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RIRFE A2 PALE N PhalaenopS/s x intermedia
Lindl. = #2JRé&H F-5%

N L T T A

m x

% #% 31 Phalaenopsis x intermedia 2. 42k A2 3 A ¥7 G ERE B e
1% ¥ 18 7 p& (ribosomal DNA, rDNA) p #& & I 1§ % (internal transcribed
spacer, ITS)» 2 # k:f @ %4 DNA o trnl & F]2. p *£ 5 (intron),
trnL-trnF z2_ & F1@ 1§ % (intergenic spacer, IGS) &2 atpB-rbcl 2. 2 1/ I
% od ITS B 7%+ P.xintermedia 2. $ kB *73 2 ITS B 7|8 R 7+
(heterogeneity) » 2 8 7 o Sd X5 SHEHESITE L HEAS 3 P2
i ﬁh@m\ oo 38 ITS B 5eha  #54 w22 P aphrodite 3 P, equestris

2_ ITS B 7)4p 17 7]t 42 %7 P. aphrodite 2 P. equestris = P. x intermedia 2.
ok o ¥ ¢t d %4 DNA 7 P. x intermedia £ P. aphrodite # 4p4piT »
A E %4 DNA 52 ki @2 & F]pJa%r P aphrodite 3 P. x intermedia
2% & 510 Poequestris Bl i R A o
B 423 . Phalaenopsis x intermedia ~ = X322 f ~ » + &5
A5

w# (Orchidaceae) t£4 » Wi % £ K &3 > ¥ i A4 F o ¢ s
$ eh—ft > & % 500 % B (genus) s 4k #3-+ 17,000~35,000 & 7o 1 &
A eRTELRTE R OEFEEIE R VERIEE > H 1B BH
< @A o ik (Phalaenopsis) £ 5 ALY ch— B AR E A B g
o B R L4 (subfamily Epidendroideae) g g% (tribe Vandeae)
i A a‘ﬁ Wi % (subtribe Aeridinae) ") o x h erug it Bt 9 6548 %
+ 8 )’ S5REd -k it rirda R AR 4AEFR
PRAHZsEAF NI S raﬁ‘ SRM AR é\i%fﬁl}\ EEEENY: Rt L
R i‘i B EBR S EEFEE kT LG A ARO e San ET g
B fE 0 A B LAY TigikiF (Phalaenopsis aphrodite subsp. formosana)
2 iU (P equestris ) > At sk 5% 2 g 549 mi
Christenson (2001) ® ek o &5 > B BA 27 BLH > A 8 5
Proboscidioides, Aphyllae, Parishianae, Polychilos 2 Phalaenopsis » & *#

"R LE AR R CMEFTR CMRETR AR
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Polychilos I & ~ % &~ = B & > » w 5 Polychilos (Breda) Rchb. F.,
Fuscatae Sweet, Amboinenses Sweet, Zebrinae Pfitz. ; Phalaenopsis #; /&
ps A w B 4 B 5 Phalaenopsis , Deliciosae E. A. Christ., Esmeralda
Rchb.f.2  Stauroglottis (Schauer) Benth -

Phalaenopsis x intermedia - &% A3 f& > F]H L 5 ## o 0 5
R L g ehT 48+ o Christenson (2001)®) #-pt = &2 7f Pl
A T g (subgenus Phalaenopsis) ~ i i & (section PhalaenopSIs)
g B2 - o a2 pnR5 P amabilis - P. aphrodite ~ P. sanderiana ~ P.
philippinensis ~ P. sch/ller/ana ~ P. stuartiana % = #& - Phalaenopsis x
intermedia ek~ | 2 £ 03] fi ¥ <& P gphrodite %2 P. amabilis 4p i1 -
peb s ek Eeel A5 &1 Pogphrodite Wit 0 A B R ERagE s B2 P
equestris 4pi##7% < mpt 5§ s 1853 & & L fEL k0 Pox /ntermed/a
)I.*m E#AR 5 P aphrodite 2 P. equestris h* X< fd o g7t > 4 1886 &
Seden » m A 1 3R 2 ¥ P ox intermedia E_F it A $ AR Rieefh
@) . 7 m A menFf L35 P aphrodite = P equestris ¥ it i P x
intermedia 2. 3.+ ®5275) . g 5% P equestris + i L 0 A i T 2 E
kR a2 = B> @ E 3 Stauroglottis & > & & ¥ ‘b B3 P celebensis *
P. lindenii & - % & » % Z 55 7 i & 2 Stauroglottis & e % M 1%
H 5 4pag1399,

e (ibosomal DNA, rDNA) & p % B A  * N4 iF i 2 3
S DNA BB T f s A E Priee ? 0 § - ¥ A ERP S| (tandem
array) € 4 1A F1%% (repeated gene families) - £ 4F x ¥ I &g
= =4 M iz e ¢ (nucleolar organizer region)V s d 4t 5] 2
] (unequal crossing over) @ 4{ris 4 ch A Fl i % (biased gene
conversion) e gr » # 5 B F 47 8 =/ a iE ,ﬁr:‘L*“— ®ooh - fakE
(concerted evolut|on) 7 DNA %3 - rDNA 2. ITS % ¥4 ,im?;if&* g
A TR R e 2 g 12022 ’I” eI i%p#wm ITS =4 ¢ #3 »
228 ITS £45 5 718 @4 19 R =255 - AR NG R
1 1TS 48 B 7] » 4 Krigia ¥, ArabldopSIs suecica ' 2 Cardamine® >
Yo LNy ERE Y -4 ITS €484 7| > 4o Gossypium & z
Cardamine® > % = 8 214 % ITS 3 A2 1t R A 7|¢ RAT UHRER
F ot #h 7| A 4cd ¢ 4o Gossypium gossypioides®, Paenoia @ 2
Microthlaspi (18)

AMoBERD - miﬁﬁ?ﬁ % %8 DNA (chloroplast DNA)
o @(maternal inheritance) ® - # % % DNA ¢ 7 - & DNA » ¥
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otk F b2 npEe s Aar®) . 1Y AFRIEE (intergenic spacer,
IGS) %= p*£+ (intron) d ** 2L A F T o FIH T UG PR b i 5 o
Taberlet et al. (1991)@® % 2+25 5 £ % DNA R * 513 > 29 tral & 7]
g1 intron % &~ trnl-trnF 22 IGS Fe s ¢ AR R L PR AR 2 MG M
% 4o Miscanthus 4= Saccharum (Poaceae)'®, Moraea (Iridaceae)®),
Allium (Liliaceae) ®V - s # » atpB-rbcl 2. 1GS + § 4tfs* * 2 ffa N
%M %o 4ok ¥ 3 (Kandelia candel) ' o % 44 (> SEFE K R p 4 0 H
¥ AFIFEF® (IGS) 4 trnl-trnF 2. IGS % 3%; & p'g+ (intron) > 4 trnlL
AT intron ® 3 o et DNA B 7| g i A2 R84 b Fluts i g
* RGP 9 DNA 247 0 P & 8 R el F 38 o

d 242 DNA 2§54 DNA $EF I AL Fel 5 2 Fauf @
B F sk g e a2 mACE T o e P oy intermedia 3¢
2 fheA i % b 383 g (morphological characters)®® s i ipl sy st iF & %
Stauroglottis &z = f 2 H ¥ s el A o A Y ;ﬁé ¥+ DNA 9 TS &
B2 ZEESH DNA »E U ER P x intermedia * R faaiils o+
Hhp o T-HFTUETHE AT LA

FHH R

-~ HR

ATt 9 =tk Phalaenopsis x intermedia ¢ > 7% & g ig ik & 2
Stauroglottis & ch= F > # ¢ igi-fF &= § 5 P. amabilis ~ P. aphrodite ~ P,
sanderiana ~ P. philippinensis ~ P. schilleriana ~ P. stuartiana - % * >
Stauroglottis & = R 7 P. equestris ~ P. celebensis % P. lindenii- - ¢ > 14
- ¥RiF U7 7 & Deliciosae & = B P. pulcherrima % — tx Polychilos
Amboinenses & = R P. reichenbachiana % ¢t % (outgroups) (% 1) -

‘\”‘3-/‘2":\

(- )5 DNA 3B~ ~PCR £ o 2 7 /4 A 47

iz Doyle 1= Doyle (1987) © &= ;2 guBje s 24 F 2 % DNA > 114 %
%k & 3+ (Hitachi U-2001 Spectrophotometer) ] 2k £ 260 nm % F ke sk
B %% DNA fs0 53 -20°C * & * o P4kl 1 gt (DNA) N 4 15 % (ITS)
% trnL 2- 2 S trnl-trnF 2 A FI R IR % ~ atpB-rbel 22 A FIF IR % & DNA
FEPCR F arie * cnsl 3~ F Ok R 2R R iE 2 £ %% Taberlet et al.
(1991) @z 32 (2003) ®ehv £ o o is 3 PCR 4F WA+ > >> 0.8 % %
(agarose) ' TBE ¥ fimie ® 7 & &~ #t- %5 EtBr (ethidium bromide, 0.5 pg/ml)
Adfs o EGETERRZ R o
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1. AT anER MR LR LBRAR s AR KR
Table 1. List of Phalaenopsis species, systematic classification, and
geographical distributions examined in this study

Taxa and systematic Distribution

b
classification? (Christenson, 2001) © Source

Subgenus Phalaenopsis

Section Phalaenopsis Benth.

Phalaenopsis amabilis (L.) Blume Widespread from Sumatra and Java to the ~ KDAIS KC-327
southern Philippines, and east to New
Guinea and Queensland, Australia

Phalaenopsis aphrodite Rchb.f. Northern Philippines and southeastern KDAIS KC-171
Taiwan

Phalaenopsis sanderiana Rchb.f. Endemic to the Philippines (Mindanao KDAIS KC-175
Island, Igat Island, and Balut and Saragani
Islands)

Phalaenopsis schilleriana Rchb.f. Endemic to the Philippines KDAIS KC-429
Phalaenopsis stuartiana Rchb.f. Endemic to the island of Mindanao in the KDAIS KC-528
southern Philippines.

Phalaenopsis philippinensis Golamco Endemic to the Philippines KDAIS KC-534

ex Fowlie & Tang

Phalaenopsis x intermedia Lindl. Endemic to the Philippines KDAIS KC-82
Phalaenopsis x intermedia Lindl. Endemic to the Philippines KDAIS KC-83
Phalaenopsis x intermedia Lindl. Endemic to the Philippines KDAIS KC-84
Section Stauroglottis (Schauer) Rchb.f.

Phalaenopsis equestris (Schauer) Endemic to the Philippines and Taiwan KDAIS KC-75
Rchb.f.

Phalaenopsis celebensis Sweet Endemic to Indonesia (Sulawesi) KDAIS KC-482
Phalaenopsis lindenii Loher Endemic to the Philippines KDAIS KC-119
Section Deliciosae

Phalaenopsis pulcherrima (Lindl.) J. J. Widespread from northeast India and KDAIS KC-256
Sm. southern China throughout Indochina to

Malaysia (Malay Peninsula), Indonesia
(Sumatra), and East Malaysia (Sabah)
Subgenus Polychilos (Breda) E. A.
Christ.
Section Amboinenses Sweet
Phalaenopsis reichenbachiana Rchb.f. Endemic to the Philippines KDAIS KC-389
& Sander

 The classification of Phalaenopsis is based on Christenson (2001) ®
b Living plants are cultivated at Kaohsiung District Agricultural Research and Extension
Station

(= )% f< DNA £ & 5 2 45

¥ PCRAFHAY N T ALY & EtBr 27 t5 > & UV %4
e L& (365 nm) 2 UV k@m% DNA i+ (band)» * 23] 7 % i
DNA i 7> % » 1.5ml & 3.w 4 ¢ »% 100 mg <% .4 » 500 pl Nal
solution (6 M sodium iodide) » % ** 50°C -kix @ » P ¥ #-pcE e ¥ o o
IMHE 2AEES B A 4~ i £ 0 Glass milk (Geneclean Kit 1T,
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BIO 101)(DNA & &5 pg 2™ » 4 » 5 pl & Glass milk » & 3 4 1pug > 4
#4r 1l Glass milk) > feigfic=k » 2 2353 R &> ® 3 k? 5 445> 2 DNA
@i Glass milk % & > g dp > @ Glass milk ik » @4+ &% > 12
500-700 ul > New wash solution (NaCl /ethanol /water) =ik 4 3
S Befs #R gk 0iE R KRR 0 2 10,000 rpm gt 5 A4 B K
I - ATepcR A H 0 TBF v jc2 DNA
(Z)F 51441

w fz 5 DNA 7 PCR #¢%* 3l 3 2 3% B 3515 » 5 d  dideoxy
chain-termination ;2 > 12 ABI377 p ## 5 K& 72 METH A - & -
FAGd XA N PEFRAIRAE] c PERFIF REAFERFT AL 0 H#
FrFEOhBEHEEFrERDEEFAIEL - 28F =K P ox
intermedia = ITS B 7l&241* PCR A& 72 &#FH > #7r0f|*
T-vector 2 A#HEAZEFHEI| L7 F - BHERAGHESR S5 & 7 B
ArEFRIAT BART RBELEF ERIFREAH T L -
(2)F#A 45

A ul A TS 2 F %48 DNA 2. B 7]« A2 15 2. & 7]4] * BioEdit # %4
¢ 2. Clustal W multiple alignment #% ;% i& {7 £t {2 > 2 Kimura
2-parameters "9ig 7 4% & % A 3 3 @ +if @ pEdE (genetic distance) o £ &
4 MEGA version 2.1 % ##c#® , Neighbor-joining ;2 "z = sk B » &
i /7 interior branch tests # 4 #& %% -

HREH

A= ¥k P. x intermedia % i ik-fF & % Stauroglottis & 7975 44
2 BHEFAOPBEEERN B&EFERLZA7DH .f%%%éiﬁﬂ,f 1z P
x intermedia ik A Ei2d REFE R F ROAPFEBF A B v ok
AEVUERESFREE B P ox intermedia tEtk2 ITS €45 & 7] % 24
{12 (homogeneity) » $* 3. %+ J13 4 5% (Paeonia) e fat @ n
i 44 =~ dwarf dandelions " - F)t A5 3 2 P x intermedia 4 2
ITS B 241 * T-vector 7 A# g > 287 A7A47 27 %~ KC-82 ~
KC-83-KC-84 4w+~ = 2 I BHFEFHAR A1 EAIIFER
P. x intermedia z_ ITS % 7| ¢ 1 ITS1 2. B 5| & & 4 »t 226~229 bp & »
ITS2 2. B 7|& & A3 257~264bp B > @ 5.8SrRNA A7z £ B ¥ 5 163
bp > &AL H VIR - (X 2) -
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SE® P x intermedia % X3 fhens F #yp 0 #-2 ITS B 5] & p2
TEE v ITS RAEGFEFHE R (B1) €2 k4ia A
e @ pedg et (genetic distance matrix)(data not shown) » 75 {s % = 3
% M %Mk Bl (phylogenetic tree) (%] 2) » K,f 7 KC-82 7k 6 2 ¢ > P x
intermedia wh# v 18 BiEA kA X - A A ufEE AEZ B¥E - Ftie
- HHEEAEZBELOBGFEMAZ ES S T2 T @iy (£ 3)
He Ay P aphrodite #4pit » 2 T304 Bpegr s 0.006 0 ¥ ¢F - B3y
P. equestris B 4pi7> # L35 @4 5 0.022> M » + #H $3 4 1 » P. aphrodite
% P. equestris % = ,{% e f& P x intermedia m,stszk o

peeb s fmd s E %A DNA 2 trnl A FIp g3 s trnl-trnF 22 A R
I % % atpB-rbcL A FIF "2 FAFR AT T 975 7R A ¥ U E
BAPREeERAGF B2 A5 (2 2) TAMIFEREFERIEHF oD
3 - T o Bz BESHM DNA 2odeh- Fadr S i Hihpes
(datanot shown) > i B (7 A5 & MR Bpedp (£ 4), - Az
MM GAHER B (B 3) o d F DNA #1365 v Biedpda T > P ox
intermedia £ P. aphrodite # % 4pi7 > 2 i BiEdr s 0.018 - A i
%4 DNA = i @ (maternal inheritance) 2 #1® » v m 2jg P
aphrodite = = $Xse< #8 P x intermedia 2. # * - et 4% DNA 2 ITS
&7 v 118 ae Poequestris i <% A& ottt > d P aphrodite £2 P. equestris
L s Gt ot L F Pox intermedia E_F i S fhde i cnse L R
A o

A A ﬁ;é_i ITS £4 A 7|2 &% 4 % F /& i M % (concerted
evolution) » s % % » & = & Krigia ", Arabidopsis suecica'®, and
Cardamine® &ﬂiﬁ% ¥ P xintermedia 0 19 B ITS & 5|> < 384
i X Ekp e ITS » 3&»—«&—‘* M ITS Py T agR P ox
intermedia 2. 1TS ¥ pedkth3 2 v igEMR &2 A Fj% » (introgression)
Rhe (B 1) ote R P x intermedia 2 ITS F 7| N IRETeHY: i fhde
AT F SR A TR KM 2 R AR P HETRE S

oAt # s £ (Begonia x taipeiensis) enx Rig % & 4 ,i'e:i vz ITS £
A AW A ezt R ik AR L ERGS B R 2 ITS B
7 o t_ cqtiARY A4 £ RS o
oA # % £ (Begonia x taipeiensis) =% Rip 2 & A 1
/ntermed/a TR L BT 0 3 RN DITS £4F
AAEAREY VA g+ TS :ﬁ,;;;.;] |eh% fE %> Fla 4vid B
PR E AR g A AEAET € 5 T EEw
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crossing over) gz i, 41 ek Flik % (biased gene conversion)™ % 142
AL R AR AkiED 6 P8 5 BERPREERF
BAAAEG LA P TP ETF P mR L HFTUEREL
meipa mz%.» Tt A EEARY LG T o 4o S A fs E (Begonia x
ta/pe/enSIs) X AR AEE K - % 1 - Paeonia hybrids® - = 48
#h=®)s wz kg s Pox intermedia se g 2R RBA G 5 - BT
PEAABT AT AT REF G L e RA DA TR RS g
EARIILT RS RS AR T T - B EF R P - A4
12 fs i (Fyprogeny) 7= i 3 AT H flde A kom0 IFR FTIEAITS
TR ORALETERpEE R g RAR% A A (natural mutation
accumulation) > @ &3 ¥ - F1 €2 X EAF /7|2 LA RE o

5 15 25 35 45 55 65 75
P._amabilis TCGAGACCGG AATCATACCG AGCCAATCGG AGAACCCGTG AACCGAACGG CGGCGGOGGC CGCCGCCGCC GGACGGCCGC
P._aphrodite L G e e e
P._philippinensis CG.vvvvn o T.C.T.. ... G. T e T o
P._sanderiana e e e e e e
P._schilleriana Covivvnnn . CT...T.. ... Gl o [ Covivnnnn
P._stuartiana Covevvnnl . C....T.. ... G T o e T, oo Covivvnnn
P._intermedia—kc-82-clone-1 ......... AT T L. G.Covrv v T ) VA
P._intermedia-kc-82-clone-2 .......... ...... [ G e e T e e e
P._intermedia—kc-82-clone-3 .......... ...... [ A
P._intermedia—kc-82-clone-4 .......... ...... G... ... Gt e e T e e e
P._intermedia—kc-82-clone-5 ......... AT T L. G.Covrv v T ) VA
P._intermedia—kc-82-clone—6 ......... AT T, L. G.Covro v T ) VA
P._intermedia—kc-82-clone-7 ......... AL T...T.. ... G.C..oo oo T Ao
P._intermedia—kc-83-clone-1 .......... ... T..G... ... Gt e e e e
P._intermedia—kc-83-clone-2 .......... ...... [ Govoeee e T e e
P._intermedia—kc-83-clone-3 .......... ...... [ S
P._intermedia—kc-83-clone-4 .......... ...... G... GA.G ... oo A
P._intermedia—kc-83-clone-5 .......... ...... G... ... (e e e e
P._intermedia—kc-83-clone 6 .......... ...... G... ... Gt e e e e
P._intermedia-kc-83-clone=7 .......... ...... [ Govooie i 1
P._intermedia—kc-84-clone-1 ......... ALT...T.. ... G.C...o oo T Ao
P._intermedia—kc-84-clone-2 .......... ...... [ (e e e e
P._intermedia—kc-84-clone-3 .......... ...... G... ... Gt e e e e
P._intermedia—kc-84-clone—4 .......... ...... [ A
P._intermedia—kc-84-clone=5 .......... ...... [ A
P._celebensis ... AT T GToes o Go GG o GG G Covivnnnn
P._equestris ... AL.T...T.. ... G. T e [T Ao
P._lindenii ... AL T.C T G T T e Aol TT.
P._pulcherrima .. ....... AL T.. ... GTC... ... o Gooo vl C.T..... —.. A
P._reichenbachiana ~  ......... AT T, L. G.Tooo o Govo vt Cov vnn T Ao
85 95 105 115 125 135 145 155
P._amabilis CCCCGCCGTC GCCCCCGCCC COGTTCGGAG GGGGGGGGCG CGGCGGGGGA CGGCCGGAAC CCC-GAACCG GCGCGGATCG
P._aphrodite e e T e e T e
P._philippinensis ... . .ii. e Covevn i T e G .ot Ao T e AL
P._sanderiana L e e A e Covvn v
P._schilleriana ... ... ... ... el Covevn il T e Aol e AL
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P._stuartiana L. .. e Covevn il T e Ao e AL
P._intermedia—kc-82-clone-1 .......—— ———————— G..C....T. ...... —.. A . U -...A.. L. Ao
P._intermedia—kc—82-clone=2 .......... ... oottt it e T e e e e
P._intermedia—kc—82-clone=3 .......... .. ..ottt il e T e e e e
P._intermedia—kc—82-clone—4 .......... ...ttt it T e e e e
P._intermedia—kc-82-clone-5 .......—— ———————— G..C....T. ...... —.. A AL -...A.. L Al
P._intermedia-kc-82-clone—6 .......— ————————— G..C....T. . - S Ao -...A.. ... Ao
P._intermedia-kc-82-clone-7 .......— ————————— G..C....T. ...... —. A Aol -...A.. ... Ao
P._intermedia—kc=83-clone-1 .......... ... ... iii it e T e e e e
P._intermedia—kc-83-clone=2 .......... ... . i i T e e T e
P._intermedia—kc=83-clone=3 .......... .. ...t il e T e e e
P._intermedia—kc—83-clone—4 .......... .. ..ottt it T e e e A....
P._intermedia-kc-83-clone-5 .......— ———————— G..C....T. ...... —. A Aol -...A.. ... Ao
P._intermedia—kc-83-clone=6 .......... ... . i e T e e T e
P._intermedia—kc-83-clone=7 .......... ... i i T e e T e
P._intermedia-kc-84-clone-1 .......—= ——————— G..C....T. ...... —. A Aol -...A.. ... Ao
P._intermedia—kc—-84-clone-2 .......... ... . i i T e e T e
P._intermedia—kc—-84-clone=3 .......... ... . i i T e e T e
P._intermedia—kc—-84-clone—4 .......... ... i T e Ao L. e e
P._intermedia—kc—84-clone=b .......... ...ttt il T e P e e
P._celebensis ... Co Goooi—o o Toeees i Cove i G.. ... e Ao
P._equestris ... Covvviiinnn Gt T. ..... AL Ao T e AL
P._lindenii ... ... C. .T........ . — A ) e AL
P._pulcherrima .. ... ... A....—-T..CC..... .... C—.. ... A oo AG.. ... -AG. . ALCL
P._reichenbachiana ~  ........ Co Govvom—= T i — AL Ao e AL
(continued)
165 175 185 195 205 215 225 235

P._amabilis GCGCCAAGGG AACCCGTGAG —AGACACGAG CCCGGCATCG GGCCCCCGTG GGGOGGAGCG —————————— CCTAACGTAC
P._aphrodite ... ... ... G..... e e 1 Covnt.
P._philippinensis .. ... ..., ... G..... AL G oo T GGGCTGCGCG . .GC. ... ..
P._sanderiana ... ... ... ... [ e e 1 s S
P._schilleriana .......... .... [C A Go oo Toer i GGGCTGCGCG . .GC. ... ..
P._stuartiana ... ... ... [C A Gooveeiieiee Toer i GGGCTGCGCG . .GC. .. ...
P._intermedia-kc-82-clone-1 .......... .... GoooA— o N GTGCCGCGCA . .GC. . .C..
P._intermedia—kc-82-clone-2 .......... .... G..... T e Tover i T G
P._intermedia-kc-82-clone-3 .......... .... [C T e Toooo o e Covivnnn
P._intermedia-kc-82-clone—4 .......... .... [C - T e 1 e Y Covivnnn
P._intermedia-kc-82-clone=5 .......... .... Gooo A— o N GTGCCGCGCA . .GC. . .C..
P._intermedia—kc-82-clone—6 .......... .... Gooo A— Tooor GTGCOGCGCA . .GC. . .C..
P._intermedia—kc-82-clone-7 .......... .... Gooo A— o Tooor o GTGCOGCGCA . .GC. . .C..
P._intermedia-kc-83-clone-1 .......... .... [C - T e T

P._intermedia—kc-83-clone-2 .......... .... [C - e e T

P._intermedia—kc-83-clone-3 .......... .... G..... T e T

P._intermedia—kc-83-clone-4 .......... .... G..... e T T

P._intermedia—kc-83-clone-5 .......... .... G A— o T

P._intermedia—kc-83-clone—6 .......... .... G..... T e T

P._intermedia—kc-83-clone-7 .......... .... G..... T e T

P._intermedia—kc-84-clone-1 .......... .... G lA— o T

P._intermedia—kc-84-clone-2 .......... .... [C T e T

P._intermedia—kc-84-clone-3 .......... .... [C - T e T

P._intermedia—kc-84-clone-4 .......... .... G..... T e T

P._intermedia—kc-84-clone-5 .......... .... G..... T e T

P._celebensis ... . GT..GAG.A....... ... il T.... AAL.LLL GCGCCGCGEG . .GC. . . ...
P._equestris ... ... GG T GTGCTGCGCA . .GC. ... ..
P._lindenii ... L G....A=-A....... ... AGo.. ... Toer oo GTGCTGCGCA . .GC. . ... A

- 23 -
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P._pulcherrima ... . GAA- . .Gooor oo P GCGCTGCGEG . .GC. . .CGG
P._reichenbachiana ~  .......... .... G A 1 GTGCTGCGCA . .GC. .. ...
245 255 265 275 285 295 305 315

P._amabilis
P._aphrodite
P._philippinensis
P._sanderiana
P._schilleriana
P._stuartiana

P._intermedia-kc-82-clone-1
P._intermedia-kc-82-clone-2
P._intermedia—kc-82-clone-3
P._intermedia—kc-82-clone—4

CGACACGACT CTCGACAATG GATATCTCGG CTCTCGCATC GATGAAGAGC GCAGCGAAAT GCGATACGTG GTGCGAATTG

P._intermedia-kc-82-clone=5 .......... .... G e e e e e
P._intermedia—Kkc=82-Clone—0 T.. ... .. . oottt i e e e e e
P._intermedia—Kc—82-Clone=7 T.. . ... . it i e e e e

P._intermedia—kc-83-clone-1
P._intermedia-kc-83-clone-2
P._intermedia—kc-83-clone-3

P._intermedia—kc-83-clone-4 .......... . O

P._intermedia—kc-83-clone-5
P._intermedia—kc-83-clone-6

P._intermedia—kc-83-clone=7 .......... ... .. ... ol G e e

P._intermedia—kc-84-clone-1
P._intermedia—kc-84-clone-2
P._intermedia-kc-84-clone-3
P._intermedia-kc-84-clone—4

P._intermedia—kc-84-clone-5 ......... )
P CelEbEnS IS e e e e e e e
P._equestris T e
P._lindenii T e e e e e
P._pulcherrima T e
P._reichenbachiana T e e e e
(continued)
325 335 345 355 365 375 385 395

P._amabilis
P._aphrodite
P._philippinensis
P._sanderiana
P._schilleriana
P._stuartiana

CAGAATCCCG CGAACCATCG AGTCTTTGAA CGCAAGTTGC GCCCGAGGCC AATCGGCCGA GGGCACGCCC GCCTGGGCGT

P._intermedia—kc—82-clone—1 ....... ... oottt i e e Tooo oo T
P._intermedia—kc-82-clone-2 .......... ...... G e e e e

P._intermedia—kc-82-clone-3

P._intermedia—kc-82-clone-4 .......... ...... G e e e e

P._intermedia—kc—82-Clone=5 ....... ... o i e e e T
P._intermedia—kc=82-Clone—0 ... ....... oot e e e
P._intermedia—Kc—82-Clone=7 ... ... .ot ittt i e e T
P._intermedia—kc=83-clone=1 ....... ... oottt i e e e
P._intermedia—kc=83-Clone=2 ........ ... o .o i i e e e
P._intermedia—Kkc—83-Clone=3 ... ... ... it e e e
P._intermedia—Kc—83=Clone—4 ... ... ... it e e e
P._intermedia—Kkc—83—Clone=D ... ... ... ittt e e e T

e e A ...
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P._intermedia=Kkc=83=Clone=6 ... ... .. .. oottt i e e e e e
P._intermedia—Ke—83=Clone=7 ... ... ... i e e e e e e
P._intermedia—kc—84-clone=1 ... ... ... i e e e Tooo oo T.. oo
P._intermedia—Ke—84-Clone—2 ... ... i i ittt i e e e e
P._intermedia—Ke—84-Clone=3 ... ... . . i e e e e e
P._intermedia—Kc—84—Clone—4 ... ... ... e e e e e e
P._intermedia—Ke—84-Clone=D ... ... i i i e e e e e e
P celebensis e e e e Tooo oo T
P eqUESTT IS e e e e T... ... T
Po_lindenii e e e e Tooo oo Too o
T
T

P.o_pulcherrima e e s
P._reichenbachiana ... . e e e Tooo oo

405 415 425 435 445 455 465 475

P._amabilis CGAGCGTCGC GCCGCTCCGE GCCGAGTCCC CATCCCCGCC GCGGCGGGGG TGCCGGGCGA GGACCGGACG TGCAGAGTGG
P._aphrodite e G s e
P._philippinensis  ....... T e T Covevevn iini G....
P.osanderiana e e e e e e e
P._schilleriana ... ... ... e G e e Covvnn ot G....
P._stuartiana .. e .. G e Covevnn ool G....
P._intermedia—kc-82-clone-1 ....... To. ol T...... Covr viie i e T o Covvvn oot G....
P._intermedia—Ke=82-Clone=2 ... ... ... o e e e e e e
P._intermedia—Kc—82-Clone=3 ... ... ... i e e e e e e
P._intermedia—Ke—82-Clone—4 ... ... ... o e e e e e e
P._intermedia-kc-82-clone=5 ....... Too oo T...... Cov v A ... T Covvn o G....
P._intermedia=Kc=82-Clone=6 ... ... .. .. .iiiiiiit i e e e e
P._intermedia—kc-82-clone-7 ....... To. ol T...... Covr viee e T o Covvvn oot G....
P._intermedia—Kce—83=Clone—l ... ... i . i e e e e e
P._intermedia—Ke—83=Clone=2 ... ... ... ittt i e e e e e
P._intermedia—kc-83-clone-3 .......... )
P._intermedia—Ke—83=Clone—4 ... ... ... e e e e e
P._intermedia-kc-83-clone=5 ....... Too oo T...... Cove v Tooeer Covvvvn ol G....
P._intermedia—Kc=83=Clone—0 ... ... ... ittt it e e e e
Pointermedia—Ke—83=Clone=7 ... ... . it ittt it e e e e
P._intermedia-kc-84-clone-1 ....... Too oo T...... Cove i T Covvvn ol G....
P._intermedia—Ke—84-Clone—2 ... ... . i ittt i e e e e e
P._intermedia—kc=84-clone=3 ... ... ... ittt i e e 1
P._intermedia—Ke—84-Clone—4 ... ... it ittt e e e e e e
P._intermedia—Ke—84—Clone=5 ... ... ... o e e e e e e
P._celebensis ..., T

P._equestris .. ... T

P._lindenii ..., T, ool T...... Covr v T
P._pulcherrima ..., T

P._reichenbachiana A T

(continued)

485 495 505 515 525 535 545 555
P._amabilis CCCGTCGTGC CCGTCGGCGE GGCGGGCTGA AGAGCGGGCT GCCGTCTCAT CGGCCACGGA CGACGAGGGG TGGATGAAAA
P aDhrodite e e s e
P._philippinensis e e Covnninn L G.A. LG G...
P._sanderiana i e e e e e e
P._schilleriana . e e Covrrie o G.LA .Goo o
P._stuartiana L e e e Covriiiees ot G..A. L .Goooo G...
P._intermedia—kc=82-clone=1 .......... .. ...t tiiiiiii T. AT...... [ Ad A TG
P.intermedia—Ke—82-Clone=2 ... ... . i ittt i e e e e
P._intermedia—Ke—82-Clone=3 ... ... ... it i e e e e
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P._intermedia—kc-82-clone—4

P._intermedia—kc-82-clone-5 ....... o s T. AT...... G. ..... T..A. Ao ... TG
P._intermedia—Ke=82-Clone—0 ... ... ... ittt it e e e e G
P._intermedia—kc=82-clone=7 .......... .. ciiiiiit iiiiiii T. AT...... [ Al A TG
P._intermedia—Kc—83=Clone—l ... ... i . i e e e e e e
P._intermedia—Ke—83-Clone=—2 ... ... ... ot e e e e e e
P._intermedia—kc-83-clone-3 .......... ...... AL e e e
P._intermedia—Ke—83=Clone—4 ... ... i i it e e e e e e
P._intermedia—kc=83-clone=5 .......... .. ..ottt ciiiii e T. AT...... G oo Al A TG
P._intermedia=Kc=83=Clone=6 ... ... ... oottt i e e e e e
P._intermedia-kc-83-clone=7 .......... ........ A e e e
P._intermedia—kc=84-clone=1 .......... .. ... it tiiiiiii e T. AT...... [ Ad A TG
P._intermedia—Ke—84-Clone—2 ... ... . i ittt i e e e e
P._intermedia—kc-84-clone-3 ..... T e T
P._intermedia—kc-84-clone-4 .......... ... ... ... ... A e
P._intermedia—Ke—84-Clone=D ... ... i i it i e e e e
P._celebensis ... ... G e T, .T........ TG A AL G
P._equestris e e e T.AT...... G. ool AA o TG
P._lindenii i e T. AT...... G ovevnnne AL AL TG
P._pulcherrima . ... ... ... AT oo T. .T........ T....... A Ao G.G
P._reichenbachiana ~ .......... ....... N TC .T....... CT.Co... )AL AG......o o G
565 575 585 595 605 615 625 635
P._amabilis GA-———————— —- AGCCCTC GAG-——CGCG TCGTCGCGTG CCG-CCGGAG AGGAGAGGAA ACGGCCCTCC GCGCGATCCC
P._aphrodite o —— ... ... e e e Ge oo
P._philippinensis .- ———— .. ..... ... e T.... ... Goovvr el C.G. ........ T. .T........
P._sanderiana o ..., ... T e e Gooveeeeeee e Covn
P._schilleriana Lo Ao e T.... ... Govovon v C.G. ........ T, T
P._stuartiana Lo Ao e T.... ... Govoven o C.G. ........ T, T
P._intermedia-kc-82-clone-1 ..-——-GAGC CGCC..GGG. ...GCC.. T...T G ..C.GC —A T. .TC.......
P._intermedia—kc-82-clone-2 ..———————— ——. . .. ... ... T e T e G
P._intermedia-kc-82-clone-3 ..——————— —....... ... T e e e G
P._intermedia—kc-82-clone-4 ..——————— —....... ... T e e e G
P._intermedia-kc-82-clone-5 ..———GAGC CGCC..GGG. ...GCC T.0.T G C.GC —A T. .TC.......
P._intermedia-kc-82-clone—6 ..———————— —....... ... T e e G
P._intermedia-kc-82-clone-7 ..-—-GAGC CGCC..GGG. ...GCC.... . T...T.... ...G...... G..... C.GC —A T. .TC.......
P._intermedia—kc-83-clone-1 ..———————— —_...... ... — .. Ao e e G
P._intermedia-kc-83-clone-2 ..———————— —....... ... T e e e G
P._intermedia—kc-83-clone-3 ..——————— ——. . .. ... ... T e T G
P._intermedia-kc-83-clone-4 ..———————— —....... ... T e e e G
P._intermedia-kc-83-clone-5 ..-———GAGC CGCC..GGG. ...GCC.... .T...T ..C.GC —A....T. .TC.......
P._intermedia—kc-83-clone—6 ..———————— ——. . .. ... ... T e T e G
P._intermedia—kc-83-clone-7 ..———————— ——. . .. ... ... T e T G
P._intermedia-kc-84-clone-1 ..-——-GAGC CGCC..GGG. ...GCC.. T...T ..C.GC —A....T. .TC.......
P._intermedia—kc-84-clone-2 ..——————— —....... ... T e e G
P._intermedia—kc-84-clone-3 ..——————— ——. . .. ... ... T e e T G
P._intermedia—kc-84-clone-4 ..———————— ——. . .. ... ... T e e T e G. ..... T.... ..........
P._intermedia—kc-84-clone-5 ..———————— ——. . .. ... ... T e T G
P._celebensis A.AGGAGGGC TGCC. .GGG. AG.GCC.... .T...T.... ...G... G..TC.C—A....T. ..........
P._equestris ..——GAGC CGCC. .GGG. ...GCC.... .T...T.... ...G... C.GC—A....T. .T........
P._lindenii ..——GAGC CGCC. .GGG. ...GCC.... .T...T.... ...G... oo .C.GC—A....T. . T........
P._pulcherrima = ——————— C TGC...GGG. AG.GCC.... .T...T.... ...G... CAG T T. AL
P._reichenbachiana A ——— GGC TGCC. .GGG. AG.GCC. ... . T...T.... ... Govvven v AL.C—. ... AT,
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(continued)

645 655 665 675
P._amabilis ATCCCGGGCG COGCCCCTC- ~GT-————~ G CGGCGGCTCG GAAC
P._aphrodite ... ... L C-C..-—— e
P._philippinensis  ...... Covv i, C.G C..C-GGGG. ....... CT. ...T
P._sanderiana ... . ... ... c-C..——— e e
P._schilleriana ...... Covv il C.A C..CIGGGG. G...... CT. ...T
P._stuartiana ...... Covv it C.A C..CIGGGG. ....... AT. ...T
P._intermedia—kc-82-clone-1 ..... AC... ..., Com - .——— e Cr. ...T
P._intermedia—kc-82-clone-2 .......... ....... C.-C..——— e
P._intermedia—kc-82-clone-3 .......... ....... c-C.—— e
P._intermedia—kc-82-clone-4 .......... ....... c-C.——— e
P._intermedia—kc-82-clone-5 ..... AC... .. ..., Com - .——— e Cr. ...T
P._intermedia—kc-82-clone-6 .......... ....... C.-C..——— e
P._intermedia—kc-82-clone-7 ..... AC... ....... C—-..— e Cr. ...T
P._intermedia—kc-83-clone-1 .......... ....... c-C.——— e
P._intermedia—kc-83-clone-2 .......... ....... C.-C..——— T,
P._intermedia—kc-83-clone-3 .......... ....... C.-C..——— T,
P._intermedia—kc-83-clone-4 .......... ....... C.-C..——— e
P._intermedia—kc-83-clone-5 ..... AC... ....... Co— -..——— e Cr. A..T
P._intermedia—kc-83-clone-6 .......... ....... C.-C..——— T,
P._intermedia—kc-83-clone-7 .......... ....... C.-C..——— e
P._intermedia—kc-84-clone-1 ..... AC... ....... Com -..——— e Cr. ...T
P._intermedia—kc-84-clone-2 .......... ....... C.-C..——— T,
P._intermedia—kc-84-clone-3 .......... ....... c-C.——— e
P._intermedia—kc-84-clone-4 .......... ....... C.-C..——— T,
P._intermedia—kc-84-clone-5 .......... ....... C.-C..——— T,
P._celebensis G....AC... ....... Com-..——— e T. ...T
P._equestris ..., AC... ....... C.- -.C-———— e T. ...T
P._lindenii ..., AC... .. ..., Com-..—— e T. ...T
P._pulcherrima  ..... AC... ....... CA- -, . ——— T T
P._reichenbachiana ~ ...... Ao oo C.--.C— LGl T LT

B 1. 19 # Phalaenopsis x intermedia ITS A 7|E 7 k22T 9 BiFEMAZ 3
BrEmEEE > B Ron e Y R e A S AT o

Fig 1. Sequence comparison of the ITS of rDNA from 19 clones of Phalaenopsis x
intermedia Lindl., 11 species of the sections Phalaenopsis and Stauroglottis
as well as two outgroups. Dots (...) indicate the same nucleotides, and gaps
(---) are introduced to maximize homology. Nucleotides in bold and shaded
are “new” characters in the ITS repeat sequences of this natural hybrid.
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63|l P. intermedia KC-82-clone 4
P. intermedia KC-83-clone 4

P. intermedia KC-82-clone 3
4‘LP' intermedia KC-83-clone 2

P. intermedia KC-83-clone 7
7 I P. intermedia KC-84-clone 4 P. x intermedia (Group A)
& P. intermedia
— P. intermedia KC-83-clone 3
Ul P. intermedia KC-84-clone 2
— P. intermedia KC-84-clone 3
P. intermedia KC-83-clone 6
L P. intermedia KC-83-clone 1
A P. aphrodite
P. sanderiana
80 P. amabilis
100 L P. intermedia KC-82-clone 6

P. philippinensis

—%(?P. schilleriana
87P /'Pd stuartiana
62 . lindenii
L A P. equestris

— P. intermedia KC-83-clone 5
p P. intermedia KC-82-clone 7 ) _

51 P. intermedia KC-84-clone 1 P. x intermedia (Group B)
7 sof P. intermedia KC-82-clone 1

P. intermedia KC-82-clone 5

P. pulcherrima
4%“ P. reichenbachiana
P. celebensis

61| P. intermedia KC-82-clone 2
P

=2}

91

96

Toor
B 2. 19 B Phalaenopsis x intermedia|TS & 7)iE7w (2282t 9 BizERAZ S
BT R M GEERE > B i (A)F BT AR
Fig 2. The phylogenetic tree of 19 clones of Phalaenopsis x intermedia Lindl., 11
species of the sections Phalaenopsis and Stauroglottis and two groups
inferred from ITS data. The value of the interior branch tests > 50% is
shown on each branch. Branch lengths are proportional to the number of
base changes along each branch. Solid triangles (A) indicate the putative
parents of P. x intermedia Lindl.
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P. intermedia KC-83
2 P. intermedia KC-84 | P. x intermedia
P. intermedia KC-82
of| & P. aphrodite

i P. sanderiana
93 P. amabilis
— P. philippinensis
89 - P. schilleriana
—— P. stuartiana b reichenbachi
66 . reichenbachiana
97!

P. pulcherrima

P. celebensis
— P. equestris

P. lindenii

0.005

Bl 3. Phalaenopsis x intermedia® 2 v 9 BiziER~%2 A Behad ¥£% 4 DNA
rEfE 2 R AR R > Y R (A)F S AR i A e

Fig 3. The phylogenetic tree of three individuals of Phalaenopsis x intermedia
Lindl., 11 species of the sections Phalaenopsis and Stauroglottis and two
groups inferred from chloroplast data. The value of the interior branch tests
> 50% is shown on each branch. Branch lengths are proportional to the
number of base changes along each branch. The solid triangle (A)
indicates the maternal parent of P. x intermedia Lindl.
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Molecular evidence for the natural hybrid
origin of Phalaenopsis x intermedia Lindl.

Chi-Chu Tsai, Ping-Long Huang, Fu-Yung Chen and Yu-Yen Su'

Abstract

In order to confirm the hybrid origin of Phalaenopsis x intermedia Lindl.,
the internal transcribed spacers (ITSs) of ribosomal DNAs (rDNAs) and
three fragments of chloroplast DNAs (cpDNAs) were studied. Nineteen
clones of ITS sequences from three individuals of P. x intermedia Lindl.
were aligned with 9 species of sections Phalaenopsis and Stauroglottis that
are candidate parents. The phylogenetic tree derived from ITS data was
constructed by the Neighbor-joining (NJ) method. Two major groups were
shown for 19 clones of ITS sequences of P. x intermedia based on
phylogenetic tree. The average genetic distance between aforementioned
two groups and candidate parents was calculated based on Kimura
2-parameter method. One group has the lowest genetic distance referring
to ITS repeat sequences of P. aphrodite Rchb.f., and P. equestris (Schauer)
Rchb.f. is that of another. The results indicated that both P. aphrodite
Rchb.f. and P. equestris (Schauer) Rchb.f. are parents of P. x intermedia
based on ITS data. In addition, analysis of three fragments of cpDNAs,
namely trnL intron, trnL-trnF intergenic spacer (IGS), and atpB-rbclL I1GS,
showed that P. x intermedia Lindl. has a lowest genetic distance with P.
aphrodite Rchb.f. From both ITSs and cpDNAs data, as well as referring
the property of maternal inheritance of cpDNAs, it suggested that P.
aphrodite Rchb.f. is the maternal parent and P. equestris (Schauer) Rchb.f.
is the paternal parent of P. x intermedia Lindl. Therefore, from these
molecular evidence we support P. x intermedia Lindl. is a natural hybrid
derived from P. aphrodite Rchb.f. and P. equestris (Schauer) Rchb.f.
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