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stElibe] ¥ sE AMFO tYAdS @ISt A3} Acaulospora mellea,
Acaulospora longula, Ambispora leptoticha, Gigaspora margarita, Gomus
etunicatum, Glomus claroideum®] % 4% 6%°] 574 At}

At A A 9o AMF ZAE 2 FHE Auhle, ddaxs, £33
A A3 A WEE Glomus etunicatum®] 7H8 =kow 71 W A
S Gigaspora margarita3ith. AWl Fx T3 M =S AL Glomus
etunicatum®|™ 7} @& AL (Gigaspora margaritaiTh. o] A S ®E Hol $-
HE7F 7V =8 £ Glomus etunicatum®]il 7V W& £ (Gigaspora
margaritald S & F AJY. EX}F T3 Glomus etunicatum®] 7FE Bl
Gigaspora margarita®] 7} At}

AMFEZAZF 282 x5k $3S ATEY Glomus etunicatum--
700mel A 1800m7bAl A Lol A 7 YEU 53] ALmT7F 2 3tellA
w2 7 yeldar ok Glomus claroideum® 735 1200m 18]l
1400mell A ol Yeht AL B 4= Acaulospora mellead A =o)X

Uebbar gloy} B3 900mollA 1200mA AAFolol A Eo] ihERL}H
Acaulospora mellea®t &2 %921 Acaulospora longulaz= % 1200mo] 3}l
A YeElY= AS E 5 Y. Ambispora leptoticha= 1200moll 411600m A}
ol At vFebE O™ Gigaspora margaritas 1400mA| A 3 oo A9k o}
Buith. = AMF 22ke] § M= ko] wef E¥xske Fdo]l tE=EA ye
S TE SHAlRE am=rF SRR wEl et § v o] st AW SUtet
© B UEuA it S5 1R mE Tk F ud Wske
7 AT o] AE Tl ghebike] A A Ee] BHE B &8I
S Y3t 7 xAE7 2 Aolgt 7 uH).

o] EEL 2012 29 FFTATIRL TheASl o] ABH LKA AN BEA)

el =2,

o



1885'd Frankell oJs 4 &o] et w43 T= Ao Asom 24
HAom ol FHFol(myco—;fungus)®t 2= (—rrhiza; root)9] JF22]
ojul 2 3 (mycorrhiza)©l 2t 3 tH(Frank. 1885).

w2 o FAFFELA met A A WA (endotrophic mycorrhiza) ¥ <]
2yt (ectotrophic mycorrhiza) 18] Al W 2] A+ (ectendotrophic
mycorrhiza) & &2 #FHH(Smith and Read, 1997). o] & WAHLS Aol
Sl wAFS o] AU HolA FARYHH FEo] Q2= RYEY A JHE
et = vesicledt W7HA] BEA | A 7F Bo] F4H P EE arbuscule
= @Ak, vesicle ol F5% FUISER AEEFH A= FEA

Qs

S MR u3Etes ZAARE 93-S gt} o] 23l vesicled} arbusculeS 3

= AT TS vesicular—arbuscular mycorrhiza (VAM)o|2Fal &3l oy

m{m

o,
o
-

ol F Gigaspora 3} Scutellospora & 21& A WolA] vesicles A3}
A gFertE Aol WA HA] arbuscular mycorrhizal fungi(AMF; A1)
2} F-E1vH(Morton, 1990; Morton & Benny, 1990).

Fot 1t (Arbuscular Mycorrhizal Fungi, ©]3F AMF)S #glo] u|=o
A A|EY] wFAH(intraradical hyphae)®} X]7dA (arbuscule) & #AA st

1

H

A

N
o

To® oF 49 6dvhd A A= 27 54 AHe| Fad 9L

o
ol
of

F X3} 3 Aow HIE I Jri(Shwarzott et al, 2001 ; Smith and Read,
2008). &A A FANA 7HE WA HAANE SAAR 95%01 3 S =
I FAAAE o]Fa Jow, AEHA Hole AEAY wF WSt IS

31 91tH(Smith and Read, 2008).
AMF+ Glomeromycotawm .2 5% m SSU rRNA 42 AE AEEA

o7 olg3sle] Al 4709 H-(Glomerales, Diversisporales, Archaeosprales,



Praglomerales), 107H¢] ¥}(Glomeraceae, Gigasporaceae, Acaulosporaceae,
Entrephospraceae, Pacisporaceae, Diversisporaceae, Paraglomeraceae,
Geosiphonaceae, Ambisporaceae, Archaeosporaceae), 14709 < (Glomus,
Gigaspora, Scutellospora, Racocetra, Acaulospora, Entrophospora,
Pacispora, Diversispora, Otospora, Paraglomus, Geosiphon, Ambispora,
Archaeospora, Intraspora® F-7% 31 QH( Schussler and walker, 2010).

AMF= 27|02 AFUORNEH 77ke A= ol sAsi, s54=

2RE BEE A Ba0g AT BE Ol 9% #AE Ed 23] o
FEAL Erste] AR AdFozA 4F 4P =g Fu
(Smith and Smith, 1990). X5 AMF®] Alell= Aol gla, Hge] 35

A2 Atolol] EAjet Bl kol A AR T a sk A (vesicle)E WHE7
U Az Eoj7F Alazutad grehe AbEjoll Al YR TER] ko] XA
(arbuscule) & ¥/dth(Smith and Read, 2008). AMF2] f2 42 e gt &
A TAE ofF7HA glom ¥ AE F3A WA gth(Redecker and Raab,
2006). AMF9] ¥A&= F3do2 AFo] 40~800m FE= Tdetst wtoz =
gAte] QEEol| o = Jfe] S B Skt (Becard and Pfeffer, 1993;
Siqueira et al, 1982). AMFe] &5 A= AEe ¥el7t AF3 4+ gl
o] F7)GE(NO*T, PO, K*, Zn**, Mg®*, Cu*" 5)& &535to] A& ¥
i $tch(Sanders and Tinker, 1971; Smith and Read, 2008). 53] B &9
A GA =2 ga o]Fo] ofgE AR (POST) & 53 S AT
24 2 &5 A =22 FtH(Lamber et al, 1979; Thingstrup et al,
2000). 1831 AMF

sl

3 oA AE AL Ews Fv oeE ¢
B4 Aok 7 A=A FoEel oidk A (Hildebrandt et al, 2007),
AwrEd e g A4 (Feng et al, 2002), FE=Edzo] dig 43
X (Davies et al, 1993; RuizOLozano et al, 2001; Kaya et al, 2003), H¥
T Aol gt A3 (Newsham er al, 1995; Abdalla and Abdel—Fattah,



2000) 55 T7F AlXIth o]y e HELS A8 A B =g T oE
Ax AEAL 3 Wstel A dol HAG7A dFE FH(Smith and
Read, 2008).
ghepibe AAF TN AFEHEAA R St Aol stk 7F 1950m,
HA ok 1820k = Hke] FHalE-o]th(Ko, 2002). 19661 109 12¢ ghehit

P2
.
2k

fllo

T 82km”7t HARIZFA(HAVIEE A 1828)02 AH HYoH,
1970 39 24 WEES FAoRZ oF 140km® it A|73 FHITAL
2 A=A 20023 12€ UNESCO AEdARAAYG A4, 2007d 6€
gyl #F % UNESCO AAAIAfAtez SAgozA MAZFQ oA
B3 9 #g]E W ¢lti(Hallasan National Park, 2011; UNESCO Korea,
2011; UNESCO World Heritage Center, 2011).

e w7 = ABES 3ol 1673 774 1819F 121WMF 50EF
1990FFTOoZ(EH S 5, 2006) W2 AES Hista o s ko
el AE FEVF FEEte] A& FAREN YEidt 53] depite of

DAE 54 9 84 Be] Bol REHAL glof AEe thbyolt e
H

2 117 134 13%F, ATEAAELS 227 354 36EFoolth T3 S E
= Aled et AR A Ee F 367 765 98F°H, 11 T
WA A =S 53 114 148, A= 27 25 23, 183l IJAAES 29
I 634 82Folnt. it aAAE S IAAES BT T AAREER
A Wekr)e] fFEFoI e, 7|9 Hst vz Fom A (AT T
2009).

Al FZZH N (Sasa quelpaertensis Nakai)s= ™3} (Poaceae), wuyF-olz}



(Bambusoideae), =R EH(Sasa)oll &3ttt AFxRA = vl s &
gabel M vt Ex2Etar glom bk EARAER AAEO ghr(e], 1980, ©]
1985). =3t (Sasa spp.) A 2745 ol&sto] WA 87| wjZd &
Aot AHE Sl oal] yA7E | Aol A dskAY FAE ehntdk sk & o
& e @A, Ak Y whdoly Yo Fa skeAdow Ae}

= 5 0 By A9o] Wrh(Oshima, 1960). A AFZH U= 9 600mol
o

EE AMFE 729 4 A5 sAstL den A BRE S4A4H

)t} (Trappe, 1989). A1 &3 AMF9 A3 28 A& A
I 3 AEe BEdA FAst A= AMF= EY £9 4
1= S

AAQ 715l Uit A7 S7Fsta e FAlolth(Bever, 2003; Helgason

o
=

MN

F R Ao §54E FMIE 5 SRARAA AwnHe o

By

et al., 1999; Jakobsen et al, 1992; Sanders et al, 1996). 11} &&=
2150 Fo] 250,000 Fo] Pid Hl&] 24 150 o Fwre] AMF7F <A
A= AAolmR AMFOL A& FFAgel dek B2 A7 7|37 49 3
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1. E¥ AA

ES 20099 6 AFSHAA L Sl= et A gttt ekt
< A k] wel AE FX7F FEste] AEe FAREIAE veRdTh
et 50m~200mE ol AEY, 200m~600mE ZUAHIE dow,
600~1500mE P+ Hd, 1500m~1600mE FFFHd, 1600m~1900m+=
FEY, 1900~1950mE 1A A 27t Bxsta gon, °F 700m~ 1900m
FoldlA EYS ATt

stepiabel 3urd] B R (AL G, Aot Z24)E weE axHE 39kE
AR (Fig. 1038t F 61712 EYARE Ao AR AHIs 9x+=
GPS receiverE o|-&3slo] x| 7|53t (Appendix 1). SF4ES Al

e AFBte] ey oA opibg o] &ste] A WO EHH 15cm
ool E4s AMFAStL, AT EFo] AolA Fr=E = rled v EA
of Ho} Agd=z uksleTh

4

X X %)
2 dhe] U eAxNN EF WSk SFHBe Y A7 A
Fo A48 Huals] olshu] wopsh o] A TAbe FHFe] T Ao
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Kwaneumsa trail

Baekrokdam

eongsil trall

Mt, Halla National Park

Fig. 1. A map of collection site of soil sample in Mt. Halla.



W B © BEYS AAAES ARESke] 10g% A™EE F wet sieving B
sucrose density gradient centrifugation method(Daniels and skipper, 1982)
S AFEste] ZAE ekt ARES We] A7) 300um, 150m, 90um, 63
m= S S EH AHE AA Fa 2AE tiEfAQ] 478 2HE
A& vk 24 Aol AW A= petri—dishel  Hol siF-AW A

(SZ—-ST, OLYMPUS, Japan)’dolx #&s}om nlo]A=2 3 & o] 835}

FE39t A &2 AFESERE Adsielon FE3 IxE A2, 2
7], B¢ 5 G 540l Hd A7Y £7% F 5A4S VIFda 78
A5 en A o] &3t

4. A 54

3 mh2 thg, PVLG LANS @ 9% "ojmd ¥ TFuow 293
3



of A3t 38 Fof S el T B3 v] 7 (AXIO Imager. Al, Carl
e EAS #AFET W (AXIO Cam, ICc 1,
ANz 7],

Aol BAE EA w5 By, 5 2 R

)
(@]
-
B
ay
=
=
fru
Y
ﬂd
ru%i
o2 HU
ol
ol
3%

o, ;L
:?L_',
-z
[-l 1
=)
ox
ox
=2
>
s
)
rot
kel
2
o,

2 Gz Lo EAES 936ty 7|=8lar INVAM(http://invam.caf.wvu.edu)

0

-

FHEAS & 29 U Folzta AAHE AHrt FE3 xAE
A 0.2m PCR FEH(PCR—-02—C, Axygen Scientific, USA)ol Y i, 90%
ethanol® HrF= Aol thd F-AMH oA 2FAS o] &3t FE
el A5 7=y PCR whgol o] &3t ol DNA F=o Ao 45
E ginjate] 3 F9 34 =nER e Zlmd 2= PCR 9HE-o] DNAA]
22 AkE o] &35t

ol

B DNA AlE52 nested PCR methods(Van Tuinen et al, 1998)¢l <
I 3= ATk nested PCRY A WA &A= 0.2ml PCR FHO F=¥ F
3 DNA 2ul, Z3NAE universal primer$] NS1/NS4 2z} 1ul®, 2X Taq
premix(SolGent, Korea) 10ul, B3 6ulE ¥o & F3I71 20ul7F A 3
o] PCR &% (Applied Biosystems, USA)o|A] =3 3} t}.

ol

o] PCR W& RedSafe™ Nucleic Acid Staining Solution(iNtRON
Biotechnology, Korea)S #7}8F 1.5% agarose gel o] 2nl# loading & A
719%S 93, 1 % UV  transilluminator (WUV-L20, DAIHAN
Scientific, Korea)oll %7 1100bp WME=E 13t Y2 PCR W&



HF5E o)L 1/1002 3|AMe & T WA wA e PCRol 53 DNAZ
A Eo]z el primer AMLI/AML2Z o] &3}
HA GAe] PCRY} #S wIHo = —/—l‘\—-ég‘é‘]—?j\t}(o]ﬂ]?’ 2003). & WA

o] A
Aol PCR wbe=Xk 3 HA Aot 243 Wyler d7|gs st of
790bpe] WMEZ 2% § W=7 YEhd PCR Whg29 f7IM<E 245 &

A E (SolGent, Co. LTD, http://solgent.com)ll 2% 3}t A3+ primer
of that w8 A3 EALS Table 19 YeElon 18S rDNAXS] primers
o] 9JA|+= Fig. 2] bl A

ShlsttH(Table 2). g1E FE tish 7|4 <€S NCBIZF-E Uy wbo}
x4 AMF @7 E=ZE xAsta, o] |47IMEy 8-S T3l 248 471
fex]
=

55 MEGASE o] 83} alignment & AlEE=& R AT

N,
__>‘4_I‘I
et
!
ol
e
Y
N
R
o
=
o)
f{El
o
=
ML
ifo
fru
-
ol

2

=
o
=
S
ol
rlr
et
!
ofl

AMF¢] B4 A4 Shannon®] A Aoz Fadlon, ko mE

¥Apel BT 3ARAS S
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Table 1. Characteristics of primers and conditions for polymerase chain reaction(PCR) used in tl

Primer o
: PCR condition
Nucleotide sequences Tm?®
NS1 5 — GTAGTCATATGCTTGTCTC — 3' 52.4°¢C 30cycles © 95C(3min), 40C(
(Imin) — 1lcycle; 95C(30sec),
72°C(1min, 30sec) — 28cycles; ¢
NS4 5 — CTTCCGTCAATTCCTTTAG — 3 53.2C 40 (1min), 72C (10min) — leyc
AML1 5' — AACTTTCGATGGTAGGATAGA — 3 47.2¢C 30cycles : 95C(3min), 47C(]
(Imin) — 1lcycle; 95C(30sec),
72C(1min) — 28cycles; 95C(3
AML2 5" — CCAAACACTTTGGTTTCC — 3' 47.1°C

(1min), 72C(10min) — lcycle

4 Melting temperatures were determined on 50mM salts concentration and 1nM oligo concentratior

_11_



500bp

AML1 AML2
-———> “«--

NS1.

IGS

LIS

SSU rDNA(18s)

Fig. 2.

AML1/AML2 (793bps)

NS1/NS4 (1100bps)
Primers' position on SSU rDNA and expected DNA length when
polymerase chain reaction was carried out with two pairs of
these primers. Svedberg sedimentation(s), intergenic spacer(IGS),

internal transcribed spacer(ITS), small subunit(SSU)
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1. AMF 2A9] 343 7|4

grefitol A e R A ste] 2HolA ER g B W By | AxE
F 10gell A vERt AMF 225 g $47 47149 B4 ¢ A F 4%
6F0] TAEUJT. Acaulospora® 2% (Acaulospora mellea, Acaulospora
longula), Ambisporass 1% (Ambispora leptoticha), Gigasporas: 1&
(Gigaspora margarita), Glomus% 2% (Glomus etunicatum, Glomus
claroideum)®] &7 ¥ At}

V2 AMFEAF] dfelx] E2e] FEj(Fig. 3)¢F S42 otdol 7]=313l
ot ols Foll e A7IME £MAAE Table 291 7153832, Fig. 40

FARA ASE=ES A A

7}. Acaulospora longula Spain & Schenck
I EY Wold 7Y e BEdEY 9d ZAE FAsAH. 27)=
70— 110mmo]low AMzZe Fgeiryy Agk gl Aoty Ex} B
A% TAHeH g ngE Be fodeln I WAXR ¥
m= 7 WA, Al A Ha dREe] AT vl WA B2 0.5-1m= ke
FUAY FHRT, BE A WA v Bo] Aeh 05-1m FA W
1

< 9 F*Z(membranous) =M%  Melzer's reagentol] Aoz A

P

1=
i

_E‘Kt

O

A
A}, (Fig. 3 — A, DNA sequences : J—9 in Appendix 2.).
. Acaulospora mellea Spain & Schenck

XA= A7)7F 90— 100m=z T=A FF°o] @& hyphal terminus®l] A}
Zo] 7tsolR o] SHHoA WS Xt (Schenck et al, 1984). ¥x}o] A

_13_
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fru
(o,
051
;
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&Y
N
rlr
ﬂ
N
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(@)}
=
=
2
>~
id
|
Y
=
o,
i

A 4—11m 3L, wFAZE 528 A Fe] 292 BE o 573 £4
o 7hd mbgH e F7F 2-6im2] laminateF 22 o] ZAoli} s
gtk 7 WA W 0.5m FAR P v ZeE 5 ogloh Al A
He v m=wdeA FEe fed 2R 05-1m FAY T TFx
(membranous) FEIATE Ul M4 He IA7F 745E o 2Ex=dlAY F
A= 0.5mATE, AR HA H-Le Melzer's reagento] A -2 HEpAlo g oA
A}, (Fig. 3 — B, DNA sequences : J—3, J=5 in Appendix 2.).

o). Ambispora leptoticha (Schenck & Smith) Morton & Redecker

FAFe] A7 150-220m A=z B oA dd ¥x12 FAFAT, B
g 4, 3y EE oA BEAfFES B ES 7HATE Acaulosporoid <}
glomoid spore®] F 7FA dEjel ¥xp7} &A1 tH(Walker et al, 2007).
EAY BREe Aol AL ofolng Aoln] REAst Bol g Aol B
T H9th 47le) Mow Fyuel gom g wgE we Tt 6-10m
2 Qe B2 9S40 oa 47 WARL 1 ve F Ao we F

EYW T8 = =5
AZL 3—4mz FHA B2 FW FHES s FYSHD d9G Holn,

-

B
=l

74 okl W gk Ewalt)t (Fig. 3 — C, DNA sequences : J—7 in
Appendix 2.).

2}, Gigaspora margarita Becker & Hall

e EF WolA 260—480im 719 A T BHAEFY 9 IAE
ok AL F2 wdoln Mo} AL AFAS He= AR AT
A W wnga fFElde|len BE 4-870]i EEAE 107 A&
laminatione 7FA™ tolE #gol we} lamination®] 7 S7FHAth A<=

¥2o] ¥z} #Ho] FA= 5-24moe| ¥R ™ ZF lamination FAE 1.5—4m$

of
ox, M

B

_14_



ol F9lol A volE o wel & Jojg®= FAA = o] ATt
(Becker & Hall). A= A 83|F= X E9] °F 40me] bulbous suspensor”f
Bag)o] 9)¢la 1 o} & subtending hyphae’} Jth (Fig. 3 — D, DNA

sequences : J—6 in Appendix 2.).

wl. Glomus claroideum Schenck & Smith

A B uelA 7§ EE Bede) v 242 gysigdon a7t
80—160mo] AT, FExo] AZ-L- Ao BFE g AlS H At 4709 |t
oz FAHHe dgov b % whe Tz 0.6-1.8meln wREoR
A4S T %2 A Y RS e S 3myEAT (Fig. 3 -

E, DNA sequences : J—11 in Appendix 2.).

8}, Glomus etunicatum Becker & Gerdemann

AL EF dold 99 EE B99e) 99 T Idsgon 27
100-150mel§lth. 4 Mo Fystn A PAd % @ % ¥
Ao A 2 S w= laminate o] 27 TR FAEO AT #HS FF
#AE 9H% uha) Adse] Agn XA ohgel E Al RHE ghe gow
T4E d&Eo #EAHE AE QYT (Fig. 3 — F, DNA sequences

J—1,J-2, J—4, J—-8, J-10 in Appendix 2.).

Oft

g
y
:
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Fig. 3.

Morphology of the spores of arbuscular mycorrhizal fungi

collected from Mt. Halla. A. Acaulospora Ilongula, B.
Acaulospora mellea, C. Ambispora leptoticha, D. Gigaspora
margarita, E. Glomus claroideum, F. Glomus etunicatum. Scale

bar = 50um.
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Table 2. Confirmed species from molecular identification of arbuscular

mycorrhizal fungal spores.

Results of BLAST search on NCBI

Sample ID
Best Blast Match Similarity Accession No.
J-1 Glomus etunicatum 713/715 (99%) AJ852598
J=2 Glomus etunicatum 712/715 (99%) AJ852598
J-3 Acaulospora mellea 704/710 (99%) FJ009670
J—4 Glomus etunicatum 712/715 (99%) AJ852598
J-5 Acaulospora mellea 705/710 (99%) FJ009670
J—6 Gigaspora margarita 697/705 (99%) AJ852605
J=7 Ambispora leptoticha 315/316 (99%) AB047302
J-8 Glomus etunicatum 712/715 (99%) AJ852598
J-9 Acaulospora longula 706/709 (99%) AJ306439
J—10 Glomus etunicatum 712/715 (99%) AJ852598
J-11 Glomus claroideum 712/714 (99%) AJ276080
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Fig. 4. Neighbor—joining phylogram for partial 18S rDNA sequence of
arbuscular mycorrhizal fungal spores. Numbers are nodes

indicate percent bootstrap support(1000replicates).

_18_



2. AMF ¥xo] X 14

7). gkt AMF) $3
Sebdol A AF @S B oW Fol FAWAE dolus] s e

A Aol A AT AMF 228 24 SR AdlE, ddies 2da F
<

7 odvERd AES MEE(R)E YErd Aola,  ddlgE(Relative
abundance)s= A EAg £o FH FA 5 WES(%)E HEHH Zo]
o aglal EFASE Badks ol&ste] dEbd. Ad REE G
etunicatum®] 88% = 7} =A UENS O™ Acaulospora 4<% A. longula®}t
A, mellea 34%%= F WAR F=A JERH Al WA= 2822 G
claroideum, Yl WA= 20%% Ambispora leptoticha, 7V “&

Gigaspora margarita ©|t}. 2 &= T3 7Fg =4 YEd A2 40.453%

T WA= 35.502%%= A. longula, A WA=

S AL 6%l

Q1 Glomus etunicatum®]l

16.164% = A. mellea, V] HAE 8.274% = Ambispora leptoticha, TF5 M
= 2.899%% G. claroideum, V4 @& AL 0.707%<% G. margarita ©]t}.
ol|ASE Hol HEY} 7MY =2 T2 G etunicatum®]il 7PE W& F&
G. margaritad=S & & drk. skEfibe RIS = ¥A 4+ Tk G

etunicatum®) 7V Wil G. margarita 7Y 7F¢ ATt

Y. AMF 29 31x29E £¥

stepibel A A E ZF AMFY 158 FX 5 JulaEE o] &35te Fig. 59
etk G, etunicatumeS 700molA] 1800m7FA] A oA FF e H
53] %7t w& 3tolA B& F7F UEa Tk G claroideum®] 735+
1200m 22| 1400mellA o] yehd A& & 5 Utk A melleas X 1L
Zol A FF yEhyal glett 53] 900mollA 1200mA| & Abololl A wo] 1}



Table 3. Relative frequency, Relative abundance and numbers of

arbuscular mycorrhizal fungal spores in Mt. Halla.

a

Relative Relative ° No. spores/

frequency(%) abundance(%) 10g dry soil ©

Acaulospora longula 34 35.502 10.04
Acaulospora mellea 34 16.164 3.44
Ambispora leptoticha 20 8.274 2.34
Gigaspora margarita 6 0.707 0.2

Glomus claroideum 28 2.899 0.82
Glomus etunicatum 88 40.453 11.44

4 Relative frequency = percentage of the total 50 samples in which the species

was observed
> Relative abundance = (no. spores of species x/total no. spores of all

species)x100

¢ No. spores/ 10g dry soil = no. spores of species x/total 50 samples
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Fig. 6. Number of Species of AM Fungal spores at different elevation.
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Jo, Yeong-Ran

Major in Integrated Science Education
Graduate School of Education
Korea National University of Education
Chung-Buk, KOREA

Supervised by Professor Eom, Ahn—-Heum, Ph.D.

Arbuscular mycorrhizal fungi (AMF) have symbiotic relationships with most land
plants, and the interaction between them help the growth of the plants. In Mt.
Halla, there are 1800 species of plants with a distinct vertical distribution of
plants depending on the elevation. Sasa quelpaertensis Nakai native at Mt. Halla,
has extensive distribution according to elevation, and is giving a significant impact
on the diversity of plants. The purposes of this study was 1) to identify AMF
spores from soils distributed around roots of ‘Sasa quelpaertensis Nakai' using
morphological and molecular characteristics, 2) to investigate the distribution of
AMF species according to the elevation of Mt.Halla, 3) to analyse relationships

between species diversity of AMF and elevation of Mt. Halla.
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In this study, the surrounding soil of Mt.Halla's native ‘Sasa quelpaertensis
Nakai’, were collected, and the distribution of the spores of AMF and change of
diversity of species based on elevation were investigated. As a result of study on
the diversity of AMF at Mt.Halla, 6 species in 4 genus were Iidentified;
Acaulospora mellea, Acaulospora longula, Ambispora leptoticha, Gigaspora
margarita, Gomus etunicatum, Glomus claroideum. The relative frequency, relative
abundance, and the number of AMF spores at overall Mt.Halla were analysed. G
etunicatum is the highest 1in relative frequency and G margarita is the lowest.
The result for the relative abundance was the same as for the relative abundance.
When looking into the aspect of distribution of AMF spores according to an
altitude, G. etunicatum was found in the soil between 700m and 1800m thoroughly
and number of the spores of the species was increased with the elevation. G
claroideum appeared in the altitude between 1200m and 1400m. A. mellea was
found in overall altitude and more especially between 900m and 1200m, and A.
mellea was found mainly under 1200m of altitude. A. Jeptoticha appears between
1200m and 1600m, and G margarita appears only in 1400m. The different species
of AMF showed different pattern of the distribution throughout the elevations.
However, number of species and species diversity index showed no significant
relationship with the altitude. This study would be a foundational data for the
growth, preservation of native plants and the possibility of utilizing them in Mt.

Halla.

¥ A thesis submitted to the Committee of the Graduate School of Korea National University
of Education in partial fulfillment of the requirements for the degree of Master of

Education(Integrated Science Education) in February, 2012.
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Appendix 1. Collection site of soil samples in this study

Altitude

Geographic coordinates
(m)

Soil 1D Sampling site

JJ09001 Yeongsil trail, Mt. Halla 1300 N 33° 20'52.4” E 126° 29'56.9”
JJ09002 Yeongsil trail, Mt. Halla 1300 N 33° 20'52.4” E 126° 29'56.9”
JJ09003 Yeongsil trail, Mt. Halla 1300 N 33° 20'52.4” E 126° 29'56.9”
JJ09004 Yeongsil trail, Mt. Halla 1370 N 33° 21'05.0” E 126° 30'01.5"
JJ09008 Yeongsil trail, Mt. Halla 1400 N 33° 21'10.2"E 126° 29.5'58.2"
JJ09009 Yeongsil trail, Mt. Halla 1400 N 33° 21'10.2"E 126° 29.5'57.8"
JJ09010 Yeongsil trail, Mt. Halla 1400 N 33° 21'10.4"E 126° 29" 58.0"
JJ09011 Yeongsil trail, Mt. Halla 1500 N 33° 21'16.1"E 126° 29" 57.8"
JJ09012 Yeongsil trail, Mt. Halla 1500 N 33° 21'16.1"E 126° 29’ 57.4"
JJ09013 Yeongsil trail, Mt. Halla 1500 N 33° 21'16.6"E 126° 29" 57.5"
JJ09014 Yeongsil trail, Mt. Halla 1600 N 33° 21'21.2"E 126° 30" 09.4”
JJ09015 Yeongsil trail, Mt. Halla 1600 N 33° 21'21.4"E 126° 30" 09.5”
JJ09016 Yeongsil trail, Mt. Halla 1600 N 33° 21'21.3"E 126° 30" 29.5”
JJ09017 Yeongsil trail, Mt. Halla 1700 N 33° 21'18.1"E 126° 30" 22.6"
JJ09018 Yeongsil trail, Mt. Halla 1700 N 33° 21'18.3"E 126° 30" 22.5"
JJ09019 Yeongsil trail, Mt. Halla 1700 N 33° 21'17.7"E 126° 30" 22.6"
JJ09035  Seongpanak trail, Mt. Halla 876 N 33° 22'45.9"E 126° 36’ 18.4"
JJ09036  Seongpanak trail, Mt. Halla 876 N 33° 22745.9"E 126° 36" 18.4"
JJ09038  Seongpanak trail, Mt. Halla 942 N 33° 22'45.6"E 126° 36" 03.3”

JJ09039  Seongpanak trail, Mt. Halla 942 N 33° 22'45.6"E 126° 36" 03.3”
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Appendix 1. continue

Soil 1D Sampling site Ali;u)de Geographic coordinates
JJ09040  Seongpanak trail, Mt. Halla 1018 33° 22'36.1” E 126° 35'35.6”
JJ09041  Seongpanak trail, Mt. Halla 1018 33° 22'36.1” E 126° 35'35.6”
JJ09042  Seongpanak trail, Mt. Halla 1018 33° 22'36.1” E 126° 35'35.6”
JJ09043  Seongpanak trail, Mt. Halla 1114 33° 22'38.9” E 126° 34'49.5”
JJ09044  Seongpanak trail, Mt. Halla 1114 33° 22'38.9” E 126° 34'49.5”
JJ09045  Seongpanak trail, Mt. Halla 1114 33° 22'38.9” E 126° 34'49.5”
JJ09046  Seongpanak trail, Mt. Halla 1211 33° 22'21.6” E 126° 34'18.5”
JJ09047  Seongpanak trail, Mt. Halla 1211 33° 22'21.6” E 126° 34'18.5”
JJ09048 Seongpanak trail, Mt. Halla 1211 33° 22'21.6” E 126° 34'18.5”
JJ09049  Seongpanak trail, Mt. Halla 1306 33° 22708.0” E 126° 34'05.0”
JJ09050  Seongpanak trail, Mt. Halla 1306 33° 2208.0” E 126° 34'05.0”
JJ09051  Seongpanak trail, Mt. Halla 1306 33° 2208.0” E 126° 34'05.0”
JJ09053  Seongpanak trail, Mt. Halla 17805, 33° 22'04.1” E 126° 33'47.5”
JJ09054  Seongpanak trail, Mt. Halla 1415 33° 22'04.1"E 126° 33" 47.5”
JJ09055  Seongpanak trail, Mt. Halla 1415 33° 22'04.1"E 126° 33" 47.5”
JJ09056  Seongpanak trail, Mt. Halla 1508 33° 21'57.4"E 126° 33" 22.9”
JJ09057  Seongpanak trail, Mt. Halla ~ 1508 33° 21'57.4"E 126° 33" 22.9”
JJ09058  Seongpanak trail, Mt. Halla 1508 33° 21'57.4"E 126° 33" 22.9”
JJ09059  Seongpanak trail, Mt. Halla 1613 33° 21'46.2"E 126° 33" 05.9”
JJ09060  Seongpanak trail, Mt. Halla 1613 33° 21'46.2"E 126° 33" 05.9”
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Appendix 1. continue
Soil 1D Sampling site Ali;u)de Geographic coordinates
JJ09061  Seongpanak trail, Mt. Halla 1613 33° 21'46.2” E 126° 33'05.9”
JJ09065  Seongpanak trail, Mt. Halla 1700 33° 21'40.6” E 126° 32'51.0”
JJ09066  Seongpanak trail, Mt. Halla 1700 33° 21'40.6” E 126° 32'51.0”
JJ09067  Seongpanak trail, Mt. Halla 1700 33° 21'40.6” E 126° 32'51.0”
JJ09068  Seongpanak trail, Mt. Halla 1807 33° 21'32.4” E 126° 32'30.6”
JJ09069  Seongpanak trail, Mt. Halla 1807 33° 21'32.4” E 126° 32'30.6”
JJ09070  Seongpanak trail, Mt. Halla 1807 33° 21'32.4” E 126° 32'30.6”
JJ09074 Kwaneumsa trail, Mt. Halla 1878 33° 21'38.5” E 126° 32'12.1"
JJ09075 Kwaneumsa trail, Mt. Halla 1818 33° 21'45.4” E 126° 32'09.2”
JJ09076 Kwaneumsa trail, Mt. Halla 1717 33° 21'56.8” E 126° 32'09.6”
JJ09079 Kwaneumsa trail, Mt. Halla 1575 33° 21'57.4” E 126° 32/01.3”
JJ09080 Kwaneumsa trail, Mt. Halla 1502 33° 22'27.6” E 126° 31'58.8”
JJ09081 Kwaneumsa trail, Mt. Halla 1454 33° 22'34.2” E 126° 32'03.8”
JJ09082 Kwaneumsa trail, Mt. Halla 1334 33° 22’51.0” E 126° 32'14.2"
JJ09083 Kwaneumsa trail, Mt. Halla L1178 33° 23'10.8” E 126° 32'23.5”
JJ09084 Kwaneumsa trail, Mt. Halla 1068 33° 23'27.1” E 126° 32'23.7"
JJ09085 Kwaneumsa trail, Mt. Halla 888 33° 23'49.9” E 126° 32'32.0”
JJ09086 Kwaneumsa trail, Mt. Halla 803 33° 24'18.4” E 126° 32'43.3”
JJ09087 Kwaneumsa trail, Mt. Halla 731 33° 23'21.9” E 126° 37°06.4”
JJ09121 Seongpanak trail, Mt. Halla 876 33° 22'45.9” E 126° 36'18.4"
JJ09122  Seongpanak trail, Mt. Halla 942 33° 22'45.6” E 126° 36'03.3”
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Appendix 2. Analyzed sequences from arbuscular mycorrhizal fungi in this

study. 'N' represent sites coded as missing.

# J-1
AACGGGTAA--GGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCA
CATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGG—AGGTAGTGAC
AATAAATAACAATACGGGGCTCTTTCGGGTCTCGTAATTGGAATGAGTACAATTTAAAT
CCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT
CCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTG
ACACATCGGTCGTGCCTTAAGGGGTATGAACTGGTGTAG—-TCAATTTCTCACCTT-CT
GGAGAACCGCGATGCCCTTAATTGGGTGTCACGGGGAACCAGGACCTTTACTTTGAAAAA
ATTAGAGTGTTTAAAGCAGGCATTTTGCTTGAATACATTAGCATGGAATAATAAAATA
GGACGGCATGATTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAG
TTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAAC
TACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATC
GAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCAGAC
GATGTTAAT

# J-2
AACGGGTAA--GGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCA
CATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGG-AGGTAGTGAC
AATAAATAACAATACGGGACTCTTTCGGGTCTCGTAATTGGAATGAGTACAATTTAAAT
CCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT
CCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTG
ACACATCGGTCGTGCCTTAAGGGGTATGAACTGGTGTAG--TCAATTTCTCACCTT-CT
GGAGAACCGCGATGCCCTTAATTGGGTGTCACGGGGAACCAGGACCTTTACTTTGAAAAA
ATTAGAGTGTTTAAAGCAGGCATTTTGCTTGAATACATTAGCATGGAATAATAAAATA
GGACGGCATGATTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAG
TTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAAC
TACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATC
GAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCAGAC
GATGTTAAT

_43_



# J-3
TACGGGTAC——-GGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCAATACGGGG—AGGTAGTGACA
ATAAATAACAATATGGGGCCCTCACGGGTTTCGTAATTGGAATGAGTACCATTTAAATC
TCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC
CAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGAATCTG
TCCGTCGGTCGGGCT—=TCACTGTCCGTACTGGCGTGG——=TGGGTTCTTACCTT-CTG
AATAACCAGCATGCCATTCATTTGGTGCGTTGGGGAAGCAGGACTATTACCTTGAAAAA
ATTAGAGTGCTCAAAGCAGGC-CAGTGCCTGAATACATTAGCATGGAATAATAAAATAG
GACGGCATGGTTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAGT
TGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACT
TCTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCG
AAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGGATCGGACGA
TGTTAAT

# J—4
AACGGGTAA--GGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCA
CATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCGGACACGGGG-AGGTAGTGAC
AATAAATAACAATACGGGGCTCTTTCGGGTCTCGTAATTGGAATGAGTACAATTTAAAT
CCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT
CCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTG
ACACATCGGTCGTGCCTTAAGGGGTATGAACTGGTGTAG--TCAATTTCTCACCTT-CT
GGAGAACCGCGATGCCCTTAATTGGGTGTCACGGGGAACCAGGACCTTTACTTTGAAAAA
ATTAGAGTGTTTAAAGCAGGCATTTTGCTTGAATACATTAGCATGGAATAATAAAATA
GGACGGCATGATTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAG
TTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAAC
TACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATC
GAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCAGAC
GATGTTAAT

# J=5

TACGGGTAC——-GGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCAATACGGGG—AGGTAGTGACA
ATAAATAACAATATGGGGCCCTCACGGGTTTCGTAATTGGAATGAGTACCATTTAAATC
TCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC
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CAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGAATCTG
TCCATCGGTCGGGCT—-TCACTGTCCGTACTGGTGTGG——-TGGGTTCTTACCTT-CTG
AATAACCAGCATGCCATTCACTTGGTGCGTTGGGGAAGCAGGACTATTACCTTGAAAAA
ATTAGAGTGCTCAAAGCAGGC-CAGTGCCTGAATACATTAGCATGGAATAATAAAATAG
GACGGCATGGTTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAGT
TGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACT
TCTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCG
AAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGGATCGGACGA
TGTTAAT

# J—6
TACGGGTAC——-GGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGATACGGGG—AGGTAGTGACA
ATAAATAACAATACAGGGCTCTTATGGATCTTGTAATTGGAATGAGTACAATTTAAATC
CCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC
CAATAGTGTATATTAAAGTTGTTGCAGTTAAAAAGCTTGTAGTTAAATTTCGGGGTTC
TACCGTTGGTCGGGCA-—-ATA--GTCTGTACTGGCGTGT-——AGAATTTCTACCTT-C
TGGGGAACCATCATGTTATTTATTTAGCGTGGTGGGAAACCAGGACCTTTACCTTGAAA
AAATTAGAGTGTTCAAAGCAGGC-TTATGTCTGAATACATTAGCATGGAATAATAAAA
TAGGACGG——TGGTCCTGTTTTGTTGGTTTCT-GAATCACCGTAATGATTAATAGGGAT
AGTTGGGG—CATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTA
ACTTCTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGA
TCGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGGATCGGA
CGATGTTAAT

# J=7

TACGGGTAAC-GGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGG—AGGTAGTGACA
ATAAATAACAATACAGGGCCCTCACGGGTCTTGTAATTGGAATGAGTACAATTTAAATC
TCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC
CAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTTGGGTCTGG
CCGGGCGGTCCACCT ———=TCCGGKKNNCNNNGTTCCNAN-NNCNGGSCYWWYCNT-NNG
GNKNNANNGNNTGNCCTTCGCNNGGTGTGTCNGGGAANCMNGRMCMWTACCYTKRAAA
AAWTNAANTGGTNNAANNMRGC-ATTTGNNCCAANANNTTNACNNGGAANAANGNAAN
NAGANNC—-NNGGNANNANTTTGNTNGNTTYYWNGANCNSCNTNATGNNTNANAGGGNT
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NNNTNGGGGNNNTNNTANTYNANTNNNNNANGTNNAANTYNTNGNNTTANTNRANANN
AACNTNNNNNAAANCNTTTNNCNANGNNGKTTTTNNTTNATCAGAACGAAAGTTAGGG
GATCGAAGACGATCAGACGTCGTATCTAACNTAACCATAGACTAGNNNGGCNANTTATT
CNANNACTCGCCN

# J-8
AACGGGTAA--GGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCA
CATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGG-AGGTAGTGAC
AATAAATAACAATACGGGGCTCTTTCGGGTCTCGTAATTGGAATGAGTACAATTAAAAT
CCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT
CCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTG
ACACATCGGTCGTGCCTTAAGGGGTATGAACTGGTGTAG—-TCAATTTCTCACCTT-CT
GGAGAACCGCGATGCCCTTAATTGGGTGTCACGGGGAACCAGGACCTTTACTTTGAAAAA
ATTAGAGTGTTTAAAGCAGGCATTTTGCTTGAATACATTAGCATGGAATAATAAAATA
GGACGGCATGATTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAG
TTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAAC
TACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATC
GAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCAGAC
GATGTTAAT

# J-9
TACGGGTAC——-GGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCAACACGGGG—AGGTAGTGACA
ATAAATAACAATATGGGGCCCTTACGGGTTTCGTAATTGGAATGAGTACAATTTAAATC
TCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC
CAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTTG
TCAGTTGGTCGGGCT—-TAACTGTCCGTATTGACTTGA-—=TGGATTCTTACCTT-CT
GAGTAACCAGCATGCTATTAATTTAGTGCGTTGGGGAAGCAGA-TCATTACCTTGAAAA
AATTAGAGTGCTTAAAGCGAGC-TAGTGCTTGAATAGATTAGCATGGAATAATAAAAT
AGGACGGCATGGTTCTATTTTGTTGGTCTCTAGGATCACCGTAATGATTAATAGGGATA
GTTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAA
CTTCTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGAT
CGAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCGGAC
GATGTTAAT
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# J-10
AACGGGTAA--GGGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCA
CATCCAAGGAAGGCAGCAGGCGCGCAAAATACCCAATCCCGACACGGGG—AGGTAGTGAC
AATAAATAACAATACGGGGCTCTTTCGGGTCTCGTAATTGGAATGAGTACAATTTAAAT
CCCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCT
CCAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTG
ACACATCGGTCGTGCCTTAAGGGGTATGAACTGGTGTAG——-TCAATTTCTCACCTT-CT
GGAGAACCGCGATGCCCTTAATTGGGTGTCACGGGGAACCAGGACCTTTACTTTGAAAAA
ATTAGAGTGTTTAAAGCAGGCATTTTGCTTGAATACATTAGCATGGAATAATAAAATA
GGACGGCATGATTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAG
TTGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAAC
TACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATC
GAAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCAGAC
GATGTTAAT

# J-11
TACGGGTAC——-GGGGATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCAC
ATCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCCGACACGGGG—AGGTAGTGACA
ATAAATAACAATACGGGGCTCTTTCGGGTCTCGTAATTGGAATGAGTACAATTTAAATC
CCTTAACGAGGAACAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTC
CAATAGCGTATATTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCGGGATTGA
CACATCGGTCGTGCCTTAAGGGGTATGAACTGGTGTAG-—-TCAATTTCTCACCTT-CTG
GAGAACCGCGATGCCCTTAATTGGGTGTCGCGGGGAACCAGGACCTTTACTTTGAAAAAA
TTAGAGTGTTTAAAGCAGGCATTTTGCTTGAATACATTAGCATGGAATAATAAAATAG
GACGGCATGATTCTATTTTGTTGGTTTCTAGGATCACCGTAATGATTAATAGGGATAGT
TGGGGGCATTAGTATTCAATTGTCAGAGGTGAAATTCTTGGATTTATTGAAGACTAACT
ACTGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAAAGTTAGGGGATCG
AAGACGATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGAATCAGACG
ATGTTAAT
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