek Dongsan Park Section has been reexamined and reclassified according to the base
sequence, and also the effectiveness of primer presented based on this classification has been
tested.

There are 26 species of Pteridophyta which are presented in countrywide wetland
research-Dongbaek Dongsan Park Section. 22 species have been collected at Dongbaek
Dongsan Park and other Pteridophytes which were not found there Dryopteris

varia(L.)Kuntze(Z A 4] 22AF2]), Neocheiropteris ensata(Thunb.)Ching(®+¥ %1), Botrych
ium virginianum(L.)Sw. (3 22A}F2]4}), Coniogramme japonica(Thunb.)Diels(7}F#] a24] aLA}
2]), have been collected in another spontaneous land.

The universal primer used in this research is the primer ¢ and d of trnL-L region of
chloroplast DNA and the primer e and f of trnL-F region. For additional primer, primer 1FN
and 1361R of rbcL region and fernl and F of trnL-F region have been used.

As a result of analyzing base sequence except Thelypteris acuminata(Houtt.)
Morton(*2 22A}2]), has been identified as Lemaphyllum microphyllum C.presl var.
obovatum.(71 &7 =) Base Sequence of all the other Pteridophyta was the same,
Cyrtomium falcatum J. Sm.(4] 22H]) recorded 93% while Mankyua chejuense B.Y.Sun,M.H.
Kim&C.H.Kim(A| 5= 1A}2]4H) recorded 94% of  homogeny rate.

Except Onychium japoicum (Thunb.)Kunze(Xv}$] 22AF2]), Pyrrosia lingua

(Thunb.)Farw.(%1$]), Lemmaphyllum microphyllum C. Presl(Z#71E =), except


http://endic.naver.com/enkrEntry.nhn?entryId=411a3cba2db44526809eb2bf55694e86&query=%EC%BD%A9%EC%A7%9C%EA%B0%9C%EB%8D%A9%EA%B5%B4

Thelypteris acuminata(Houtt.)C.V.Morton(*2 22A}2]) among 26 species of Pteridophyta,

universal primer ¢ and d, e and f formed base fragments and suggested 85% of identification
rate. When primer 1FN and 1361R, fern 1 and F are used additionally, all 26 species of

Pteridophyta were identifiable except except Thelypteris acuminate C.V.(Houtt.) (‘2 22A}2]),

recording 96% of identification rate.

Recently, researches on classification and system of pteridophyta have been
conducted based on base sequence. By means of base sequence analysis, independent
gametophyte, Trichomanes intricatum, proved to have same base sequence as one of

pteridophyta called Crepidomanes schrnidtianum(+w| 3] &-°]7]). As for the system,

Lycopodiaceae and Isoetes which were included in existing pteridophyta has been
Lycophytes due to the grafting of base sequence.

The research on base sequence of the pteridophyta of South Korea has been limited
to specific species; this research is to present universal primer which can identify various

species of pteridophyta.
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Table 1. Pteridophyta collected from Dongbaekdongsan

A

o

Huks] 1A
29 ue

AR TR e
=R EIE ]

& 314
Ol F-Ab2] LA}
e
A AR
AN B
el R
7h=4] Ak
A=A 8] 2LAL

2]
AU LA

TANG =
H AR

Erect sword Fern,
Ladder Fern,
adder's—tongue
royal fern
Japanese climbing
fern

Lace Fern
Bracken fern

Claw fern

spider brake

olly Fern, Japanese
holly fern

Korean rock fern

East Indian holly fern

autumn fern,
Japanese wood fern,
copper shield fern

Tongue Fern,
Japanese Felt Fern

Mankyua chejuense B.Y.sun,M.H.Kim
&C.H. Kim
Ophioglossum vulgatum L.

Osmunda japonica Thunb.
Lygodium japonicum (Thub.)C.Presl

Mycrolepia strigosa(Thunb.) C.Presl
Pteridium aquilinum var. Latiusculum
(Desv.) Underw. ex Heller
Onychium japonicum (Thunb.) Kunze
Pteris multifida Poir.

Asplenium incisum Thunb.
Cyrtomium falcatum (L.f.)Presl
Cyrtomium fortuner J.Sm.
Polystichum lepidocaulon (Hook.)J.Sm.

Polystichum tripteron (Kunze)C.Presl
Polystichum tsus_simense(Hook.)J.Sm.
Polystichum mayebarae Tagawa

Arachniodes aristata(G.Forst.) Tindale

Dryopteris bissetiana (Baker) C.Chr.

Dryopteris erythrosora(D.c.Eaton) Kuntze

Lemmaphyllum microphyllum C.presl
Thelypteris acuminata(Houtt.) C.V. Morton

Purrosia lingua(Thunb.) Farw.

Lepisorus thunbergianus(Kaulf.) Ching
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Table 2. Pteridophyta collected from the other site of Dongbaekdongsan

= R 5 FREE
sadey e  Dotryehim FEEEREL
snake Fern virginianum(L.) Sw
2] 31 H] LA ; ; ;
7R 1] LA} Bamboo Coniogramme japonica B4 Jo|my B
g Fern (Thunb.) Diels
A 8] AL Dryopteris varia(L.) Kuntze — A#XEA AA 7] 25
uro) el Neocherropteris

A Al 3 {_Ell_lx
ensata(Thunb.) Ching 124 Sk
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Feragoln pgAelel AN} 9o, o 2mmyEY FHE A7 Y o

A H ot (Fig. 1A).

2) Y =AY A (Ophioglossum vulgatum 1..)
stEAolm wid Qo] 171 Ytk JFHS gdHo] glom oy e
AP oz Fo] Fotal W0l A7 FolAd XA WS HHE AR

Quie P olfrh, AP Aol 10-20emE FFARL ol Adrh

_

EAGSE o] Semlslolth XA 6] Faatn @l auo] wees

o] 7pgAtEl o]l E717F = A A Y Btk (Fig. 1B).

3) =AM ( Botrychium virginianum(L.) Sw)

24e Fu Ase ol A9 ol Welrh dagew e
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Fig. 1. Pteridophyta collected from Dongbaekdongsan and other habitats

during. AFIAFA (Mankuua chejuense B.Y.sun,M.H.Kim &C.H.Kim)
(A A-1) =A% (Ophioglossum vulgatum L.) (B,B—1,B—2), =1A}g

2 ( Botrychium virginianum(L.) Sw) (C,C—1,C—2)
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4) 318 (Osmunda japonica Thunb.)
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(Fig. 2A).

5) A A ( Lygodium japonicum(Thub.) Sw)
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VA (Pteridium aquilinum var, latiusculum (Desv.) Underw.ex A.
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Fig. 2. Pteridophyta collected from Dongbaekdongsan and other habitats

during. 1B]  (Osmunda japonica Thunb.) (A, A-1) A3AM] (Lygodium
Jjaponicum(Thub.)Sw) (B,B—1), EE73A 2]  (Mycrolepia strigosa(Thunb.)
C.PresD) (C,C—1,C—2), A (Pteridium aquilinum var. latiusculum (Desv.)

Underw.ex Heller) (D,D—1)
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8) 7}A 28] A} e] (Coniogramme japonica (Thunb.) Diels)

bl

7RgA el AARZE Qo A

[e))]
ST

ATt

&ttt (Fig.

A4
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= ]

bu

ZALell A

3A).

9) AukY A (Onychium japonicum (Thunb.) Kunze)
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7HE Ak

2 gl (Fig. 3B).

10) 22wl (Pteris multifida Poir.)
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Fig. 3. Pteridophyta collected from Dongbaekdongsan and other habitats
during. 7FA 28| 1AM (Coniogramme japonica (Thunb.)Diels) (A,A—1,A—
2), Avt$l ALl (Onychium japonicum (Thunb.) Kunze) (B,B—1) %271z
(Pteris multifida Poir.) (C,C—1,) #E| 1A (Asplenium incisum Thunb.)

(D,D-1)
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12) =708 & 18] (Cyrtomium falcatum (1L.f.)Presl)
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13) A28 ( Cyrtomium fortuner

A

wAst fl= &

o]

2451

o] qtk. AR e oA AR

13}
ER

o] go]n]

=
<5

0.5—1.3cmo]al 3

=
=]

o|t}(Fig. 4B).
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14) Y¥A] A ( Polystichum lepidocaulon(Hook.)J.Sm.),
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B

F71 o]t} (Fig. 40).
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Fig. 4. Pteridophyta collected from Dongbaekdongsan and other habitats
during. S7\W) & 18] (Cyrtomium falcatum (L.f.)Presl) (A, A—1), 2]31H]
(Cyrtomium fortunei J.Sm.) (B,B—1), UY¥Alg AV (Polystichum lepido

caulon(Hook.)J.Sm.) (C, C—1)
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Fig. 5. Pteridophyta collected from Dongbaekdongsan and other habitats

during. A A}AV (Polystichum tripteron (Kunze)C.Presl) (A, A—1), A7
= (Polystichum tsus_simense(Hook.)J.Sm.) (B,B-1), &&=

(Polystichum mayebarae Tagawa) (C,C—1), 7}=43A 8] (Arachniodes

aristata(G.Forst.) Tindale) (D,D—1)
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Av] AV ( Dryopteris varia(L.) Kuntze)
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Fig. 6. Pteridophyta collected from Dongbaekdongsan and other habitats

=

during. SA|v) A ( Dryopteris varia(LL.) Kuntze) (A,A—1,A—2)) A=A
B) AV ( Dryopteris bissetiana (Baker) C.Chr.) (B,B—1,B—2)) X 4| 1A}¥]
(Dryopteris eryvthrosora(D.c.Eaton) Kuntze) (C,C—1,C—-2)) ZIH/NG=

(Lemmaphyllum microphyllum C.presl) (D,D—1,D—2)
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22) WA ( Thelypteris acuminata (Houtt.) Morton)
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25) Wl (Neocheiropteris ensata(Thunb.) Ching)

Al kol MFAEA SpesAtdel A A skt (Fig. 7D).
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Fig. 7. Pteridophyta collected from Dongbaekdongsan and other habitats

during. ®H AW (Thelypteris acuminata (Houtt.) Morton) (AA—1), A4
(Purrosia lingua (Thunb.)Farwell) (B,B—1), 49% (Lepisorus thunbergia

nus (Kaulf.) Ching) (C,C—1), W4 (Neocheiropteris ensata(Thunb.) Ching)

(D,D-1)
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golo] ojE g oy FEE 43 Ay FBAFE 24 ng/ul, 1¥]= 10 ng/ul,

x2
32

7b=4arbel= 8.5 ng/w7k S H o DNAZE 20 H3les 40T
tt.

universal primer¢! primer c& primer dol| 9&] FAAS =Z59 0

°F100bp oA @71dkd-S &gk = % th(Fig. 8). NCBI®] Gene Bankel &
¥ A2 EC] data base°l blast A3} AFSAW AL, TAME, AIAM, &
Al Ak, gojae], Ss, ¥, 7= Ak, ARt aAbE = 100% E
BE B 3= 93%2 AEES BltH(Table 3).

e DNA F=o] gRlo] <F H&= IANG =3 A9k 22 35 ng/ul,
4.5 ng/pt 57 ¥ o] DNAZF F2HU5S &S + AT Primer ¢ primer
dE ©]&3te] 100bpH EelA A7IHHS AT 5= vk (Fig. 9). Blast A3
1= 2 = AT s e B o e SNt 4 L) 2 INTAC ) IS R = R I P INTAC | IR o= B

el el A9z EE 100% AEAS B9 @ 4 99th(Table

AF A AL 640bpH EollA A7 HS IAEE o (Fig. 10) blast
A 94% 2] =X S HATH(Table 3). Primer c8 dolA wi=EE IAEA] &

g FAm Ak, EE71aAK, AL Akl primer e®t 5 ARE-SFe] 100bp

o
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~
(A
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oﬁi

HA st o (Fig. 10) blast23 100%2 AEAS 5A
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2 ATl A Primer c9t dE trnL-LAYS dAVE SHSE

primer® YA A=) AFTATFNN FAAE) wEZER o DNASH 7 A
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A& YeEpAth B askgith(Panarese 5, 2008)
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ot

4 9+ universal primer® A A &= vlo]t},

-39-



100bp

Fig.8 Gel electrophoresis of total DNA and PCR amplified chloroplast
DNA of pteridophyta. lane 1: Dryopteris bissetiana (Baker)C.Chr.(AF5A| 1]
IAF), 20 Pteridium aquilinum var. latiusculum(Desv.) Underw. ex A. Heller
(ZAYE), 3t Lygodium japonicum(Thub.)Sw (HIAM), 4: Dryopteris
erythrosora (D.c.Eaton) Kuntze (ZXU|3LAY), 5: Pteris multifida Poir. (%
2w e]), 6: Polystichum mayebarae Tagawa(Z/NA=5), 70 Osmunda japonica
Thunb. (311)), 8: Arachniodes aristata(G.Forst.) Tindale (Z7}=2]312AFg]), 9:
Polystichum tripteron (Kunze)C.Presl (A &F11AYe)), 10: Cyrtomium fortunei

J.Sm. (4 128]). M: marker 1kb
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100bp—»

Fig.9 Gel electrophoresis of total DNA and PCR amplified chloroplast
DNA of pteridophyta. lane 1. Polystichum lepidocaulon(Hook.)J.Sm. (B]%-
A A, 2: , Polystichum tsus_simense (Hook.)J.Sm . (AAMNE=),
3:Cyrtomium falcatum (L.f.)Presl: (&7\v|&31W]), 4. Botrychium virginian
um(L.)Sw (Z22AF4Y) |, 51 Coniogramme japonica (Thunb.)Diels (7}A] 218] 312
AVel), 6: Ophioglossum vulgatum L. (G AFAY),  7:Neocheiropteris ens
ata(Thunb.): (ML), 8. Lepisorus thunbergianus(Kaulf.) Ching: (4$3%) M:

marker 1kb
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M 1 2 3 4 5 6 l

1.4kb—p

640bp
450bp

100bp

Fig. 10. Gel electrophoresis of total and PCR amplified chloroplast DNA
of pteridophyta. lane 1:Mankuua chejuens eB.Y.sun,M.H.Kim &C.H.Kim
(A F=32A2H4h), 2:Dryopteris varia(L.) Kuntze (SA8]|1AM), 3:Mycr
olepia  strigosa(Thunb.) C.Presl(ZE7|AF), 4:Thelypteris acuminata
(Houtt.) C.V.Morton (H1IAM), 5:Asplenium incisum Thunb. (A2 22A}2]),
6:Onychium japonicum (Thunb.) Kunze (Awv}QAYE]), 7 Purrosia lingua
(Thunb.)Farw.(8$%]), 8: Lemmaphyllum microphyllum C.presl(Z#/1% =)

M: marker 1kb
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Table 3.

Re—identification of 25

species

pteridophyta growing in

Dongbaegdongsan or other area by analysis of DNA sequencing comparing

with NCBI Blast

= S5he] sk Description Ident. Accession
Dryopteris bissetiana
Dryopteris ATP synthase beta -
AL A 8] A . ; ; .
A aLAtel bissetiana(Baker) C.Chr. subunit (atpB) gene, 100% EF450490.1
partial cds; chloroplast
Pteridium aquilinum var. Pteridium aquilinum
A , Bracken latiusculum(Desv.)Unde subsp. aquilinum 100% HM535629.
fern rw chloroplast, complete 1
.ex A. Heller genome
Japanese . Lygodium japonicum
L. Lygodium . HMO021803.
A JTA
A AL cllg?;ng Japonicum(Thunb.) SW. chlor(;p;lrellzltr,lgartlal 100% 1
autumn
fern, Dryopteris
Japanese Dryopteris erythrosora isolate
v 141 wood  orythrosora(D.CEaton) NS UMGTIMR 000 pN1g9042.1
fern, intergenic spacer,
Kuntze N .
copper partial sequence;
shield chloroplast
fern
Pteris multifida trnL—
B o] spider Preris multifida Poir. 1 INTEr8Enic spacer, gy p\vgy5577
brake partial sequence;
chloroplast
Polystichum
mayebarae voucher SG
e EE Polystichum mayebarae Lu/ZBS t.rnL—trnF 100% DQ150408.1
Tagawa intergenic spacer,
partial sequence;
chloroplast
Osmunda japonica
a1H] royal fern Osmunda japonica psbA—trnH intergenic 100%
Thunb. .
spacer, partial
sequence; chloroplast
East Arachniodes ﬁ%%hzloniisa:élsiga
7}=2] Ak Indian aristata(G.Forst.) Tindal chain Elath) gene 100% EF463379.1
holly fern € partial cds; chloroplast
Polystichum tripteron
voucher L. B. Zhang
4784 tRNA—-Leu
(trnL) gene and trnL—
trnF intergenic spacer,
_ Polystichum partial sequence;
A 2 TA
e tipteron (Kunze)Presl chloroplast 100%  JF713069.1
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o2

of,
%
o,

Description Ident. Accession

Cyrtomium fortunei
tRNA—Leu (trnL) gene
&l Cyrtomium fortuner J.Sm . and trr@—trnF 93%  AY736348.1
intergenic spacer,
partial sequence;
chloroplast
Cyrtomidictyum
lepidocaulon voucher
o A polystichum SG Lu/Q12 trnL—trnF 100 DQ150392.1
LAY lepidocaulon(Hook.)J.sm. intergenic spacer, % ’
partial sequence;
chloroplast
Polystichum
acrostichoides
(Michx.) Schott Asn—
tRNA (GUU) and light—
polystichum tsus— independent . 100
simense(Hook.)J.Sm. protochlo.rophylhde. %
reductase iron protein
subunit (chlL) genes,
chloroplast genes

encoding chloroplast
proteins, partial cds
=) 2] holly Fern,

. rtomium fal m
Japanese Cyrtomium Crr}llittoocholildrizl Crfl;ilS 100
1] falcatum(L.f.)PreY] . %
holly fern gene, partial
Botrychium
_ . virginianum
‘7\3_;;‘]'5] Rattle . Bgtrych]um phenylalanine ammonia 100 AY803285.1
A snake Fern virginianum(L.) Sw. lyase (PAL) mRNA. %
partial cds
Coniogramme japonica
isolate 292 tRNA—Gly
(trnG) gene, partial
7}A] a18] Bamboo Coniogramme sequence. trnG—trnR 100
A Japonica(Thunb.) Diels intergenic spacer, . %
complete sequence;
and tRNA—Arg (trnR)
gene, partial sequence;
chloroplast
Ophioglossum vulgatum

chloroplast rbcL. gene
for ribulose—1,5—
adder's—

. bisphosphate
Ophioglossum vulgatum L. P P
tongue

)
o
~N
=

Y

Korean
rock fern

of

U00732.1

AJ130744.1

Fern

KC700266.1

U= A} 100
2 AF carboxylase/oxygenase % AB626644.1
large subunit, partial
cds, country:

Japan:Fukushima
EEST Erect sword

Mankyua chejuense

Mankyua chejuensis
)4k Fern,Ladder B.Y.Sun,M.H. plastid, complete 94 % KP205433.1
I Fern, Kim&C.H.Kim genome
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of,
o2
of,
%
o,

Description Ident. Accession

|

Lepisorus
thunbergianus voucher
Koichi Ohora
Lepisorus 2005042404 tRNA—
thunbergianus(Kaulf.) Ching Leu (trnL) gene and
trnL—trnF intergenic
spacer, partial
sequence; chloroplast
Neolepisorus ensatus
voucher Zhang 3611
rbclL—atpB intergenic
Neocheiropteris spacer, partial
ensata(Thunb.) Ching sequence; and ATP
synthase beta chain
(atpB) gene, partial
cds; chloroplas
Dryopteris varia
Dryopteris varia(L.) Kuntze tRNA—Leu (trnL) 100% JX535954.1
gene, partial sequence
Microlepia strigosa
chloroplast DNA, psbC
gene, pshC—trnS
EE7)a L F microlepia intergenic spacer, trnS
Ak ace fern strigosa(Thunb.) C.Presl. gene, partial and
complete sequence,
specimen_voucher:
TNS:070527-0
Asplenium incisum
chloroplast rbcl. gene
for ribulose—1,5—
2] A ' o bisphosphate
Asplenium incisum Thumb. carboxylase/oxygenase 100% AB574858.1
large subunit, partial
cds,
specimen_voucher:
TNS:762637
Onychium japonicum
chloroplast DNA,
psbA—trnH intergenic
spacer, partial 100% ABbH75473.1
sequence,
specimen_voucher:
TNS:762536
Pyrrosia lingua
chloroplast DNA,
psbA—trnH intergenic
spacer, partial 100% AB575909.1
sequence,
specimen_voucher:
TNS:763117
Lemmaphyllum
microphyllum var.
obovatum chloroplast
7)Y Lemmaphyllum DNA, psbA—trnH
. microphyllum intergenic spacer, 100% AB575871.1
= Presl var.microphyllum partial sequence,
specimen_voucher:

e
2
By

100% GQ256232.1

100% GQ256161.1

AW 2

Akl

100% AB552961.1

o

il S s

e Claw fern Onychium japoicum

(Thunb.) Kunze

Tongue
Fern, Pyrrosia
Japanese lingua(Thunb.)Farw.
Felt Fern

TNS:759255
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2 ATE AFUSFATAL T EA Al VEE YA =S AFAFSH
of d7IAA s AEF ko™ olE wEoE AAE primere] T8-S
testat LA} AAISHATH

AU SFEFAZTAL Tl HoA] AAEH FA A= 2650tk T9F
Aboll A 22F 5 AASRAL TR FEAA A FIE A A =S FAIE] AL
g, WA, =aAkeqh, ZEA e A R g AR A oA AR s T

. ATto]| AFE¥ universal primers= chloroplast DNAC trnL—1A] 4 9]
primer c® d, trnL—FA 99| primer e & A3 T F714 <l primer+
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