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Development and Transfer Analysis of SSR in Dendrobium
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Abstract. To date, only 100 SSR markers in Dendrobium have been developed, which are
far from sufficient for research applications. To develop molecular markers, we mined SSR of
Dendrobium from public nucleotide data through bioinformation methods. Some 1343 Uni-DNA
sequences were assembled from the 3599 DNA sequences of Dendrobium from GenBank. By
scanning the Uni-DNA sequences, 283 SSRs were distributed in 205 Uni-DNA sequences,
with an average frequency of 1 SSR per 2815 bp. Sequence alignment indicated that 86 of the
205 SSR-DNA sequences had already been used to design primers. In this study, 76 primer
pairs were designed from the remaining 119 sequences for transferability analysis among 32
Dendrobium species. Results showed that 47 primer pairs were amplified effectively with
transfer rates ranging from 51. 1% to 95. 7% (average 75.9%). Of which, 46 primer pairs
were able to detect polymorphism among the Dendrobium species with 2—8 alleles (average
4.0 alleles). Ten pairs of polymorphic primers were selected to detect polymorphism in 60
accessions of D. officinale, and 2-5 alleles (average 3. 4 alleles) were found per SSR locus.
Based on the SSR amplification pattern, the 60 accessions of D. officinale were clustered into
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five clusters, and phenotypes were closer within clusters than between clusters. The
sequencing of the amplified fragment of DM121 revealed that allele variation within D. officinale
was attributed mainly to the variation of SSR repeat numbers, whereas allele variations among
Dendrobium species were also caused by a single base indel and substitution in the

microsatellite flanking region.
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£1 18k ( Dendrobium Sw.) 2 BE —KJgE, 4
BRAEAT 1500 ~ 1600 #0t, FREFA 76 Fh2, R
T B A R IRAN (5 1R 5%, (B 24 T & A —
BB TERT WY . 25 FH Ak o) 356 D Al 40 ok B e A At
( Dendrobium officinale Kimura et Migo) . 4804
f8t ( D. nobile Lindl.) . I #§ £ f§ ( D. fimbriatum
Hook. Vat. ocutlatum Hook.) & Hix ol ffr, Hr,
BRZA IR, ) AR LRAINE” Z 18,
AR 5 5 A, PSR IR, TR
JEEE . OTEE . EAARE . B80T, W kE
AR | B KHE | B85534 . BRI s
BAERES  BLAh, ks HA W A LR A
REHAEZAOHE | fEfif | (IR IE . I, #
WA DU RO B 227 Z— SR, T S8OMOT 5
DI Rad BERAZ, B A A R SR RS, 1R 2
Tl 2 € # 9 hy B K HSCRE  EAE 2G HTE
Pl R, R A A R B A R SR, f
TFJre 57 A A bt U TR R 5 WL R4 A Rt
SEIRFR 25 F A ST RS A Y OCHE

AR Ay hRac i 2 B F T A iR s e R A
5%, H:rp SSR(Simple Sequence Repeats, &
PO ) bRt T EA 28, afEE MM,
R HEERS, AR EESTFIRIEZ—, &
i, HEFTE T & B £ SSR ARICAY 100 Axxt ™)
MET BRI 2, Ik, & SSR pRic sk
AR FARICF R BB N,

Bifi o 0 P e AR A JR B A b PR A
) DNA JF5I ik SSR bRt Y ok I, AL IR %L
WETP I & SSR Anic A i, PREE, WAMA
Figzim™, e sCh oY) SSR ARic I & 1)
FERRZE, LT, AR AFH GenBank 5%
FAfit DNA JP3, REAYME 2207161 & SSR
FRic, JFREHAEAT fRHE Fh R A a5 0 DL Rk B A
IR s AR Z AR E AT R G A ST, AR

FEE el A ik SSR ARSI K A e ke o b i
St E PRITE 2 BAT Z 25V R A DNA F5ic,

1 #RITTE

1.1 SEI#l

M GenBank(http: /www. ncbi. nim. nih. gov/)
T A7 5 DNA J¥51 3599 2% (#k 2012 423 H 20
H), H P Nucleotide J¥ %1 2796 %%, EST ( Ex-
pressed Sequence Tag, FikFHIIRE) F51) 802
%, GSS(Genome Survey Sequence, & [K 4 it
WFF3) FPal 1 5%,

32 /N )k ( Dendrobium) Fh T SSR Al #: 1%
PG Hr, 60 138k B A MRk 55 I H] T SSR Z 28143
Br, MR 2R 5 HAE ) B 52 pi 24 W 5L Il 4 1
(F£1),

1.2 EFZH DNA 2E

BAARBUERBI A1 g, SR RN A
KEIRBURH] & L0 ( Bioteke, China), %
Hh/0] W46 EE 1 (ND-2000C, Thermo, USA)
I £ DNA ¥
1.3 DNA F3I#tE

KM TIGR A58 2E T H (TIGR Gene In-
dices Clustering Tools, fij #% TGICL, http. /
compbio. dfci. harvard. edu/tgi/software/) X} f1
fist DNA P9I E47 PR, 24 DNA ¥ 5 5 &l 50
AR HL AR 1531 90%, [A] At 2 51 AS DC i 4
JEA M 20 DMZAF BRI WA N AT G PHEZR
1.4 SSR{Lm#EER

K H A 3% SSR i 51 Perl AR MicroSA-
tellite ( MISA, http. #pgrc. ipk-gatersleben. de/
misa/) 7 Uni-DNA 31 i858 SSR i i, 1EAHT
gEH, SSR s R B E LA BRI . il
15 bp, Z“HHMREVER 8K, “HHEREVEH
E5W, WK, WK, SEHREVESL



502 N7/ e e o %31 %
x1 2 MAREMNZHRENRIE
Table 1 Name and origin of the 32 samples of Dendrobium species

% No. 4 Species 7= 4 Locality K% No. 4 Species 7= i Locality
1 EIRAf D. hercoglossum J" 78 Guangxi 17 w WS At D. lituiflorum = Yunnan
2 JBA D, aphyllum 4 Yunnan 18 E LA D. huoshanense L Anhui
3 HAE G D. anosmum ] % Guangdong 19 EALA T D. loddigesii JPH Guangxi
4 WELEE D. cariniferum Wit Zhejiang 20 I VA D. scoriarum ZF§ Yunnan
5 AL D. densiflorum RS Hainan 21 NZEL it D. moniliforme Wil Zhejiang
6 WAL D. chrysanthum I P Guangxi 22 i A ik D. strongylanthum 7 Yunnan
7 A D. capillipes WL Zhejiang 23 A D. nobile Z T Yunnan
8 kb A f8l D. chrysotoxum 274 Yunnan 24 HUEAELA S D. nidiangui 7 Yunnan
9 AT D. ellipsophyllum I % Guangdong 25 WEAE D. primulinum 4fifa) Burma
10 SHEA R D. crystallinum =B Yunnan 26 Wil A fik D. devonianum = Yunnan
11 BRI D. officinale = Yunnan 27 BRAEA L D. thyrsiflorum 2 F Yunnan
12 WINA TR D. fimbriatum J"78 Guangxi 28 INELSE D. bellatulum Z M Yunnan
13 S\ fgh D. acinaciforme ZF Yunnan 29 WALk D. trigonopus =B Yunnan
14 AT 8 D. hancockii ZF Yunnan 30 Bt D. lindleyi ZF Yunnan
15 HPRATR D. aduncum =B Yunnan 31 B A} D. findlayanum Z B Yunnan
16 FAMED. lindleyi Z B Yunnan 32 WA D. gratiosissimum =M Yunnan

4, AT IRIEA
1.5 SSR 5|#1i&it

HRAE SSR A7 45 W i Y AR ~F X, >R Primer
premier 5 BAFZITSIY, 513 IET T4 R,
(1) VAR IR JE (Tm) 50°C ~60°C, f i it i 55°C;
(2) P PR/ 80~350 bp; (3) FIHKE 18~
26 bp; (4)51% GC &2 40% ~60%,
1.6 PCR ¥ i

PCR X Wi & % (20 uL): 1 xPCR buffer
(50 mmol/L KCI, 10 mmol/L Tris-HCI, pH 8. 3,
1.5 mmol/L MgCl,, 0.1%Bf), 1 U Tag DNA
RABE, 50 ~100 ng A DNA, 0. 15 pmol/L5]
Y1, 0.2 mmol/L dNTP, S 41F >k 94°CHUAE P
5 min; 94°C7AEM: 1 min, 55°CiBk 30 s, 72°CiE
i 1 min, 35 MEFR; 72°CIEM 5 min, § 3479
TE 6. 0%AEAR 1 2R VA s Tk g 458 5 v Hh Dk ( HL DK 2 o
WAXTBE, 75V, BfE]2.5h), 0. 1% AgNO,
Jeft,, + BIORAD #EME IR R4 T ULES, HAH,
BT
1.7 PCRF¥=ESEF

& H PAGE % Inl iti 7] & ( Bioteke, China)
WO 5=, W™ ) 5 e B ik pMD18-T i#
AL KA AT DHbo S8 A2 2540, H4H 748
Y ek b s AR PR A B2 R

1.8 HIEFKITSHH

WEE A5 SSR 7w R FE A (8] PCR ¥4 %4y
25, TR BAE D <17, Jo B B AE A
“0”, H Excel #M4giH&# , SR A Simpson $5%k
THE SSR 7 #1215 B & & (polymorphism
information content, PIC)!™

PIC=1-2 pi®. Rl n =B G0 3
B, pi=5 i FEALHE AR RE AR R AR, R 35t
AL NTSYSpe 2.1 (http: 7/ www. exe-

tersoftware. com/cat/ntsyspc/ntsyspc. html) #£47

R, FTHIRIRAETTIEN UPGMA,
2 HBRENH

2.1 DNA F5I#H#E

J T ITCAR TS, $iEm DNA R8I, 4k
13 A DNA JPFI K, Bk B R — s i A
5, ASZE %] TGICL T EXEA fik DNA 551 i
PPk, 45REM, 3599 4% DNA ¥4I 2 9t jm 3t
AF 1343 4 Uni-DNA Jp %1, H 5 Br&H S
(contigs) 160 4%, H.H Bt (singletons) 1183 4%,
2.2 SSRAMmIMEKEER

FIH] Perl i1 A< MISA 78 Uni-DNA 3 51 48 &%
SSR, ZEH M 1343 % Uni-DNA J 41 v 44 2% 3]
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283 /> SSR, 4T 205 ¢ DNA J¥%1, Hph&H
SSR 1 4~LL L) DNA J¥51 76 %%, ¥4 2815 bp
14~ SSR(#£ 2),

B RN A B SSR MR N ERE, BN
AR E E WA 1E, (MR R K2R
(F£2), ZEITRES B R Rm, 3209 14,
hi 5 SSR 1 73. 8%, HUUE =B HRER (65 1,
23.0%) ., WEHREKL (41, 1.4%), AL
M2(34, 1.1%) AIAEHIRER (21, 0.7%) .

i EETIKER 31. 4 bp, Hh R, =
AT . WA R . HOR% 4T MR A oS % 1 R F- 3
SSR K435 34.7, 23.2, 25, 20, 27 bp,
TE R A4 SSR H gL B 10 Fp i &2 S
JF (repeat motif), Hd— =, W, H, AEH
MREE T 450 3, 8, 3, 3, 2 Fl, MR
e 3 FhEE & I P A4k AC/GT (37.8%) . AG/
CT (34.6%) il AAG/CTT (18.0%), H4x 16 F

FEIFANA 9. 5% (% 3),

&2 ARDNAFIHRILTR SSRERER
Table 2 Summary of mining SSR in Dendrobium DNA sequences

A
Searching item

FrBCEERE (bp)
Contigs

BB (bp)

Singletons

it (bp)
Total

K i ) 51 5.5 Total number of sequences examined
S5 K SSR EEL Total number of identified SSRs
% SSR [\751%r Number of SSR containing sequences

160 (132370)
42
32

& 1/LLE SSR AYFFI1%0 Number of sequences containing more than 1 SSR 7

247 SSR K%L H Number of SSRs present in compound formation

AR Di-nucleotide
= H#FF 2 Tri-nucleotide
PUA%F 2 Tetra-nucleotide
TR Penta-nucleotide

26
14
1
1

1183 (664173)
241
173
44
61
183
51
2

1343 (796543)
283
205
51
70
209
65

x3 AT 19 SSREFMHIARSH =

Table 3 Occurrence and number of repeats of 19 SSR motifs in Dendrobium

HEILTF

HEEH I Number of repeat units

Repeat motifs 4 5 6 7

8

9 10 11

12

>12

A1T Total

AC/GT - - - -
AG/CT - - - -
AT/AT - - - -
AAC/GTT -
AAG/CTT -
ACC/GGT - 1
ACG/CTG - 1 1
AGC/CGT -

AGG/CCT - 2 1
AGT/ATC -

CCG/CGG - 3

AAAG/CTTT 1

AAAT/ATTT 1

AGAT/ATCT

AATAT/ATATT 1

ACAGC/CGTGT 1

AGCTC/AGTCG 1

AATACT/ATGATT 1
AATGCG/ACGCTT

41t Total 5 18

17
20
1

46

10 7

33 25 15

53
48

105

107
98
4

9w

4 A A N 2 W2 WA N =

283




504

YR

iR %31 4%

2.3 SSR 3|t R & HEE N
9 7 ek f %) 7] — SSR-DNA 351 8 & 1% 115
Y, i ATF &) 113 X} SSR 51# 5 AW 58 R
#1205 45 SSR-DNA FHIHEATHEXF S | A LA
% SSR-DNA 51 2. # Fl T-9F & SSR é‘l%, H
h12 R EE R 25 X5 (R 4) ., BT,
ABFE H AT R4 H 119 45 SSR-DNA 4115
W, Hiitsiy 76 XF, Hax 43 &)¥ 5T SSR

100 55 81 R 2 S5 A0 S i R RE WL 1T B
®4 E—ABRITHSIN

Table 4 Primers designed from identical loci

SSR i1k SSR {1408
No. of P%rilm%er No. of P%r'ilm%er
SSR loci SSR loci

1 GSSR3,BWH009 7 GSSR29,D0-07
2 GSSR8,5136 8 GSSR30,BWH007
3 GSSR15,D0-03,D0O-11 9 XMLOO05,F8
4 GSSR16,D0-01 10 XMLO07,F27
5 GSSR22,BWH012 11 YYH003,YYH004
6 GSSR25,0A23 12 YYH009,YYHO12

. bric OA . DO.F XML,YYH BWH GSSR 5| {4 &% ik
[8,9,10,11,12,14,15],

Note . Marker OA,DO,F,XML,YYH,BWH and GSSR was de-
rived from references[ 8,9,10,11,12,14,15].

iﬁl%ﬂ@ DNA o0& 5 FhE Z A/ Hop &
_— L NEFREE SR 45, 25,
3. 2

1 Ro
KAVHTETTR 76 XF 51919 14 32 A~ fijtFh I
K141 DNA, Kzl SSR 76 A1 fibFh (] (1 nl Fe R v, 45

1 2 3 4 5

¥ B
LAl Rl (=B
&

ﬂ ' : .....-

1~15 MRRABFZE: A1), BEAM(2),
IEARH8), JBAM(9), Wk E%HO) SInt£ (1),
RF AR ZE . NYT11 (16), NYT12 (17), NYT13 (18),
(23), NYT45 (24), NYT47 (25), NYT49 (26), NYT51 (27),
i Sk bR B S50 P 45

1-15 represent Dendrobium species:
D. capillipes (5), D. chrysotoxum (6),
D. acinaciforme (11), D. hancockii (12),
D. officinale; NYT11 (16), NYT12 (17), NYT13 (18),
NYT45 (24), NYT47 (25), NYT49 (26), NYT51 (27),
Bands indicated by the arrows were sequenced.

& 1

D. anosmum (1),

D. aduncum (13),

Fig. 1

.
..
e -

"""I - I w =

FALLMH(3) , ARAEA(4),
MrtAf(12),
NYT14 (19),

NYT52 (28),

D. cariniferum (2),
D. crystallinum (8),
D. lindleyi (14),
NYT14 (19),
NYT52 (28),

D. ellipsophyllum (7)),

RRIA 47 X5 eed 1 th il W &5, HAx 29
XETCY IET), IS A 45 XK S T
WA, 5ok 2 X R T, 47 Xl iy 5|
PIAEAT LR ] (B P 36 B8 8 1. 1% ~95. 7%,
¥ 75. 9%, Hor 46 XPRGI 20, AT
I 97. 9%, TEXT A M 51 WAl Hh A5 7 5
Bo~8 (K1, £5, £6), FH4014, £H
SSR TEA i R 285k & . ik — 20K 5 SSR TE
AR 2, HPLPkEE 10 X SSR 519
( DM4, DM6, DM8, DM34, DM45, DM68,
DM81, DM112, DM121. DM141) §" 44 60 14k
Fe AR SE 2 DNA, g5 5 10 X5 434 GEAS Il
WZEME, KSR 2~5 4, 3. 44,
PRI A7 S 2 S B & (PIC) 2 0.473 ~
0.787, F¥50.684(K 1), ¥ 10 X510 a7t
R IE RIS 500, 453 o 10 X SSR 51 ¥ 6k
51X 73 56 8k K A IR, (EoRBER NYT69 5
NYT70. NYT107 5 NYT108 X 43T, 7EAHL Z %
}0.55 4k, 60 ﬁ:‘*ﬁfﬂ?%ﬁﬂéﬁb 5RFE, HKEBHK
WEE 4, 42 11, 2F/1 Iy (E 2), #—5%
xw%z%%aa@aﬁﬁ; PR A B IR]— 2 2k B A it
RV A 0, Horp st 3RO — 2R i &R
NYT112 B 5HADSHE 22 Tk, xR
A5 2 A B4 s R 15 3 A, NYTE9 5
NYT70, NYT107 1 NYT108 FHIH% KA1,

6 7 8 9 10 11 12131415161718 19 20 21 222324252627282930M
-

~-—225bp

-

— s

- -- 198 bp

et

-4“"‘-' -

“—— 143 bp

FREAN(E), SEAM(6), RMAMT), M
HRAH(13), RAMA14), i U 77 fo }(15); 16~30
NYT15 (20), NYT22 (21), NYT32 (22), NYT38
NYT56 (29), NYT57 (30); M {7 DNA marker;

D. densiflorum ( 3), D. chrysanthum (4),
D. aphyllum (9), D. fimbriatum (10),
D. lituiflorum (15); 16-30 represent lines of
NYT15 (20), NYT22 (21), NYT32 (22), NYT38 (23),

NYT56 (29), NYT57 (30); M represents DNA marker.

5|4 DM121 # 8RR D B S & F R A B AR gt B HE ik B i

Polyacrylamide gel electrophoresis patterns of microsatellite alleles amplified with the primer DM121
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Table 5 Characteristics of SSR primers in Dendrobium
A1 519 K519 T D FERN il S
Primer Forward primer sequence (5'-3") Reverse primer sequence (5'-3") Repeat motif size Size Allel Transfer
(bp) (bp) No. rate
DM2 GAGTCGTAAGAGGCGAGTTGT AATGGATGGTATCTATGTCCGTAT (AGTCG)4 276 276 ~310 3 100.0%
DM3 CTCCGGCGCTAGCTGTTGC TCACTTGCGGATGGGGAGC (TC)13 178 178 ~200 2 100.0%
DM4 GGCGTCCGAGCTTCCCAGTT GCATCACCACCACGTCCCAAT (ATGCGA)4 233 600 ~700 3 84.4%
DM5 CTCCAAATGATGTGATTACCGTT ATGCTATACCAGTCAAATTCCTCAC  (CT)19 243 243 ~290 6 93.8%
DM6 GGGGAGGGTTGCAAATATG CGCTGCGTCCAGTAATCAC (CT)26 257 257 ~280 5 75.0%
DM7  AAAGCGTCAATAAGGGAACTAACC  CACTGTAGCAATGGAGCGAAGATAG (AAG)8 250 250 ~290 5 81.3%
DM8 GGGAGCAGGAAGCCAAAGACAA CGCAGACGCCAACACCAAAA (AG)18 286 280 ~300 6 96.9%
DM9 TCAATCTGATAAGAAGAGGTGGCT  TGAAGGGCATTGAAGAAGCA (GCT)7 142 140~160 4 96.9%
DM34 CACATCGTCCCGTATCCAC GCCTAGCCTAAGAAACTCACCT (CAG)8 248 210~250 4 84.4%
DM36 TGGCAACGAAGATTTACATAGTG GGCGGCAACTTCCATTCA (CTT)10 280 260 ~290 4 78.1%
DM45 TATAGGGTTGGAAATTGAGGGA TATGGTTGGTGAGGCAAAGTAA (GT)83 208 200 ~300 4 25.0%
DM59 CTAAATGTGAGTGGGTGAGAGAGTG GGGTGCCGCATCCCAAGCT (GT)32 154 154 ~165 2 100.0%
DM6B0 GATCATGTTATAGGGTTGGAAAT AAAAGACTTGGCTAAGAAGTACAA  (GT)17 230 200 ~230 2 18.8%
DM68 AGCATTTTGAGATGGGATGATC ATTGTCCTCGCCGATATGAGTA (CT)16(CA)20 197 190~230 4 100.0%
DM76 TCAAATTGAATGTAACTAATCCCT AATCAAATCGACTTAACATGGTTA (CA)20 246 246 ~256 2 28.1%
DM81 CTCCAATACCGATATGCTG TCGGCTACAGGTAAGTGG (GA)31 107 100~115 2 100.0%
DM85 AGCAAAGCCAAACGACAGC CCTCTTCCTCCCGATCCTC (TG)26 180 290 ~350 4 75.0%
DM112 CTGGCATTGCTTTGGTTATTCT GACCGAACACCTTAGACCTATTTT (AC)10 255 240 ~260 4 71.9%
DM113 CTCCTCCAACCTTTCTTAGC GATCCTCAGACTTGAAAACTAG (AGAT)8 150 150~210 6 81.3%
DM118 TCTGATAATCTGACTGAGGTGC AGGAAGGAAAAGATAAAGGGA (CTT)7 99 90~110 3 75.0%
DM119 GGTTCCCTGAGAAAGAGCATAG CACACAACTCCCACTCATAAGG (GA)21 111 80~120 6 93.8%
DM120 AAAGATGTGCAATGTCACCAAAT GCTCATTTTATGCCTCTTCTCAA (AC)14 126 80~130 7 96.9%
DM121 GATGAAGAGCGCGGTCGTT AAAGCAACAATAAGAACCCCCC (GAG)7 161 140~180 8 96.9%
DM122 TCATTGAAGGTCAAGCATGGA AGTCGCCTTAGATGGTTTGGT (ACA)7 269 269 1 6.3%
DM123 ATAGTGGGATAAAGGCTTG ATCAGTATCCACAACATTTA (TTG)9 184 180~210 4 100.0%
DM125 TCATTAGGGCACTTGATTACTTACA  ATTCTGATAATCTGACTGAGGTGC (AGA)9 222 210~230 4 96.9%
DM137 CTGACTGAGGTGCAGAGGTTTG CCTGATGATGAGTATGAAGAGCC (CTT)9 152 130~160 4 100.0%
DM141 GGCACTATTCCAAGACTACCA GCAACCACATCGCAACTTAT (AATA)5 219 210~240 4 81.3%
DM142 GGCACTATTCCAAGACTACCA CGACGACATCGCAACTTATT (TATAT)4 207 220 ~250 5 90.6%
DM165 CCATCGGTTTCATTTGATCTGTT GCGTAGCGTATCGTCTTCTCAAA (GGC)5 257 230~280 4 96.9%
DM169 CGAAAGATGCGGACCAGA ATGAAATGAAGGGTTGAGGTAT (AG)8 263 263 ~350 6 68.8%
DM171 CGTCCAAGCACAGTAGTCCTCA TGTCCTCCCACATTCATCAAAA (CA)8 188 188 ~205 3 21.9%
DM172 CATCCTGGTTAATGTACTCAAAG AATACTTGTGGTTCCTAATGCTA (GT)8 108 108 ~150 4 34.4%
DM178 TCCTCCAGCTTAACACCATCA CGCCACCCTACACTAAGAAAA (CA)9 290 290~310 3 100.0%
DM180 ATCGGGCTTTTGGTTGATTAC CTGTCGGTAGGATAAAGCAAAA (CA)9 125 125~135 3 78.1%
DM182 AGCTCAAGACTGGGTAGATTAGGA  TTACGGCTGCCTTAACTAAGAAAT (AC)9 239 220 ~239 2 43.8%
DM183 TGATGATGAATACGAAGAGCCAG TGATTAAGGTGCAGAAGTTTACTCT  (AAG)6 139 139~150 2 43.8%
DM184 TTGCTGCTGCAGAAATTGAGC AAAGGGAAAGCACATGCCAGT (TCT)6 162 162 ~180 3 87.5%
DM186 GCCTTCTACAGCACGGGTCT GGAATCTGAAACCAGGAGGC (TTC)6 232 180~280 7 100.0%
DM188 AGAAGAGTGTCGATGAGGTGCAG ATGTTTAAGCCCCTAAGGAGAAA (AGA)5 183 290~310 3 50.0%
DM189 CCATTCCGCTGCTATAACCTG AGCAGGCCGTCTCAACAAAC (GCG)5 291 280 ~300 3 93.8%
DM193 GGACGCACCATTACTCATTTACC GTCTGTAGGATGGAAACGAAAGC (TTC)5 155 155~170 3 59.4%
DM194 GGACTCACTGAAAGCGCAACA ATTGAAGGCAAGGAAGGCAGT (CT)8 210 200 ~240 5 59.4%
DM195 GCGTGGAAAGTTGAGTTGGAGA AAGTTTGAGCGGAAGCAAAAGC (GA)8 123 120~150 5 56.3%
DM198 AAAAGCACTCAAAGACAAAATCAA  GATGAGTGAGGGATGGGTGC (TCT)6 258 210~270 4 100.0%
DM199 GTGTCTGCCCGAGTAAAAGC ACGTCACGGTTACCAGGTCT (TGC)6 216 216 ~235 4 100.0%
DM200 GTCAGAATGGTGGCGGTGCT GCAGGAAACAATTCAATATGAGCC  (TGG)6 98 98~120 5 43.8%
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No. of Dendrobium species

ARG S

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

514

Primer

2 3 4 5 6 7 8 9

1

M2 VVVVVVVVVVYVVVVVVVVVYV VYV VYV VVYVVVVVY
DM VVVVVVVVVVYVVYVYVVVVVVVVVYVVYVYVYVVY

DM4 VvV VvV V

VvV oV

VARRVARVARVARY,

V VOV VY

VvV VvV YV YVYVYVY

VVVVVYVVYVVVYVVYVYVVY
VoV VIV VY
VYV VIV Y

VYV VVYVY

DMs vV V V V V V

\/

VoV VYV VY

VoV VIV Y
VVVVVVVYVVVYVVYVVY

\/

vV
\/

\/
\/

DM6 V V V V V V V V

DM7 V V V

Vv

Y

\/

VoV VoV

DM V V V V V V V V V V V V VYV

VoV VYV

VVVVYVVVVVY

DM V V V V VV VVVVVVVVVVVVYVVVYVVYVYVY

Vi
vV

\/

,\/
4

VVVVYVVYVVY

Y
DM36 V V V
DM45 V V' V

DM34

Vv

ViV Vv VYVYVYVYVYVY

DM59 V V. V V V VV VAV VVVVVVVVVVVVVVYVVVYVYYVYVYYVYVY

\/

\/
DME8E V V V V VYV VVVVVVYVVVYVVVYVVVVYVVVYVVYVVY

DM60

\/

VoV VOV Y
VVVVVVVVYVVVYVVVVVYVVVVYVVVYVVYVVYVVYVYVYVLYY

DM8s vV V. V VvV V V

DM76

DM81

VVVVVYVVYVYVVY

VoV

v
VAV VYV VY

Vv Vv vV

\/

vV
VvV VoV

Vv v vVvV

VvV VvV

vV vV oV

2V VvV

VoV

VAV VIV VY

\/

\/

VYV VYV VVYVY

VVVVYVVY
VAV VVYVY
20V VVVYVVVY

VVVVVYVVVVVVVVVYVVYVVYVYY
VVVVVVVVYVVVYVYVYVVYVVYVYVVYVY

VVVVVVVVVYVVVYVVYVVYVVYVVYVYVYVVYVVYVVYV VYV VVYVY VY YV YVY

BV VVVVVVVYVVVYVVVVYVVVVYVVVYVVYVVYVYVVLYY

5V VVVYVVVYVVY

VVVVVVVVVVVVYVVYVVYVVY

FTVVVVVVVVVVVYVVYVVYVVYVVYVVYVVYVYYVY

AV NV VVVVVVVYVVVYVY

2V VvV vV YVYVY

VvV Vv

\/

\/
VVVVYVVYVVYY

VVVVYVVYVYVVVY

vV Vv vV VoV
vV

VvV oV

vV Vv VvV

BV VVVYVVVVVVVYVVVYVVYY

6V VVVVVVVVVVY

\/

VoV VOV

,\/
4
vV

BV VVVVVVVVYVVVYVVYVVVVYVVYVVVYVVYVVYVYVYVVVYYVVYVYYVYVY

72V VvV

\/

N

VoV VIV Y
VoV VOV Y

VAV VYV VLV

A

Vv

\/

80V V V
82V V V

\2%

83 vV VvV V

vV vV vV

\/

vV Vv vV

84V VVVVVVVVVVVVYVYVYVYVYVY

88V VVVVVVVVVVVVVVVVVVVYVVVYVVVVYVYYVYVYYYVYVY

Y

vV Vv VvV

\/

\/
¥/VVVVVVVVVVVVVYVVYVVYVYVYVYVYVVY

98 VvV VvV Vv

vV
vV

VAV VYV

VAV VOV Y

Vv

v
VoV VOV

\/

VoV VOV Y

VvV oV

VvV oV

vV Vv VvV

VoV VOV
WV VVVVVVVVVVVVVYVVVYVVVYVVVVYVVYVVYVY

VYV VVVVVVVVVVVVVVVVVVVVVVVYVVYVVVYVYVVVYVY VYV YVYVY

- - - - - - - - - - - - - - - - - - - - - - T - - T -

DM

DM

DM
DM
DM
DM
DM
DM
DM

DM
DM
DM

DM
DM
DM

DM

DM
DM

DM
DM

DM200 V V V

R

Transfer 80.9 93.6 89.4 63.8 80.9 85.1 74.5 83.0 61.7 74.5 89.4 80.9 74.5 76.6 57.4 74.5 78.7 78.7 68.1 76.6 74.5 85.1 72.3 95.7 61.7 72.3 72.3 68.1 51.1 83.0 83.0 66.0

rate( %)
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YT4
NYT112
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0.48 0.61 0.74
Coefficient

I

0.87 1.00

B2 ETF60M#EAHMER SSR HIFEBERMIEMNEITHERFHZE(UPGMA) BEE
Fig. 2 Dendrogram was generated using unweighted pair group method with arithmetic average
(UPGMA) based on SSR data of 60 lines of D. officinale

J s A fit SSR Z AR I, K51 Y
DM121 ¥£ 3 M1 fiHFf ( D. capillipes. D. hancockii,
D. cariniferum) 1 2 A~8k Kz 4 5l i 22 o (NYT15,
NYT49) f47™ 14 7= 4y 388 4 2R TR s 1k e 68 e v, ik [l g
Fai DNA, Bl J5 #E47 0% (K1), 251K,
DM121 7E NYT15 Fil NYT49 (% 34 DNA JF 5141
£ SSR i & b AFfE 22 5, Hob NYT49-2 L
NYT49-1 8 fi1 3 4~ AGG 3, NYT15 W kb
NYT49-1 £ 2 4~ AGG J /¥, 1 D. cariniferum,
D. capillipes. D. hancockii i D. officinale (NYT15
FINYT49) 7F DM121 i 25 _L-BR T SSR &2 k2=
SeAb, HAMEFIIBAAAEZE T, R A SR

(InDel, insertion and deletion ) F1 = 4b fifi & #5 e
(C-G. G-AMA-T) (K 3), bz Iuiiigk A
fishdh 28] SSR Z & SSR & & K25 S i i,
A S b i) i 22 25 M) 5 SSR &2 Bk A8 5, il
A IR A B R R A G,
3 itig

AAFFE MK 796543 bp i Uni-DNA J531
4822 5 283 4~ SSR i 4%, V% 2814 bp HHL
—/~ SSR, 5K % ( Oryza sativa) . 1= % ( Sor-

ghum vulgare) . %6 %5 ( Brachypodium sylvatic-
um) PR S A G, AREF ST A SSR S



508 T W Bl 2% 2F %31 %
D. capillipes TCGGAGAG--AGAACGATGGAGAGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGGAGG :

D. hancockii TCGGAGAGG GAACGATGGAGAdAGGAGGAGGAGGAGGAGGAGC E

D. cariniferum : TTCGGAGAGGAGAACGATGGAGAGAGGAGGAGGAGG H

NYT15 TTCGGAGAGGA GAACGATGGAGAG:AGGAGGAGGAGGAGGAGGAGGAGGAGG -------------------------- i
NYT49-2 TTCGGAGAGGAGAACGATGGAGAGAGGAGGAGGAGEHAGGAGGAGGAGGAGGAGG-—-----mmmmmemmmem :
NYT49-1 TTCGGAGAGGA GAACGATGGAGAGIAGGAGGAGGAGG AGGAGGAGG i
FJ821157 TTCGGAGAGG GAACGATGGAGAC?AGGAGGAGGAGCAGGAGGAGC ' 51bp
D. capillipes : AGGAGATAGGGGAATCTCGACCTCGGCATTGGAAAATCGCCGGCTTTGTGTTTITGGATGGAA———

D. hancockii : AGGAGATAGGGGAATCTCGACCTCGGCATTGGAAAATCGCCGGCTTTGTGTTTITGGATGGAA---—--

D. cariniferum : AGGAGATAGGGGAATCTCGACCTCGGCATTGGAAATTCGCCGGCTTTGTGTTTT--GGATGGAA--

NYT15 AGAGGAGATAGGGGAATCTCGACCTCGGCATTGGAAAATCGCCGGCTTTGTGTTTTTGGATGGAA-------
NYT49-2 AGGAGATAGGGGAATCTCGACCTCGGCATTGGAAAATCGCCGGCTTTGTGTTTTNTGGATGGAA-—-—--
NYT49-1 AGAGGAGATAGGGGAATCTCGACCTCGGCATTGGAAAATCGCCGGCTTTGTGTTTTTGGATGGAA-------
FJ821157 AGGAGATAGGGGAATCTCGACCTCGGCATTGGAAAATCGCCGGCTTTGTGTTTITGGATGGAAGGG 123 bp

HEFIILIBLAER R 5 R AR A B X I SERAE AR,

Repetitive sequences are indicated in dashed box. Point mutations and indel regions are marked by box with solid line.

3 5|4 DM121 § 381 6 %4 SSR 5iE H DNA B3 (1id 5. FJ821157) KyJR4A SSR Y+ 5! bk Xt
Fig. 3 Alignment of sequences obtained from six SSR bands amplified by DM121
primers and original SSR-derived DNA sequence (accession No.. FJ821157)

RO AR R, XBRT 54 BHEE R 47 5 R A
4h, 5 DNA FAIRAIACE &, HTIF % SSR 1Y
3364 2 DNA 8 H A 212 47515 H SSR & %3
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ik 212 4% SSR J¥%1, SSR B =k 1/6887 bp,
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