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Differentiation of Elytra Color Patterns in Multicolored Asian Ladybird Beetle,

Harmonia axyridis (Coleoptera; Coccinellidae), using AFLP analyses

Cho Rong Park, Jeong Hee Kim, Yong Man Yu and Young Nam Youn*
Department of Agricultural Biology, Chungnam National University, Daejeon 34134, Korea

ABSTRACT: Elytra of Harmonia axyridis exhibit varied color patterns. In the present study, we deciphered the genetic basis for
intraspecific diversity of elytra color patterns in H. axyridis, using amplified fragment length polymorphism (AFLP). Twenty-eight AFLP
reactions were performed to generate a total of 2,741 bands. Of these, 20 bands were polymorphic for each color pattern. The
polymorphic bands showed differences of genetic character among different color patterns of H. axyridis. Among them, ten candidate
AFLP markers were color-linked. S1, S2, and S20 markers were detected in Succinea 1 and 2 variants of H. axyridis, whereas S3 and S5
were specifically detected in the Conspicua variant. S15, S18, and S19 were specific to the Succinea 2 variant. Polymerase chain reaction
(PCR) products of these ten AFLP markers were sequenced. BLAST analysis of these sequences against the GenBank database revealed
their homology to DNA fragments of unknown function. Based on the color-linked AFLP markers, sequence characterized amplified
region (SCAR) markers were designed for PCR amplification of genomic DNA. Of the ten AFLP markers, five were successfully
converted into SCAR markers, which could discriminate elytra color polymorphism in H. axyridis.
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- S8iole AR gels A AR R oF
49045 4,2000] 0] 7] &% o] ¢l o m(Iperti, 1999), o|& 7}
o &4 =jofli=74%0] 231531 Q1 3(ESK and KSAE, 1994),
HrlHFoll= 40004 (Belicek, 1976), FHoll= 11050] &
XAl Q= AoR BTl QlcKIperti, 1986). FrH | 1)
FollA T =, Ui, otk S H AR S BRE
2= Al 2lo} Y o} A|ofo]l BE 5= E 250 2(Brown etal.,
2008; Dobzhansky, 1933; Kuznetsov, 1997; Park, 1993) ZA]|
Al AA Zaskal = Aoz Biso] gltk(Brown and
Miller, 1998; Chapin and Brou, 1991; Day et al., 1994; Kidd et
al., 1995; Lamana and Miller, 1998; Nalepa et al., 1996; Seo et
al., 2007; Tedders and Schaefer, 1994). = AHWES
EASHe 70 W0 B olje} 2K W, £A71 0] 5 %
ot ol A FEL TASEE 5] AR WA 28 7}
50) Ul & 5 FOR 99 ARE 215 QlrHagen,
1962; Hodek, 1973; Koch, 2003; Majerus, 1994; Roy and
Wajnberg, 2008; Seo and Youn, 2000; Sweetman, 1958; Youn
etal,, 2003). AA| = HGE Al D= AA|SHoll A o] T
e o] EASFE - §of thE A EFolu 7184 A
ST H S ] A o2 £ 9IS Aok 2 em
371 H(Obata, 1986), 53] {53t Ad5o] B ASl=2 vl%
gk o2 sisES 2ARIThE AR T 7L Haxde =
A 717 222 FR1 AJAHET](Seo, 1999; Seo and Youn, 2000).

FEdels AEAAIRMAIEA Fatt W 7HA AL Q1A
g, e 2Alof Ui At R E o] W o] 7} w9 Thef
Fo] A1 9] tiito] Tt QIti(Seo et al., 2007). Komai (1956)=
FHYE AP El of e} Succinea, Conspicua, Spectabilis,
Axyridis Ho| g 24714 T7-0 & Lol Hargh el )l gl=t,
0]& Seo et al. (2007)0] ZAf Q= # 9] 7li5=0f w2} Succinea
Ho]&-8 Succinea 1, Succinea 2 Ho| g O 2 L}=0] B 115}
T} E3F Tan and Li (1934)0f) 3f) e o] A4
L g o g BAECI B 1% 931, Komai et al. (1950)]
of s 2|44 W0 hlee] e)x] REmetohe &
Tof A = Zebd 4= lokal B | @it} T3k Stewart and
Dixon (1989)¢]| 2]}l 4] melanin ABA} A Elo] =0 I21o] Ejok
oAkl HA1E|R1, Seo et al. (2008)2 |7} 1in|
Al Blahd 15 (Conspicua Hol®) S o A5k, sl @z
S04 %) 2717} chErka gt gl o] g 2414
Abo) SRR thet A7) ol ol A ko, obal7hx) s
|7k 7R Qe AV o) of AAAQl Qlo] FalIAl=
S A A] AL ok

[e)
FAZ ThoFAdS B ASH= 7)< £ amplified fragment length
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polymorphism (AFLP) 7|5 7HARE 24 R i} 32 A /g
ueko 2 GiA) A4S UEE7] 913 AT oITHTones et
al., 1997; Li et al., 2006; Mackill et al., 1996; Vos et al., 1995).
27152 GAH FAEA 7ES Folut B o= Ee]

] o] 9 TR A%, Sl B 3704 29 (ocus)

)
flo
filo

et al., 1999; Mariette et al., 2001; Roa et al., 1997; Wichan et
al., 2000; Xiao et al., 2009; Xu et al., 2006; Yeon et al., 2008).
o]u] Hawaiian cricket (Parsons and Shaw, 2001)T} 4]%12]
(Carisio et al., 2004)2] Fej& 2] x}o|E Fg3}aL, Colorado
potato beetle (Hawthorne, 2001) ]| 4] Pyrethroid A &HA] & 5
ARt A FAA S A o, Aol -8 sl5-<] Meligethes
aeneus (Kazachkova et al., 2004, 2007)2} AAa=21 Tribolium
castaneum (Zhong et al., 2004) 2] SR E-E- BRR15|a1, Heliconius
Melpomene (Jiggins et al., 2005)0l| 4] A A} lof] A= G4
AE HASHE 5 AFLP 7|52 287} Qlk

& Y9= AFLPE o 389 ATl E Aol 2]
A9 2o & EHel5}al sequence-characterized amplified

region (SCAR) EA[ A % 2 HZS A|=35}%ch

Ty s dEAE dol2 U A Adste] 274
15 cm ¢l Z2}E] Petri dishoj] 30-400] n}2]| & Uex} 3k |
o UFAdzol| ot 10°C tH|o] o A thasl E7kA] €
A713L, 3of] Aol A AU o] /lg ol g Alaste] 15T
Qlstuolefof] AksShAA ARG-SFRITE ZF ATl of] Fol 2]
¢1 AFLP RHEE gRelstar MAtalelof] o]l AFLP F-%%
Z}o] SCAR #AA| 3t & ¥igho] B Ql=A] EeIs}7] 9]5to], 7+
Y S 7121 4] Succinea | (YBMI19), Succinea 2 (YBMO00),
Conspicua (BRA02), Spectabilis (BRA04) 5 47}%] Ho|& A
ol A 22k b, A 2wt dube] S Adksto] A9
= AAIBHIT.

DNA F&

44| Als DNA=cetyl trimethyl ammonium bromide (CTAB)



SPHAE 212t 8 otel) s 1
S7)e] fel7ae »8
S50 2 0}aSRL). oRE AR 242,
extraction 2~8- (200 mM Tris-HCI[pH 8.0], 200 mM NaCl,
30 mM EDTA, 0.5% SDS) 400 pl of] 3et
£ 75 37C o 1AZF E3E BhAIH T 0]7]9] 2% CTAB ¢
Z800(2% CTAB[w/V], 0.1 M Tris-HCI[pH 8.0], 0.02 M
EDTA[pH 8.0], 1.4 M NaCl, 0.5% [3-mercaptoethanol) 400 pl
£ Arlste] 2 AojF F, 700 ul 2] Phenol: Chloroform:
Isoamylalcohol (25: 24: 1) % 7}5}] 13,000 rpm .2 10&
74 Q) Blo] A& AJENS AT 1.5 ml FHo] ST
o] IS S| WHESE 5, 0.7 vl 3] 2] isopropanol-& 7}
alo] Aeo) 1027F FtH7F4C 13,000 rpmo]| 4] 155 EoF
st Als DNA7} YA FFe #EaL 500
0l 9] 70% o8-8 H715}o] DNAS AJ2/3t 5 28 270
A RIS, ThAl 43912 vielm o] EY DNA

S ATHIRI0E ol A2A &, ot H 32 SR7TE A

OHX'" RAALE

f| proteinase K 5 nl

(¢}

.

AFLP 2

AFLP:= Vos et al. (1995)2] 918 W
St

GAA AR A

Al DNA CHEslel ofHiE| 2&

247k A|&22] Alts DNA(200 ng)= A 53] 25 ulof| 10 x
NEBuffer &h5-g2of 4] 7.5 U EcoR I (New England Biolabs,
Ipswich, MA, USA)Z 718]) 37 C oA 12 At 52t REG-A]
ATk 2217 DNAL: 2 ehA|o] Al =214-S 73 5, 10 1

Hat el 32} S0l thA] 83l 1Tk EcoR Tof] &fsf 2zl
DNA+= AA| 53] 20 ulof] 10 x NE 2h3-8-4 # 20]|4] 10 U
Mse I(New England Biolabs, Ipswich, MA, USA)-2 d7}3] 3
7ColA 12 A7k ¥HgAI 7k 2213 DNAL (E tha] & 2
of AEHIFE A F, 10 ul BE 33 FR4] $ahel 9l
t} o7]¢f 5 pmol EcoR I adapter?} 50 pmol Mse I adapter,
175U T4 DNA ligase(Takara Bio Inc., Otsu, Japan), 2 pl €] 10
« T4 ligase 5-84E H715to] AALTFE 20,5 1l 2 yhS
o] 16 CellA] 12417t ¥-G-A]# EcoR 12 Mse o] 2J3j &l

Table 1. Sequences of AFLP primers and their combinations
used in the study

Primer
combinations EcoR I primers Mse I primers
designation
Cl EcoR I primerstACA  Mse I primers+CTA
C2 EcoR I primerstACA  Mse I primers+CTC
C3 EcoR I primerstACA  Mse I primerstCTG
C4 EcoR I primerstACA  Mse I primers+CTT
C5 EcoR I primerstACC  Mse I primers+CTA
C6 EcoR I primerstACC  Mse I primers+CTC
C7 EcoR I primerstACC  Mse I primers+CTG
C8 EcoR I primerstACC  Mse I primers+CTT
C9 EcoR I primerstACG  Mse I primers+CTA
C10 EcoR I primerstACG  Mse I primers+CTC
Cl1 EcoR I primerstACG  Mse I primerstCTG
C12 EcoR I primerstACG  Mse I primers+CTT
C13 EcoR I primerstACT  Mse I primers+CTA
Cl4 EcoR I primers+tACT  Mse I primers+CTC
C15 EcoR I primers+tACT  Mse I primers+CTG
Cl6 EcoR I primerstACT  Mse I primers+CTT
C17 EcoR I primerstAGA  Mse I primers+CTA
CI18 EcoR I primerstAGA  Mse I primers+CTC
C19 EcoR I primerstAGA  Mse I primers+CTG
C20 EcoR I primerstAGA  Mse I primers+CTT
C21 EcoR I primerstAGC  Mse I primers+CTA
C22 EcoR I primerstAGC  Mse I primers+CTC
C23 EcoR I primerstAGC  Mse I primers+CTG
C24 EcoR I primerstAGC  Mse I primers+CTT
C25 EcoR I primers+tAGT  Mse I primers+CTA
C26 EcoR I primers+tAGT  Mse I primers+CTC
C27 EcoR I primerstAGT  Mse I primers+CTG
C28 EcoR I primerstAGT  Mse I primers+CTT

*The sequence of £coR | primer was 5-GACTGCGTACCAATTC-3/,
and of Msel primer was 5'-GATGAGTCCTGAGTAA-3'.

DNAS| rchel] 212}o] of el & R3pAzick
sao] o) A 2L Table 10] e 2.

AFLPO| 1% ZEZ1}H

AFLP9] 12} =

Aol AHgd

ZZ71742-4 l ligated DNA, 5 1l 10xEx Taq
=80 250 uM dNTP mixture, 25 pmol Eco+0 Z2}o]w(5'
—3": GACTGCGTACCAATTC) 25 pmol Mse+0 Zg}o]H (5
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—3" GATGAGTCCTGAGTAA), 5 1l 0.01% bovine serum
albumin (BSA), 2.5 U Ex Taq (Takara)Z g0} A 82850 ul
2 28 512 SZ S HAISHATE PCR ¥H8-271:2-94C
o430 &, 56 C o)A 60 %, 72°C oA 60 221 F7|2 £203]
HHE5HoITh

AFLP 2} SZn1d

=3I

i
S~

WM HtE 3R SRR SR B|Aste] 2% 5
AAIBHICE S 1 1l 9] 17 32,25 1l 10xEx
2898, 25 pmol Mse+3 3Z2}o|H, 25 pmol Eco+3 Z &}
o], 250 uM dNTP, 2.5 ul 0.01% BSA, 1.25U Ex Taq
(Takara)Z Yo] A& 25 nl 02 7H50] PCRE =33}
%tk PCR BRE27-E A5 94°C ol A 3027 HAAIH o.m,
touchdown PCRH-& o|&5}0] 64C oA 30(3|d 0.7C 7
2), 72C o) A 6027112 F7|5 AA 394 C o)A 30%, 56 TC
A4 30%, 72C ol A 6022 113te] F233] whEalch &
28 7)¢] etolm 23ho = AP s3I

z
g

[¢)
53}

i mlo

=5 Ik
0
.
N

—_

M7|YSat Aluiday

MY =22 npz PCR ZEZE0) 6 1l loading dye(40%
Sucrose, 0.025% bromophenol blue, 0.025% xylene cyanol)<
H7}ako] 95°C o 28871 WA A B gl kit 1%
4 ul5 1 x TBE 2+5-8-91f [pH 8.0]°]14 6% Ee|ota dotuto]
EA0] 2,100 = 44]7F 3042 F4t 7] g5 5ke] DNA S35+
& 2ajA]7] &, Silverstar” Staining System (Bioneer Crop.,
Daejeon, Korea)2 ARg-8to] @781t @447 22 A=A

7 S 7155 5, Aike Ak

|

My S0/3 AFLP EE29| 2IINY 24

E43 Wl == razor blade S ©]-835}9] polyacrylamide gels
oA 2|tk DNA 35S 236k Qe dehdl A 22t
& 1.5 ml FEof 30 ul &f Bt 32} S7pk T Fol
Pipette tip O.&2 2] Z7}-S HAF=20| 42 5|, AR2o]| 4] HEY
A|A 95C of| 4] 10 E7FE T FH2=10,000 rpmo] SE7+
AR F, 4 nl O] S HE 23; SFI of Aot 2 e
ojm 23k0 = YFE5I=tl 1 27025 nl 10xEx Taq ¢+
288, 25 pmol Eco+3 Za}o], 25 pmol Mse+3 Za}o]m, 5
1l 0.01% BSA, 2.5U Ex Taq (Takara)S g o] AA] Hu] 50 ul
2 Yr2a194T o430 2,56 ColA 1 B, 72T oA | B+
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7tz 2o A7) g Eshe] ZIsHt:

Wizard® SV Gel and PCR Clean-Up System (Promega,
Madison, W1, USA) 2 A A5t 3, u}= 2 A(Daejeon, Korea) ]|
9)=|5}o sequencing& =3Y 513tk 71414 %4 H-2 Chromas
145-95 program, PHYDIT program-2 ©]-8-5}31 11, AAFg € o]
Eol&Ql ZZx7Fo] d714Y dlo|El= GenBank (http:/
blast.ncbi.nlm.nih.gov/Blast.cgi) 2] BLAST searching ©|-&
stof 7]&ol| e AL F7IM B3t Ao A=A E &

skt

HE+

RI

q
=

Ty ] 4711 =9 A E(YBMI19, YBMO00, BRA02,
BRA04)S| 97 20}el g slelz Aelsich A 5e)
DNA 3% T, QtollA] AA15F AFLP gloll 4 S04 =g
718 wol A4t 3 7l 9 setolm 9k0 2 AFLPE X13Y5}o]
Gelcompar II version 2.0-& AR5l AE4E B4t

)
e

SCAR EIXIX|E CIXIQla} PCR £A

Vgl o] So]2Ql AFLP S-&x710] H7|ME HEES
|Z2=2 zato]r 3 software (http://www.bioneer.co.kr/tools/)
ARES1] Oligonucleotide Zafo]H= T)RRIE N, T4
91}, AATE o] Eo]H o] AFLP 25 20] SCAR 2744
ARk Q=R Eelsh7] ffste] #E PCRE AAISHRAL,
protocol 21 nl @] Al DNA, 2 ul 10 x Ex Taq 92894, 10
pmol Zz}o|H, 2.5 mM dNTP, 1U i-Taq Plus DNA Polymerase
(Intron, Seongnam, Gyeonggi, Korea)2 g o] 4| -855225 nl
2 a1 94C o)A 30%, 58 C oA 30%, 72 C oA 3022
152712 303 WHg.0 = 3)5}3ie}. 2F PCR A4d=9] 4 ul =
cloned AFLP 2A}A] 37} SCAR EX X £ 2 AF& o2 A5t

H9lA] o] 28 Blsp] Sla) A719F- AN

N
S |y

T 1

e

El

HEIH XPHZQI AFLP ZEx7t S0

Fohdd| o] oA 9l 2A]MALE 9] Succinea 1, Succinea
2, Conspicua, Spectabilis H0]& 152 AT} =71 20| 4,
el 40t o] DNAS 52510] %28 7o) mefo]u] zgto.
2 AFLPE AAJ5}2ick. %28 7] sefolo] 2548 A1AIgH 2



Table 2. Number of unique molecular marker bands specific for each elytra color patterns of 4. axyridis

Primer Total number of Unique marker bands specific for each elytra color patterns

combination  fingerprinting bands  Succinea 1 Succinea 2 Conspicua Spectabilis ~ Succinea 1 and 2

Cl 110 - 2 1 - 1

Cc2 104 - - - - -

C3 98 - - - - -

C4 82 - - - - -

C5 98 - - - - -

C6 93 - - - - -

C7 135 - 1 1 - -

C8 122 1 3 - - -

Cc9 123 - - - - -

C10 115 - - - - -

cl1 96 - . 1 - 2

C12 104 - - - - -

C13 78 . - 1 . |

Cl4 67 - - - - -

C15 79 - - - - -

Cl6 88 1 - - 1 -

C17 119 - 1 - 1 .

C18 89 - - - - -

C19 100 - - - - -

C20 99 - - - - -

C21 68 - - - 1 -

C22 85 - - - - -

C23 75 - - - - -

C24 115 - - - - -

C25 120 - - - - -

C26 95 - - - - -

C27 83 - - - - -

C28 101 - - - - -

Total bands 2,741 2 7 4 3 4
720 7§9] DNA S522zto] o2 AlulElofj A= LEfA] 208 ALE S & 5 ATk AFLPE S8 42 v
ori1 0] B LT o] A Elogr Bol o Ueidth.  XjolS LRl =S RS Leto|n] 25He28 ) % 8

AFLPE AJghE 4] Q14 3919}3" Bebeglo] 271 4714 A Uehgteh 2] s Zol 4 o aArs Uehls wse
o GobC 24 2 mefolujo] 2FHgo] et 2 HSEH A ARS8k o] WkslaL QAe) B the30% o)4t it
whgo R g xefolu], Alghase] Aol o oF50-100  ERFHIES FMow slo], B4 ZAIEOl A ekt
7Ne] Eold HES Al & 4= rhal A2 A Utk Aarts et ARt th2 EAPF IR o A= YERLHA] ¢ % HES FARA|
al., 1998; Reineke and Karlovsky, 2000; Rusell et al., 1997). 32 Meksigich 1 A3k ZF A E o] ZESF M= 220
Z28 7119] AdtE Zato|m g4 E2,741 7l19] Eo| & il W7} Lr$kt(Table 3). 71 % 2 7+ Succinea 1 ‘?ﬂ 1&l, 7 7l
E71 AEE S (Table 2), ZF Zafo|H 2§ 2F 97.89 7) += Succinea 2 FHo]g o], 4 7]&= Conspicua Ho|&Hd, 3 7=
9] Eo)z v =7} e E] o] Algta A W Zafo Zglo] A4 Spectabilis Ho|g ol Eo|& o]l 1, 4 7}= Succinea 131} 2
5] o] 85| aL, T o] Feh ) AL E gelof 3 ojg o] 5olZ o]tk
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Table 3. Color pattern-specific AFLP markers in H. axyridis

Primer combinations

Approximate size of

AFLP marker designation Befinion el (G Specific for Frequency (%)

S1 Cl1 474 Succinea 1 & 2 8/10(80)

S2 Cl11 120 Succinea 1 & 2 8/10(80)

S3 C1 505 Conspicua 7/10(70)

S4 Cl11 267 Conspicua 6/10(60)

S5 C7 290 Conspicua 10/10(100)

S6 C8 - Succinea 2 -

S7 C8 - Succinea 2 -

S8 C8 - Succinea 2 -

S9 C8 - Succinea 1 -

S10 C13 - Conspicua -

S11 C13 - Succinea 1 & 2 -

S12 Cl6 - Succinea 1 -

S13 Cl16 256 Spectabilis 9/10(90)

S14 C21 - Spectabilis -

S15 Cc7 299 Succinea 2 7/10(70)

S16 C17 - Spectabilis -

S17 C17 - Succinea 2 -

S18 Cl1 401 Succinea 2 8/10(80)

S19 Cl 408 Succinea 2 9/10(90)

S20 C1 292 Succinea 1 & 2 8/10(80)
SH AFLP EXIX|ES| EAMMAMTHE 2t 20l A& et S13-2 EcotACT/Mse+CTT S| Zeto|n] ¢t

S 2 AA3}$ L, 256 bpE Spectabilis ¥ o] &l 90%2] A&
S5 AFLP $AX| 7k gpielo) 2A 0l Bele] A Uehick
QA BR1817] 98] AFLPE] 2ol M= 7171 Al
TS NS BT ol A R s vlel, - Rl FA| CRERIEIS| RXE )
715 mhe] 4 10 vpe]E Adste] DNAS F&3 7 Addof A
851GITE. 70% o) ThA e AFLP = 244l gk 2 AFLPAIR SR Wof Rgua|o] Fujo] 444 of
Ho| Q=31 BRI EZ 7HE51$ T Table 3). S1, S2+=Eco+ okAo] ZAskaL Qi —% %%E 2= gt} B A3 o A
ACAMsetCTGE| Sofolu] 2302 AT AOR 474bp =28 742] Tefoln] 2O 2 AFS AABHYET, 053
9} 120 bpE o] F0] A9l o1, = t} Succinea 13} 2 Blo|3 o 7Nel 2o §44 Az 741“011 ARE-E| T} Jaccard 4
80%9] AL KT, S4=S1, S29} & ajo]m ZFHo. Ja, gy =A0B__ UNBL o e g6t genetic
2 AAE]9l o 267 bpE 0] 0% 11 Conspicua o |3 oj| l[AU Bl A+ |B—14N Bl
diversity estimates (GDEs) 42 4-5}%1(Table 4), o] & &t

60%2] AL Lreh F1 2 ol A AT 53
Eco+tACA/Mse+CTA Q] Zzfolw] RGO g AA|3E 7o
505 bp= o]0 #| gl o1 Conspicua Fo] g ol 70%2] &4
S} S18,S19% & A S3 3} ZH2 Zatow] 23t o 2 A4
137401 bp, 408 bp = Succinea 2 H o] & o] 80%, 90% A
UEPATE S20 GA] 22 Zatoln 2§ 292 bp, Succinea 1
72 Ho o) 80% &AL LFERHLE S35, S15+=EcotACC/Mse+
CTGO] afo|n] 23Ho & AA|E]Q)T, Z7F290 bp, 299 bp
Conspicua H0]&(100%)1} Succinea 2 Ho|&(70%)°l A&
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Table 4. Means of AFLP-based pair-wise genetic diversity estimates
(GDEs) among the H. axyridis variants using three primer
combinations

Succinea 1 Succinea2 Conspicua Spectabilis
Succinea 1 - 0.07 0.36 0.28
Succinea 2 - - 0.37 0.31
Conspicua - - - 0.38
Spectabilis - - - -
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Fig. 1. Unweighted pair group method with arithmetic mean (UPGMA) cluster analysis of AFLP profiles generated by three primer
combinations for H. axyridis.

Nucleotide sequence of the S1 fragment and the SCAR1 primer designed to amplify S1 — seql KX243223

1 TTGATGAGTC CCGAGTCCCT CGATGGGGTT CCCGATGTGA TGCTGTCGCG CCAAGCATGG
61  AAGATTCCTC CGTGGTAGGG GGTACCATGG AGTTCTTGAG GAGCGCCGAT AGAACACTTC
121 AGCTTCTGCC CGCGTGCTGT TAACTACTGC AGGACGGTGA TATTCGTGCT CGAGGGCGAC
181 ACAACTGTGT ATGGGAATTT TGAAGGGTTG CATGTATCTT GTAGTGCGTC CAATACCAGC
241 AGTCTCGTGC TGACTTATGC GGAGGCCGGT ACTCGTAAAC ATGGATGCTC AGTATATGTC
301 GAGCTACAGT AACTCGTGCG ACTATCCTCA TGGACCACCT CACCGGTGTG ACCCCCTCTG
361 GCAACACTCA GAACTTTTTT GCATATAAGA CTTACACTTG CAAATATGTA CGAGTTTTCA
421  TGGAGTGATG CAGCCGAAAA CAAAAGAGAC AAGAACCTCG TCTTTCCAAC CACA

Nucleotide sequence of the S2 fragment and the SCAR2 primer designed to amplify S2 - Seq2 KX243224

1 CTTTCTTGAT TTATATTGTG GGAAA CTGACGTTTA CAAATGAGAA ACAAATAAAA
61  TAGTTTATTC TTCCAAATGA AATAACAAAC CTCAAAAAAA CGTGAATTGG TACGCAGTCA

Nucleotide sequence of the S3 fragment and the SCAR3 primer designed to amplify S3 - Seq3 KX243225

1  TTGACTGCGT ACCAATTCAC AGTTATCCTC ACAAATCATC GGTCCCAATT ATTCAAACGA

61  TAATTTTTTG TGAAACGTTC CAGAATCGTT CTGAACTCGT AGGCCCATCG TTTTCCAGTA
121 TCTCCTATGA AAAAAAAACG TCTATTTTAT ATCAACACCA CCTCAGCAAA GTCAAATAAT
181 CCAATAAAAA CGTAACGCCG AAAAACGCCA CCTAGGAAAA AATAACGAAG AAGCTATATC
241  TCAAAAGCTG TAGAGGTTCA TTCGATTTCT TTTGTTATGA ACCAATTCGA AATAGTTGTA
301 AAATTGATTC AAATCTCAGA GTGATAAACA TAGATAGAGA AGGCATATGT AATTTTCAGT
361 AACCAAATTT TGTTCCCAAC ATGACCTATC AAATTTGACA TGAAGCGGGC GGAAATATAT
421 CAGTGATTCG ATATTTCACT CAATTCGCGA GTTTCTCCAA AAAGAACGCA CTTTTTATGG
481 CCCATAGITTA CTCAGGACTC ATCAA

Fig. 2. Nucleotide sequences and GenBank accession numbers of ten AFLP bands designated as S1, S2, S3, 4, S5, 513, 515,518, 519, and S20.
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Nucleotide sequence of the S4 fragment and the SCAR4 primer designed to amplify S4 - Seg4 KX243226

1 TTGACTGCGT ACCAATTCAC GTCAGAGCTT TCCTAGTTTT TTATACGAAT CTGGTCCTTC

61  ATCAAAATCT TTGATAAGGT TTTCTTTGAA CTGTTCTGTT ACTCCAACTC CAACAGTCTC
121 ATAGGTATAA GAAGTCAAAA TCGAATTGAA AAAGAAAAAA ATATAAGATT ACATTCGTCA
181 ACGTTCAAAT TTATACAAAA ATTCCAATAT GGAAACATGA GATGATAATA GGTTATTGTG
241  TTGTTCCAGT TACTCAGGAC TCATCAC

Nucleotide sequence of the S5 fragment and the SCARS primer designed to amplify S5 - Seq5 KX243227

1  TAGGCGTGTC TTCCAGTCTG CGACATTGGT TGTTAATAAT TTGTCATGCC GATGGTTGGT
61  GAAGTTGCTC CCCATTTGCG AAACCTTCTG AGGAAAGAAT CCTCGTTTCT GATATCGGTT
121 CGATGTAAAG CTTGACTGCC TTATGGACAA ATTTATACTG GGCCTCCGTA TGAGGCCTTA
181 TATATTCCTG TTACCTTACC GTCATTCTCT ACTTCTGTGG TCAAACTCGC TGTTGAGTCT
241  TTCATTACCA TTTTCAAGCT TGATCATGTC AATCACTCCC CTCTGATCCA

Nucleotide sequence of the S13 fragment and the SCAR13 primer designed to amplify S13 - Seq6 KX243228

1 AATTTTTAGG TGTACATATG GAGGGTAATT TGTCATGGAA TGCTCACATC GATAAGGTCT
61  GTAACTCTAT TACGTCAGGT GTTTTTGCAT TACGATCATT AACTGAGGTT GTATCGGATT
121 CTGTATTATT GTCTGTGTAT CGTGGATTCA TAGAATCTAG AATAACATAT GGTATTTTGT
181 GCTGGGGTCA TGATGCAGGT GTGAAACGAC TCTTTGGATT GCAAAGAAAG GCTGTCAGAG
241 TTTTGGGTAG ACTAAT

Nucleotide sequence of the S15 fragment and the SCARL5 primer designed to amplify S15 - Seq7 KX243229

1  CGCTCACAGG CCGTGATCTT CGGTGATTCG CGACTCGTCA ACTTCTGTTA TCTGGTTATA
61  AACCTGTTAT CTTTCATGGA AATATCTACA AATGAATTCT TCTTTTATAA TTTTAACTAA
121 TGTAATTTTT CAAATTCACA AATAACGTCC CTGAGGATAT AAAAGTCCTA GCTCGAGACT
181 GAGCCAATGT TCCTCCTCCG AAGTTGATAA GAACTTTGTG GGTAACAGTT CTTCAATTGT
241  AAGGAGAGTA AATACTGCTG CTTGTAACCT GACAATTGCC AATGATGTTG GGATGACTT

Nucleotide sequence of the S18 fragment and the SCAR18 primer designed to amplify S18 - Seq8 KX243230

1  GCGTCATTAC GGACTATACC TCGAACTCAA AAGGTCCTTA GGCAAAGGTG GGGTTTGGGA
61  AAAGGTTCAT GCATACCTCG TACCACCTGT TGGGAAAATT TTCAAGGGGT AAAGAAGCGA
121 AACGGATACC AAGATTTCAA GATGCAGGGT GTCAAATTTC AGGATATAAA TAAAGAAGAG
181 TAGTGGTATT CATATTATAT TCCAAGCCCA CAATGCTCGG TGTGTGCTAG CGGTTCACCG
241 ACCATCTGCT TAGGGGCTCC TGACCCTATG GAAAAAGCGT CAAGCTTGGC CTGAATGGTG
301 GGAGTGCTGG ACAGGACAGT GTGGTCAAAT ACCTTGGGAT AACAGTTGAC CGCTTGGGTA
361 AGTGAGTGAG ATGAGATGTT TGTAACATAG CATTCGCCTG A

Nucleotide sequence of the S19 fragment and the SCAR19 primer designed to amplify S19 - Seq9 KX243231

1  TTTCGAAGGG CGCTCGCATT CATCGCCGTT TGGTACCGCG CTCTGGGCGC CAGTCCTTTC
61  ATCTCCCGAA ACGTTCCACT GTAGATAGGT GCCGTCCGTT TTCTTAGCGC CTCGTTTCGT
121 CCGATTCAGT GGCGGAGGCG TCTATTCTAT CCGGTAAAGG TTTTCAACGA ATTATGATAA
181 TAAAAAGGAA TAAATGAAAG GTGAAAATTG CGGGTAGAAT CAATCTTTCC GAATAGGTTC
241 CGGTTAGAAT CGGATCTAAA ATGCGTTGAT GGGCAAAATC CGACAAGGGT TCCGTAAATA
301 TGGCCGTTCG ACATTTTTTT TGGTTTTCTC AAAATTGCAG ATTTGATAAA ACCGTAAAGT
361 TATATTGTGA CAAACAAGAT GAACAATTCT AAGCTCGTGC AAAATGTC

Fig. 2. Nucleotide sequences and GenBank accession numbers of ten AFLP bands designated as S1, S2, S3, 54, S5, 513, 515,518, 519, and 520
(Continued).
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Nucleotide sequence of the S20 fragment and the SCAR20 primer designed to amplify S20 - Seq10 KX243232

1 GGAACTATTT TCCCTTCAGG GGGAATATAA ACATGTTGCG GAAGTATCCA TGCGACGGCT
61  TTCTGTATGG TGGCGTCTAA ATTGCAAATC GCATCAGGGT ACACGCATGT CTGATATCAA
121 CTTTTATTGT CGACCAAGAT TCACAGTTGC ATGGCTTTTC GTGGTGGATT GCCAATTCAC
181 GTCATTGCTC CTGCGGCTAT ATCTTCCATT ATGCGCGAAT TTCGGACTAC TGATGTATCC
241  GGATTTGAAG TGAACGCGCA CCTTCCACTG TATGTCAATA CGATGAGAAA GT

Fig. 2. Nucleotide sequences and GenBank accession numbers of ten AFLP bands designated as S1, S2, S3, 54, S5, 513, 515, 518, 519, and 520

(Continued).

Table 5. Nucleotide sequence of the SCAR primers designed to amplify AFLP markers

SCAR primer designation AFLP marker designation Sequence
F GTTCCCGATGTGATGCTGTC
SCAR 1 S1
R AAAAGAGACAAGAACCTCGTCTTTC
F TTGTGTTTTTGGAAACTGACGT
SCAR 2 S2
R CGTGAATTGGTACGCAGTCA
F GTACCAATTCACAGTTATCCTCACA
SCAR 3 S3
R CCCATAGTTACTCAGGACTCATCAA
F CAATTCACGTCAGCGCTT
SCAR 4 S4
R TTGTTCCAGTTACTCAGG
F TCTTCCAGTCTGCGACAT
SCAR 5 S5
R ATCATGTCAATCACTCCCC
F AATTTTTAGGTGTACATATGGAG
SCAR 6 S13
R GGGGTCATGATGCAGGTACTAAT
F CGGTGATTCGCGACTCGT
SCAR 7 S15
R CCTGACAATTGCCAATGAT
F GTCATTACGGACTATACCTCGAACT
SCAR 8 S18
R GGTAAGTGAGTGAGATGAGATGTTT
F GCTCGCATTCATCGCCG
SCAR 9 S19
R CAAGATGAACAATTCTAAGCT
F CAGGGGGAATATAAACATGT
SCAR 10 S20
R ACGCGCACCTTCCACTGTATGT
= unweighted pair group method with arithmetic mean (UPGMA) O AL 2 M) 7HA AL Y= xEF o2 FegH o2 =
o2 Walslgri(Fig 1). GDE ARE ¥l 2o nigksgel  vhefo] b4 wi 2.0 2.2 4 /) 71771 9l Spectabilis
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Fig. 3. Agarose gel electrophoresis of products amplified using SCAR markers, (A) S1, (B) S3, (C) S13, (D) S18, and (E) S19.
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