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Abstract

Doritis is a wild terrestrial orchid, originated in the Northeastern part of Thailand. With its good
floral structure and very diverse color, it has high potential to develop into commercial
ornamental plant or to use as a hybridizer with other orchid species. Unfortunately it has not
been studied in detail for its potential of development. In this study we developed SSR markers
from EST database and examined the transferability of genomic SSR markers from other
orchids in Doritis. 8009 ESTs belonged to family Orchidaceae were collected and analyzed for
microsatellite. A total of 177 EST-SSR were identified. Twenty three EST-SSR and seven
genomic SSR primers (from Dendrobium and Serapias) were used for genetic diversity
assessment of Doritis germplasms. 142 alleles were generated in which, 92 alleles (64.8%)
showed polymorphism among 30 Doritis accessions (Doritis regnieriana, Doritis pulcherrima and
D. pulcherrima var. buyssoniana). The polymorphic information content (PIC) average at 0.6076
and ranged from 0.1244 to 0.8439. The phylogenetic tree based on UPGMA showed three
major clades based on their taxonomy indicating that SSR markers developed in this study can
be used for identification, conservation and selection of appropriate parents for the Doritis

hybrid production in future.

Keywords : Doritis; microsatellite marker; transferability; genetic diversity
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No. | ID. %o snwozlunazae | @an | aan | &nduin | §ueen WASITIN

1 S2 D. regnieriana 3LAN/3079 - - - - CERTE

2 S3 D. regnieriana L3LAN/3079 - - - - CERTE

3 S4 D. regnieriana Fan/Adeaun | - - - - CERTE

4 M2 D. pulcherrima 1381871/029 - - - - GERTE

5 M5 D. pulcherrima 38781/ - - - - 33

6 Mah D. pulcherrima Sergnnden | - - - - qITUI

7 RO4 D. pulcherrima var. 381 ma/fﬁma - - - - RN
buyssoniana

8 RO10 | D. pulcherrima var. | \387813/879 - - - - Sauida
buyssoniana

9 DB6 D. pulcherrima var. | (3sne1sinans - - - - TFaauin
buyssoniana Quaﬂ“ﬁmﬁ

10 | DBS8 D. pulcherrima var. 3284 H9 | el duden e FaIWAIN
buyssoniana quaﬂ“ﬁmﬁ

11 | MDD2 | D. pulcherrima var. | 38281 883un | - - - - aaaduladn
buyssoniana YNAINIT

12 | MDD3 | D. puicherima var. | Buagnasinana - - - - ANnduladan
buyssoniana YNAIWI

13 | MDD6 | D. pulcherrima var. | Boawnasinena - - - - aaaduladn
buyssoniana YNNI

14 | MDD10| D. pulcherrima var. | (3enensinana - - - aaaduladn
buyssoniana ANAINTT

15 | MDD11| D. puicherrima var. | Buagna/sinana - - - - ANnduladan
buyssoniana YNAIWI

16 | MDD15| D. pulcherrima var. | 814w @gun | - - - - ANAdulaIn
buyssoniana YNNI

17 | MDD20| D. pulcherrima Fenesinans - - - - ANAdUlaTn

YNAWNT
18 | MDD22| D. pulcherrima var. | 810w Ll83un He | dhssel duew e anadulain
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Munndaya EST 1ngudayady o uaziamwiaanuuynsweiiatasmunsluans EST-
SSR ilalsuduriinsanm lddunidayadduiuavasanu1@naed Orchidaceae AN udaya
a513mee NCBI lawenenumiumiudaya EST waz mRNA  lldannfigadwivsilulglunns

¢ A o & A [ o . ' A v @

sanuuulwaiwad iNewawidweiamuoluanalundioldana Doritis da'ld annsfududaya
wuhamansnaududayanidudiauiusses EST Tunse'lyd lensnue 8009 drauius Toya
mRNA 2a9nda'ldana Doritis 14 §10UIUE waz mRNA vaindn liaowutau 9 8n 88 d1duius
nnuwihdaya EST Aldluvmidangudayauazdaianguninwuastoyalaslildsuns cap3
I@mﬁaga sl nsdazdasagluziuuuves FASTA  wudmasandeneidoys aunie
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(http://wsmartins.net/websat/) $1AUAAT repeat UL mono di tri tetra penta WAz hexa ARG




g; g’ a o s d 1 1 g 1 1 cl v a
LRGN 10, 6, 5, 4, 4 Uaz 4 aua1ay Teananiiuaradrednlumsduniusimlulas
& A A Aa = o
uaana larivadldsunsunazianuusmnd lulasusaina lannaiu1snaanuuy Iwstuas latasln
Tisunsud lasauntnaanuuuinswaslanivue 177 g]"'l,wmai’ wiatTuuugl 1 LR 97199% 60
£ (33.90%) WU 2 LUK 68 ¢ (38.42%) WU 3 LUE 37 ¢ (22.03%) WUUEN 4 LUK 5 § (2.82%)

6

WUUET 5 LUE 1 € (0.56%) Uazdn 6 LUR 6 ¢ (3.39%) AINNN 1 wananiiladiassisduuues

u

o A

SSR  motif wudwgﬂuuuﬁwumﬂﬁq@ﬁa AT las@aidlu 32.20% gﬂLLuuﬁﬁmna‘h@mwaad fa
TC/IGA aanllu 15.1% u,azg‘ﬂLmuﬁﬁmmﬂuﬁwﬁuﬁmuﬁa AG/CT @aiilh 11.24% a9uadlbn1wd

2 LAY AN NN 2

120,
100+
80 1
60
40
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mo di- tri- tetra- penta- hexa-
no-

AN 2 3711I% EST-SSR LI UTRASAULLREN

aNI97N 2 EULLUULLaz'ﬂo’]%’J%"UﬂG SSR motif

SSR motif Number| Frequency
AT 57 32.02247
G/IC 3 1.685393
AT 10 5.617978
TA 8 4.494382
CA 1 0.561798

AC/GT 2 1.123596
AG/CT 20 11.23596
TC/GA 27 15.16854
AAG/CTT 3 1.685393




AGG/CCT 2 1.123596
ATC/GAT 2 1.123596
AGA/TCT 1 0.561798
ATAITAT 1 0.561798
CAATTG 3 1.685393
CGG/CCG 8 4.494382
GAC/GTC 1 0.561798
GCC/GGC 7 3.932584
GCG/CGC 3 1.685393
GTG/CAC 3 1.685393
TGA/TCA 1 0.561798
TGG/CCA 1 3.571429
TTC/GAA 2 1.123596
AAAC/GTTT 5 2.808989
TTGGT/ACCAA 1 0.561798
CCCAAAITTTGGG 2 1.123596
CGGCAG/CTGCCG 3 1.685393
TAACCC/GGGTTA 1 0.561798

a

< o LA & a a Y adAaA & Y Aq o Aa
nnuuinsguien wsweiaunandiinadinitngens  udrmansnilinaniand
PUIA 100 — 400 GLUT ANNIANA 100 @;vl,wnuﬁ WWaltlwniImagautaadnany i lasusang lan

sluﬂﬁwvlﬁaqa Doritis @3613197 3



AN39N 3 SeULUEIINILNAST 100 gjvlwnuﬁ
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1 ORVDM1-F CCACGGTTGTATGTTCCTGTTT

2 ORVDM1-R AACAAAGCACTAGGCAAAGGC

3 ORESTM5-F CAAACCATAGAGCGGTGGAT

4 ORESTM5-R CCTTAGCCCAATTTATCGAA

5 ORESTM17-F TTTCCATCTCTACTTCGTGCG

6 ORESTM17-R ATTCTACCTCAACTGCTGCCAT

7 ORESTM32-F GGTGGATGTTAACTTTGGTTGC

8 ORESTM32-R CACGTTTAAACCCGCCAA

9 ORESTM45-F CTTTCAATGGGGATAAAAGCAC
10 ORESTM45-R AAACCAGAAACATTTCACCCC
11 ORESTMA49-F TTTGTTGGTGTTTTGCAGTAGG
12 ORESTM49-R TGGGATTTGATACAGTGAGAGC
13 ORESTM59-F TTCTTCTGTGCATCTTTTGCTC
14 ORESTM59-R CACAAACCCAATTTAACACCCT
15 ORESTM94-F CTGCTTCCCAAGTGATTCTTCT
16 ORESTM94-R GGTCAGGCATTTCAACAAAAC
17 ORESTM109-F CGGTCTTCTTCTATCGCATTTC
18 ORESTM109-R AATTCCCTTGTCATGTTGGTCT
19 ORESTM115-F AGGAGGAGATGGAAGAGTTGAT
20 ORESTM115-R GGCAAGAAACAAAGCAAAAG
21 ORESTM127-F CTTGATGAATGTGAGGAAACCA
22 ORESTM127-R AAACCTTACTGTTGGGCACACT
23 ORESTM129-F CAGAACCCTCTTTCCCCTACTT
24 ORESTM129-R AAACTGCATAACTCCCACACAA
25 ORESTM130-F GAGGCCTCGTGCCGAATT
26 ORESTM130-R CGAGAATGTACCGGAAAACCTG




27

ORESTM133-F

AAGCGAGAGAGAGAGAGAACGA

28 ORESTM133-R ATGAGGAGAAGGTAATGGGGAA
29 ORESTM136-F ACCCTTTTCTTGGCTTCTAACC
30 ORESTM136-R ATGGAGTGGATCTCTTGCTCTC
31 ORESTM140-F CACTGAGAGGAAGAAAGGTACAAAG
32 ORESTM140-R ATAACAGAGGAGGATTGCGAGA
33 ORVAESTM2-F AATTCGATTAGTCAGCCACCAA
34 ORVAESTM2-R ATTTGAGCGTCCGTTGAAGTC
35 ORVAESTM1-F CATGGGCAACAAGAGTGAAAC
36 ORVAESTM1-R AAATAGGCAAACACTGGCCTT
37 ORDBMS5-F AAAAGAAGCTGAGAGAGAAGTGG
38 ORDBM5-R GAGTGGAGAAGACAATTAGGGC
39 ORPHESTM1-F TCTTCCATCATCGCACATACTC
40 ORPHESTM1-R GCACAAGACCAATAAGGAAAGG
41 ORPHESTM3-F GCGGTATCGAACTTGAATGG
42 ORPHESTM3-R AAGAATAACAAGCAGTCGAGCC
43 ORPHESTM9-F CATTGCAATGCCTCCACTATAA
44 ORPHESTM9-R CCTTTAAGCCCATTTACCCCTA
45 ORPHESTM12-F CTAGCCTGCAAGAAGGGC
46 ORPHESTM12-R CAAGAGGCACTAAATCCAGACA
47 ORPHESTM13-F CACGAGGAACAAAAGAAGGAA
48 ORPHESTM13-R CTAAATCTCAACAAAGCCCTGC
49 ORPHESTM14-F CCCACCGACAAATTCATACTT
50 ORPHESTM14-R TAAGAGAGGTTGGAGAGAAGGG
51 ORPHESTM16-F TGGAAATGACAAGGTTTCTGTG
52 ORPHESTM16-R TTGAGCTTAGGAGGCAAATAGG
53 ORPHESTM23-F CTAGCCTGCAAGAAGGGC

54 ORPHESTM23-R CGGTACAACAAGAGGCACTAAA
55 ORPHESTM27-F AGTGAAGGTTTTGAGGAAAGGC




56

ORPHESTM27-R

CATAGGGATTGGTCCGGC

57 ORPHESTM30-F TTTCCATCTCTACTTCGTGCG
58 ORPHESTM30-R GTGGGGTTTCTAGGGTTTCTTC
59 ORPHESTM44-F TCTACTGGATTTTGGATGGGCA
60 ORPHESTM44-R GGGTTCAAGGGAAGCCCC

61 ORDBMS8-F GCCTCTCTCTTTCTCTCACTGC
62 ORDBMS8-R GAAGAATCCCCAGTTCTCACAG
63 ORESTMS8-F GTCTTGGTCTGATGAACATGGA
64 ORESTM8-R TTGTTGTTGTTATTGCTACCGC
65 ORESTM19-F GACTAAGACTGAAGAAGGCAGCA
66 ORESTM19-R ATTTCCAGAAGCCAATACTCCA
67 ORESTM24-F TAAAACCAGATCCTCGTCCATA
68 ORESTM24-R CCCCAACATTAAAAGGGAAT
69 ORESTM28-F CTAACCATGCCAAACGATGATA
70 ORESTM28-R AACGTCCTTCCCAATAGCATAA
71 ORESTM30-F CGAATTCGGCACGAGGAG

72 ORESTM30-R GAAGAAGAACCTTGTAATGGCG
73 ORONM1-F AGTAACATCAGGCGCTTCAACT
74 ORONM1-R GCTTGGGAAATGACTAAACTGG
75 ORCAM1-F CGACCATTCTAAGCAGCAACTA
76 ORCAM1-R GCCGGTAATTTTCTTTGTTCAC
77 ORDBM2-F CTTATTGTCGGCATCATCCTTT
78 ORDBM2-R ATCATTTGACACCGCTAAACCT
79 ORDBM3-F AAGTTAGCGGGGATGCTGAT
80 ORDBM3-R GCCTTAGCTGTTCAAATTCTTCC
81 ORDBM4-F CCTTACTTGTCCCGACTCCTTA
82 ORDBM4-R GGAAGAGAAGACACAGCCAAAG
83 ORDBM7-F AGATAAATTGCTCCCTTCCCC

84

ORDBM7-R

GAGGTCGTCTTCTTCCTCTGAA




85 ORESTM4-F CCATGAGATCCCCATAGTTGTT
86 ORESTM4-R CCGGGTAACCAGGGTTTT

87 ORESTM7-F ATGAGTTTATGCTTCATCGGGT
88 ORESTM7-R GCGGCCAGTAATTGTATAGCTC
89 ORESTM22-F TCAGTTGGTTCCTTAATTGGCT
90 ORESTM22-R GCAAGGTATGCCAGAGACTTTT
91 ORESTM26-F CACTGGATCACCTATCACGGTA
92 ORESTM26-R TAGTTCCAAATAAAAGGCCCC
93 ORESTM27-F ATTGACGATGAAACCATGACTG
94 ORESTM27-R AGAAATACTCACCACTGCCCTG
95 ORESTM35-F TCTTTTCTCCCTCTCCATTCAG
96 ORESTM35-R AGAAGCAGCAGAACTAGAACCG
97 ORESTM38-F AGATTTCCCAAGACATGCAGTT
98 ORESTM39-R CGGGATAAATTCCTACATCCAC
99 ORESTM42-F GGTCTTCAACAATAGGCAGTGA
100 ORESTM42-R TGGTAGCTCGCATTTAAGGAAT
101 | >CL244CONTIG1-R TCTCTGAAACGAAAAGCGAAG
102 | >CL244CONTIG1-F CATCGGTGGAGAAAACAGAAG
103 | >CL296CONTIG1-R AGACGGGCTTAATGATGTCATT
104 | >CL296CONTIG1-F TGGTATGTATGTAAATGCCCCA
105 >Gl|110664761-R CCCCAAAATCTGGGATCTC
106 >Gl1]110664761-F GGTTGAACGGAACTTGATAAGC
107 >Gl|110663516-R ATCTGAAGCCATTGATAACCGA
108 >Gl1]110663516-F AGAAATACTCACCACTGCCCTG
109 >Gl1]110664470-R TACGAGTCATTTTGCCCTTTG

110

>Gl1|110664470-F

TTCGGATAAAAGCGAAGGAA

111

>Gl1|109154407-R

TCAGATTCTTCTTGGTCGTGAG

112

>Gl1|109154407-F

GCTGGTGGAGACCCTGAA

113

>GI1|109151992-R

CCAGGATCAAATCTTCCTTGAG




114

>Gl1]109151992-F

CAACACATAGACGAACTCCATCA

115

>G1|109151206-R

GCAAATGAACTGAAGTGGGTTA

116

>GI|109151206-F

CAAGCATATAGCACACCACACA

117

>CL195CONTIG1-R

AAGTCGTTGCTTCTCCCTCTC

118

>CL195CONTIG1-F

AAAGGAATTGGAAGAGTTGCTG

119

>CL141CONTIG1-R

TCGAGATATGTTCTGGGGTCTT

120 | >CL141CONTIG1-F AGACTGCCCTCATATATAACAGCA
121 | >CL491CONTIG1-R AGGTGAAGGCTGGATTCTTGT
122 | >CL491CONTIG1-F GTACTCCACTCCGAACGAAAAC
123 >Gl|109154284-R GTCTGCAACATACTCAAGCATAGC
124 >Gl|109154284-F CTTTTGGTCTTTCCCATCCTTT
125 >Gl|109152173-R ATCACGGTCTTTGGCGAT
126 >Gl|109152173-F GGAAGTCCAGAAAGGAAGAACA
127 >Gl1]109153360-R AAAGGAACTATTATTGGCGGCT
128 >Gl1]109153360-F ATATGGCTTGGACTGATCGC
129 >Gl|109152185-R AGCTGAGGTGGTAGAGACGAAG
130 >Gl1]109152185-F CCAGGACAACCCATTTGATAAC
131 | >CL140CONTIG1-R TGAGGAATTCCGCACGAG
132 | >CL140CONTIG1-F CAAATAGGCGGCGATTTATTAG
133 | >CL201CONTIG1-R GCAAATGAACTGAAGTGGGTTAG
134 | >CL201CONTIG1-F GCATAACAGTCGGAAGCATACA
135 | >CL258CONTIG1-R GGAGCATCTAGGAGTTGGAAGA
136 | >CL258CONTIG1-F AGACGAGTTCATTTGCATTGG
137 >Gl1|110663306-R GAAGCAGCAGCAGAAGAGGT
138 >Gl1]110663306-F GACTCCATTACTCTGAAACCGTG
139 >Gl|110663752-R TGGCGGGTCTTCAACAATA
140 >Gl|110663752-F GCCCTGTTTGGATCACTTTCTA

141

>CL11CONTIG3-R

GATTTGGTTTTGCTGATAAGGC

142

>CL11CONTIG3-F

TTTACTCGCCAGAGAGAGCAG




143 | >CL128CONTIG1-R GCATACCCAGAATGAAGAGGAC
144 | >CL128CONTIG1-F ACACATCAGCAACAAGGTCAAT
145 | >CL163CONTIG1-R TTTGAGAGGAAGTTTGTGTCCC
146 | >CL163CONTIG1-F GGTTTGAAGAACAGCAACATGA
147 | >CL186CONTIG1-R CCATCACGGTCACGATCTAAT
148 | >CL186CONTIG1-F GGAAGTCCAGAAAGGAAGAACA
149 | >CL295CONTIG1-R TAAAAGGAGCAAGGCGAGATAG
150 | >CL295CONTIG1-F GGCTGTAGATGACTGGGAGAAG
151 | >CL340CONTIG1-R CAAATCTTAACTTCTGTCCCCG
152 | >CL340CONTIG1-F CATGCTATCCACTCCACCATTA
153 | >CL455CONTIG1-R CATTCCATTCATCTCTCATCCA
154 | >CL455CONTIG1-F TACAAATCAAAGTCATCGTCGG
155 >Gl|109151933-R GAAGCAGCAGCAGAAGAGGT
156 >Gl1|109151933-F GCTTTCGACTCCATTACTCTGAA
157 >Gl]109153057-R AGCACAGAAAACAAAGCATGAG
158 >Gl1]109153057-F AACGGAAATCCTTGAACCAGT
159 >Gl1|109152891-R GGACCTTCGTCACTCACTCTTT
160 >Gl|109152891-F TCTTCCCCTGTACCTTCTTTGA
161 >Gl|110663257-R GAAGCAGCAGCAGAAGAGGT
162 >Gl|110663257-F GACTCCATTACTCTGAAACCGTG
163 >Gl|110663905-R CGGGTCTTCAACAATAGGCA
164 >Gl1]110663905-F GCCCTGTTTGGATCACTTTCTA
165 >Gl1]109153889-R CCCCAACTCATCTCCACCT
166 >Gl1]109153889-F TAATAACTGGGCAGCAAGTCG
167 >Gl1|109154341-R AATCCAAATCCAACACCAACTC
168 >Gl|109154341-F TAATTCCAGCCACAGTCTCCTT
169 | >CL106CONTIG1-R TTTCCATCCTCCTCACTTCATT
170 | >CL106CONTIG1-F AGTATCGTCAAAGCCAGGGATA

171

>CL275CONTIG1-R

AGTCCCTCTCCGTCCTATGATT




172 | >CL275CONTIG1-F CTTCTTTCCAGTCATGTCCAGC
173 >CL10CONTIG1-R ATGGCAGCAGTTGAGGTAGAAT
174 >CL10CONTIG1-F TCCATTACTCTGAAACCGTGCT
175 >CL96CONTIG1-R TGAAACCCTAACTAGCCGCC
176 >CL96CONTIG1-F TATACCGCCTACCAATCAATCG
177 | >CL106CONTIG1-R GCACGAGGATCAATTTAGCATA
178 | >CL106CONTIG1-F GGAAGATGATGGGTACGTCATT
179 | >CL117CONTIG1-R TGCAAGAAACCTTAGAAGCTCA
180 | >CL117CONTIG1-F CTAGGAGAACAAAAGGGGAGGT
181 >CL4CONTIG1-R ATGGCAGCAGTTGAGGTAGAAT
182 >CL4CONTIG1-F TGCCTTCTTCGGTCTTAGTCTC
183 >CL32CONTIG1-R CTCTCTCCTAACCCTCTCCCTC
184 >CL32CONTIG1-F AGCAATGGGAAGAAACACATCT
185 >CL39CONTIG2-R CGCTGAGGAGAAGCACTATTTT
186 >CL39CONTIG2-F GTGGACGGTGTGGTCATAATC
187 >CL61CONTIG1-R AATCCAAATCCAACACCAACTC
188 >CL61CONTIG1-F AGCACACAGAACGAAAGAAACA
189 >CL62CONTIG1-R CAGCACAGAAAAGAAAGCATGA
190 >CL62CONTIG1-F TTCGGTCCACAGTATAGATTCGT
191 | >CL138CONTIG1-R AATTTCAGTACCATTGCGATCC
192 | >CL138CONTIG1-F TCCGTATTTTGAGCCTTCAGTT
193 | >CL295CONTIG1-R CGCCAATCGTCTCTCTTCTATT
194 | >CL295CONTIG1-F GTTTTCCTCTTCTTGCCTCTCC
195 >Gl|110663752-R TGGCGGGTCTTCAACAATA
196 >Gl]110663752-F TGGTAGCTCGCATTTAAGGAAT
197 >CL17CONTIG3-R GTGAGGAAACCACCATGTATGA
198 >CL17CONTIG3-F AAACCATCCAGCAAAGACAAAC
199 >Gl|109154809-R CCTCGTGCCGAATTCGGC
200 >Gl|109154809-F AAACTTGGGCTTCGCCTTTTCC
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AU on) RAULUE

1 ORCA40-F CAAGCTACTTCAGACTCATC

2 ORCA40-R GAAGACACTGCTCATATTTC

3 ORCAB3-F TCTTGTAATTCAAAGCGGGC

4 ORCAB3-R GGCAAAGATCCATCACCAAC
5 ORCAB84-F TGCTCTTGCATTCCTTACGACT
6 ORCAB84-R CACGAGGAAGAAATGCACACTC
7 ORCA165-F GAAGGAGAACCTTGTGTGCAAC
8 ORCA165-R TGTCACTATGTGTTGGCTTGCT
9 ORCT6-F CTCCTTGCTTGGATTTGCTTC
10 ORCT6-R CACCTCATCACATCTTGCCAT
11 ORCTS8-F GAGGTGGGGATGAGGAATAGA
12 ORCT8-R ATCTAGCCACCAGTGCTGCCA
13 ORCT11-F AGCAGCACTTGGGTTTATGTC
14 ORCT11-R GAATCTGAACTGCATGGCTCT
15 ORCT33-F TGCATCTGGGAATGTGAGAG
16 ORCT33-R ACCCATTGCCTATGATGGAA
17 ORCT35-F AATCCTACACTTTGGCAACAAA
18 ORCT35-R TTTGAATCCTCTTGGACGTTCT
19 ORCT40-F GGCTCTGGAGATAACTAGGTTC
20 ORCT40-R CGTTCTCCAGCTCTTCCTCT




21 ORCT52-F GGCAACCCCATCTATAGCAA

22 ORCT52-R ATGGCTATCGACTCCTCGAA

23 ORCT58-F ATGGAGAGGGATGAAGAGTGT
24 ORCT58-R ATCCCATTACCTTTGGAGTCTC
25 ORCT59-F TGGAAGTTTCGGCATTACAC

26 ORCT59-R GTAGGGTAATAGTAGCCTACCT
27 ORCT69-F AAGAGGAAGGATCTACTC

28 ORCT69-R ATAATGTGGCTTAGTCAG

29 sv01-F TTTAGATGGCTGTGTGTGTTAGG
30 sv01-R CAGCACATCCCATCCCTCTAAATC(
31 sv02-F GTGTGAGGTGTAGTTGAGGAGA
32 sv02-R TTTTGCTCACCTCCATCAGC

33 sv03-F TAATAGGTTGGGATGTCTTAGAGG(
34 sv03-R ACAGCACTCACACTCTGAACTCTCC
35 sv04-F CTGGTCTCTTCTTTCTGGAT

36 sv04-R AACACCAACACACATATACAT
37 sv05-F GTCAACCACCTCTTTGCATG

38 sv05-R GGTTGAACACTGCTCGTCTACCGA
39 sv06-F CATTACAACAAGTTTAGAGCGG
40 sv06-R GATATAGTTGCCGACTAATCC

41 ORCT72-F GCTTCACCAACTTCCGAGAC

42 ORCT72-R GGCCATGCTTTCCTTCACTA

43 OAOQ7-F CCTATCCGAGGAGAACCATAA
44 OAO07-R AAGCTTTGAGATTCTTTTGTGACT
45 OAO08-F AGGCAAAATATAACATACCTCAAT
46 OA08-R AATCAAGCCATTTATCTCCTCT
47 OA12-F GCATTCTTTTGCCTAATTCAGGAA
48 OA12-R TCCACCCTTTCATCCAAATACTTC
49 OA15-F ACAGCGTTAACATAAACCATAAGC




50

OA15-R

CTGCCCGCAGATTCAGC

51 OA18-F GGAACGGAGAAGATTAAGACAACCG
52 OA18-R TGCCCTCACATGCCGTATT

53 OA19-F TAAGGCAAACTTGAGTGCTTTATT
54 OA19-R CTTGTGATTTCTTTGCCTTTCTT
55 OA20-F CATATATTAGCCACTTCACTCTC
56 OA20-R ATGTCCACCTCCCTAAAATAGTA
57 OA21-F AAATGGGGAAAAAGGAAAGGAC
58 OA21-R ATCCCTCCCCTCGCTCTCTC

59 OA23-F CATCCCAGCCCTTTTTCAC

60 OA23-R GAGAGCAAGAGGAGGATGGAA
61 OA24-F GAGCAACGGGAGGGATAGAGATAT
62 OA24-R ACCTCTGTCTCCCTCTTGTCCATC
63 OA25-F GGAAGGGCCTAAGTGGATG

64 OA25-R GCGTACCATGCTTAACATTCA
65 S122-F GTGACTCGAGCCTTGGAATACG
66 S122-R ACGCCGGTGAAAGAAGAAGAG
67 S130-F CTCATGCATAAATTTAGGGTAGA
68 S130-R ACAACACGAACAAGTAGTCATC
69 S136-F AGGGGACAAGCAATTGAGTTGAAT

70

s136-R

TCGGCTAGTAGCAAGGCATCTTC
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Product
Name Forword Reword Temp.

Size
ORESTM127 (11) CTTGATGAATGTGAGGAAACCA AAACCTTACTGTTGGGCACACT 62 ~200bp
ORESTM136 (15) ACCCTTTTCTTGGCTTCTAACC ATGGAGTGGATCTCTTGCTCTC 58 ~150bp
ORPHESTM16 (26) TGGAAATGACAAGGTTTCTGTG TTGAGCTTAGGAGGCAAATAGG 62 ~230bp
ORESTM8(32) GTCTTGGTCTGATGAACATGGA TTGTTGTTGTTATTGCTACCGC 58 ~250bp
ORESTM27 (47) ATTGACGATGAAACCATGACTG AGAAATACTCACCACTGCCCTG 62 ~400bp
ORESTM35 (48) TCTTTTCTCCCTCTCCATTCAG AGAAGCAGCAGAACTAGAACCG 58 ~350bp
ORESTM59(7) TTCTTCTGTGCATCTTTTGCTC CACAAACCCAATTTAACACCCT 54 120bp

CL296CONTIG1-(2) TGGTATGTATGTAAATGCCCCA AGACGGGCTTAATGATGTCATT 56 250




CL195CONTIG1-(9) AAAGGAATTGGAAGAGTTGCTG AAGTCGTTGCTTCTCCCTCTC 58 250
CL186CONTIG1-(24) GGAAGTCCAGAAAGGAAGAACA CCATCACGGTCACGATCTAAT 56 350
CL10CONTIG1-(37) TCCATTACTCTGAAACCGTGCT ATGGCAGCAGTTGAGGTAGAAT 48 400
CL4CONTIG1-(41) TGCCTTCTTCGGTCTTAGTCTC ATGGCAGCAGTTGAGGTAGAAT 58 180
ORCA40(1) CAAGCTACTTCAGACTCATC GAAGACACTGCTCATATTTC 46 230
ORCT6(5) CTCCTTGCTTGGATTTGCTTC CACCTCATCACATCTTGCCAT 42 300,350
OA20(19) CATATATTAGCCACTTCACTCTC ATGTCCACCTCCCTAAAATAGTA 42 200,300
sv04(20) CTGGTCTCTTCTTTCTGGAT AACACCAACACACATATACAT 42 250
OA08(23) AGGCAAAATATAACATACCTCAAT AATCAAGCCATTTATCTCCTCT 42 250,400
$130(28) CTCATGCATAAATTTAGGGTAGA ACAACACGAACAAGTAGTCATC 38 350
S$122(32) GTGACTCGAGCCTTGGAATACG ACGCCGGTGAAAGAAGAAGAG 42 350
OA19(33) AAGGCAAACTTGAGTGCTTTATT CTTGTGATTTCTTTGCCTTTCTT 42 250

7 1"

15 26 32 47 48

A A a a = e & '
NAN 3 Nﬂﬂ']iLW&]th']m@lLauLa‘llaﬂle§L3Jas°ﬂﬂ 20 ﬂ




& o o AA &t & A N a A = &
NN LaNaaaIriNdasanasilay s lwstuasn RIUITDLANNLS U e L E1La 16 LA TILTN

6

1Y a 2K 2+ o aaa g o o a _a
Mmumaivanutuduaes Mg adllumskd§isendidens  deildlnsvindfniond

a A :3/ nl = A & v v Y ca' v ' s t:ll
UIeRNTATWUINUB I@zlmmmquﬂsmmmama‘luﬂmU"luaqam’m"l,@aﬂ 10 ﬂ AN 6

v

a;ﬂwamsmaaumnﬁuﬂ’%mmﬁmama\mﬁaﬂﬁaqaﬁﬁo ¢y SSR lwsweifisanuuuan
gudayn EST vaandaelal L8NLASaIWANY SSR MasiimITenny wusanTnfivysan o
dwalundeldindslevanue 30 dlwiwas MNNIAUA 135 g]'vlwsma%ﬁﬁ']msmaau Aaudu 23
% lapaunsasLasadnany SSR WENNATINFAUAINRAINAAINHIRUTNTTNYDIGDEN

ndeldiisdaly

A A & a a a = Y 0% v a o A a a 2+
A13N 6 T‘IU%@%W?LN@?W@?NW?Qwaﬂiuqm@LauLaluﬂﬂjUvLsJﬁf;lﬂln'JﬂvL@ LatwyYIu Mg

Product
Name Forword Reword Temp. .
size
CL491CONTIG1-(11) GTACTCCACTCCGAACGAAAAC AGGTGAAGGCTGGATTCTTGT 52 230
Gl|109152185-(15) CCAGGACAACCCATTTGATAAC | AGCTGAGGTGGTAGAGACGAAG 56 350
CL455CONTIG1-(27) TACAAATCAAAGTCATCGTCGG CATTCCATTCATCTCTCATCCA 56 150
Gl|109151933-(28) GCTTTCGACTCCATTACTCTGAA GAAGCAGCAGCAGAAGAGGT 56 150
Gl|109153057-(29) AACGGAAATCCTTGAACCAGT AGCACAGAAAACAAAGCATGAG 58 130
Gl|109153889-(33) TAATAACTGGGCAGCAAGTCG CCCCAACTCATCTCCACCT 56 200
Gl|109154341-(34) TAATTCCAGCCACAGTCTCCTT AATCCAAATCCAACACCAACTC 58 180
CL106CONTIG1-(35) | AGTATCGTCAAAGCCAGGGATA TTTCCATCCTCCTCACTTCATT 50 180,250
CL275CONTIG1-(36) CTTCTTTCCAGTCATGTCCAGC AGTCCCTCTCCGTCCTATGATT 52 150
CL106CONTIG1-(39) | GGAAGATGATGGGTACGTCATT GCACGAGGATCAATTTAGCATA 48 150,200
CL32CONTIG1-(42) AGCAATGGGAAGAAACACATCT CTCTCTCCTAACCCTCTCCCTC 48 230
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Forward
Name Genbank accession no. Repeat motif Ta size range| no. of alleleg PIC protein description
Reword
7A CB034531.1 TTCTTCTGTGCATCTTTTGCTC (A)11 54 74-85 5 0.6794 Fiber protein Fb11
CACAAACCCAATTTAACACCCT AAN77150.1
11A CTTGATGAATGTGAGGAAACCA (CAA)5 62 116-119 2 0.495 Not hit
CB032260
AAACCTTACTGTTGGGCACACT
26A TGGAAATGACAAGGTTTCTGTG (GGAGCA)4 62 183-189 2 0.4528 Not hit
C0742605.1
TTGAGCTTAGGAGGCAAATAGG
2B AGACGGGCTTAATGATGTCATT (TGG)5 56 244-247 2 0.1244 Unknown protein
CK859111.1
TGGTATGTATGTAAATGCCCCA ACR34461.1
Abscisic stress ripening
78 CATTCCATTCATCTCTCATCCA (CGG)5 5 127183 5 06672
CB031838.1 ACZ50749.1
TACAAATCAAAGTCATCGTCGG
288 GAAGCAGCAGCAGAAGAGGT (CGC)5 56 122-129 3 0.6128 Not hit
CK857691.1
GCTTTCGACTCCATTACTCTGAA

1



AGCACAGAAAACAAAGCATGAG

Stress responsive protein|

298 (CAC)5 58 89-98 0.6397
CB0343051 NP001149550.1
AACGGAAATCCTTGAACCAGT
34B CK855825.1 AATCCAAATCCAACACCAACTC (GGC)5 58 136-165 0.8278 | Unnamed protein product
TAATTCCAGCCACAGTCTCCTT NP001174118.1
358 TTTCCATCCTCCTCACTTCATT (AC)7 50 157-178 0.7836 LLA-115
CB855825.1
AGTATCGTCAAAGCCAGGGATA ABI4885901
Hypothetical protein
268 AGTCCCTCTCCGTCCTATGATT (GAA 5 100414 07511
CK856598.1 XP002443940.1
CTTCTTTCCAGTCATGTCCAGC
378 CK859137 ATGGCAGCAGTTGAGGTAGAAT (TC)6 48 393-402 0.63 Not hit
TCCATTACTCTGAAACCGTGCT
39B GCACGAGGATCAATTTAGCATA (AC)7 48 145-212 0.7328 Cleavage dioxygenase
CK857960.1
GGAAGATGATGGGTACGTCATT Q48K96.1
418 ATGGCAGCAGTTGAGGTAGAAT (CCG)6 58 194-200 0.6039 Not hit
CB034609

TGCCTTCTTCGGTCTTAGTCTC




CAAGCTACTTCAGACTCATC

1C ORCA40 F(TG)8CA(TGCG)1| 46 200-209 0.6639
( Yoocha et al., 2006 ) GAAGACACTGCTCATATTTC R(TG)10(TGCG)6
5C ORCT6 CTCCTTGCTTGGATTTGCTTC (TC)5(GT)18 42 250-262 0.6533
( Yoocha et al., 2006 ) CACCTCATCACATCTTGCCAT
19C 0A20 CATATATTAGCCACTTCACTCTC | gata not shown | 42 321-419 0.5828
(Yue et al., 2006) ATGTCCACCTCCCTAAAATAGTA
sv04 CTGGTCTCTTCTTTCTGGAT (CT)BAC(CT)5 | 42 284-305 0..8439
20C _
( Pellegrino et al., 2001} A\ ACACCAACACACATATACAT
23C AGGCAAAATATAACATACCTCAAT | gata not shown | 42 200-289 0.2886
OAO8 (Yue et al., 2006)
AATCAAGCCATTTATCTCCTCT
32C GTGACTCGAGCCTTGGAATACG F(TC)9(AC)4 42 333-358 0.7889
S122 (Yue et al., 2006)
ACGCCGGTGAAAGAAGAAGAG RAT(AC)8
33C AAGGCAAACTTGAGTGCTTTATT (GA)31 42 260.374 0.5672

OA19 (Yue et al., 2006

CTTGTGATTTCTTTGCCTTTCTT
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N3N 9 UEAIAN genetic similarity coefficient

32 33 54 MAH | M2 ME  [MDM14 MOM1E MOKZ 1 FT1m | FT2m | MVF2 | VP25 | MVPZT | MDD2Z [ MDD3 | MDDE | MDD 1D | MDD | MDD 1S MO D2 MO D24 CMEd [ CM11d | CM158d | MV4m | DB&d | DBSd [RO4 | RO10
32 1.00
533 0.61 | 1.00
54 0.59 | 0.61 [ 1.0
MAH | 0.41 | 0.40 | 0.37 | 1.00
Mz 0.38 | 030 (035|046 ) 1.00
M5 0.55 | 0.57 [ 04D | 0.27 | 0.53 [ 1.00
MDM14 0.45 | 044 | 045 | 0.55 | 058 [ D5 1.00
MOM18 0.42 | 045 | 055 | 045 | 042 (D48 ] 070 | 1.00
MDMZY 0.28 | 042 08D | 028 | 022 (0253 054 | 05 1.00
FTim | 0.29 | 0.35 | 035 | 060 | O44 [D33 ] 047 | 048 | 040 [ 1.0
FTZm | 0.28 | 0.53 | 035 ) 054 | 035 (041 | 042 035 043|058 ] 1.00
MVPZ | 0.37 | 033 | 041 | 064 | 046 (D35 | 0BT | 060 | 054 |DED | 0.58 | 1.00
MVP25| 0.33 | 035 | 053 | 044 | D42 D35 | 05T | 058 | 056 | 048|042 | 067 | 1.00
MVPZT) 047 | 054 | 032|029 | O57 (D65 | 062 048 | 041|048 052 | 051 | Q48] 1.00
MDD2| 028 | 038 | 054028 030 [(0D45 ) 035 035| 025|031 020|033 [ 037 ] 037 ) 1.0D
MDD3 | 041 | 037|052 037 | 046 (040 | 048 042 | 042|035 035 | 041 | 053] 055 ) 050 | 1.00
MDDE | 032 | 0320320231 | 037 (036 036 | 041 | 041|042 045|035 | 043 ) 042) 037 | 051 | 1.0D
MDD1Q 0.20 | 044 | 034 | 045 | 047 (D38| 045 | 042 | 038|048 | 051 | 045 | 035 ) 052) 043 | 045 | 052 1.00
MDDy 0.22 | 035 | 024 | 0.36 )| 028 (022 ) 024 025| O51 (D4B(0323 | 031 | 025( 030 ) 019 | 0.24 | 043 | 05D | 1.00
MDD15 0.20 | 044 | 03D | 032 ) 026 (044 ) 038 031 | 043 (D35 | 055|057 | D45 ) Q4B ) 051 | 045 | O65] 0456 ) 027 | 1.00
MDD2Q 0.27 | 042 |038 | 028 | 035 (033 | 042 047 | 035|040 | 048 | 042 | 033 | 045 ) 042 | 050 | 03T| 05 047 | 038 | 1.00
MDD23 0.26 | 033|037 | 028 025|020 ) 037 | 042 | 046 (021|025 | 040 | 035| 035) 038 | 044 | 035] 041 ) 022 ) 033 033 | 1.00
CMBd | 0.25 | 043 | 04T | 047 | 03T | 035 | 051 | 044 | 025|050 (045|051 | 048 | O54 | 053 | 044 | 027 | 052| 026 | 040 ] 057 | 047 | 1.00
CMiid| 0.48 | 044 | 052 | 048 | 028|035 | 037 | 034 | 025|043 (038|032 031 030 | 048 | 052 | 042 | 049 | 044 | 024 | 046 | 028|043 | 1.00
CM1i6d] 0.53 | 0.52 | 048 | 045 | 051 |052 | 046 | 050 | 031 | 056 (047|038 | D42 ) 055 | 051 | 053 | 048 | 054 | 042 | 0.35( 047 ] 034 | 048 | 080 | 1.00
Mvdm | 0.38 | 0.2 | 030|042 | 044 | 041 | 038 | 039 | 039 (050 [0.34 |0.51 ] 047 | 032) 034 | 0.34 | 0.41 024 032 038 | 024 | 028|027 | 028 | 043 | 1.00
DBGd | 0.38 | 044 | 034 | 041 | 025 | 044 | 045 | 049 050|025 (042|041 | D41 ) 055 | 042 | 086 | OB5| 049 | 032 | 053 ( 0.42] 048 | 040 | 041 | 055 | 038 | 1.0D
DBBd | 0.33 | 045 | 044 | 055 | 037|031 | 044 | 044 | 0459 (050 (057|047 | 048 | 045 ) 041 | O58 | 050 | O8O | O52| 04D 065| 035 (046 | 059 | 052) 0.27 | 0.51 | 1.0D
ROd4d | 0.41 | 040 | 041 | 051 | 028 | 0423 | 041 | 034 | 030|050 (042|040 | 048 ) 045 | 053 | 051 | 046 | 041 | 04D 044 0.34| 025|054 | 055) 059 | 048 | 0.51 | 0.57 | 1.00
RO10d| 032|032 | 035 | 038 | 040 | 02D | 029 | 029 | 052 | 041|044 |035| 03B | 035 | 044 | 046 | 028 | 047 05 035) 032) 027|038 | 050 | 051 | 027 | 029 | 0.57 | 0.60 | 1.0D0
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Pattana Srifah Huehne ?, Sureeporn Kate-Ngam ¢
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ARTICLE INFO ABS T RAC T
Article history: Doritis is a wild terrestrial orchid, originated in the Northeastern part of Thailand. With its
Received 28 January 2012 good floral structure and very diverse color, it has high potential to develop into

Accepted 1 July 2012

: A commercial ornamental plant or to use as a hybridizer with other orchid species. Unfor-
Available online xxx

tunately it has not been studied in detail for its potential of development. In this study we
developed SSR markers from EST database and examined the transferability of genomic
SSR markers from other orchids in Doritis. 8009 ESTs belonged to family Orchidaceae were
Mi ; collected and analyzed for microsatellite. A total of 195 EST-SSR were identified. Twenty-
icrosatellite . . ) B

Transferability three EST-SSR and seven genomic SSR primers (from Dendrobium and Serapias) were used
Genetic diversity for genetic diversity assessment of Doritis germplasm. 142 alleles were generated in which,
92 alleles (64.8%) showed polymorphism among 30 Doritis accessions (Doritis regnieriana,
Doritis pulcherrima and D. pulcherrima var. buyssoniana.). The polymorphic information
content (PIC) average at 0.6076 and ranged from 0.1244 to 0.8439. The phylogenetic tree
based on UPGMA showed three major clades based on their taxonomy indicating that SSR
markers developed in this study can be used for identification, conservation and selection
of appropriate parents for the Doritis hybrid production in future.

© 2012 Elsevier Ltd. All rights reserved.

Keywords:
Doritis

1. Introduction

Doritis, a monopodial lithophytic species, is a genus closely related to Phalaenopsis. It comprises only two species: Doritis
regnieriana Lindl. and Doritis pulcherrima Rchb.f. (Kamemoto and Sakarik, 1975). This orchid is widely distributed in Indo-
china, Burma, Thailand, Malaysia and Sumatra (Christenson, 2001). Three varieties are commonly found in Thailand including
D. regnieriana, D. pulcherrima and D. pulcherrima var. buyssoniana. D. regnieriana is known by the locals as “Ma-wing-krae”. D.
pulcherrima is known as “Ma-wing” because the shape of flower resembles the head of a running horse. D. pulcherrima var.
buyssoniana abounds in the northeast of Thailand, on the banks of the Mekong River in Ubon Ratchathani province, which
Thais refer to as “Daeng Ubon” (red Ubon). With larger flowers, larger leaves and longer inflorescences than D. pulcherrima, it
is considered a variation of D. pulcherrima distinctive enough to warrant a botanical variety status (Kamemoto and Sakarik,
1975). In general, orchids in genus Doritis can grow in a relatively dry environment. The characteristics of the plant, especially
the flower, are considered to have potential in the horticultural trade.

* Corresponding author. Department of Genetics, Faculty of Science, Kasetsart University, Chatuchak, Bangkok 10900, Thailand. Tel.: +66 2562 5555;
fax: +66 2579 5528.
E-mail address: fscicwj@ku.ac.th (C. Jantasuriyarat).

0305-1978/% - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bse.2012.07.005
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Currently, the lack of infiormation a ot Dorids genetic divers ty and its evolution is one of the obstacles ofusing Dons to
its muc mum potential and developing new exotic ornamental hybrds. The wse of molecular tech nologies will hel p to speed
up this proces including wsing moecular markers in the selection of parents for b d produoct on. Detemndnl ng the genetic
diversity of Daritls & an important step in generating the |nformation for breeders to breed new Dorics hybrids

In this study we developed 55K markers from EST database of other orchid genera and examined the transfe mbility of
genomic 55 R markers fromother orchid genera to Dorns. We then used these S5R markers (both EST-55R and genomic S5R | to
asses mnetc diversity of 30 Donts accessions from the northeast of Thalland. The data obtained from this research will be
useful for the selection of appropriate parents for the Dorns hybrid production.

2. Materials and methods
21, FMant materials and DNA exomaoion

Thirty accessions of Darns were collected from Mortheasern pant of Thalland including three accessions of 0. regrierianag
Lindl_, twehve accesdons of D pelche rrima Rehb . and fifteen accessions of D pulchernma var. bieyssoniana | Table 1 and Fig. 1).
All Danns samples were cultured in the greenhouse at the Faculty of Agriculture, Ubon Ratchathand Universioe The tobal
genomic DMA was extracted from young leaves wusing a maodified CTAE method (Doye and Doyle, 1990). DMA concentrat ons
were evalwated wusing a ManoDop™ 10005 pectrophotometer (Themoscient fic), then diluted o 50 ngpl and sored at— 20 °C.

22 Development of EST-55R markers

Atotal of BO1E EST sequenc es of Darits and other related orchid species (Dendrabiem and Phaloenops s ) were downloaded
from Matlonal Center for Blotechnology Infbrmation (MCBL, hitp: ) fwwsonchl nlmonlbogoy|) (GenBank) in September 2070,
These EST squences were processed by trimming off vector sequences, clustered and assembled using the TGIL (hitp:)f
soun eforge netfp mjectstgicl) and CAPY program (hitp | phil unv- on Lfrjcap3.phpl. The unlgue sequences were used o
analyze repeated patterns and desgn primers by wsing the troll sofiware (hitp: | wama it insnetfwebsat | ), de fimdng od ninmm
55K repeats of 10, & 5, 4, 4 and 4 base pairs for mong-, di-, -, tetra-, penta- and hexa- nmuclectide repeats respectively.
Primers were designed flanking the 55K and generated PCR products 100400 base pairs in lengih. Primer size ranges
between 18 and 27 hase pairs, melting temperatwure of primer mnges between 57 and 68 °C and GC content mnges between
Al amd B, One hundred primer pairs were mndomily selected and syntheszed at Pacific S5clence Co, Lid and BioDesign Co.,
Lid fior PCR amiplifica tion.

Tablke 1
Accession rumber Tason and oollobon s of Derlts for shudy

B Auccesgion na. Taxan Cdl baction <ite

1 52 [FRET e Sambury

r 53 D e doy Sambury

3 ) D gl dame Sambury

4 M2 D\ paake keraima Sambury

5 M5 D\ paake ke raima Sambury

& Mah D\ paake keraima ChiangRal

T RO D, paukkerrioy war. banssonkmny Rod EX

& RO D, paskkerriony war. banssonhmny Rod EX

a DBs D. paslierema war. bansnorhasy Samindhan, LUiton Rarcharhani
1a DB= D. paslierema war. bansnorhasy Samindhan, LUiton Rarcharhani
1 MDDz D, pakherdms war. barpsnohaey Imadoaciiaing markes, Mukcdah an
1z MDD D, pukierdms var. bapsoomkae Indochaing marke:s, Mukdahan
12 BAIDDss D. pukierdms var. bk Indochaing marke:, Mukdahan
12 MDDI0 D. pukierdns var. bk Indochaing marke:, Mukdahan
15 MDma D. pukierdns var. bk Indochaing marke:, Mukdahan
& MDD s D, paukkerrioy war. banssonkmny Imdechiaing marker, Mukdahan
17 M0 D, pakierems VI SR Imedocfiaing marker, Muidan an
1= MiDm D. paslierema war. bansnorhasy Imedocfiaing marker, Muidan an
1= s D. paslierema war. bansnorhasy Samindhan, LUiton Rarcharhani
rai] 11 D, pakherdms war. barpsnohaey Sariradhani, Uisoini [Rarchathan i
| Lt b1 D. pukierdms var. bk Sirindhan, Ubon Fanchathani
- B D. paskhe o Sirindhan, Ubaon Fanchathani
= BVFZ D. paskhe o Pho 5ad Ubon Rachahani

Iz BMVFRE D paskheradon Pho 524 Ubon Rachahani

5 MVPZT . pakr ek PP S, Uik Raach ashanil

F- FT1 D pal-bereme PPrin P Thice M amonal park SMukdahan
I PTZ D. paskhe o Phiu Pha Thosp National park Muiodah an
= MDN14 D\ paake ke raima Indechaing market, Mukdahan
= MOMIE . peake ek Imdechiaing marker, Mukdahan
30 MMM . paake e ko Imdechiaing market, Mukdahan
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23, FET-55K amplificaton

PCR reactons were camied out in a final volume of 20 ul containing ap proscimately 50 ng of genomic DMA, 005 unlts of
DreamTag™ DNA Polyme@se (Fermentas, WSAL 1 = DreamTag™ DNA Polymemse buffer, 5 pM of each primer and 200 pM of
AMTP Amplification reactions were carned out on a Bloer GenePro Themal Cycler (USA) using the following cycling profile:
i C for 5 mdn followed by 30 cycles at 94° C for 30 5, 48-62° C(gradient) for 30 s, 72° Cfor 60 5, final extension step at 72° C
fr 10 min and the PCR products were stored at 4% C before analysis. The PCR products were separated on 20 agarmse gel
electrophoresis at 75 V for 1.5 h and visualized under UV light after staining with ethidium bromide The detection of
polymarphism of PCR products was carned out by HAD-GI2™ capillary gel electrophomesis gestem (Qlagene, Germany )
lndlowing the manufactuer’s protocol wsing ORS00 me thaed.

24, Transferability af genomic 851

Thirty five genomic 558 markers developed from atherorchid species including & 558 markers from Senpias (Pellexnng
et al_, 2001 ) and 249 S5 ma rkers from Dendrobdiem (Yoocha ef al |, 2006, Yue et al, 2006) were tested for ampl ifi catlon in Darins
using the samve PCR amplification profeool me nthoned above. Those primer pairs that can amplify aclear band in Darits were
used for genetc diverdty assessment.
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25 Genefc diversiy and phylagenetic analsk

Fordata analysts, the polymorphic of EST- and genomic-55R alleles were sooned for the presence (1) and absence (0 forall
thirty individuals. The number of polymorphic bands (PE)L percentage of polymorphic bands (FPE), the observed number of
alleles per oo s (Ag) effective number of alleles per loous (A | expected heterozymosity (He ) and Shannon's informa ton index
{Hs) was calculated wsing POPGEME w131 (Yeh et al, 19949 Poymorphism information content (AC) was caloulated by
apphying the frmula gwen by Anderson of al. | 19931 The NTSYS poversion 2.1 softsae package (Rohlf, 2000) was used o
caloulate Dice genetic simil arity coefliclent] Mel and U, 19749) for cluster analysisusing the umseloh ted pair growp me thaed with
arithmetic average (UPGMA L Prin ipal Coordinate Analysis (PCA) was also performed wsing NTSY5-pe software to resalve the
pattems of clustering among geno ypes. AMOVAwas used tol mvest] gate genetic dive sty amon g andw it hin species { Excoffier
etal, 1l Missio et al, 2009 udng Adequind 5 ssfoware pregram (hotp: | fompe und be.c hisoft wareja sguind |

3. Results
11 BT8R densifimnion, development and chamaoe rizarian

From a total of 8018 ESTs of archid species obtained from GenBank EST database, an amembly of high guality ESTs
generated 1765 unlgue sequenc es includ ing 895 contigs and 1070 singetons The EST-55R search software was ident fied and
designed 195 85K primer palrs, based on critera deseribed I Materials and methods. Foom a total of 195 ldentified EST-55R,
there wene 67 34.36%) mono-nuclectide repeats, 7 (3898 ) di-nucleot ide repeats, 39 (20%) tri-nucleatide repeats, & (038X)
tetra-nucleatde repeats, 1 {0U51%) penta-nucleat de epeat and & (308%) hexa-nucleatide repeats (Tahle 2). The TA/GA motf
was the most common among di-me leokide repeats acopunting for 1487 followed by ACCT (12825 AT (5.13%), TA (41%)
and ACHGT (1.54%) as shown in Table 2 One hundred EST-55R primer palrs were mndomly @lected and syntheszed for
evaluating the applicability of developed EST-55RK in Dons. Twenty-three EST-55R primers (23X) yelded unambiguous PCR
products amang 30 Dons accessions ( Table 31

32, Genomic 558 marker mansienbiliry

Transferability of thirty five genomic 558 markers from other orchid genus was employed for amplification in Dorios.
Seven 558 primer palrs (20%) were successful in Dorns DMA amplification and were wsed for genetc diverdty assessment.
One primer pair belonged to Serapias (200 ) and six pairs belonged to Dendrobiem (10, 50 180 330, 3230 33C) (Table 31

The fraquency of rapes motils in EST-55R markers
Rejpeat unit Mol Mumiber Fequency
Momo-n udeotde NT 54 33 ERISD
G 3 153846
IO rrcheodide: TOHGA = T4ETIED
AT 5 12 ER050
L) 1 S0ZER
TA B 41025
ACJCT 3 153845
CA 1 O51EEE
Tiri-ruckeosde: OO0 B 41025
COCRRGT 7 35EET4
GOGOGC 3 153845
GG CAC 3 153846
AAGKCTT 3 153845
CAATTC 3 153845
ALGICCT F4 1OESES
ATC)CAT 2 1OESGY
T JGRA 2 10ES54
ACATCT 1 iy -]
ATA[TAT 1 OS1EER
GALIGIC 1 OS1EE
CAL| CT. 1 O51EEE
TCATCA 1 iy -
TG OCA 1 OS1EE
Testra-rm detide AANCJCTTT 5 55410
MATTTTAL 1 iy -
Peni-mudeodde TRCCTIACCAA 1 OS1EER
Hexa-riuc lantide CGGOAL [ CTEC 06 3 153845
OOCAMATTTCRG F4 1OESES
TANCID GGTTA 1 iy -]
195

To@l
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bl 3
Secqueices off 20 [Py Snpifies Irimers, S A0 e b v il re e mo rargne of proaduct, rm ber of alledes, PICand proein
[ —ca b
Mame  CenBank Foreamsd Fepear mand Ta Seerang Hool PEK [Frodesin
aoEEsonna o i allzles and mierence
TA CBIE4531.1 TETICTCTECATOTITICOTC (A =4 T4-ES 5 05794 Rber prodein Fbll
CAC AAAND OCAATTTARCAD OCT AANTTIEO
1A [u:acwr. =al CTTCATEAATE TCARLANATTA [CAAS az 15-119 2 0495 Mot it
AAACCTTACTCTTRORCACACT
6h OOT4RE05.1 TOCAAATCAD AACCTITICTCTE [CCACTA a2 18- 2 OL45ZE Mot hir
TICACCTTARCAGLCAANTALL
B KESa111a ALACDDLCTIMATCEATLICATT [ TGS 55 IaL-raT 2 [ ) Uinienicram
TOCTATCTATCTAAATLOOOC A AR34451
T CBOZ1E3E1 CATTOCATTCATC TC T ATOCA [fa=r 3 5 1I7-1ER L] OB5TE  Abesckic shess
TACAAATCANCTCATOLTOLE I SN
AOTEOTEA]
ZER OKESTES] CAADCADTALCACAACALCT [ORCE 5 1213 3 OS1ZE Mot hit
COTITOCACTOCATTACTCTRAA
=38 CROE4305] ALCACACAARACAAGDC AT AL [CAC S == =08 4 a3y SITess ResponEe:
AADCEAANTC CTICANDCALT [pradn
MP_001 149550,
34E COKESEEZS] AATOCAAATOCANCADCAMNTTC =y -3 5 135185 T OEZTE  Unnamed proeein
TAATICCALOC ACACTCTOOTT [prod oy
MNP_O01174112.1
358 CBESSETS 1 TITOCATCCTOCTCACTTCATT (AT =0 157-1T78 7 OLTES LLA-115 ABKEESS0]
ACTATOCTCAAADCCADCCATA
350 KESEaE ] ALTOOCTCTOC GO CTATCATT (=AM B 52 1m-114 [ arsn Hypomharical pranein
CITCTITOC ALTCA TENOC AL MP_O0radsaan
3TH CKESS13T7 ATCCCACTACTTC AL TACAAT [TCE 48 353407 4 a3 ot falt
TOCATTACTCTCANN CCOTRCT
398 CKESTSE0] CONCACEATCAATTTACE ATA (W07 42 145-212 [ 73R Deawage
CIAACAT AT TADLTCATT E-
QEENEE 1
418 [u:acoois] AN TTCADLTALAAT [DOLB == 198200 3 [ak=ac ] Mot it
TOCCTIC TMOLCTOTTACTCTC
o DRCAL0 CAACCTACTIC ACACTCATC FTCECATOOCNZ, 45 2 20038 4 05539 (Yoocha
CARCACACTOOTCATATITC IR TS 0O 05 & ol 200G )
SC DRCTE CTOCTTCCTICATTIOTTC (TCELTAE 42 Zo0-Iar [ 06533 (R L=
CAC CTCATCACATOTIOC AT o al, B00E )
18 DAZD CATATATTACOCAC TICACTCTC Dam not showm 42 321408 4 OSEEE (W=
ATCTOCACCTOOCTAANATALTA ol 200G )
0T 04 CTGEICTCTTOTTTCTGRAT [CTRAOCTS 47 R30S E] 02439 (Pellgring
AACADCAN ACACATATATAT e al 3001
aL DADE ACCCAMATATAACATACCTCAAT  Da@ mot showm 42 O0-ZES 3 OZEEE (W=
AATCAADOCATIIATCTOCTCT ol 200G )
I 51z CRACTOLACE CTILLANTADL FTC S A, 42 333358 [ oTEE (ue
OGO GOTCAAAGAACAAGAG RATACE o al, B00E)
33 DATS AACCCAAACTICACTOC TITATT A3 42  Be0-374 4 OS57T2 (Wue
CITENCATIIC T TROCTTToaT ol 200G )

13, Polymorphism of 55K markers

Thirty 55K primer pals (23 BT-55Rs and 7 genomic 55Rs) were wed for genetic diversity asessment of 30 Dorins
accesdong, collected |n Mot heastern part of Thal land. Twenity of thirty p i mers showed polymorphic bands. A botal of 142 551
alleles were generated, 92 alleles (B4.8%) showed poymorphism among Donns accessions. The numbers of polymorphic
bands wene on average at 4.6 alleles perloous { mnged from 2 to &) The polymorphic information content (PIC) vaned from
01244 (26 ) o 0B334 | 200) with an average of 0UB0TE (Table 41 The observed number of alleles per loous (A,) mnged from
225t 415 meean = 3.33) and the effective number of alleles per loos (4, ) mnged from L9227 to 30805 (mean = 249). The
percentage of polymarphic lecl (PPE) per species was relatively high and ranged from S in 0. repuenana to 100% in D
pelchemima var. buyssoniang (Table 4).

4. Generc diversity and phylogeneric analyais

The expected hetemzygosity (He ) ranged foom 05233 to 006194 (mean = 0.558 ), of which 0. puldiernima var. by ond amna
showed the highest level of He and D regrderiana showed the lowest D pulchernma var buyssomana exhibited the greatest
level of varlability (PPE: M, He: U184, Ha: 11235, respectively), whereas the D, reprienang exhibited the lowest level of
varability (PPE: S0 He 0.5233, Ha 0U676E, respectively) as shown in Table 4. The AMOVA result revealed W55 and
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Table 4

mdmﬂ3i]ﬂ:ﬂﬂ Daritis.
Species Mo, of S5 locus Mo of PE* FFE" A A H* o'
D reguieriang m 1= e 235 15227 FIT) 033
D. pulchertmg m 13 a5z i5 2475 asa7 azzs
. pulcherima var. buyssomians m m 100 45 30805 aE14 0305

* [ PB), rumber of pobymonphic band.

" [PPB), percentage of polymanphie band

© [ Ma}) obsered rumber of alleles per boos
4 (4., effectve number of allebes per boous
* [ Hy) expacted hewrorygociy.

¥ [ Ha ) Shannon's information index.

B A0EY varlation presented among and within specles (DU regrieriana, D pulcherrima and D, pelcherrima var, buyssomniana)
(Tahle 5) respectively and fxaton indices from AMOVA was 0106 (P < OUB01 )

The UPGMA was used togenerate a dendrogram, based on Dice’s similan oy, for genetic reladonship of 30 Danns accessions
(Fig. 2. The dendrogram revealed 3 major clades, grouped by species of Dorits accessions. For example, [ regleriamna
including 52, 53 and 54 were clustered in the @ame group, same a5 D pulchemma and D pulchernma var buyssomiana
accesshnns were also grouped hased on thelr taoomnemy

The genetic distance between species showed the highest level betwesn D repuderiana and D poldremima (03036 and the
lmwvest level between D pelcherrima and D, pulcherrima var, buyssoniana (00739) (Table &) The princ ple coordinate analysis
(PCA) separated 30 accessions into 3 major groups based on their taxonomy, which was consstent with the result of

phylezenstic analysis (Fg. 3]
4. Discussion
4.1 EST-55R development and paol yimo rphism

Stud bes of expressed sequence tag { BST) have generated a vast amountof publicly available sequence dat.a from many plant
species (U e al, 2011) EST-55Rs are different from raditdonal 558 (genomic-55R) marker, which have some intrinsic
advantages over genomic 55Rs in thelr direct assoclation with tamscribed genes lower expense of development, and high
lewel of transferability to related species (Mian et al, 2005) In the present study, EST-55Rs were developed from orchid
species and used for genetlc diversty assessment in Dorins. Twenity three primer pairs from a total of 100 primer pairs (23%)
wene suocessiully amplified genomic DMA of Dons. This percentage was low when compared with the previous repornts in
which 952 successfully amplified markers from 994 maroers (95.8%) in hops (Koelling et al, 2001); 31 from 35 markers
(BE.EX ) in cucumbers (Hu et al., 2010); 44 from 50 markers (BEX) in sesames | Wel et al, 2008); 251 from 280 markers (B65K)
im peanuts (Liang et al, 2008 10 from 12 markers (B3%) in ol palms (Singh et al, 2008); 170 from 238 markers (T113%) in
Japanese chestnots (Nishio et al., 2001) and 54 from 97 markers (55.7%) in teas (Ma et al_, 2012] One explanation for the low
pementage of 55K prod wet amp lification might be due to the principle atiributable to natural sequence varlations exdsting
within the primer binding sites of different orchid species, since the majonity of EST sequences were obitained from Den-
drobitem and Phalasenapsis (only few sequences from Dorits | Another reason mdght be the poor guality sequence of the ESTs
from which the 55K primers were desgned (Park et al, 200

42 55K omans ferabi liry

Cenomle 55Rs from other orchid genera were wed to study the tansfembility in Donos. From 35 primer pairs, T primer
pairs (2% ) were able o amplify PCR products in 30 Donns accessions. These percentages of ransferability were similar o
previousstudies inother plant species (Boryet al_, 2008, Huetal, 2011; U et al, 2001; Tahan et al_, 3000, Wonsch, 2000). The
transferability of 558 markers depends on the genetic related ness amang examined species which includes the difference in
DMA sequence, genome size and evolution mte (Xie et al, 20000 The low percentage of transferability may result from the
evolutionary distance between Dendrobiem and Senapias and Donns The two genera are not closely related to Donts as
Phalgenopsis. W hen compared E5T-55R and genomic 55K markers, the level of trmnsferabilinyof EST-55R markers were higher
than that of genomic 558 markers. The result indicated that the conserved namre of coding sequences compared with non-

Table 5

Anaysts of modsoular sariance | AMOVA ) of Daritts germplasms.
Sowurce of vamatn Sum of squams “Warian o2 ooimponent Peroentage sriion Pyaue
MG, P e 35242 OEE1E4 o5 T
Wiitin species 3ZE 0 57559 B0 40ET 10001

Toral 353333 4379
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Fig 2 The geneitc relasonship Setween 30 acomsions, baeed on Dice's simillarity coe ficent

ooding genomic DMA and that the mutation frequency of EST sequences is lower than that of genomic DNA sequence (Wen
et al_, 20100 In coni as when conslder the percentage of genomic 55K and EST-55R markers producing polymorphic alleles,
fenomic 558 (W00%) were higher than EST-55R (56.5%) due o the conserved sequence in transcribed regions of genes (Hu
et al, 2001 Wen et al, 20101 Our result was consistent with previous sudies in other plant species (Eujay] et al_, 2004;
Can ef al, 2005; Lum et al, 2008)

A3, Genenc diversity of Dords

The genetic diversity was measured by the pobymorp hic information content (PIC) and the polymaonph sm mte( Pl The loci
pobymdanph em can be considered high, medium or ko (f PIC = 05, 0.5 5> AC = 025 and PIC < 025 (Xie etal, 20000 In the
present sudy the result showed a medium PIC value in byth BST-55R (008154) and genomic 558 (005084) The PIC values
average at 0UB0TE and indicate the wsefulness of DNA markers for gene mapping molecular breeding and germplasm eval-
wathom (Wel et al., 2008] This result suggested thar EST-55K and genomdc 558 markers from this study could contribute
aubst anitive information o the genetcs and breeding research of Dons.

A UPGMA dendrogram, inferred from the shared allele frequencies among 30 accessions, formed 3 maln groups distin-
gulshed by species and variety. Three accessions of DU regrieriana were grouped tegether, twelve accessions of DL pelche rrima
were gmuped together and fiteen accessons of DU pulchernima var buyssomana were akbo grouped together The O
reperiang group was placed closer to D prlchernima than o O pulchernma var, buyssomiang. This result was in agreement
with the chromosome sudied and floral architecture and size as both 0 regdeniana and DU pulcherrima are diplodd species,
2= 2y =38 with small gzed flowers and backwand polnting sepals but D, pulcherrimavar, beyssondanag (£a etrap lodd species,
2 =dx= T withlargersized flowers and bmad sepals. O pulchernima and D, pudcherrima var. beysoniang were placed next
to each other as they both are the same species (Christenson, 2001 Both species have similar charactenistics with the

Tble &

a5 unbiased enaic distanoe among 3 speces of Danific

Spadles D. regoberkang D. pasboherrims D. pashcherrima war. iuysroukang
D reguderiang QLOO00

D. pubriserrims 03055 ald e ]

D. pashoberrions war. bysnoang [l d a173a QU000
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Fig 3. Principlss coandinal= analysk for SR markens using S genetc similasty mairin far 30 Dails 3008 mions.

tetraplodd exhibiting larger structure than the diploid vanety (Kamemoto and Sakarik 1975). This result was also consisent
with Nel's unblased genetc distance between population, [ pelcherrima and D0 pulchernma var buysonang was close o
each other (0L1739) while both were more distance with D regieriamna

I comclusion, the EST-55R and genomic 558 markers, developed from other anchid genera, were successfully employed to
measure genetic diversity and relatonships within this Donnis collection. Future studies with these 558 markers could be
useful for identification, conservation and selection of appropriate parents for the hybnd pood soton.
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DEVELOPMENT OF EST-SSR AND TRANSFERABILITY OF
GENOMIC SSR MARKERS OF ORCHID SPECIES FOR GENETIC
DIVERSITY ASSESSMENT OF DORITIS SPECIES IN THAILAND

Savitree Ritchuay', Chatchawan Jantasuriyarat? and Sureeporn Kate-ngam?
12 Department of Genetics, Faculty of Science, Bangkhen Campus Kasetsart
Universit, Bangkok and
3 Department of Agronomy, Faculty of Agriculture, Ubon Ratchathani University,
Ubon Ratchathani
1g521440208@ku.ac.th, 2 fscicwj@ku.ac.th, 3katengas@agri.ubu.ac.th

Doritis is one of the orchid family in the northern part of Thailand with
extremely high genetic diversity. Unfortunately it has not been studied in
detail for its potential development into high value ornamental export. In this
study we developed SSR markers from the EST database of other orchid
species for the use in breeding program of Doritis species and transferability
from the other species into Doritis. Thirty EST-SSRs primers and seven genomic
SSRs primers (from Dendrobium and Serapias) generated 142 alleles, among
them 92 alleles (64.8%) which show polymorphism between 30 Doritis acces-
sions, with the number of polymorphic band ranging from 2-8 bands. The
phylogenetic tree based on UPGMA showed three major clades of Doritis (D.
regnieriana, D. pulcherrima and D. buyssoniana) indicating that these primers
are useful for study in genetic diversity and they will be useful for breeding
program of Doritis in future.

Keywords: EST, microsatellite markers, Doritis sp.



