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Genetic Relationships among the Poplars of Section
Leuce(Genus Populus) revealed by RAPD Marker Analysis’*
Kyung-nak Hong“, Jung Oh Hyun2 and Yong Pyo Hong3
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ABSTRACT

Genetic relationships of some poplars in the section Leuce, including 5 species and 11 clones of Po-
pulus albax glandulosa, were investigated on the basis of RAPD marker analysis. Twenty-two of the
88 arbitrary 10-mer primers, showed reproducible amplification in the preliminary experiment with 6
samples, were used for PCR and generated a total of 181 RAPD markers. Genetic relationships among
the analyzed samples were tested by two phenetic methods of the UPGMA and the neighbor-joining,
which revealed the close genetic relationship between P. glandulosa and P. alba. And the close ge-
netic relationship between P. glandulosa and P. davidiana was ascertained by the principal component
analysis. Based on the observation of the close genetic relationship between them, it was deduced
that P. glandulosa might be originated by the saltational speciation caused by the hybridization be-
tween P. alba and P. davidiana in nature,
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w W

EEHEe V=, v, 9z, 59, ofx
7} B8 g ofeo} o Ao WA EEI=
H(FAO, 1980), =¥z} g1, 2FdgEN] F
o, EAAgsE o] Hojuia, genome TRE
v w 7hehgl fFo)ehA oW ARE dESE
3 FAFEdH F8 AR HgFHZ ok
(Bradshaw#} Stettler, 1995). $ElvielelA=
FERFo A o §FH AFrE A
Hevt, o f34 wAe] He Ml fdHA
3o} fERMS] RMT #HiR(gene poolell
T 2Abe PlEY Aol (=, 1989)

AL (Genus  Populus)& 71 68i(Sec-
tion) 2 ¥-FE1, 685 FoA 2 EAM,
A 47 g HEF BRI A de K
AeltHFAO, 1980). $elvieldA A=tz ol
Leucefi 22+ AP (Populus davidiana
Dode), ¥k (P. alba Linn.), LA (P
glandulosa Uyeki), SAMIE(P. fomentiglan-
dulosa T. Lee) 5o sl&vl, AT+ 1954
ool Ee gal AHE duEdow(c] A},
1955), o] A-2(1987)2 2AFAIV-o] Heddsr M
L FUAANUER sl 1960 # A
T YA G- 2oks IFaulsted &
FUAMAGE B2 JAAYR(P. albax glandu-
losayet B3k, &3 thfol= AAo] whE i
o) 78t Leuced ) P. tomentosa Carr.2] #
el 71l dishe] Ewiofat ARAIGRE EHE
adenopoda} P. hopeiensis 522 #¥& 9A
o] gl+vdl(Zhang %, 1995), &% FrddA <]
RRS FEHMT 8 55 v)ste] HERAR
o] gA vehgr) uw-Fd ot Willingh Pryor,
1976 ; Ellstrand %, 1996).

Leuced T Eely He B2 6l 2= o
$ golsled, 19541 NE] WA Y WHFHE] ¥
AstE oot} Hdedw, 1980 ; &5, 1982).
A3 A Au(1974)€ isoperoxidaseE #4135}
o Seeldd e Skl SYPARAE
7} 242 4709 ERolela A, old At
+ Bhattacharya %(1975)c] P. nigra®] isoper-
oxidase d-foll4] G A ] ulE band F4e
Wol2 Halthes By Fo8 v AEALY
282 A7EcH(Scandalios, 1974). ©l &

a3 F2AE(1985)= GOT, MDH, ADH,
ACP2] 4714 S EaRA A A -2
Swjeok(BaE 9 x9lE)e FE3F AolE ;A
T 4 eddden, @2 w2 mglF 2okt
o xat ACPe] wio]l& whdsigdct, aieby %2
date] &Ajste FAAAGTEe} Suok(EEE)
£ 77 3 A e Y FEAA HAR A
o2 ZAslgony wafd o3 XK FAHE
Aol wupzg7k 2elzb glolad HARAIGUS
2250 $d% fA¥AE Z3 e ZHoE
gl ok (E AT %, 1967). &3 AU E
FZ£3 F2E5¢ U3 F444+ Hyun¥} Hyun
(1985)°] BESl B 23l Leucedol Z3le
4970 ZFoll didted FEH HES H% 800
o HpR#Es Raustdow, A Ak
(1979 #4139 1570 F&8 d #35%
ol welr 574 Aoz Jypgdoh, =g
Hyun3} Hyun(1993)2 1197 &2 ZE of
slo] 47hAl BYELE BAME A 115670 &
& ¥Hsl, MDHY #hAuAE wel & ¥ w3}
Ak, 2y flel e Apelx B8t Y
ApAlLE o) 2R W HdmgEs Fae] Sl
3 E5aA AAle g3 =WAE delsd
(o] ZHE- 1987 ; AAbA %, 198D).

Williams 2:(1990)3 Welsh2t McClellnad(1990)
7} 912l8] -2 primers o] &3l F7ke] P&
& 4 9]+ RAPD(randomly amplified polymor-
phic DNA ¥ arbitrarily primed PCR ; AP-
PCR)E %FAlell w33 LU, RAPD: A9 %
gt 2] nearlv-neutral markerd AAst W
o B fE FAIAIEA o 43 =70 Hdd
(Hoey %, 1996 ; Millan %, 1996). 7hd%
(Lens ; Abo-elwafa %, 1995)e1\} Allfum sati-
vum(Maa 8 ¢} Klass, 1995)2] £u] W& 3
g Asp, Ee)asrt AAAY FHAE =
A qEde F2 FEE & 5 9le vl
RAPD A#e FA4x e wWolx #9213 4= 9]
9151, Yamagish(1995)+ w8 Hie] #if -8 o
RAPDE Al-g4oa ol&3lsvt, oleidt AL
Wolel 7AW We], F A4 FHo|(somatic var-
iation)2] &<l17bx] RAPDE rbsslvta 238l
o}(Jacobson %, 1993 ; Ionov %, 1993, Taylor
% 1995), RAPD7} Al &35 R/ 83 W

ol Eoll 9lol] RAPD PCR W9 ¢]-4-& ¢}
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ulot ol A TR AR ZE Wil &
ALg-5 % (Adams %, 1993), European white
birch(Betula pendula)?] A& poolingdted F
RE FEY & Udlvi(Akerman %, 1995).
Perron %(1995)2 71eu+-B 24Ee &
BAE AAslg oo, Ribes nigrum2 2170 ¥
Z& Ao g 3 Ao A& 5478 RAPD mark-
erg o|43lo] Fx FRo] o]Foigri(Lanham
= 1995).

2 dye 7129 ey SA4& o8 R
U EHEAE o] &7 EFoA F3Z Alfe] o
Hi, 2 EFAAC ey EEF =7l o
L AJAYREE Leucedd) 570 +%F ¥ AV
= 1170 E&8 dslel RAPD markerEs ©] 43}
o] BE-4-A84 FARAE P¥sh=d Ut

HE X FHik

1. AR

ARNES Leuced o] fazA 79<
o 19709 MA=E AAstel, e YHsA
IngroupS & &uofF, FLAAGT, 2ok}
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Avge AHdugFe s od#al SAHAYFE
Z RAE, dEdaeE "ARGE 1R 8
L Adpatr, slelehat, 9ebit A9 AAYFE
2+ INAEY, 22 B AAH9%UE Popu-
lus tomentosa 17WAE A4, A AHAS
9o AL HYRE ol 45l ey o FF
M B4 JehyE AdE dgsigoes(e]ds,
1987), &AAUEe] ASE #AA R} Fe
Aoz 79 47 geld, FER ]R8} A
2§ type species®] AERE AA] Aldde] #Al
F A FgAss sodEd 3o AAE
A& s ch. Outgroups- #S WEWEfd &£
st e TR S5 Ev5(Salix pseudola-
siogyne Linn. )& AAstdc}, 7 #EAKA A
A ® ¥ Table 134 o}

2. RAPD(Randomly amplified polymorphic
DNAs) PCR #4
Edwards %(1991)2] total DNA FZw4&
g% w3sted total DNAE Feistsdch. HH=
92 FEwAHAs 2, viA(alumina desiccant)s}
AL gol FA tHstdd, AREEE

Table 1. The information of nineteen samples for this analysis

Genus(Section) Species name Clone(or ID) number Location
P. alba Linn. Coll. of Agri.
PopulusLeuce) P. glandulosa Uyeki Seoul Natl' Univ.,
| P. tomentiglandulosa T .Lee Suwon
P. davidiana Dode 8y Kariwangsan
) Keibangsan
i 3 Woraksan
P. tomentosa Carr. Beijing, China
T 64-6-44 ‘
P. albax glandulosa 65-22-11 Scion Garden for Poplars,
o = © Forest Genetics
66-25-5 ! .
——“—67_6_3— Research Institue,
794 Suwon
@]
72-23
(3) | Pochun30
2-16
@ [72-30
72-31
Salix S. pseudolasiogyne Linn. Coll. of Agri.
; Seoul Natl' Univ.,
Suwon
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1.5ml Eppendorf tubeel] ¥, DNA extraction
buffer(100mM Tris-HCI, pH7.5, 100mM NaCl,
50mM EDTA, 1% SDS, 10mM mercaptoetha-
nol, 0.1% PVP(MW360,000))¢} 5mM potassi-
um acetate® Arh3te] 65Tl 083 FET
Foll 4ToA 1082 AAsAct, 15,000xg(3
Az et Mega 17TR)AIA WA #eF 59
28k, 1.291¢] chloroform : isoamylalcohol
24:1 v/V)EAE sl 3 HoF: ool
15,000xgeN 4 A4l Eelstdct. A5Hd 10M
ammonium acetate?} cold isopropanol& #7}s}
of JF HX)Wct, YAEE3te] DNA pellets
42 ¥ RNAase A3l chloroform $&9%
3} isopropanol®] pelleting& AlAl8}adc}, da
o o] 260nm TANA FEE A4
RAPD PCR2 25u£9] wh-g£9Ye) 1Unit Tag

DNA polymerase, 1.5mM MgClz, 200u0M
dNTPs, 40ng primer, 50ng template DNA,
0.025% BSA(bovin serum albumin), 50mM

KCl, 10mM Tris - HCI(pH 8.3)ol 4 A A stsd
(7] &4, 1995). AH4-% PCR thermal cycler
(Eﬂi}"ﬂ“/]%‘ﬁi FTC2000)= glass-capillary tube

o] &8} air-flower W2 28, PCR cycle
36 T/60&, 72C/[70&, 93C/5x2] #HA4& 453
HEE & 72T /587F #ZE extension A cHramp
timee 17T /0.2%). 2% agarose gelollA H-qto
2 #ax+E RAPD marker?t A8l A4E
1", vehdz ot A58 0e® ZA
Primer screenl] AF8-% arbitrary primer+= 7}
t} UBC Biotechnology Laboratory2] Oligonu-
cleotide Set #6(UBC601-UBC700)% 63712} A
<+ 7 E&AFaSd T FE7|ded FF A
25719 FOR series(FOR1-FOR25) primer& Al
48t ch(+E 1), primerel] Wt A¥EAL pri-
mer% E93% template DNAE ©]43}e] 3ubE
A Alg e stgvl. RAPD PCR w2 =277}
AL band? FEME £F Aol vpwzl
o 2(Yust Pauls, 1993), RAPD band®] scor-
ing2 500bp olAtellAl £Z3 banduhg ¥4
EgAH

3. i*—‘}-—l i

AAEE Leuced 197 A&l oHgk RAPD
A} g.2] E/ﬂ, & Czekanowski(Czekanowski, 1913)
¢} simple matching(Apostol %, 1993), Jaccard

(1901)8 fAl=& F3l1, Nei(Neigt Li, 1979)
o] 3 Azl(genetic distance)E wlgir}.
PHYLIP(ver 3.5¢c ; Felsenstein, 1993)3 REST-
SITE(ver 1.2 ; Miller, 1994) package® ¢]-&3}
o} Neighbor-Joining Tree?} UPGMA/ (un-
weighted pair-group method using arithmetic

average) & A #A =& A4Sl e, SAS/STAT
program¥- o]4-3le] FAERAE s,

BR Y ER

1. MAUSRR Leuce# 2 EXIRESH fFH
A
fA9A £4L 13 UPGMA¢ NJT =HA
oll&= simple matching Wl 23 A" A
A 712)(genetic distance)& )83}l tt. Jaccard
vllo]v} Czekanowski distance W8 A&-3
Aol §ADAEE simple matching B4 el
28 AR E FARA R} FARE oR
Ag Rylow, ol E WhlZbdl #2ojF Aol %i
AeH(E-7, 1997). RAPD =k&el| 278 &
A A AAGTEE Leyced 4] LA 3=
FaulEe] AP e GH(clade)
3 A she] (bootstrap 4121 % 97%) °]E°] T4
2023 FAEAEE FHET F dd
, B 2okl R YA e A
J o2 =g 4 gdrh(Fig, 1). NJTe4
= okHge) FAEY fHY FEE Ro
ch{Fig. 2). °]AH(1987)2 ApAV-9}
Wioke] xpelwato g 2ALA}R7E Vom, &
IARAI V2 2 APA V0] SRk S 2 AT
Fgdovt, RAPD A=tel s 2445 UPGMA
Frd T A Zoll A SPARA 2} ot 2hat
b Exlrel a2l AE #2U¥ 4 4

=3l 9

g Eb Rk e

ouf, NIT #99A5aAE £AAtT 0 4+
QAR fHd BRgEst o AR AeR
pebdet,

wetx] FARAE s Eikel Y BEF
H(o] A, 19878 abste ApAF-oF 2w
ofe] mAto g AT A, 29
YA -2 Eﬁ%(backcross)"i LA} A
ol b Heg A, oled RES 2
Weko] 19104 == ttE AR 244G
Fo) goke]l 19546 RuEH ke A, z2en
ApA R4 0] HaFAd Sz 7ke] 10~20Wdolw 2
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P.alba

ag72-30"
ag72-31
ag72-16

ag-Pochun30
agh4-6-44
agbb-22-1
agb6-25-5
agh7-6-3
ag72-12
ag72-4
ag72-23

P.tom-gland

P.gland

P.tomentosa

P.dav-Wor

P.dav-Kari
P.dav-Oda
Salix

0.7 06 0.4

0.3 0.1 0.0

genetic distance

Fig. 1. UPGMA tree of section Leuce based on simple-matching distance.

The values, the bootstrap confidence interval,

(the percentage of 100 replications).

*

P.tom-gland : P. tomentiglandulosa
P.gland : P. glandulosa

on the nodes are the results of bootstrap search

ag- and the numerics : Populus alba> glandulosa and its clone number

P.dav- and followed characters : P. davidiana and its 1D number

Salix : Salix pseudolasiogyne

shthe o ool e F4olet Az,
th 2719 fejstol Soi& el kel o
o B AR astel FUGALTE T

3, o BAF FUAARI} A Agwo%
oMoy o aAE BT LA E BEUTE
ZAelch, mY ol FAe (FAAGRL)
A FR e SRR, AR,
ApALRR ol gol Aapir AR @A

HFf A A 9] FUARAYF g FE7F ol
e (o] A8, 1987) = el = =),
@AY Populus tomentosas > oFieL A1A]

el ApdagtFes oA 3le(Zhang
%, 19%), UPGMA®IAM = Ao =A%
FadRAE 2o (Fig. 1, NJTdAE A4
el 2eke] FE R Adste A &
e E RAFUckFig. 2). Zeiv 24
Fub dFamEa dARAFIE 2l Sk
°] o33 e eg Jebhdd sy,
P. o] FXc} FHESQ AT
Feo]l B2 oz vhepyte,

2APA 2} P tomentosa®] FE
B FYE s 2acfelrt AR Fle] o}

-5
& "el
tomentosa=

(<] 2
017)114
=
=



158

RAPD 1R8E 57l 23 AAA PR Lewceli 2321 ikt

23

Distance 0.1 [
——

P.alba
ag72-31"
_— —  ag72-30
65
- ag72-16
13
— ag-Pochun30
4{ 4
ag64-6-44
98 25
ag65-22-1
5
S ag72-12
35
1—— agb6-25-5
— agb7-6-3
5
— ag72-23
—
—— ag72-4
P.tom-gland
P.gland

Salix

P.tomentosa
P.dav-Wor
r P.dav-Oda
P.dav-Kari

Fig. 2. Neighbor-joining tree of section Leuce based on simple-matching distance. The values, the
bootstrap confidence interval, on the nodes are the results of bootstrap search(the percentage

of 100 replications).

* The characters are as described in Fig. 1.

Table 2. Eigenvalues of the correlation matrix from principal component analysis using 19 samples
with 181 RAPD markers (PRIN : Principal component)

PRIN* Eigenvalue Difference Proportion Cumulative
PRIN1 10.5751 8.53595 0.556584 0.556584
PRIN2 2.0391 1.00294 0.107323 0.663907
PRIN3 1.0362 0.14501 0.054537 0.718444
PRIN4 0.8912 0.21524 0.046905 0.765349
PRINS 0.6760 . 0.035577 0.800925

w34 AL 43 9o, B3 P. fomentosa
o] #iffe] iF dald= 2wek(P. alba;
Zhang %, 199522 FH sl o]oelx Lujot
o P. adenopoda(Bialobox, 1964 ; Bai®} Ma,
1990) #-& P. hopeiensis(Zhao, 1987) -2 §-3
AAzE Al AF el == HEBP. alba
L. var. pyramidalis; Zhang %, 1995) 9 R
Rel 9l& Axz Swloke) {Hxl F8o] ook
87 WEd Aelt,

2. ¥R 29 (principal component analysis)
ARAE4 Leuced o4 2270 primer 18171

RAPD markerd wi4o® A4 AAd o
g-g vlx)&= primer @ RAPD markerE& 783}
i, Z % "W 2718 fAAS ddstes )
& vtHaly] ¢sle] F4 224 (principal com-
ponent analysis)2 4 A 8}9ith(Broschat, 1979).

ZEF 19709 AR(E 2 ZF8)d dg
FAREEA NN AIFAHEH A2FA o] H T
ol 66.4%9) dHHE bdod, 44 5749
FAE) A wWele] 80% o)A dwslict
(Table 2). AM1FAE A27:A4 22 EE(plot-
ting)oll A} FAARA oL ALAFd Sl P. tomen-
tosa®t AHANVHE %3 A B EE o] ARALEE
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deg W Q&L HYFgony, AR}
-T2 E HARAUE FE25L B4t gld]
A BEsfAo]l FAaRAEd dARHFig. 3).
v 1908 ARMERE 2 F2)%5d v xd
RAPD marker %¥4-& Xele 11708 ol-Zaw)
FEALAG T FE)o] BAalge] TE 9]
A AFA RS AR A E #HAR
i FE87E FRe] oHRlm, AZFAAES A
45 FellA AAbA] FE 7he) Ro) vl 4
ol gtt,

181708) RAPD marker% &7+ 389 HH 7]
X7} ¥& bandg AWslr] $1sted 18170 =&
(RAPD marker)oll i3t <l24(factor analy-

O

PRIN1 ¢
I

i

0.3+

'

i

4 4
1 12 2
213 14 T
g
|
0.2+
i
a
d
d d
T

!
0.1+
!
|
i
0.0
H

s

| .
~0.1 +

-0.2 0.0 0.2 0.4 0.€

PRINZ

Fig. 3. Scatter diagram of 19 samples with 181

RAPD markers based on principal com-
ponent 1(PRIN1) and 2(PRIN2).
(s : Salix pseudolasiogyne, t : Populus to-
mentosa, d: P. davidiana, a: P. alba,
T : P. tomentiglandulosa, g: P. glan-
dulosa, numeric as 1,2,3 and 4 : clone
number of hybrid poplars)

sis)& AlA|stdch, RAPD markere] #3F 34
o] AdwEe A 57AA 74.7%9] dvEe
7R L, 117 EAAGE 2329 sl o3
of AMIFAE A2FAR duye ulwy o}
A viebti(Table 3). zeivt FxofAbe 7+ A}
Aol m2A ¥xdla gloeng(Fig. 4), € 7
2] RAPD markerg Feid %o A FAHL
AL vhA] AAgchd Auzke] & £4glol
71 &7k =& RAPD markerE AW 4 92
Holt}, B AFdi RAPD AF}E vehie
band(present="1")& 7|Fo2 A7E HF
7ol 22 eigenvector’} B#E AdTEF H e
o] -8 primertt RAPD marker?] Aol §-2)
g 7ol B % 9l7] d{-oll(lezzoni®} Pritts
1991), 18171 bandZFlA Al1FA R A25:A4 %
ol 4 Zhzh A9 10%(1841)ell &l =}sle eigen-
vector & Zi= RAPD marker® Ags)A,
37719 RAPD markerg 3¢ thA] #4& 4
Alstgict,

AW 3770¢) RAPD marker+ 187) primer
of thale] FxE el ¢lel=d(Table 4),

PRIN2

PRIN1

Fig. 4. Scatter diagram of 19 samples with 181
RAPD bands based on principal compo-
nent 1(PRINI) and 2(PRIN2).

Table 3. Eigenvalues of the Correlation Matrix from principal component analysis using 181 RAPD

markers of 19 samples

PRIN* Eigenvalue Difference Proportion Cumulative
PRIN1 57.6962 27.2073 0.345486 0.345486
PRINZ2 30.4889 14.4133 (0.182568 0.528054
PRIN3 16.0755 3.0835 0.096261 0.624315
PRIN4 12.9920 5.3216 0.077797 0.702112
PRINS 7.6704 : 0.045931 0.748042
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Table 4. The selected primers and its RAPD marker number based on the PCA with 181 RAPD

markers of 19 samples

primer ID RAPD marker ID primer 1D RAPD marker ID
FOR(2 102.05 £02.08 FOR19 £15.01 f£19.07
FOR04 f04.02 04.06 £04.10 UBC613 613.02 613.05
FOR(05 105.03 {05.07 UBC625 625.01 625.03
FORO06 106.01 106.02 106.08 UBC632 632.02
FORQ7 107.05 UBC648 648.06 648.07
FOR(9 109.04 1£09.05 UBC6H4 654.01 654.11
FOR13 f13.07 UBC668 668.03 668.07
FOR14 f14.02 UBCE69 669.06 669.07 669.08
FOR16 f16.01 £16.06 UBC680 680.02 680.03 668.04 668.05

Table 5. Eigenvalues of the correlation matrix from principal component analysis using 19 samples

with selected 37 RAPD markers

PRIN* Eigenvalue Difference Proportion Cumulative
PRIN1 4.40460 2.45760 0.440460 0.440460
PRIN2 1.94700 0.67261 0.194700 0.635160
PRIN3 1.27439 (0.33979 0.127439 0.762600
PRIN4 0.93460 0.093460 0.856060

o
3}

PRIN1

o

S
S
-

o N o
- N} w
T R B B e
@
w

e
o

L L |
e had o
w M s

o v e e e m——————

t
hed
'S

0.1 00 0t 02
PRIN2

Fig. 5. Scatter diagram of 8 samples with 37
RAPD markers based on principal com-
ponent 1(PRIN1) and 2(PRIN2).

(s : Salix pseudolasiogyne, t . Populus to-

mentosa, a: P. alba, T : P. tomentig-
landulosa, g P. glandulosa, numerics
as 1, 2 and 3 P. davidiana)

of ARE Zx 191 5o d3lq FAZEH
As Abe] 4702 galel HA WHolo 85.6%F
A9 sta gl c(Table 5).

A1FAE A2FAdEed 4% ‘?7‘}9] TE#2
18172] RAPD marker%
z2A Aoyt WA v 63.5%9 é"é"é]—% EA 1]
117H L%ﬂ"}l%‘—ﬂ Z8o 7t 43

Ut:

%—"ﬂ o g ggru(Flg- 5)"‘]"1 =~
B P. tomentosazt A1AMEA EAsta, U
ARG 9} AR 241 AP, o]
Hx7F A4 18171 RAPD markerg A1£3&
o 8] A3 (Table 3)9 P. tomentosa®] $]* 4]
WEr) gle AL AEge] FolE 7]l r
3778 RAPD marker7} -2#okst ARAF Al
& =g FEEY 3 9= AoEN, P. tomento-
st 5 FEAbele] aatelzbs ZMHAH FACL
g 4 ok, AA wWel) 8% ol AW
A4FA AR EFAAE T Fl ¢ T

Bo] godshx E3I et FE MEHE 9

& RAPD marker?t Leuced AAE Aoz
e o AHHe] o$ F2 HeE, 53] FE

FHAE B FAZ FEEE o] o ¥
Arh 2GS o) Folo} s AHAoE vl
e,
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AMA & Leuced e 574 +% 140 F&8E
of g FARITAH KdBA FHE 3k
% 88709 arbitrary primer®] RAPD 7 3}o] 4]
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Appendix 1. Primer sequence list(25 arbitrary 10-

mers of FOR series)

Primer name | Sequence(5' to 3') %GC
FORO1 CACGGC GAG T 70
FOR02 GCA CCG AGA G 70
FOR03 GCG CAT TAG A 50
FOR04 CCA CTC ACC G 70
FOR05 GGC TAG GGC G 80
FOR06 CAG CCA ACC G 70
FOROQ7 GGT TCC AGC T 60
FORO08 GGG CGC CTA G 80
FOR09 CGC GTT CCT G 70
FOR10 TGC AGT CGA A 50
FORI11 CCG TAC GGA C 70
FORI12 AGG GAG TTC C 60
FORI13 CCG GCC TTA C 70
FOR14 CCG GCC TTC C 80
FORI15 GAG GGC GTG A 70
FOR16 ACG ACG TAG G 80
FOR17 GGG CTC GTG G 50
FORI18 TAC GAT GAC G 50
FORI19 ATT GGG CGA T 60
FOR20 ACG ACG TAG G 60
FOR2] . GAT GAC CGC C 70
FOR22 GTC CCG ACG A 70
FOR23 CCA GAT GCA C 60
FOR24 GGG AAT TCG G 60
FOR25 GGA CACCACT 60




