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2 4 14 2 1
3 3 1
1. DNA
Shure DNA & DNA
05¢9
1.5 ml 700 pl 60 urea buffer (8.0 M urea, 0.05 M NaCl,
0.05 M Tris-HCI pH 7.5, 0.02 M EDTA, 1% sarcosyl) 60 10
700 ul  phenol: chloroform=1:; 1 (v/v, phenol TrispH 8.0 )
4 10,000 rpm 10
0.7 2-propanol  1/10 44M NH40Ac -20 2 DNA
4 10,000 rpm 10 1 ml 70%
400 pl  TE buffer (10 mM Tris-HCI pH 8.0, 1 mM EDTA)
DNA 5 pg RNase 65 10 500 ul phenol :
chloroform=1:1 (v/v) 4 10,000 rpm 10
45 pl 4.4 M NH,OAc 3 95% -70 30
DNA 4 10,000 rpm 10 1ml 70%
DNA 20yl TE buffer 180 ul
DNA -20
2. PCR
Arnheim and Erlich @ 10 mM Tris-HCI (pH 8.3),
50 mM KCI, 1.5 mM MgCl,, 0.01% (w/v) geltin, 0.2 mM dATP, 0.2 mM dGTP, 0.2 mM
dCTP, 0.2 MM dTTP IT1 IT2 0.5 uM 80 ng DNA
50 ul 0.6 mi 50 ul (mineral
oil) (biometra) 94
10 1.25 units Taqg DNA 94 45
52 20 72 1 10 94 45 50
20 72 1 30 72 10 PCR
0.8% (agarose) TBE EtBr (ethidium bromide, 0.5

Hg/ml)
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Table 1. List of 24 accessions of Oncidinae species and hybrids
Taxon . . I .
abb. Species/hybrids Source Generalartificial genera Collection
Onc-1  Oncidium Sharry Baby ‘ Sweet intrageneric hybrid  Oncidium TDAIS
Fragrance’
Onc-2  Oncidium Sweet Sugar ‘Yellow King' intrageneric hybrid  Oncidium TDAIS
Onc-3  Oncidium ornithorhynchum natural species Oncidium TDAIS
Onc-4  Oncidium Kaizumic Delight intrageneric hybrid  Oncidium TDAIS
‘Dogashima
Onc-5  Oncidium Gower Ramsey * Volcano  intrageneric hybrid  Oncidium TDAIS
Queen’
Onc-6  Oncidium bryzatum‘ Taida natural species Oncidium TDAIS
Onc-7 OncidiumTaka‘'H & R’ intrageneric hybrid  Oncidium TDAIS
Onc-8  Oncidium Robsan ‘ Orchid World’ intrageneric hybrid  Oncidium TDAIS
Onc-9  OncidiumLoke Lani ‘ Strawberry’ intrageneric hybrid  Oncidium TDAIS
Onc-10 Oncidium Robsan intrageneric hybrid  Oncidium TDAIS
Onc-11  Oncidium Popoki * Mitzi’ intrageneric hybrid  Oncidium TDAIS
Onc-12  Oncidium Golden Wish intrageneric hybrid  Oncidium TDAIS
Onc-13  Oncidium cheirophorum natural species Oncidium TDAIS
Onc-14 Oncidium Twinkle ‘ Fragrance intrageneric hybrid  Oncidium TDAIS
Fantasy’
Milt-1  Miltonia Limelight ‘ Imogene Smith’  intrageneric hybrid Miltonia TDAIS
Milt-2  Miltonia Lycaena intrageneric hybrid  Miltonia TDAIS
Brs Brassia Eternal Wind ‘ Summer intrageneric hybrid Brassia TDAIS
Dream’
Mtssa  Miltassia Olmec ‘ Kanno' bigeneric hybrid Miltassia (Brassia x Miltonia)  TDAIS
Mtdm  Miltonidium Pupukea Sunset ‘H & R’ bigeneric hybrid Miltonidium (Miltonia x TDAIS
Oncidium)
Odcdm  Odontocidium Susan Kaufman bigeneric hybrid Odontocidium (Odontoglossum x TDAIS
Butterfly Oncidium)
Hwra  Howeara LavaBurst ‘ Puanani’ trigeneric hybrid Howeara (Leochilus xOncidium TDAIS
x Rodriguezia)
Colm-1 Colmanara Wildcat ‘Doris trigeneric hybrid Colmanara (Miltonia x TDAIS
Odontoglossum x Oncidium)
Colm-2 Colmanara Jungle Monarch trigeneric hybrid Colmanara (Miltonia x TDAIS
‘Everglades Odontoglossum x Oncidium)
Bllra Beallara Marfitch ‘Howard’s Dream’  quadrigeneric Beallara (Brassia x Miltoniax  TDAIS
hybrid Cochlioda x Odontogl ossum)

L TDAIS: Taichung District Agricultural Improvement Station.
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3. DNA
Sambrook @ IM109 (competent cell)
Glass milk DNA (Geneclean Kit  , BIO 101) DNA T-vector
(Promega Co.) (ligation)
(transformation) AutoRead Sequencing Kit
(Pharmacia Co.) DNA
4,
DNA PCR EcRRV Hae CfloTalgRslaMvia Hi Inf
Mslp BsOt Hs9%2 110 2.5%-4.0% NuSieve 3:1 agarose gels (FMC
Bioproducts) EtBr (ethidium bromide, 0.5 pg/ml)
5.
(1)
(similarity)=2Nag/(Na+Ng), Na, Np
A, B DNA Nag
an
(2)
(unweighted
pair-group method analysis, UPGMA) (cluster analysis)
(dendrogram) % NTSYS
GenBank 18SrRNA 3 26S
rRNA 5 (13:14,26.28) 15 mer ITL 5
CGTAACAAGGTTTCC 3 IT2 5 AGTTTCTTCTCCTCC 3 G+C
46.7% 3 CcC 24
(ITS) 730 bp ( ) Onc-9 PCR
PCR ITS PCR 66 bp 26SrRNA 42bp 18S
rRNA ITS 621bp ITS ITS1, 5.8SrRNA ITS2
211 163 247 bp G+C 545 58.3 56.3%

(30) ITS G+C
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24 PCR

Fig. 1. The ITSregion of rDNA in 24 accessions of Oncidiinae species and hybrids. The ITS region was
obtained from the PCR amplification of primers1T1 and I T2. The taxon abbreviations of the 24
accessionsarein Table 1.

24 (Oncidiinae) 10 DNA
166 DNA (DNA marker) 159 DNA (polymorphism)
Haelll, Cfol, Tagl, Rsal, Mval, Hinfl Mspl EcoRV
( ) 0.37~1.00 0.56 Onc-8
Onc-9 100% Milt-2 Onc-2 37% ( ) 24
Onc-8 Onc-9 DNA
0.56 24
Onc-1, Onc-3, Onc-14, Mtdm, Onc-13, Onc-6, Colm-1,
Colm-2, Onc-2, Onc-4, Onc-5, Onc-7, Onc-12  Odcdm Bllra, Brs Mtssa
Onc-8, Onc-9, Onc-10 Onc-11 Milt-1  Milt-2 Hwra

(intergeneric cross)

(Oncidium) (Odontogl ossum) (Miltonia) Miltoniopsis (Brassia)
Coclioda, Ada, Gomesa Comparettia Aspassia,
Rodriguezia, Trichocentrum, Macradenia Erycina ~ ®®
10 2 (bigeneric hybrid)
(Miltonidium Odontocidium) 2 (trigeneric hybrid) (Colmanara)
(Brassia)
(Miltassia) (quadrigeneric hybrid) (Beallara)

Hwra
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Table 2. Polymorphic fragments of the ITS of rDNA from 24 accessions of Oncidiinae species and
hybrids digested with 10 restriction enzymes.

Restriction enzyme Restriction site Total bands (no. of polymorphic bands)
EcoRV GAT ATC 2(0)
Haelll GG CC 21 (20)
Cfol GC GC 17 (16)
Taq| T CGA 25 (24)
Rsal GT AC 10 (10)
Mval CC (AIT)GG 16 (15)
Hinfl G ANTC 23 (22)
Mspl C CGG 30 (30)
BstOl CC (AIT)GG 10 (10)
Hsp92I1 CATG 12 (12)
Totals 166 (159)

227 —

179 —

126 —=

1h—=

24 Haelll 3.0% NuSieve 3: 1

Fig. 2. Band patterns of the ITS region of rDNA of 24 accessions of Oncidiinae species and hybrids
obtained by using PCR, digested with Haelll restriction enzyme, and separated by 3.0% NuSieve
3:1 agarose gel. The taxon abbreviations are shown in Table 1.
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Onc =1 7
Onc -3
Onc =14
Hidm
Onc =13

I Onc -8
' Colm-2| I
Colm -|

Onc -2

! Onc =4
Onec -5

[

|

One -7
Onc -1?J
Odcdm
Hur a

Blira

Missa | 11

Brs

. Onc -8 ]
|

I_P Onc -9 | m
Ome -10
Onc =11

. i Hile -1
\ rlln—?] i

0.4 0.6 HHE |]D
Similarity

PCR-amplified RFLP 24

UPGMA
Fig. 3. Phylogenetic tree based on PCR-amplified RFLP in internal transcribed spacer (ITS) of ribosomal

DNA among 24 accessions of Oncidiinae species and hybrids analysis by UPGMA. See Table 1
for the abbreviations.

24 Milt-1  Milt-2 ( )
Leochilus Rodriguezia Mtdm
(Miltonia warscewiczii) Mtdm Onc-13 Mtdm

Mtdm  Onc-13 (Oncidium cheirophorum) Miltonia warscewiczii (18)

Onc-14 Onc-3 Onc-13

Mtdm Onc-13
Onc-14 Onc-3 (Oncidium ornithorhynchum)
Onc-1 Oonc-1  25% Oncidium ornithor hynchum 16
Onc-1, Onc-3, Onc-14, Mtdm Onc-13 Onc-2,
Onc-4, Onc-5, Onc-7, Onc-12 75%
(18) Onc-5 Onc-7 100% (18)
25%

Colm-1 Colm-2
Colm-2 Colm-1
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Oncidium bryzatum (Onc-6) Odcdm 25%
Bllra Mtssa 44%
Bllra Mtssa Brs 25% (16) Onc-8, Onc-9,
Onc-10 Onc-11 (section Oncidium)
60% (16) ( )
Dressler Williams
(crossability) ( ) ( )
(11)
(type species)
O. variegatum (33)
Miltonia Milt-1
Milt-2 Miltonia Armstrongii (16) Hwra 12.5%
Leochilus Rodriguezia 16)
12.5%
DNA ITS (repeat sequence)
DNA ITS
Onc. Twinkle ‘ Fragrance Fantasy’ O. ornithorhynchum O. cheirophorum
19 pCR-amplified RFLP  ITS BstOl
Onc. Twinkle ‘Fragrance Fantasy’ 405, 301, 266, 103 58 bp 0.
ornithorhynchum 301, 266, 103 58 bp O. cheirophorum 405, 266 58 bp
( ) (unequal recombination) (gene conversion) rDNA
(19 Sang Direct DNA sequencing  rDNA ITS
(Paeonia) (base pair) @2
(Southern blot analysis) ITS (34
rDNA ITS
(meiosis) (vegetative
reproduction) S (long generation) 24
( ) ITS

ITS ITS
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-—301

56

O. ornithorhynchum, O. cheirophorum Onc. Twinkle
BstOl 2.5% NuSieve 3: 1
Fig. 4. The band patterns of ITS region of rDNAS of two Oncidium species and one intrageneric hybrid
obtained by using PCR, digested with BstOl, and separated by 2.5% NuSieve 3:1 agarose gel.
Lanes 1to 4 are pPGEM marker, O. ornithorhynchum, O. cheirophorum, and Onc. Twinkle,
respectively.

ITS 24
rDNA ITS

ITS

(Onc-8 Onc-9)

(88  -2.1- -02(14))
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| dentification on the Species and Hybrids of the
Oncidiinae by Using the Marker of Internal
Transcribed Spacer of rDNA*

Sheng-Chung Huang?, Chi-Chu Tsai® and Meei-Shiou Yih?

ABSTRACT

The internal transcribed spacer (ITS) of ribosomal DNA (rDNA) could be used as a
marker to identify genetic differences among 24 accessions of species and hybrids of the
Oncidiinae based on PCR-amplified RFLP analysis. The ITS region of rDNA in 24
respective accessions of the Oncidiinae was amplified by a pair of complementary primers
to conserved regions at 3' end of 17S and 5’ end of 25S of rRNA genes. DNA fragments
of ITS were digested with ten restriction enzymes and then subjected to electrophoresis.
Among the 166 bands that appeared, 159 bands were polymorphic. From the cluster
analysis on the pattern of band distribution in all samples, four major groups and two
individual clusters not belonging to any of the four groups were identified based on
molecular data. Section Oncidium, belonging to genus Oncidium in traditional view, was
shown to separate from other accessions of genus Oncidium. In addition, additive DNA
band pattern was shown within individuals of hybrid cultivars. In other words, sequence
heterogeneity of ITS repeat family was shown within individuals of hybrid cultivars. In
short, a technology to identify Oncidiinae cultivars and to protect the right of plant
breeders was shown in present study.

Keywords: Oncidiinae, PCR, internal transcribed spacer, sequence heterogeneity.
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Table 3. Similarity matrix of DNA band patterns among 24 accessions of Oncidiinae species and hybrids according to Nei and Lis coefficient of similarity

Onc-l Onc2 Onc-3 Onc4 Onc5 Onc6 Onc7 Onc-8 Onc9 Onc-10 Onc-11 Onc-12 Onc-13 Onc-14 Milt-1 Milt-2 Brs Mtissa Mtdm Odedm Hwra Colm-1 Com-2 Blira

Onc-1  1.00

Onc-2 064 1.00

Onc-3 076 049 1.00

Onc-4 065 095 052 1.00

Onc5 075 083 063 080 100

Onc-6 068 062 065 059 065 100

Onc-7 073 080 059 078 088 063 1.00

Onc-8 047 052 047 052 053 063 047 100

Onc-9 047 052 047 052 053 063 047 100 1.00

Onc-10 046 050 045 050 053 061 048 099 0.99 100

Onc-11 046 052 046 052 051 063 045 096 0.9 095 1.00

Onc-12 069 084 057 081 083 062 083 053 053 051 051 100

Onc-13 064 056 068 053 063 070 061 058 058 056 055 060 1.00

Onc-14 080 053 084 053 066 068 062 052 052 051 051 065 080 100

Milt-1 047 043 044 041 044 051 042 039 039 037 038 044 054 049 1.00

Milt-2 047 043 044 041 044 051 042 039 039 037 038 044 054 049 098 1.00

Brs 057 052 051 048 053 070 053 051 051 049 051 051 058 055 053 053 100

Mtssa 052 050 044 048 051 058 052 044 044 042 043 051 046 049 042 044 064 1.00

Mtdm 071 063 061 063 066 063 071 044 044 043 043 063 076 071 047 047 053 050 1.00

Odcdm 059 054 053 058 061 057 055 056 056 054 054 062 048 059 040 040 049 046 053 1.00

Hwra 050 055 044 052 055 063 055 049 049 047 049 059 055 049 044 046 057 050 051 054 1.00
Com-1 064 058 059 057 063 059 064 044 044 042 042 061 063 064 045 045 048 050 069 061 047 1.00
Com-2 073 063 063 059 070 074 071 046 046 044 044 067 068 067 046 046 055 052 071 052 055 069 100
Bllra 053 051 045 049 052 060 053 045 045 043 043 054 047 050 043 045 064 091 051 049 051 051 053 1.00




