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Abstract

To reconstruct the phylogeographic pattern of Cloeon marginale Hagen, two DNA
markers were sequenced. In total, 87 and 53 haplotypes of the nuclear ribosomal DNA
internal transcribed spacer region (rDNA) and translation elongation factor 1a (EF-1a)
were identified, respectively, from 130 individuals. Haplotype diversity of 0.980 and 0.878
was estimated, respectively, from rDNA and EF-1a. The nucleotide diversity of northern
and southern regions was higher than that of other areas. Neighbor-joining trees and
networks recovered eleven divergent rDNA lineages (clade A-K) and seven EF-1a
divergent lineages (clade I-VII). A chi-square test revealed random associations between
rDNA types and EF-1a types (X*=73.586, P=0.11176). Nevertheless, lock of clade-clade
consistency between two gene genealogies was probably ascribed to effects of lineage
sorting. Two data sets revealed consistent phylogeographic patterns, i.e., low levels of
genetic differentiation among regions and among populations, indicating frequent
long-distance gene-flow between populations. Typhoons or monsoons carrying mature
mayflies across populations and geographical regions may be the mechanism explaining
the low levels of population differentiation. Random associations between haplotype of
two DNA markers suggested an equilibrium of populations of Taiwan as a whole, and a
metapopulation structure that is consist of demes linked by different levels of gene flow.
Ecological data and high level of intrapopulation variation implicated that northern and
southern regions, as well as YU of central region may have been sources for migration into
re-colonized populations. The sink demes were highly regulated by

extinction-recolonization processes.
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Fig. 1 Structural features of the rDNA tandem repeat module (drawn to approximate scale)

in insects. Black regions indicate internal transcribd spacers, which often differ in

Fig. 2 Cloeon marginale Hagen sample locations and distribution. Abbreviations of
populations are given in Table 1. « =+ v v e v er e, 49
Fig. 3 The region of rDNA used in the study and location of primers, arrow indicating the
direction of PCR amplification. (Modify Whiting et al., 1997) -+« vceeevven.. 50
Fig. 4 Neighbor-joining tree representative sequences (haplotypes) of nuclear rDNA in
Cloeon marginale Hagen. Numbers at notes indicate bootstrap values. rDNA types
(A-K) are labeled on clades. =+« ««« e vrvrerernteie 51
Fig. 5 Minimum spanning network generated using method of Excoffier and Smouse
(1994) for types of nuclear rDNA of populations of Cloeon marginale Hagen.
Mutational changes are indicated at nodes. «« -+ svceerer . 52
Fig. 6 Neighbor-joining tree representative sequences (haplotypes) of nuclear EF-la in
Cloeon marginale Hagen. Numbers at notes indicate bootstrap values. EF-1a types
(I-VII) are labeled on clades. - =+« « «« v v v v eermemenenunnnene . 53
Fig. 7 Minimum spanning network generated using method of Excoffier and Smouse
(1994) for types of nuclear EF-la of populations of Cloeon marginale Hagen.
Mutational changes are indicated at nodes. ««««+ovvver e 54
Fig. 8 Frequency of nuclear types (rDNA-EF-lo associations) in each population is
indicated in pie diagrams. Abbreviations of populations are given in Table 1. - -55
Fig. 9 Scatter plot of logarithmic scales of Nm and geographical distance between 13

populations of Cloeon marginale Hagen. =+« +«+covereroevrceeee e, 57
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Table 1. Materials of Cloeon marginale Hagen collected from different populations in
Taiwan used for nuclear ribosomal DNA and elongation factor la (EF-1a)
sequencing. Locality, area, sample size, nuclear types (rDNA type and EF-1a
type associations), and aquatic profile of each population are indicated. - ---58

Table 2. Sequences and position of primers used for the PCR amplification of rDNA and

Table 3. Descriptive statistics for separate and combined rDNA partitions. -+« 61
Table 4. Estimates of haplotype diversity (#) and nucleotide diversity (¢) with populations
of Cloeon marginale Hagen based on rDNA sequences. Possible minimum
recombination events are inferred using software DnaSP. Testing statistics for
neutrality at rDNA. These symbols for populations see Table 1. =« -+« c---- 62
Table 5. Estimates of haplotype diversity (/) and nucleotide diversity (¢) with populations
of Cloeon marginale Hagen based on EF-1a sequences. Possible minimum
recombination events are inferred using software DnaSP. Testing statistics for
neutrality at EF-1a. These symbols for populations see Table 1. ««« =+t 64
Table 6. Distribution of rDNA types (A-K) among populations of Cloeon marginale Hagen.
Regions are indicated: Northern region (N), Central region (C), Southern region
(S), and Eastern region (E). «««« v veereneneneneuenaeaeataaarann.. 66
Table 7. Distribution of Elongation factor 1a (EF-1a) types (I-VII) among populations of
Cloeon marginale Hagen. Regions are indicated: Northern region (N), Central
region (C), Southern region (S), and Eastern region (E). « - ccveveeeeenn. 67
Table 8. Association Between rDNA types and EF-1a types of Cloeon marginale Hagen.
Distribution region of each type is indicated in square brackets. Percentage of

each complex type is indicated in parentheses. W: widespread. Other symbols see
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Table 9. Pairwise Fs7/Nm estimates between populations based on genetic variation of

Table 11.Pairwise Fs7/ Nm estimates between geographical regions (N, E, S, C) based on
genetic variation of ntDNA (below the diagonal) and EF-1a (above the
dIAgONAl). « v v v 71

Table 12.0bserved number (O) of genotype frequency is compared to expected value (E)

based on Chi-Square analysis (X*=73.586, P=0.11176). ++«++vreveevennn. 72
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peE (mayfly) B>t 5 B % (Insecta) #5#%p (Ephemeroptera) - >+ F 75 I /g
HR PREREAZIB 2,000 46 0 AFAT 3 9 19 B 4440 200 F (Brittain, 1982) 1145 1+ £ 3%
5 BT BEFAS T £ e (Carboniferous) © £IR 73§ 22 R {7 kv £ ¢ (Resh and
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3%”’@ﬁ%@ﬁiﬂ1§%°ﬂi$%iéﬁ¢ﬁ$ﬁ(Pﬁ‘ﬁmﬁﬁﬁ%
FRBET LA R ALk gk > - fia F GwieF bactid H 3 8 L pEd

G0t Ltk KUY 4 4 0 Bfaag A 5 (Brittain, 1982) -

BpEE- 40 A A RANG kY R ¢ FEP{ofA A o s L Pl b
Hche Cloeon dipterum % *° 3 Callibaetis JHefasg & P52 Bt o 2 ° 8 d Bcp Flic+
PE AP R FERD F ALK F I AAEPEHAET TN
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Fie RANIE B LBHTE 60 KN 13E 5§ RIEFE HAHH
I ¥ oy F Y (diapause) IR % o fa i Hp - L - L AR E S B R
TR N E BB TS (PHAcd P BF{okiR) B pppifa s 3T XA &
L fcs ¢ 81 (4o Siphlonuridae) o o 4 B Bt f 0 RS R KRG S £ E G A
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ludens~ Baetis hageni~B. macdunnoughi % Cloeon triangulifer (Gibbs, 1977; Bernard and

Vannote, 1982; Brittain, 1982; Edmunds, 1984; Resh and Solem, 1984; Edmunds, 1988;
Barbara et al., 1990; Harker, 1997) -

(2) e e

o RERFGE ] O B EN SR E A S FE - S D EF AR fa
SAFHE AR Ry B R F A - B SFA AT 84 (Ulmer, 1912; Ueno, 1928,
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BAWEORE TR E L KB A2 2 F T G (P
1983 ; Brittain, 1982; Hilsenhoff, 1987) » #fds3% ¥ 4 & § 7 T 404 £ 4R A7 7 K&
R OFFF L2 e R R R R RTA AR (K
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R R LA T p SR Sk g 3 SUE
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SHO B AENRY o F-FF S HIFE S HIEE S TWEP %3 e
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RN SR N S S L EE T R LR LS TR
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RGN AT LR AR REAAE Y o TR REEY A M s S o ST
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BT T R A Pl A EE o r IR RERE EETA R4S BER
ek =+ 22 (Avise, 1994) - & % - Eanes and Koehn (1978) I * I 7 R 7% % &
Pk a2 EmE o FRE A BRI RERAE2Z 2 E L ek (cf Avise,
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BIFIEBLRL S fod > RBEFL; Erd@sr itz L2 fod 2 REFF 4R

AR AT R PR

& piEd SRS feed & 0 U4 H £ R4 (Brittain, 1982; Edmunds,
1984; Resh and Solem, 1984) » v+ S 4 5 0 > X H L F M2 FHZ FY & L%
G {ixg,,l HBM AT o a KoEH L BB e B SHp PR IR B A
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Tooli e NPEFRF O HREFE S GEH D LTI @ FEFHF TS X # (natural
selection) % A FIER T A L B Lo ok /Tg“ﬁl?]je’a% v g ERIT R
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S BOR G H A S T o B REEERAFICRDRR > § U FATF L MR
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BE RN R B - S Rehd E 2 G B 4 AR A%
FAFRAEY A EW > A ERAEBA PR AN AR AR LH

TR ESREIR S AT R RN i A [ A & vicariance hypothesis [ §# ehiE L o

S oPRHPERAEIRFEE ARG 2 Y

B4 P e PR 15 i 2L 7] (nuclear ribosomal RNA gene; ntRNA gene) i # &
d 2¥ % = 24 F & 7| (identical sequence) » 2 57| € 48 £ 71 (clusters of tandemly
repeated units) 7> ;4 F A - EAHIEL F R iz 22 F (nucleolus
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T2 NE (Xenopus laevis) 5 F B nrRNA gene £4F -8 - 44 4 > @ L5
H7 5 %4 8 F R o Indik and Tartof (1980) f1* T+ & et (electron
microscope) 4 17 rDNA-rRNA hybrid &%= % 45 41 » % ¥ (Drosophila melanogaster)

¥ %l 7l (haploid genome) ¥ £ 5 200 B4R #o Lid X fv Y 44 #F o
B - EAFE =d B R FTHRBA 5 (coding sequence) frimm § %R 2% 4
B I& B 7] % (noncoding spacer regions) 1= ° 4c@l- #7771 > §A A 5] &5 185~ 5.8
v 28SrRNA gene » 2L R I§ B 7| % R {J}F} ¥ 18 {7 40 ITS (internal transcribed
spacer) - ITSI §cITS2 ; & %[ i=*> 18S ~ 5.8S rRNA gene z & fr 5.8 ~ 28S rRNA gene
2. o & & 47 H =4 IGS (intergenic spacer) 4 [ ° IGS * d = 4 fxH 3+ (promotor)
22 18S gene 2. B e7 ETS (external transcribed spacer) % # ;% i& {7 &4 NTS

(nontranscribed spacer) #7 % = (Gerbi, 1985) o

i % 4ER DNA (IDNA) 2. €45 8 =7 2t 4c 8 st £ P AL 7] (single-copy
gene) — M fpp EFH > A 00— RMJF I (concerted evolution) &7 - I H R
MR ER 7|l B2 (homogeneity) 4p¥f# 3 (Hills and Dixon, 1991; Fritz et al.,
1994; Vogler and DeSalle, 1994)- & 1960 & i~ @ Hp 5] 1970 & & ¢ #H >+ § DNA
€ 374k & (reannealing) ¥ AT R E P2 A Flemgfifoe s F R % o
et AT e - R AEAES L F G A REEHA P ROE
(repeated-sequence family)> @ ¥ izt 2% G fa p L 8 & & 4P 027> Brown et al. (1972)
BB A ER DNA ehE 4 8 38 7 - RMEJF (Y 93 % (cf. Graur and Li, 2000) °
i 2R NE X laevis fo X borealis ¢ ntRNA gene ' ¢ » “f TR L AE
ek S A BB 18S o 28S genes ZF Ap i 5 £ E_ NTS % friaip £ -
Ra ONTS ®&EF s PR EFEN BT LY 502 Browneral 35PN F
A kT (horizontal evolution) #4]#7 4% » R ®av KT & 4] 5 A F]72%
xR Y o Fp e NTS REAF BHREP LY 5Lk a R g
otk o Y 8 —?5 reE “sequence coevolution” (Edelman and Cally, 1970)
fv “coincidental evolution” (Hood et al., 1975) # 5t ¢* 3L % » iz §_ concerted evolution

(Zimmer et al., 1980) # ¥ # < [ﬁ% 31 % (cf. Graur and Li, 2000) °



JP A4 (DNA 95F e ene & i FRESEF 0 L F 0 v T S0
EAF AT s T TR &Jﬁﬁtﬁ’ spacer regions ~ 3 7 & # it i & 9 coding
sequences 1/ % — RMGF I B 4F > Flpt 5 IR (phyla) FF& & 3% ¥ (population)

PR N 4 3 REFE LA B (B4 (Tautz et al., 1987) ©

tDNA ¢ noncoding spacer regions il # #&4R 5 £ i (27 DNA 5 £ > F 1
i# Rl o ITSs =7 rRNA gene 2. > @ rRNA gene B %= B 5| hiF 2
KA Ttk *“%%‘ d R en3l 3 (universal primers) #- ITSs #3411 & (amplify)
(George, 1996) > F]}t #p] ITSs et B & > P Z 2 A HHITHLAEERFAGM & [6)
4o . [ *2 fd& (sibling species) (Wesson et al., 1993; Christian et al., 1994; Vogler and
DeSalle, 1994) st *% ¥ #& (cryptic species) (Cornel ef al., 1996)] & &% 4 it
(Malafronte et al., 1999; Manguin et al., 1999; Mukabayire et al., 1999) 2_ g4 ¢ * i &

o PSR R B AR R 2

fwe ¥ £ 75 A F] (nuclear translation elongation factor gene) #
Drosophila = Fle? ¢ 4% EF-lal (EF 1 alpha 1) f= EF-102 & #&73]3% (paralogous
copies) » 4 %] i & chromosome 2R 4v 3R } ; &/ A A f (amino acid) & 71 &
fBp L BARR Y 10% 2 FAEF SR A2R 5 12 (Hovemann et al., 1988) » Danforth and
Ji (1998) ¥ 4% 41 ¥4 fosfik e EF-la P EF A 4] > niid- B X AFLAm
¥ 22 g 4 gene duplication ¥ # > T 3pliEA A EF-la Vit Bl s a2 %0

% & (Homometabola) ¥ -

EF-lo #4f+ EF1 = B3 a2 - cmnn B3 ARAS| &7 kAR 43
= 1 b4e @ honey bee Apis mellifera §= ¥ # % (crustacean) i Artemia salina > % 2R
S B SS5SEHEZ A wd g AfE 74 nucleotide A 7R A BB E 89% v
73% ehtp i & (cf. Choetal, 1995) - ¥ #F » H 4 3 iT N-terminus 'Z % Ala-92 -
Lys-244 ~ Lys-273 #iT R B 7] > AR AP NAE F > - 4305 N-terminus fris = ﬁ
& %] {_ GTP (guanosine triphosphate) £ tRNA =% & =¥ (Walldorfer al., 1985) -



& RNA #3339 F sz ? > 4 fi tRNA (aminoacyl-tRNA; aa-tRNA) & fr
L pF > EF-la § £ &2
GTP % & > £ 2 aa-tRNA #)2 = ~4f &£ 48 (ternary complex) > ™ # B* aa-tRNA fri%

¥ ¥E48 (ribosome) =7 aminoacyl site % & 7 & GTP #% ik £
Wi & > 3¢ polypeptide chain Zf £ (Maroni, 1993; Palumbi, 1996) - ¥ ¢t » &= 1B
Fv 4 fo— & wfe # JE 30 (cytoskeletal protein) F & 3 F* > fFu|H v Fod

(actin) (Durso and Cyr, 1994)- Webster (1985) # | EF-lo ¢z € &4 5 & & {35 *% X
g > T AR L g AR Y £ 8217 (cf Maroni, 1993) 0 7 i 0 = E AL T
B 5-10 Benz & (Walldorfetal, 1985)° 4p F = > “%‘ﬂ e - heat-shock promoter

UE bk nRT o EF-la 28 € 54 o

)

DI AR W WA < ? FELE* 3R ET ~ ML Hoprotein-coding nuclear
gene dadh A Y PFRF A sE2 4 ek 5L (phylogeny) o I dhin T O HE 2 4 3 AR
GiHE R I BARHAFEADOTR o £00 0 - B+ X 14kb e EF-la coding
B 7% #p (Danforth and Ji, 1998; Danforth et al., 1999) 2 f= nrDNA (Hemiptera:
Membracidae, Cryan et al., 2000) % & » % k> 378@ F¢ b ARF LG B 2 o 2 8o
Cho et al. (1995) 35 B4 A F1 2 § i i 1* el & % 4% (synonymous substitution)
fe intron P E > BEF G BaBLG ML > TR STME A o B Y S
EF-lo €237 % A it s sy 4 (Lepidoptera: Noctuidae: Heliothine) a5 & $vo 7
FrEgsan L mA| iz ba BT S% - K o8 EF-la X 35 i R
#l o RIpEED o R EZF S LG F 0L ‘k‘?%?ﬁ‘*’ # 3] » 8 & ¥ paralogous copy
FHET a BR PP R% M % (Friedlander et al.,, 1992; Cho et al., 1995; Danforth
and Ji, 1998) -
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AT A A F 2 PR FEEE TR ST S ereFm e ¥ IDNA {r EF-la
A DNA PE - TREFRGAYT > T PRG3R Efor 3 H0 o ,%gv} M
B RS RORE R A TN MR OB e R BRI AT AR R R o
F o B LB G erkFailig s A0 (phylogeographical pattern) £ 3% fp b JLF 4

B 233 B4 R B o 38355 rDNA v EF-la #7% Reailig £ F & - kb o
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- RS
(-) s m

AP G 247 B SRR L LRanRIEA L~ F A LI A F IRike I s

<

El
Jiv

Rl s 2B % - P LR Ry F o R 2 B e R -~ e F ok

[

frr b LR B en? $R F A = s 2L LR g e 38 F o

Horn (1978) #£ 5| » & A § & g i /s b 2 ER o3 p BHMA G fo
o BERE L peent 3 (insect groups) 2 FE S o] 0 Fgt o - B HRFURDE

5% (local group) % iT8 —~ B%E o S SeRFL o B3 AL d 0i/EHR
DORFRAFZIRFIRE N AT O ED 24 13 BEHEEE A RHAP
Bk E S BAABERALE T T BREBR L SEET L - BER . S8
AT ZBEHEERE 4 BHEEE AN FERE 2 B 2 (LP) fool o
(MP)] ~ $4 ] = i%jz iR (TH) 2 &7 23RBS iz iRs (TP); ¥ 305 & B
BB 2 BHREE L AS (YO frp P F (JY)5 3388 f e Cd- BEHEERS S
B BE s Auie® (KU)~ <% & (TD~3.7 km - % (LA)~4 km | & (LB)
foxoki (TS): A3MF & BPHERE2BHER L EEFE (CA) fvE ¥ (SP)-
PE R BELY 0 F AR F AR Y A BN RNk R A5 T E A R
BE AL BRSO EC TR D FIRR BIO T A A LK o 3R B BRI T
etk ® i ¥ 4ok - foBl = 977 o

\.

() BHIzaET

hE - BN IR 3 BHEESE 2 E 12 cm K 10 cm ~
300 pm it dmp Pk d R RREFE A KT 95% P F ER ALK
FoAMF T FTHRTE L BIEE (1992)~ B (1993) fv B X (1994) ¥z % > &
FR2|BEACHLT P AT SeRE T B Y 15 ml endpes F Y 0 B F g {7 DNA FBR
& -70C kfEdE* o

Y

12



(- )DNA xp2r 2 i

DNA FP3iFi & £% p Hunt(1997) 0 F L ¥ Lin5eesy s0p i § @ &
B3k ko 4v ~ extraction buffer 2X CTAB 4r 3 -mercapto-ethanol 2 10 ml:40 pl

W) 600 ul R &35 5 2 r 55C kiF 30 A4 Ar 2 F PR BAARZIRE

4 7% (chloroform:isoamyl alcohol = 24:1) 600 pul + = fuif 2 & 27 5B > RIBE 3
AT 8,000rpm F.~ 10 4 45 (Sigma 2K15, Nr. 12143 rotor) » B~ F i £ - X £4F

FORBAMZRETF IR 600Ul FEH BB L - @It Gk b 0.1
B2 3MNaOAc fw#EiR & » £ 4 » £ B 44 isopropanol » ¥ ** -20°C "%
DNA 30 4 &8 & I & ©4°C ~8,000 rpm 3~ 10 A &b FH ¢ G X g0 > e » 200
ul TE/RNase buffer [RNase: 1 X TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH = 8.0) =
0.01:1] % % DNA > £ 37C -kig 30 ~45-0.1 B4 2 3 MNaOAc iR & >
£ 4v ~ & B 844 isopropanol’ ¥ ¥t -20°C '8 DNA 30 4 452 Fg % 4°C ~ 8,000 rpm
o 10 4480 i3 isopropanol {87 B BE4e » 500 pl 70% GFpE R-FBAEEE R U 4
C ~ 8,000 rpm #r.s 2 A 4d 0 R PP TR e 0 % DNA %>t TE buffer o ] * 2
e &g 7 uncut ADNA > % & #7% B~z 7 %] %= DNA (genomic DNA) {5 » ¥ * -20

C 7k#? EHFEF* o
(Z) RempmERgr i
1. 313 (primer) 3k 3+
(1) rDNA

% % % GenBank f- EMBL (European Molecular Biology Laboratory) +f&
B FALE 5 BeseEp rRNA A F A 7] T4 © 85 18S rDNA (accession number
U65107) fv 28S rDNA (accession number U65167) 84 R 7| & — £ Fiflenig & > fdx
BTGB B P 5F T o AT 1% Turbeville er al. (1991) @ = = TR 2 & %%
™ 18STDNA E 7] » % H i %‘3'*2 (Tautz et al., 1987; Pashley et al., 1993;
Whiting et al., 1997) B4 # 2 %5 & A P 9 18S 2 28SIDNA E 7| ; & JE534 P
(Odonata) ~ #%# p (Neuroptera) ~ &3 F (Mecoptera) ~ £ 32 P (Trichoptera) ~ @3 P

(Lipidoptera) ~ & 22 p (Coleoptera) ~ #3532 F (Strepsiptera) ~ %2 B (Hymenoptera)
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g2 p (Diptera) fr3 P (Siphonaptera)> d 3 %= 42 1853’ =% 28S 5’ = rDNA
B7l o drBlz HEEATT BaE 0 RS A - HABRBFRW ITS 315 111 fo 12 1
S ereE L Fle DNA 44 217 PCR 4538 2 tDNA A 5] o gt 513 33
- & ¥ 2200 134k A ¥ (base pairs; bp) © ¢ 7 18S fr 28S rDNA %4 F 7|2 = £

T

) ITS region 4 7| (ITSI-5.8S DNA-ITS2) £ DNA % £ = & %58 18S {r 288
tDNA R4 B 5| & & & %2 P~ majorband » 37— #H 8 5 B 5 80 % eies B a2
DNA B 7|¢ £37%3 8- B33 113 fe 4. 28 F Bz 513 B3HLFHE7 =

_B‘E, ’ J%'\%\: o

Q) s Pdh R £ 73

F1* Palumbi (1996) #& ! 2. universal primer EF1 - EF2 v 5 A&7 2 % o 3l

IAFRI N =B AR A o
2. nuclear DNA #3 ~ &
(1) rDNA ? &35

#eko@ ZP-#rif 2 genomic DNA &) 120 ng ~ 10 pl 10X % fé=% (reaction buffer)
e 10 pl éng g5 PCR F g > £ & FPRAT LIAR 70 ul - RI5E > G
FAR TR AR o HF K g R R %A (Thermal cycler PTC 100) + i f5
DNA i 2 F & (denaturation) : 95°C » 4 A 48> 1 BTk o & op Rl g
T4kt 2 A4heB 10pul 9 dNTP-ER 2pmole 315 (I3/14) & 10pl %
0.8 ul ® & ft% (Tag Polymerase, Promega, Madison, USA) 4c » &4 & T ek Ji ik
o 4 A 100 ul K ik e 7 touchdown PCR £ fi (Donetal, 1991); & fiud
% - BAL£ A (annealing, 57°C) P 45 o Palumbi (1996) ¥ i k4r% & if ch51F &
PCR F i Az ? o 13 2o i v o P 417 3 R F ot £ R A f it
%+ 3> *# 3 touchdown PCR - 'wif B {53k in#24r 451 PCR & K i8-8 5pl e
PCR A4 > 4} 1ul6 2ehdhd 3 (dye) fre 4o~ 3 £ DNA {24 (DNA
ladder) *tF — ¥ 1% 3 fia 5% (agarose gel, Amresco) * i& {7 100 R#F T R eNF ik

F R i is it e £ 4 & (ethidium bromide; EtBr, 0.5 ng/ml) &J2 30 4 4&fs »

14



R PSR qp R o vfeiR] PCR A Y B2 RS TR -
(2) wrpEFsE L TS PERHEAE

Wzt P Bk Bikite (DNA P E3adr o 7 88505 % EFl e
EF2 > ¥ 127 5] PCR 953 & P~ touchdown i < 92°C »35 ) ;56C -1 » 30
F572C 1 A 30 f0 ) FERE 2 K E T AEERE 30 KL 92T
35455 54C 1 A 30 455 72C o 1A 30 5 ks o B0 T2C o0 F s 10 A4
PCR A 4 f& iRl Fp4c tDNA #7if o

Z) Wi

DNAPCR F JEhgd 5 BEoT g en P BT 2 B3 — o m 2 5 3% 5 4+ ~dNTP -
313 F o S S PCR A% 3 R - B& T foiE > L #5718 1 PCR
Adet 1% % ais o 0 IXTAE 50 e > €7 70 R R R2 Tk o Skt
CeR gy KA o R ARFET ST 75 s+ £2 DNA iER R
12 agarose gel DNA extraction kit % it o 4v% PCR A L A 5% » P2 &

QIAquick PCR purification kit (QIAGEN) it o
(= ) T-A cloning

P~ 50ng ¥ itts2 PCR Z4* 0.5ml g @ » 4 r 5pul2X ligation
buffer » 0.4 pl T-vector DNA (Promega) % 1 ul T4 ligase 1% & F-k3# B F RAWAH
2 10uleREBHF - B 4C Rigth? F iR PCR A4l P4} -

(7 ) #&37]i®* (transformation)
1. @& =T m% (competent cell)

BB 500 pl ¢ fRRBAZSFEFFRRLIZ 30ml LB ¢ 0 3 37°C shaker 33
£

& 2 o} PEeRE{s B0 25 ml FliR A~ TR frenga ¢ 02t 4°C T 2 4,000 rpm
s 10 A48 0wt ';7.?—;‘.’% v f4e >~ 20ml 54 2 50 mM CaCl, solution @ $E 445 T T
B AR fF 0 skl 30 AR o R <SR S TR 0 2 18 3% 4°C T 4,000

rpm &t 10 A48 A F iR 0 £ 4~ 4 ml CaCly solution » $ 45 3 UK AR %

15



HBSTAC Akip ¢ R s .
2. @3 ier
200“1 4 J: L2 E:]‘;If%-é\j)x 5“1 4 5 l—}? PCR g#i;};—q_ﬁ*7 i\'%glp/l’?’ija E

Eterkif 40 ~da o mF o~ 42°C ki 1 A 30 s o s o~ kok e ’ﬁa‘i\’%@'
A RREY EERRY .

3. #3%

P~41 7 5 ampicillin (50 pg/ml) 7 LB 432 % A > % +F 20 pl X-gal (50 mg/ml)
#2100 ul IPTG (100 mM) » 4 § 30 A 4 3 5ok fc » #i0 i@ 4] 2 % = % 11 100

ul/plate <78 353 %4> LBagar 2 % > FEiRicis » B3 37C # AR & -
(+) #E 9% 1 DNA
1L %7

BB AT R ¢ hEFHED F 50 pg/ml ampicillin 22 5 ml LB 3%
Pt 37C MRk R M %:}vb?"?ﬁ’%’ DNA -

2. BB

P~ 15ml Rt & 2 Fik 0 13,000 rpm s 1 A 4818 0 53R KR o 4o 100
ul g4 2. solution I (50 mM glucose, 25 mM Tris-HCI pH 8.0, 10 mM EDTA) » & i {s
BEZE S Ake ¥4 200 ul solution I1 (0.2 N NaOH, 1% SDS) » + = fud 7 &
kP 5 24 4c o~ 150 ul 4 £rensolution IIT (3 M KOAc, pH4.8) » i & {8 /kis 5 &
& > 4 F 2 13,000 rpm FEes 5 A4 BB b Fie 4e 2 800 pl O5%IEE R £ SR
5 &40 13,000 rpm Fges 5 A4 5] H FPE T b G280 e » 50 ul RNase/TE buffer
(10 pg/ml) > d=3p8 & 18 %3530 4C

(= ) DNAZF&

DNA z_F #_i& Sangeretal (1977) #% H12. {3 ¥ 2 4% o 2

(dideoxynucleotide chain termination, #7%* % 5. % Cycle Sequencing Ready Reaction
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Kit (Perkin Elmer) » © #3%8 (= ) W& = &2 T4 DNA & 4z » 4 » TagDNA

sequencing polymerase (Amershan) % *citit PP-ANTP ik 4+ » 45 Sequencing
Kit “T# 2 TAHH F BEEA > GAA-T~C v f {7 PCR ehF Ji» F
Meid i A HAE S 20pl > PCR B AR K IEE K 25 95C >3 4 » # DNA ¢h
BRI B 2R 29 BEE 1 95°C 230 55 57C 230 §5570C 1 A~ o
#- stop solution 4v » F i A4 > & 6% <5 polyacrylamide-7 M urea gel * i€ {7 ¢

Ao RIRREHEHT] 3MM gt o {3 R gz 0 12 BioMax X-ray film (Kodak) &
koo p B STBE R 48-72 [ PE(S > ¢ % 2|3 DNA B 7

T e BN Fﬁrm}’;ﬁl‘i’ PP RLFA Y P w22 (ABIPRISMTM 337
DNA Sequencer, Perkin-Elmer; ABI BigDye Terminator Cycle Sequencing Kit,
Perkin-Elmer)

FHRA T
(- ) DNAFR 7|4 #7 (sequence analysis) 27 2. 4 7 (phylogenetic analysis)
1. B F[enfFm g §t

FI* w2 e i L ks DNA B 7| @ 3 GCG (Genetics Computer
Group, Version 10.0, Madison, Wisconsin) A& F]1F AL E ¢ > 12 FASTA 4258 :& {7t 330

HEORETEIRETEREE A2 DNA HE o
2. B 7|éngk 5] (alignment)

T FEens 3 B 7402 Clustal X 1.81 (Thompson et al., 1997) #7385 = £ 5] 2 1t
HAR210v, LG4 5 FIR . 2L w D% s (Drosophila melanogaster,
accession number M21017; D. yakuba, Z28416) £ I 5% (Asian cockroach; Blattella
asahinai, AF321253) tDNA A 7= B i 5 8 %4 > @ ¥ iz i 18S 4r 5.8S rDNA
2. % ITS1; 5.8S 4= 28StDNA 2. F 5 ITS2 eha & o ik - @& I 5 8T brer
rDNA coding {v spacer 2_ 4p R =% o %m$t spacer PFd >t Hdg A% B d x> TP

— ¥ spacer P*AEFAHELE B RFREORIZE - FARE BT o
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3. R UELA

f1* DAMBE (Data Analysis in Molecular Biology and Evolution, Version 4.10)
(Xia and Xie, 2001) %35 jp3F 4 haplotypes A 7|erfic® 3 Hdg Lo 2 ch 4t > 1
Aoth AT B AT ¢ E P4 foiz R o £ 17 MEGA 2.0 (Molecular Evolutionary Genetics
Analysis Version 2.0) (Kumar ez al. 2001) Z 2 fic 48 & vt S 0t 7 bk 25 5 4%
(transition; & i & eA e ¥ PR B 0 A/G & T/C %) % dk A ¥ EF#e (transversion;
Eed 2o B OR % TC/AG RE) v AHF 5 2 v 5 RPh B 58 erer b 7 ik

ll'L ﬁj%jb °

4. GRS

2 Kimura (1980) 8 %-#ctic:¢ (two-parameter model) e 2 - B g AT F 2
i# BEE4E - = = haplotypes =7 neighbor-joining (NJ) 4 7 (Saitou and Nei, 1987) - NJ
tree ¥ % — B group 2. ¥ R JI* 2 4 £ ~ €45 - + =t bootstrapping (Felsenstein,
1985) A 47 # 8] ; bootstrap #cid ~ 3+ 0.7 ApF 3-8 1 95% .o kit 4F
(Hillis and Bull, 1993) o Fr p& 7= 2= 5 & & 1t iz (pairwise comparison) DNA £ 4]
(genotypes) R ek % fic > 717 #icdp 2 MINSPNET #:48 (Excoffier and Smouse, 1994)
b2 4{# minimum spanning network (Excoffier et al., 1992; Excoffier, 1993) > %%‘ I 3f
haplotypes R eilig B (a2 g iv fre o

(=) %% & 447 (population genetic analysis )

f1* DnaSP (DNA Sequence Polymorphism, Version 3.0, Rozas and Rozas, 1999)
PEEEPN  EHERFZFREEF O B 2R (genetic diversity) © 12 haplotype
diversity (4) (Nei and Tajima, 1983) 4= nucleotide divergence (¢) (Jukes and Cantor, 1969)
kg EHEFBEER -

i @ & %2 % ¢ (minimum recombination events) ~ & F] i % (gene
conversion) ~ ¥ |4 B|% (neutrality test) % $F=i5 223 B 2 # B % FFchL F12 it (Nm) 42
BoBafr L iEY CNm A5 F B AREFEMBNE L EV Y RPRITE

A Fon @ ent o] (Slatkin, 1985) ¢ 2 Nm %0 1> 27 bk RUEHFE - B &
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FoooBBARGE P R B REFATIERTAL AT o B
Nim %% 10 TR 4 %3 W § 4 5k AT 0% o 4 395 Fsr= 1/(1H4Nm) s 2 &
PG Ast R BY N AaEFEY 3R E om Ao BAEBMEF o Foy 4%
HEFB A M pde o A& A NERFER G B4 1 (genetic differentiation) ) - F
Fsr<0.05> PR & %3 BT 25 #3411 > £ 0.05<Fsp<0.15> P& 7 %FHF
Hivfe R P & > F 0.15<Fsr<025> A& EHFIFRA L > F Fsr>025pF 5 &7
EHE A AZRZLF B (Wright, 1978) o I B¥ » 1% Nim 6273 S0 REdE T chip B »
r2p)EE isolation by distance » 12 SAS Xt AR P 2. Ftest BlEHE TR o B fs
D* statistic #|3#4 + B 7 E F % 2 H B (Fuand Li, 1993) -

(__)v/\ PR

- BRFBBOEFPN LA EDESFH-BHUTFy LAY QRS>0 4
W PP REER G F A REE FEIFEEF DFRT S P - REPN g B
& 7% & ¥4 B @& (Hardy-Weinberg equilibrium) » & £ % — 3 #8 %% (Hedrick, 1983,
1984) 3 fe &0 A end Fok o F § LI R SRR E > F R RHE A
B EEEg SRR E X HE (selection)s R ¥~ A FIF 2 e A0 (system
of mating) s B4 (migration) R FH KL F TE > F G- £ RFT - &
N o A FE R N A F) AR chee o %&{2&;‘%’“ (microevolution) = 4
(Hedrick, 1984) o 5 ¢z Gofurin 4 Y 8 £ F A0 8 B T grenk i > #q1r X

(chi-square) & _°
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A id
&1
*ﬂ

ﬂiti

- - %A DNA #OEH %

513 I3 v 14 7 #3212 PCR s © 30 eyeF2. = &5 ITS region 7
FoZ 3R 18S v 28STRNA R B 7|0 & 1% FEFM T AIE A5 195 900
PR 5 A GeveE EF-lo %A B0 & 1.5% FER I E-HE- AR 32514
50200 sk A W CHEBHY MG A5 350 AKzZ A o bk A5 B
Foogsit s T B T FASTA #2590 148 F GenBank ik FlLE {50 (7 325 t1DNA

We ¥ CHCBAEY M B 15kb 2 A4 0515 EFl fr EF2 ¥ &7 12 PCR

BEB A& EF-la B 7| > Fpt 2 BLAG A 47 o
= “DNA B 7§k

m A 12 rDNA R B i i @R 47 1 5 f) s + & T334 P (Crabtree et
al.,1995; Cornel et al., 1996) > & i 48 ¢ $+B~ 1 > 2 clones w = 5 » " &R BN
BE AT EHBIERE 1/ hBAE 2clones W EF ;}Z’ﬁ BRI RN FR
Danforth and Ji (1998) % L8 4 BAE N & fsile RIEE D £ 24 & o iin haies
S EF-lo, %7 % 5 o

(=) kAE=
1. rDNA

AT E TR 130 BRMoFIRE DNA BALERIRFAEDE M B F K
ERARTRA =7 Seql 4 850 bp -~ Seqll 885 bp % Seqlll 892 bp « 3 A i ¥ 5
- RMEER 979 BEkA 0 F 5 1~5 Bk A2 indel (insertion/deletion) 4z H ¢
Seql ¥ ¢t & 189-206 ¥2 238-254 R A =% 4 & B+ 7 E a1 indel o % B
noncoding DNA ¥ ik 5 &€ 48 & 51 (repetitive DNA) (Hoy, 1994) » 5 82 4 e5b5 e
rDNA % % = B 45 B 7| (imperfect repeat sequence) (AG)n ~ (AT)n ~ (TC)n v
(GT)n n=2~3 NI 2~5 % 5 4 R 4T - {24 5 D4R ch kB 2 T Wk (DNA &
Zlom 2 iz 18S - 5.8SrDNA 2z &F 5 ITS1; 5.8S 4= 28StDNA z @& 5 ITS2
G o AR XA 4L B EPEY 145bp ¢ 18STDNA ~ 110 bp 0 ITSI ~ 155
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bp ¢ 5.8StDNA ~ 172bp 1 ITS2 2% 299bp 1 28StDNA (4 =) ;58S £ &
fox e hE 14 F (4 160nt) — = (Hills and Dixon, 1991) » fé'ﬁ}l tDNA £ 5
597 B% R =¥ (variablesites)> # 7 86% (514) &4 7 M5 L =¥ (parsimonious
informative sites) * % £ = % el L s ot b4 W 4 ITS2 >1TS1 > 5.8S > 28S >
188 %3 (£ =) > 7% DNA e # BP0 ITS2 % E &+ o LK 1DNA & 5|
R <ML g R Fd 3 nucleotide substitution » 2% % 5 64% ° TRNA genes {
B 83% M o Ak AHTHE Bt B (ts/tv) 4 0.96 (0.073/0.076) > B
P2 E 050 B DNA B 7|3 ¢ (Graurand Li, 2000) ; & indel i F
slerd %P 36% > »t ITSs # NI 55% 11+ - 4]% DAMBE #0484 47 & 80 4%
e58F tDNA A 7| > nucleotide #F 5 e& F |+ (heterogeneity) ® & ¥ BT 1 £ 3
% (P=0.0619)> & - B2 A/T (58%) % i e/ 7] rDNA % B 2= 7 Eochgg 28 >0 A+T
(%=2) 33 54% mF SITSIITS2 # 2 F 71%/60% » iz & < 384 noncoding
% 3¢ A AT rich 4F e (cf. Graur and Li, 2000) - 1245 nucleotides 4’5 it & 1k P

“rdndhz. DNA G (i 5 0 5 8n ey tDNA L Tl Bt B F 1L ehp B s
DAMBE % Zii#li4~#% » 17 8 ¥4 {oA2 & 81 1DNA B 7| e i 1| MR 42 {- (Little
Substantial, significant difference) o ITS region (ITS1-5.8S-1TS2) sk 4 o= ~ R % 5 fr
ATk 39 BB DN Ap i (£ =2 )

2. EF-la

‘m?% 7 EF-lo £ %A% 63 B4 pt > 139 DnaSP 4 17 ix 189  DNA &
7w #&3¥F > i3 nonsensecodon F o BHEG 94 B3 i indel 22 R i=E

Ho & =% (parsimonious informative sites) S Hcim A BB R 7Y o & W E 5
Ry - BEEdF 24 B 29%) ¥ B 15 B (18%) 2 ¥ = Bi=% 44 B
(53%) ° & A ¥ T4 2 FaE ot @4 0.93(0.055/0.059) > B <> E 0.5 BT
 DNA B 5|3 si? o §|* DAMBE #ic#8 4 47 2 8 4e50% EF-la 5 7] -
nucleotide #7 5 1R F |+ (heterogeneity) & A ¥+ BHMAEF L R 5 & (P=0.0737) > &
A OAHT iAot Gl E 42.9% 5 4= A 45 & A foae & AT 0 2 B EUEST MR A o o

(= ) haplotype diversity 4= nucleotide diversity
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1. rDNA

41* DnaSP #r#8 4 178 M 130 B DNA 5 5|3 & 87 B M4 haplotypes »
haplotype diversity () -T2 E 5= 0.980+0.006 > @ nucleotide diversity () «_ 0.133
+0.013 (# = ) ITSregion 3 rRNA genes » E4piut B & (£ = ) > e &_ITSs %
FLe % e haplotype diversity ( £ # §_ITS1 > h=0.469) {-% & & ¥ ¥ nucleotide
diversity (0.2383/0.2317) » izz P ITSs #7% D4 3+ 484  (molecular drive) i + »*
RNA 7L F] o FHEF ek = j\’?ﬁ (&2 ) iz 130 B BR A 47D 13 B%EFEY > =
A2 108 1B 4 haplotypes ° “,/TT T izl 4km P E (LB) % HFisaE b
FEEFEZ AN EFEN SR ERE e TLds o RERE (TS) 1ot
(h=0.700 = 0.218 » = 0.063 = 0.037) » # 4% 1 haplotype diversity % i 0.900
(0.891~1.000) 12t »nucleotide diversity # [l 7 0.003~0.261° f j& 2 % & =x % 5 B (%
) A~ K~ s fed #REF haplotype diversity #2% £ 0.950 oo 3R L IR ep
nucleotide diversity (0.148/0.216) & ** = R ¢ R 3 (0.065/0.034) - fhsF it
haplotypes ST ¥ ¥ R e~ F A F B r 3 F B epk hBHA TR
Pl arEFE R A RPN £ 0 & A EF N 0 haplotype {r nucleotide diversity

BOEER AR ERF o S 2% a ot dispersal e 4 o
2. EF-1a

f1* DnaSP #f~ 478 M (£ 7 ) 130 ® EF-lo A 7% & 53 B
haplotypes * haplotype diversity % -T 3= 5 0.878 +£0.025 » @ nucleotide diversity &_
0.114+0.010° 3 £ 32 F ek = k5 7 iz 130 B BREAECT] 13 BEEY X A4 T8
i 4% 5 haplotypes > %% 7 & = Liéh 4km @ % (LB) 15 {8 > 0 § HIREL
2 fp A gheh s EE P il B %R FF - > haplotype diversity /€ 0.286 (=& i= .l 3.7 km
% 5 LA) ~0.978 (= 4 4. 5 YC) ; nucleotide diversity &l & 0.002 (= iz 1 3.7
km # % 5 LA) ~0221 (#*F*E; TH) LB 2R E TR > 4 ~ L~ afer 30
* % haplotype diversity 4 %] &_ 0.823+0.949-0.714 4= 0.781 ; nucleotide diversity &_
0.148~0.056~0.097 £ 0.089 - 4+ 1+ haplotypes ¥ ¥ L% g < F brp ek % >
BAi#F i3 Bedfph @il A fch? PavksEp 22 LR L F 0 <300 %

# p e haplotype fr nucleotide diversity & *t % #FH A v 2|/ 7 > o F 5 & 7
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dispersal =i 4 o

¥ & rDNA {r EF-lo % Fe & # £ = e haplotype diversity/nucleotide
diversity » DNA el B R 35t EF-la % 3 » B k¥ > EF-la & 3+ 7 it £ rDNA
BEL e F b iea BA SRS S L E R < (LP) ¥ nucleotide
diversity ¥ Ap¥t B 50 @ TR E@H % MP)>3 iz i+ @ (KU)s® iz4 3.7km #
¥ (LA) femdip ? Bk R (JY) 32Ap5 e £ F > 4300 B frs {0 L 5 H

<l

A
e
o3

nucleotide diversity ¥ Ap¥ % e Bfs » FHEp i B B R £ 3

®EF > L3 ¥ dispersal 2 o
(2) £2F t4c? R
1. rDNA

r2 DnaSP #t48+#&p] tDNA R 7|& > chdE o ¥ B{epls® R (22 ) 77
130 BR 7|2 S84 52 IEeF it a o BEREI T REEEATEFL 79 X
Fr 06 iz EeF it <Sbp PE AL (354%)0 @ <10bp FEF 189% <
I15bp # & F 16.6% > <20bp *E7F 103% <25bp #E&7F 63%><50bp % £
3 5.1%>>50bp % £ F 7.4% - Tajima’s v Fuand Li’s D* statistic @ p| 3] & #8332
e H g (TP) ~ [ » (MP)~ % (CA)~ s =5k (TS) &%
By¥nigpd e RE 2R AT R K o

2. EF-la

r2 DnaSP #4484 B EF-lo B 7|$ > ehE e F 2ol ? LER (27 ) #F71]
130 BRAZZ S84 19 LTt pBPFhfor 2R 2%BEEE LHFL 32
FopEEF R <Sbp FEGL (578%)'@ <10bp FEF 21.9% <15bp %
B3 47% <20bp *EF 1.6%°<25bp % & F 3.1%°<50bp *E7F 9.4% >50
bp ¥ £ 3 1.6% - Tajima’s fr Fuand Li’s D* statistic i 3]s iz J < k3¢ (TS) *%

HEF R HEE . R E XA G AT o

= ~ A %3 5 & rDNA 4c EF-lolineage % & (association) 4 47
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1. rDNA

f1* DAMBE #c#f §I'4 2-p (LA 5] > #9718 109 @ Jb 44+ haplotypes #j »
MEGA 2.0 ##8 - EP-$r48 7 neighbor-joining method % # unrooted haplotype tree
d L2 B el T A (Ble ) B 58T 9T o @ GererEdEs B
FATRG AP R RPIETRAF 0 MG GRT OB A I it ¥ R
‘& > JH_ dispersal o o ALK BT fTF & #0n % efF rDNA haplotypes & ¥ 4
*-BAESHP 2 1L B (AK) [ #FE (clades) & - #F3E st 95%
ook A clade B RE KRB HE Aok 2 FTF o % — F boostrap B 5 87 @ 3%
clade A-E> #.d 75% BRIt ~e= ;clade A #3575 TP24 % 34 B haplotypes °
clade B # 3£ CA13 % 5 B haplotypes » clade C # 3& TH25 % 22 B b
haplotypes » clade D # 3% SF15 % 4 i haplotypes > clade E # #£7 LBI11 % 14 &
haplotypes ; clades A-C ¥ d &k p 22 FHiF4 e >clade D ehle = A8 734 A 30
%3 o clade E enje = A8 73k L3R5 o #4d cladeF . ¢ #£—- B TH17
BH o % =¥ d cladeG 2= » R &35- B LA22 B o % 2 ¥ boostrap & 3
100> ¢ cladeH 2= > &3 YCI1l % 4 B haplotypes > 2= B48 2 34 @ 3835 o
%7 ¥d cladel 22> % ¢ 35— % TSIl BH-% = ¥ boostrap & 5 100> d clade
J =732 TII5S % 10 B haplotypes: &= B4 © 4% ¢ I35 % = 3 boostrap &
% 100> 9 cladeK == > &35 SF22 % 13 i haplotypes > %o = B4 & p A fr i

> s a2
?K%:g%-l o

T4 haplotypes i i fr 0 AR G 5 g eReEenit @ S
A - 139 DNA A 71 % - 1% MINSPNET #:# 45 haplotype ¥ % B g
# =% > 221 minimum spanning network " €& 5 8 e e B AN, ¥
Ryp BRI RIFFF B G F oA R RS > 2 -~ 370 haplotypes HjE 5 ¥ ih
haplotypes #7# @ % 2 = ~ 34 P A F| 2N RIFTHOR BT LB AR ke
i o Castelloe and Templeton (1994) 12 @ |4 & e 28L3% 1) & nested clade B)A5 7 »
p$Ren clades €+ & @80 clades w % (cf. Templeton et al., 1995)-d BT #7571 > clade
A-E 3t gk BN 3% g H A3 7F o0 haplotypes 5 4p ¥+ & ¢ clade F-K &7 5 & —%‘

A0 3 i@ %% L AP %370 haplotypes © 8 % = rDNA types 7 L b A ff szt 2% >
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E IR ik F]F] (genotype) FTiF A F AR TR F P 0 2 A FAfrr 2
1AM ¥ g (A2 ) v AT Ty B 75% 0 vt b EAREER o0
R ) 23% FrenA FIAl G AR BT AIRA W IR F DI Y o b4 cladeH B AR AL
A Lqod fnoclade] © NI A LM, s Afra Woclade K BN A IR L3N
bz B hA T PG e 1A SR A G & TH(0.8%) LA (0.8%) fr TS %
(0.8%) ¢ o AFA A G AN LR FIAFpE AL - AFIER S LA T2 U

BEAR D BB HHT R
2. EF-la

11* DAMBE #c# JIf 250 #5425 7 4918 53 1 b 4+4L haplotypes #ij »
MEGA 2.0 #c#8 > EP~#c# ¢ neighbor-joining method & 4 unrooted haplotype tree -
d L2 B GeerLg T A (Bl ) B5 8T 97 5B SererEiE s BAY
Peheilhy P A RRIZE A NG GRITORE e T F Rt T JERRR
‘& > JH_ dispersal o o ALK BT AT o #Fn %efeF EF-lo haplotypes &+ 4
*TBAFEHP 23 7 B (VI |4 (clades) » & — ¥ st b 95% iy
ok s e clade FHBAE R IRE R 4ok - Y17 o % — # boostrap & 5 100 &
i% clade I-IIT » &4 70% BHEH: A 2= ; clade I (boostrap & 5 85) # 4&7 SF26 %
15 B3+ haplotypes > clade IT ¢ 3% SF27 % 16 i haplotypes > clade III (boostrap
75 84) # 3£ YCIl % 3 i haplotypes ; clades I-II ¥ d k p & 3 32 F i 48 91 e
*oclade [T s = BFEEE Kk p ® IM2%EFH o % = 3 boostrap & 5 100> d clade IV %=
* 0 ¢ #£ LP25 ¥ 4 % haplotypes > ‘= B4 X4k L $03% 3 o % = F 4 boostrap &
% 70> d cladeV 2= > # 3£ TPI5 % 9 B haplotypes > d X p & = I % cnifs 48 47

£ o H w3 boostrap E 5 100 ¢ clade VI 2= » ¢35 LB21 & 3
haplotypes » ‘e = B 48 ¥ 42 L 8% ¥ o % T ¥ boostrap & 5 100> d clade VII ==
#3% TP12 % 3 1 haplotypes » ¥ d A8 o

7 $831# F haplotypes HuF i fr e o j»%g_l‘z oo o 80 e B g4g
A9 - 139 EF-lo & 73 % > §1* MINSPNET #: 48 iz 35 haplotype ¥ % B g
AimE o E 4{? minimum spanning network 12 & & 5 SRk = 12 N o 43

¥% network R B| - B - &+ clade I-III #74+  haplotypes = 4p ¥+ % <11 clade
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IV-VIL &5 £ 4 4p 3 @ 5 5 4p #7470 haplotypese o % = EF-latypes &b 3L} 4

‘1\

SRR T B RS XA TG A AT AR R Y S AT oe 2
TdpARMM . 25 (£ ) v AT AT B T0% 0 vt bl AR R
915 2R A 6.2% %‘Tﬁﬂﬁﬂﬂ’ﬁ AR B AR B T IR % 0 Blde tclade IV B IR A
&~ P fea It B H o A clade VI(2.3%) 2 R A TH - YC {- LB
%3P > @ clade VII (5.4%) ¥ A @ e 3% TP &2 TH %% ¢ o A F A s 7 450

AR AT HEHES A TR & LA T L VP AR 22 As B Hm R &

}E] °

ﬂ}_!\

AR AT him e f il @R 2 A T K R E S N - KD DB e
M 1A > Bgor haplotypes "E# 4 W i i E b o 2§ 2 B ARG AE R A
fetk W ok tDNA {- EF-lo & P ek Feaa clade v Blde o BEER X 3R
rDNA type K E 7| (60%) #p % > EF-latypel > e & type K 7 CAll = LP15 &

7 gra w22 EF-latype Il fv V % & (B2 vs. Bl )e 7 i + 84 2 5 % 0 tDNA
types (A-E) (77%) fv+ %4 2.+ ¥ v EF-1a types (I-II1) (75%) % & > @ #7¢0 types
20% fow X 0 types & 0 #7e0 types (IVK, VI, VK) @t % & 75 3.1% (%~ )
BREHEEBIRM I F RN S ETE I AL F 2 7m0 ik tDNA types
e EF-latypes 2 FF & g% & g% B & TWE T @ R A 7RiE A Flfoom
B Ffe s - o 2 > AEH R R 4 g 20 linkage equilibrium 0 FHP i A 3w e
Yo BT 2 g e o &R 2 w7 11 L 71| (rDNA types ¥2 EF-lo types

E) A i BHE e Wdrd - B N 1o o type [A B L AEE Y o typelE 4 &
% 3% (TP~TH-MP) fod 20%% (LA-TD)type IH 1 & % &t 3%%3 (2§ TH
#£): LEFLE S 2 types H4e I TP & VIIA> TH v IF ~ VIIB & VIIC > LP

VK:>CA e IIH>SF & VI>LA 7 IG>LB 0 IIE> TS & II°JY & IIC % -

T~ EFHRE
1. rDNA

72 DnaSP BlZ A T2 im 2 B AL kded 4 013 BHEBEFARAFLAE
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(0.10~59.49) frif i A it & (0.004~0.863) 4781 < WA EH U F e inr 4@
&mﬂﬁﬁﬁﬂ»éﬁﬁ&ﬂtﬁ@ﬁ%ﬂﬁ%ﬁ@ﬁ?ﬁﬁﬁ@(@i)ﬁﬁ%ﬂ
AL frks IEEHE L G 4P B (R 0.0000006) > % % & isolation by distance ° ¥
- BEERAGVEEHRF S 1'3 P AR IR N EFHET MP fe TP~TH &7 &~
it e (Fsr<0.05) » AFI iR BB (Nm>5) 1345 Wright § w2 > § % #HF o
Nm o} 10 PG FIA FLB R enie” @ A58 R i it o 5 Nm <20 1 pF o A7)
Egend § 7 RBouig = A T4 14 (Slatkin, 1985) ; Hartl and Clark (1989) » # 1'% Nm
A 4 P LOREET L A - SRR ANE RN SF v CA FFEY R A
ft@gzmwyéﬁﬁgam%nLBﬁﬁ?“ e SU: Reat S LR Sl A
LORER A S REMY BA Y AFAINEISAN 1o ¥ B EREN YC v JY %

v (Fsr=0384) a5 Al - BREERLF- BREERSF (21— )>

—=
-aﬂl

BER s A e B REEHET Nm 393 1 A3+ B EEEF AT
TR PRE o A AR AR AT R B E 4 0 BT PR
rrJ

1 o

=%
P}
1\1.

C“

A
2. EF-1a

v/ DnaSP ok A F12in 2 B @A L Bk dod L o HHF A FUAE (0.02~
o) frif @ 4 it & (0.013~0.935) IR AT o Sy RO B BERY B
gk it o EF T RARR fo LIRS 2 APBE 0 7 & isolation by
distance 14 fr — B3 B F FPEHEF S5 kg AME TN RFERF TP o TH £7 »
i (Fsr=0.013)» A F2inA $% (Nm=1936);LP & TP~TH 2 MP %+ &
i it (Fst=0.063~0.131)c A 3%+ @ %} SF v CA % & it (Fsr=0.032) ¢ 3§83 12
®pET LB HEHET G TR EE A2 A m#“‘ff’ C EEHEF A SRR R A
br AT EIEAN 1o P M BFR YC fr JY %¥E G % A A (Fsr=0.207)
FAo Ll U - BEERIF- B%RERSIT (21— ) AP EF%RER Nm 5
S 1 AR EREFETAFICEY > 3 LR A AR fra IEFE AT E
{BF 40t BT TPAEPIRDEE -

IDNA fr EF-lo 3R I - Ren o 8 n aseird B4 ok FI Az R > 87
NEHF AP DEBF ORGS0 3 FRBFSF R B ZRR YC
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e JY %%t 3RS REFRHADERLS LA AFINERE ¢ FIE OERT L
£2ARMAFEE blde  IDNA B4 A0 LF N EHF MP v TP~ TH 27 &
e (Fsr<0.05) > AFIRARBF (Nm>5) > @ 2 30fo L 053 £ ¥ L ek
# (Nm=4.73)> £ EF-lo %5 MP 4 TP~ TH &8 & A it i1 (Fgr=
0.238~0.353) » @ ® A {%{ra 38 i 2 feargdE (Nm=1171)
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2~ 3t
-~ LA MeRREnimre £ ITSs DNA B 5F 1L 45k

TR A R RS AR e RS AP R 2 @ 2 PR e il gh
fjﬁiﬂﬁﬁﬁéﬁ@%%ﬁﬁ T4t > Ridley (1993) #ni » g4 4 & 34 G @ &2 5 &
PEF R 6f MG LAY RNA AFIFE 48k 5 i > Gerbi (1985) 71
fadh o it #F A 25 orRNA A F|Te 3 a2 PP LAttt - 243
B &g i F] (Lewin, 1994) o €% v e BEARL 2. » B 74 5¢ 9 tDNA 8% 0 Axb 5 2

| (functional constraint) s/& + T » X | B R FF o BIRGEEG FEDFRL 0 F T
g R 3 U A ITSI o ITS2 B F| 2 X # "] > 7 FFR I ORE -

K §f—'k T B IDNA R EZFRITS BRI AL 7 » p MIFF|I B FF L 83
BB 4e £ R ehdB % (Torres ef al., 1990; Baldwin, 1992) > & 3&p| ¥ it e &) &
BERIIE4EE &> ITSs @ & ITS2 B ¥ 5y € 7 & ¥ B3k » (Torres et al., 1990) ;
ITS # £ # a4 "EEFFLEL 5L ) BT A2 %E > m Eik ITSs K 74 &
hi5 % 5 Gardes et al. (1991) - Kasugaeral. (1993) eF 3484 ¢ = 451 & 2 7
(fungi) & K42 > ITSs A7|E R R - P s o

AL Al B A KERE kP o — AL $F 5 4 23 (Paleoptera 0 B 4rkibE Bd)
5 4 32¥ (Neoptera> w4cisep ~ i p) v % » @ Whiting et al. (1997) §1* 18S
2 28SIDNA A 7|fod| i FrAccniig 24 4 e B A ser R o b B & 2%
clade » [~ B2 %% rDNAITS] ek R R ¥t Liep J" (accession number
AJ315798, AJ315821~22) (378~522 bp) thwe B4t p (accession number M21017,
728416, AF189691) (726~831 bp) 2~ & » @ & fr¥ds B (accession number AY082597)
(280bp) tp AR ® - ¥ b ITS2 & R - &8585k R fogs B (accession
number AJ458982) (211 bp) #eAp it » 223k it 3 W & IR0 3% (Anopheles
quadrimaculatus complex) (287~329 bp) (Cornel et al., 1996) £ B < » iz B 7| E B A4
PEEFZEEFRICRENE  FT A ERFE > a R ITSs B4 & g% »
Faa g L PEL 5 AEA RSt o 23 EEEAR DS FGereF TS £ A Y

E 7|4 fcfe GenBank ! 2 # ¢7E 7 (accession number AF345950, AF368799,
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AF393702) = F %@ ehap i (75%) > B ZEF 7% o

ITSs B B 712 G+C% » = % #kend fa s & G+C% L ff= (balance) = IFi#
(coevolution) 3R 4 » BEARH % % b o fE R chfe B 20% (% ¥sfofk* [ S. pombe)
90% (R 2 #4 G. lamblia) > = E_ITS1 B 5|1 G+HC% £ ITS2 ST 4p %
(Torres et al., 1990) ° 1345 % = g S Bgom > 5 A2 %eeF ITSs # & GHC% T f7x
Fif it eni % > » fv D. melanogaster ITSs - 48 % 7 AT 0% & o 4ok G+HC% T
LRt EE A (B BAY 8% %8 60% ;5 %ir 70% 5 fk 75% 5
<~ & 73%; ] & 78% ; NE 82%) (cf. Torres et al., 1990) ITSs A& 7i# it en™ w » &
" 3E P D. melanogaster fv 5 B SkseF ITSs B 7iF i € §F H 4 GHC% &£ 0> #
£ 17 o Goldman et al. (1983) &5 G+C% & 3§ 4c G 2430 ITSs 7)== 554 (cf.

Torres et al., 1990) > Torres et al. (1990) P4 & S-methylcytosine 2 # 4 3z A&

(deamination) - i# #2 ¥iRe_ (cytosine) F #% (transition) = rfez’q ’9$ (thymine)> #3 GC

T fFk e iF it 5 pteh o Nazaretal. (1987) = & GHC% #i4c > ¥ iv 2.4 F R
- FEAE IR 0 e A RS S T B SR T el o B F 4 ITSs B A BT s

Feigiv e 2 BIFE 54 F4cim adF ITSs &7 GC < i o 7-#\7‘

SEHA D

dFE AP AFI LI EA 45 T ¢ B e B e AR R X i e |

R EHFFANEET YN > R PRI SR ﬁq‘-_ﬁiﬁ . T 42 (allozyme) 4%t
e85 dispersal 7 3 = % L 4F A3 B % 5 6)4c : Bunn and Hughes (1997) %2+
Je k&I T ER R k2 Baetis % &R > JI¥ b BAEEE R T A RRIE
R SRR R R RBEERFEELCRE BEET ) RBIEAR SRS E R
BREIRA AR R W E A L F] R 0 8 2RG R 1 loci (Pgi, Pgm, Pepc, Acon)
B AUEIEN BAREA A 0P 0 ) TFBAEE RAEFFE B0 1 (For 0.005~0.47) i
a5 n\nf—ﬂ:}&«?l VoA BRI EFEE > s (reachscale .74 % & s 2 H ) &

BB R R APE TR g Sk P o RS

5 fcr Ty %5408 5 6ot Sweeney et al. (1987) A 474 2 L30T B LI fefurs
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By 40 BEE PR ##ﬁ?—% (Mpi, Lap-2, Est-4) & 5% B 7 %8R 2 3 A
it B EEd (D> 1) 0 ¥ TR H P Fgr=0.04~0.15» % WA %HAF 253 1T o
I BAP CEERC 3 AT AME ® o @ Sweeney and Funk (1991) 1% Mk 5%
% (starch gel) 7 B HERER ® A2~ 41 + Bk (Carolina) ~ fr 2% &
(Alabama) % % 2 £+ (Florida) 2. borrowing mayfly Dolania americana %%
] FH o F%4p k- FBEW (cohorts) N & HExgasit, st Rhprz
W2 RHET G LA F A @A (Fsr=0.000~0.097) -

b F A PR OFEEARY > R0 FRAAEIL- BEL LT E R

1990 & ik §Tet e 5 8 & s 4 Soh g 2 R R B BB F L BAT] L SN RAEF
A PR A e e a4 R B U BB R o May (1992) & 1) &oE
AT BB 2 e f - R TR MH“ DNA g1 iy & -70C T
Ak B B R
FI* e BHEREASF AR AR 2% ATARHY 227 FED DRIT
MR AFA AR R AR R Faod i A A - Sended B RE ALY ARIF R

1

Pl ¥ b - 8297 4 (aphid) 2SR D R A 0B B AT AT AL TR ey

%4 (degradation) » @ FEI B F|F Bde ;B 3 2 2

ﬁ
P
ﬁw}

ARFEFFZNR L P REARGAI T 2244 0PI ZEE 318

=

(cf. Hoy, 1994) o ek enB 48] > Bt deo F 528 5 > 5 & allozyme T ¥ 5 &4

3 T
Il allozyme ¥ #&ip|eh=t Hic > =& BefeF B 46 5% X B

shipshd > @ i

1

T E

i
Iz
et
=
g
“‘?,%

HOZ3 R L 0 anf B4 Y f2 R o FP eRRERTIE B T 1 E_case by
case > & A X P> 2 b anE ¥ ? & f 4c Bunn and Hughes (1997) 7 3 & % #73k b5

SRl 6 % 7R R S B -

FEEB AT R B R TR B T AP o 5 B R B e
g i b f Mo LIARBBRTF L MG R AR
B2 et B (bldok b 0 B f ) chig 47 A 4 a8 4 Jg ¢h o Hershey
(1993) f1#* PN % 84 (ki) > & > i Bile 4 274  (Alaska) Kuparuk River
? R ¥ o Baetis A REFREB WS foX M BB e B ot P qp o 2 E
pibE (A2 FppM B ) B AUERT A B 2km a4 o R E Rk

(Carboniferous) o= #r.% (Permian) it % & &k° dywipse s {osd It g o -
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Wootton and Kukalova-Peck (2000) ¥ & &1 & v i 4 f o595+ £ g i @ L eyese

X A § @i 4 (cf. Thomas et al., 2000) o I 4 chgfpipie iy b ik iR i & (7 g

\

M

B 7B ¥R 0K "% (cross vein) v 1M & kFREEE AR B B SR E e i fodii s & (7

|

BoAra poko boigg & 7 (skimming) o i 0T P RRER F sk {1 2§ B4 F

KRBT HEF 0 e Bi%T 243 H AedE s (Thomas et al., 2000) - Figuerola and Green

(2002) g gt~ FRa ek 4 fopp RaE L 3 B BEFIARTIRE > R ARSI SR

XD BMPRE RS FAERE R AR A G RERBREFE L B AE S
55 ER A

SR TS L BRSO Ey BT

AL ek TirAH 32 S FRMAGE L FALL§F G TR §F iz
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Fig. 1 Structural features of the rDNA tandem repeat module (drawn to approximate
scale) in insects. Black regions indicate internal transcribed spacers, which often
differ in length.

a. ETS : external transcribed spacer

b. NTS : nontranscribed spacer

c. IGS (intergening spacer) = ETS + NTS

d. A ITS region indicated by arrows ; ITS region = ITS1-5.8S rDNA-ITS2
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the direction of PCR amplification. (Modify Whiting et al., 1997)
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Fig. 6 Neighbor-joining tree representative sequences (haplotypes) of nuclear EF-1a in
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Table 1. Materials of Cloeon marginale Hagen collected from different populations in Taiwan used for nuclear ribosomal DNA and elongation
factor 1o (EF-1a) sequencing. Locality, area, sample size, nuclear types (rDNA type and EF-1a type associations), and aquatic profile of each
population are indicated.

o ) Sampling Aquatic
Localities Area Symbol Coordinate ] Nuclear types
size (n) profile
Northern Region N 51 1A (14),IC (3), IE (3), IF (1), IH (3), IJ (1), IK (7), Permanent/

TIC (1), IVA (1), IVK (2), VA (4), VE (2), VK (1),  Temporal
VIC (1), VIIA (2), VIIB (1), VIIC (3), VIIE (1)

P

Hsinchu Ta-pu-shuiku TP 24° 40 "N, 120" 59 "E 11 IA (4), IE (1), IH (1), VA (1), VE (1), VIIA (2), Permanent
VIIE (1)
Taoyuan Tahsi TH 24° 51 "N,121° 17"E 14 IA (1), IC (1), IE (1), IF (1), IIC (1), IVA (1), VA Temporal
(2), VE (1), VIC (1), VIIB (1), VIIC (3)
Tlan Shuang-line-pi, large pool  LP 247 457N, 121° 39 "E 15 IA (2), TH (1), IJ (1), IK (7), IVK (2), VA (1), VK Permanent
(1)
Shuang-line-pi, small pool MP 24° 45°N,121° 39 "E 11 1A (7),IC (2), IE (1), IH (1) Permanent
Eastern Region E 30 1A 4),IB (2),IC (3),ID (1), J (1), IK (2), IA (3), Temporal
IIC (2), TID (1), IHH (1), TIJ (5), TIK (3), VA (1), VJ
)
Hualine Chi-an CA 23° 58 "N,121° 33"E 12 IA (2), IB (2), IC (2), ID (1), IIC (2), ITH (1), IIJ Temporal
(1), TIK (1)
Shou-feng SF 23° 52°N,121° 30 "E 18 IA (2), IC (1), I (1), IK (2), IIA (3), IID (1), IIJ Temporal

(4), IK (2), VA (1), VI (1)
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Table 1 (Continued)

o ) Sampling Aquatic
Localities Area Symbol Coordinate Nuclear types
size (n) profile
Southern Region S 28 IA (8), IB (1), IC (2), ID (1), IE (3), IG (1), IT (2), Permanent
1IJ (1), TIA (1), TIC (1), TIE (1), IVA (3), VE (2),
VIE (1)
Pengtung,  Kuhu KU 22° 04 "N,120° 52"E 5 1A (4), 1B (1) Permanent
Nanjenshan Ta-ilan-tan TI 22° 047N,120° 52°E 9 IC (2), IE (1), 1T (2), ITA (1), IIC (1), VE (2) Permanent
3.7 km lake area LA 22° 04 "N,120° 52" E 7 IA (3), ID (1), IE (2), IG(1) Permanent
4.0 km lake area LB 22° 04 "N,120° 52°E 2 IIE (1), VIE (1) Permanent
Ta-shui-yu TS 22° 04 "N,120° 52" E 5 IA (1), 11 (1), IVA (3) Permanent
Central Region C 21 1A (3), IIC (2), IIB (1), IC (9), IIID (1), IIIH (1), Permanent
IVA (1), IVE (1), VE (1), VIA (1)
Nantou  Jih-yueh-tan Y 23° 51 "N, 120" 55" E 11 IIC (2), HIC (9) Permanent
Yu-chih YC 23° 537N, 120° 56 "E 10 IA (3), B (1), IIID (1), IIIH (1), IVA (1), IVE  Permanent

(1), VE (1), VIA (1)
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Table 2. Sequences and position of primers used for the PCR amplification of rDNA and EF-1a.

Primers 5’ position Sequences 3’ position References

In* 1402 5’-TCC GAT AAC GAA CGA GACT-3 1421 Whiting et al., 1997
2* 4046 TCC TTG STT CAA GAC GGG TC 4065 Whiting et al., 1997
I3 1 CACCGCCCGTCG CTATTA CC 20 Present study

14 861 TAG CCT TGG ATG GAG TTT ACC 881 Present study

EF 1° 305 GAC AAC GTC GGG TTC AAC GTG AAG AACG 314 Palumbi, 1996

EF 2° 360 ATG TGA GAG GTG TGG CAA TCC AAG 368 Palumbi, 1996

Note: * Positions are based on the sequence for Drosophila melanogaster (Tautz et al., 1987).
°The map starts at about amino acid position 150.
Y=C/G
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Table 3. Descriptive statistics for separate and combined rDNA partitions.

rDNA
18S ITS1 5.8S ITS2 28S ITS region  Total
Consensus length (bp) 154 121 174 205 325 500 979
Data partition length (bp) 145 110 155 172 299 436 881
(141~151)  (82~115) (153~165) (161~177) (297~313) (401~445) (852~897)
No. variable sites/% data partition 61/39.6 95/78.5  106/60.9 170/82.9 165/50.8 371/74.2 597/61.0
Polymorphism sites (tv+ts) 52 34 88 76 130 198 380
indel 9 61 18 94 35 173 217
No. parsimony informative sites/
% data partition 51/33.1 83/68.6  85/48.9 147/71.7 148/45.5 315/63.0 514/52.5
%A 30.5 36.0 27.6 34.9 31.3 32.7 31.9
%T 24.7 35.0 26.6 25.1 22.8 28.2 25.8
%C 20.8 14.6 19.8 18.1 18.0 17.9 18.4
%G 24.0 14.3 26.0 21.9 279 21.2 24.0
transitions (ts) 0.0439 0.1315 0.0799 0.1156 0.0561 0.1018 0.0729
transversions (tv) 0.0373 0.1259 0.0517 0.1294 0.0745 0.0936 0.0760
R (ts/tv) 1.1769 1.0445 1.5455 0.8934 0.7530 1.0876 0.9592
# of haplotypes 23 16 40 48 36 67 87
Haplotype diversity (/) 0.726 0.469 0.865 0.899 0.864 0.941 0.980
Nucleotide diversity (6) 0.0754 0.2383 0.1310 0.2317 0.1273 0.1737 0.1334
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Table 4. Estimates of haplotype diversity (%) and nucleotide diversity (¢) with populations of Cloeon marginale Hagen based on rDNA

sequences. Possible minimum recombination events are inferred using software DnaSP. Testing statistics for neutrality at IDNA. These

symbols for populations see Table 1.

Haplotype Nucleotide Minimum
Sample  # of Polymorphic diversity diversity recombination
Populations  sizes haplotypes sites (S) (h £ SD) (6 +SD) (Rm) Fuand Li's D* Fuand Li's F* Tajima's D
N 51 35 342 0.961 £0.018  0.14833 £0.01940 37 -1.27833 -1.12467 -0.39247
TP 11 10 91 0.982+0.046  0.02419+0.01247 0 -2.24701* -2.44208* -1.87066*
TH 14 10 71 0.923 £0.060  0.02104 = 0.00527 3 -1.37714 -1.47051 -1.02266
LP 15 11 322 0.933+0.054  0.20460 £ 0.04520 25 -0.34248 -0.30372 -0.06087
MP 11 8 94 0.891+£0.092  0.02267+0.01120 0 -2.30400%* -2.53869** -2.03663%**
E 30 25 332 0.982+0.016 0.21588+0.02213 32 0.72086 0.74860 0.45751
CA 12 10 321 0.970 £0.044  0.13126 £ 0.05496 23 -1.85068 -2.10919 -1.84035%*
SF 18 16 336 0.980+0.028  0.26133 £ 0.02900 14 1.35579 1.55251 1.28503

* P <0.05, #*P <0.02, ***P < (.01
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Table 4. (Continued)

Haplotype Nucleotide Minimum
Sample  # of Polymorphic diversity diversity recombination
Populations  sizes haplotypes sites (S) (h £ SD) (6 +SD) (Rm) Fuand Li's D* Fuand Li's F* Tajima's D
S 28 24 280 0.974+£0.024  0.06506 = 0.02122 22 -1.20054 -1.75375 -2.05550%
KU 5 4 11 0.900 £ 0.161  0.00437 +0.00140 0 -1.19955 -1.26846 -1.19955
TI 9 9 251 1.000 £ 0.052  0.14221 £ 0.05360 8 0.07941 -0.08932 -0.57412
LA 7 7 42 1.000£0.076  0.02104 + 0.00436 1 -0.00727 -0.06914 -0.25302
LB 2 2 3 1.000 £ 0.500  0.00346 +0.00173 0 — — —
TS 5 3 120 0.700+0.218  0.06314 +0.03679 0 -1.26812%* -1.37965%* -1.26812
C 21 17 151 0.981 £0.020  0.03357 +0.00757 5 -1.92464 -2.11923 -1.55669
Y 11 9 14 0.964+0.051  0.00353 £ 0.00065 0 -1.70955 -1.89066 -1.55309
YC 10 9 134 0.978 £0.054  0.04897 +£0.01215 5 -1.04806 -1.16000 -0.96070
Overall 130 87 380 0.980+0.006  0.13342+0.01316 52 -0.18921 -0.62411 -0.90636

? Four or more sequences are need to compute Tajima's and Fu and Li's statistics.

* P <0.05, ¥*P < 0.02, ***P < (.01
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Table 5. Estimates of haplotype diversity (%) and nucleotide diversity (¢) with populations of Cloeon marginale Hagen based on EF-1a

sequences. Possible minimum recombination events are inferred using software DnaSP. Testing statistics for neutrality at EF-1a. These

symbols for populations see Table 1.

Haplotype Nucleotide Minimum
Sample # of Polymorphic diversity diversity recombination
Populations  sizes haplotypes sites (S) (h+£SD) (6£ SD) (Rm) Fuand Li's D* Fuand Li's F* Tajima's D
N 51 21 84 0.823+0.052  0.14766 £ 0.01680 16 0.80821 0.33970 -0.58359
TP 11 8 65 0.927+0.066  0.18319+0.03351 7 0.80527 0.71458 0.12087
TH 14 9 79 0.901 +£0.062  0.22093 £ 0.01890 9 0.02661 -0.00997 -0.10159
LP 15 8 57 0.790 £0.105  0.10533 £0.02799 5 0.70820 0.34125 -0.76565
MP 11 3 2 0.473+£0.162  0.00270+0.00104 0 -0.33034 -0.49428 -0.77815
E 30 20 59 0.949 +£0.027  0.05629 £ 0.01377 4 -1.18431 -1.57843 -1.64135
CA 12 9 15 0.939+0.058  0.02949 £ 0.00378 0 -0.44023 -0.25754 0.38206
SF 18 14 56 0.967+0.030  0.07268 £ 0.02452 4 -1.07415 -1.35965 -1.40340
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Table 5. (Continued)

Haplotype Nucleotide Minimum
Sample # of Polymorphic  diversity diversity recombination
Populations  sizes haplotypes sites (S) (h£SD) (6= SD) (Rm) Fuand Li's D* Fuand Li's F* Tajima's D
S 28 11 66 0.714+£0.093  0.09656 = 0.02159 6 -0.62336 -0.99971 -1.30575
KU 5 2 1 0.400+0.237  0.00212 +0.00126 0 -0.81650 -0.77152 -0.81650
TI 9 5 43 0.806 £0.120  0.09660 + 0.03478 1 -0.18168 -0.32495 -0.62573
LA 7 2 1 0.286+0.196  0.00152 £ 0.00104 0 -1.04881 -1.10146 -1.00623
LB 2 2 43 1.000 £ 0.500  0.27111 +£0.13555 0 — — —
TS 5 4 40 0.900+0.161  0.14567 + 0.04173 0 1.72334%* 1.86293* 1.72334
C 21 11 64 0.781 £0.094  0.08869 £ 0.02301 6 -0.70312 -1.12644 -1.55623
Y 11 3 3 0473 +£0.162  0.00446 = 0.00169 0 0.12672 -0.06770 -0.62785
YC 10 9 63 0.978 £0.054  0.15952 +0.03298 6 -0.03042 -0.20787 -0.64367
Overall 130 53 94 0.878 £0.025  0.11361 £0.01027 19 0.9332 0.04539 -1.06133

?Four or more sequences are need to compute Tajima's and Fu and Li's statistics.

* P <0.05.
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Table 6. Distribution of rDNA types (A-K) among populations of Cloeon marginale Hagen. Regions are indicated:
Northern region (N), Central region (C), Southern region (S), and Eastern region (E).

Regions: N C S E

TP TH LP MP Y YC KU LA TS TI LB SF CA Total
A 7 4 3 7 5 4 3 4 1 6 2 46 (35.4%)
B 1 1 2 5 ( 3.8%)
C 6 2 11 3 1 4 27 (20.8%)
D 1 1 1 4 ( 3.1%)
E 3 2 1 2 2 3 2 15 (11.5%)
F 1 1 ( 0.8%)
G 1 1 ( 0.8%)
H 1 I 1 1 1 5 ( 3.8%)
I 1 1 ( 0.8%)
J 1 2 6 1 10 ( 7.7%)
K 10 4 1 15 (11.5%)
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Table 7. Distribution of EF-1a types (I-VII) among populations of Cloeon marginale Hagen. Regions are indicated:
Northern region (N), Central region (C), Southern region (S), and Eastern region (E).

Regions: N C S E
TP TH LP MP Y YC KU LA TS TI LB SF CA Total

I 6 4 11 11 3 5 7 2 5 6 7 67 (51.5%)
II 1 2 2 1 10 5 21 (16.2%)
M1 3 12 ( 9.2%)
v 1 2 3 8 (6.2%)
\Y 2 3 1 2 2 12 ( 9.2%)
VI 1 1 1 3 (23%)
VII 3 4 7 ( 5.4%)
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Table 8. Association Between rDNA types and EF-1a types of Cloeon marginale Hagen. Distribution region of each type is indicated in

square brackets. Percentage of each complex type is indicated in parentheses. W: widespread. Other symbols see Table 1.

\rDNA type: A B C D E F G H I J K Total

EF-1la type: [W]  [W]  [W]  [C+S+E][N+S+C][TH] [LA] [N+E+C][TS]  [N+E+S][N+E]

1[W] 29 3 8 2 6 1 1 3 1 4 9 67
22.3% 2.3% 6.2% 1.5% 4.6% 0.8% 0.8% 2.3% 0.8% 3.1% 6.9%

11 [C] 4 6 1 1 1 5 3 21
3.1% 4.6% 0.8% 0.8% 0.8% 3.8% 2.3%

11 [W] 1 9 1 1 12

0.8% 6.9% 0.8% 0.8%

IV [N+S+C] 5 1 2 8
3.8% 0.8% 1.5%

V [W] 5 5 1 1 12
3.8% 3.8% 0.8% 0.8%

VI [N+S+C] 1 1 1 3
0.8% 0.8% 0.8%

VII [N] 2 1 3 1 7
1.5% 0.8% 2.3% 0.8%

Total 46 5 27 4 15 1 1 5 1 10 15 130
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Table 9. Pairwise Fs;/Nm estimates between populations based on genetic variation of rDNA. These symbols for populations see Table 1.

TP TH LP MP CA SF KU TI LA LB TS Y YC
TP —
TH 0.077/3.01 -
LP 0.598/0.17  0.609/0.16 -
MP  0.047/5.53  0.012/20.41 0.598/0.17 —
CA  0.033/7.36  0.027/8.84  0.399/0.38 0.011/21.98 —
SF 0.310/0.56  0.324/0.52  0.215/0.91 0.312/0.55 0.118/1.87 —
KU  0.048/4.96 0.132/1.65 0.632/0.15 0.006/46.04 0.066/3.55 0.346/0.47 —
TI 0.075/3.09  0.069/3.38  0.430/0.33 0.070/3.33  0.051/5.18 0.087/2.63 0.127/1.72 —
LA 0.004/59.49 0.125/1.75  0.606/0.16 0.061/3.87 0.055/4.32 0.317/0.54 0.151/1.40  0.085/2.69 —
LB 0.329/0.51  0.4540.30  0.638/0.14 0.383/0.40 0.162/1.29 0.368/0.43 0.699/0.11  0.162/1.29 0.342/0.48 —
TS 0.030/8.65 0.032/7.64 0.542/0.21 0.031/8.25 0.006/43.03 0.243/0.78 0.005/54.17 0.039/6.24 0.008/31.67 0.202/0.99 —
Y 0.494/0.26  0.254/0.73  0.645/0.14 0.390/0.39  0.112/1.99  0.376/0.42 0.705/0.10  0.166/1.26 0.545/0.21 0.863/0.04 0.284/0.63 —
YC  0.030/8.21 0.120/1.83  0.573/0.19 0.048/4.92  0.044/5.50  0.294/0.60 0.116/1.91  0.086/2.67 0.055/4.32 0.257/0.72 0.026/9.53 0.384/0.40 —
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Table 10. Pairwise Fs;/Nm estimates between populations based on genetic variation of EF-1a. These symbols for populations see Table 1.

TP TH LP MP CA SF KU TI LA LB TS Y YC

TP -

TH 0.013/19.36 -

LP 0.063/3.73 0.131/1.66 -

MP 0.238/0.80 0.353/0.46 0.115/1.93 -

CA 0.202/0.99 0.280/0.64 0.082/2.79 0.286/0.62 -

SF 0.157/1.34 0.204/0.98 0.096/2.36  0.347/0.47 0.032/7.45 i

KU 0.242/0.78 0.358/0.45 0.120/1.84 0.038/6.25 0.322/0.53 0.366/0.43 =

TI 0.079/2.90 0.145/1.47 0.039/6.68 0.143/1.50 0.025/9.57 0.021/11.57 0.148/1.43 -

LA 0.240/0.79 0.356/0.45 0.117/1.89  0.093/2.94 0.299/0.59 0.354/0.46 0.000/cc  0.145/1.48 -

LB 0.081/3.32  0.143/2.00 0.071/3.80 0.127/1.72 0.003/76.07 0.078/3.47 0.139/1.55 0.118/2.37 0.129/1.68 -

TS 0.196/1.02 0.145/1.48 0.166/1.26 0.482/0.27 0.395/0.38 0.321/0.53 0.485/0.27 0.272/0.67 0.485/0.27 0.059/3.96 -

Y 0.401/0.37 0.388/0.39 0.406/0.37 0.922/0.02 0.530/0.22 0.291/0.61 0.931/0.02 0.335/0..50 0.935/0.02 0.047/5.07 0.498/0.25 -
YC 0.068/3.41 0.054/4.36 0.004/ 63.23 0.263/0.70 0.132/1.64 0.069/3.35 0.272/0.67 0.021/11.67 0.267/0.69 0.224/1.37 0.040/6.02 0.207/0.96 -
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Table 11. Pairwise Fs;/ Nm estimates between geographical regions (N, E, S, C) based on genetic variation of ntDNA (below the diagonal)
and EF-1a (above the diagonal).

EF-la: N E S C
rDNA
N - 0.122/1.79  0.021/11.71 0.149/1.43
E 0.050/4.73 — 0.077/3.01 0.107/2.09
S 0.082/2.80 0.129/1.69 - 0.123/1.78

C 0.145/1.47 0.216/0.91 0.067/3.49 -
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Table 12. Observed number (O) of genotype frequency is compared to expected value (E) based on chi-square analysis.

(X*=173.586, P =0.11176)

T DNAtype: A B C D E F G H I J K Total

EF la type:

I 29 3 8 2 6 1 1 3 1 4 9 67
E 23.71 2.58 13.92 2.06 7.73 0.52 0.52 2.58 0.52 5.15 7.73

it 0 4 0 6 | 1 0 0 1 0 5 3 21
E 7.43 0.81 4.36 0.65 242 0.16 0.16 0.81 0.16 1.62 2.42

11 0 0 1 9 1 0 0 0 1 0 0 0 12
E 4.25 0.46 2.49 0.37 1.38 0.09 0.09 0.46 0.09 0.92 1.38

v 0 5 0 0 0 1 0 0 0 0 0 2 8
E 2.83 0.31 1.66 0.25 0.92 0.06 0.06 0.31 0.06 0.62 0.92

\ 0 5 0 0 0 5 0 0 0 0 1 1 12
E 4.25 0.46 2.49 0.37 1.38 0.09 0.09 0.46 0.09 0.92 1.38

VI 0 1 0 1 0 1 0 0 0 0 0 0 3
E 1.06 0.12 0.62 0.09 0.35 0.02 0.02 0.12 0.02 0.23 0.35

VII 0 2 1 3 0 I 0 0 0 0 0 0 7
E 2.48 0.27 1.45 0.22 0.81 0.05 0.05 0.27 0.05 0.54 0.81

Total 46 5 27 4 15 1 1 5 1 10 15 130
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Appendix 1. The program of reaction for touchdown PCR.

Step  Temperature = Reaction time Step Temperature Reaction time
(C) (Min: Sec) (C) (Min: Sec)
1 92 02:00 22 92 00:35
2 57 01:30 23 50 01:30
3 72 01:30 24 72 01:30
4 92 00:35 25 92 00:35
5 56 01:30 26 49 01:30
6 72 01:30 27 72 01:30
7 92 00:35 28 92 00:35
8 55 01:30 29 48 01:30
9 72 01:30 30 72 01:30
10 92 00:35 31 92 00:35
11 54 01:30 32 47 01:30
12 72 01:30 33 72 01:30
13 92 00:35 34 15 times to 31 step
14 53 01:30 35 92 00:35
15 72 01:30 36 46 01:30
16 92 00:35 37 72 01:30
17 52 01:30 38 9 times to 35 step
18 72 01:30 39 72 10:00
19 92 00:35 40 4 00:00
20 51 01:30 41 End
21 72 01:30
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