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SUMMARY

I. Title

Development of hyperpolymorphic SSR DNA ID and new strains by mutagen

treatment in Cymbidium goeringii

II. Aims and necessity

O The purpose of this study is (1) mass—isolation of hyperpolymorphic microsatellite
(SSR) markers from spring orchid genome and development of SSR multiplex PCR
kits, (2) superior mutant isolation by radiation or chemical treatment, (3)
establishment of SSR DNA ID for the developed new cultivars.

O Development of SSR DNA ID will be first in the world, and genetic identification
of new artificial cultivars will be useful for development of new domestic or
oversea markets, reservation of genetic resources, and application of

cultivar—specific molecular marker.

II. Contents

O Establishment of red ginseng method by the extrusion process

O Development of highly qualified and functional food materials using cultured
mountain ginseng which is converted into red ginseng

O Identification of hyper—polymorphic microsatellite (SSR) markers from spring
orchid SSR-enriched library

O Development of SSR multiplex PCR kits (more than 3 kits)

O Development of SSR DNA-Finger ID using combined genotypes of SSR genotypes
and application test (discriminative power: > 99.9999%)

O Phylogeneitc classification and difference of spring orchid according to regions,
cultivars and countries

O Induction and isolation of superior mutants by treatment of radio active °Co and
chemicals (EMS)

O Mass production of new rare superior mutant cultivars by in vitro tissue cultures

IV. Results

O We identified 346 novel microsatellite markers including 21 polymorphic markers,
and characterized genetic properties among samples from Korea, china and Japan.
O Three SSR multiplex PCR systems were designed (Octaplex, pentaplex, tetraplex).
We also confirmed inter—species cross transferency for 7 oriental orchid species.
O The DNA ID of SSR haplotype was established with discrimination power of



99.9999%, and the ID was endowed for 40 cultivars and 2 artificially induced
mutants. The DNA ID was expressed as 2—-dimensional DNA bar-code.

O We induced chloroplast—deficient mutant rootstocks by treatment of 0.2% EMS.
When EMS was treated, more than 50% of rootstocks were brown-colored.

O We observed variable leaf mutants (such as Joongtoo, Sapi, and Sanban) by the
re—differentiation of rootstock sections. Particularly, 2 Sapi mutants induced by
EMS treatment were fixed as the new cultivars.

O When wild orchids from Korea and China were compared, China orchids showed
more anthocyanin spots than Korean orchids. The length and width of flowers for
Koreans were larger than China samples, and the shapes were likely U-shape in

Korean samples, but more likely V-shape in China samples.

V. Achievements and expected effects

O We developed highly discriminative DNA ID and DNA bar-code. The DNA
bar—-code will be usefully applied to superior spring orchid cultivars to certify the
genetic lineage. This will contribute activation of orchid industry and trustworthy
market.

O The SSR DNA ID and two-dimensional barcode may be very usefully applied for
discrimination and maintenance of cultivars and management of clones from iIn
vitro cultures of C. goeringii.

O Achievements: patent application: 3, publication: 5(SCI 3, non-SCI 2), academic
presentation: 11, registration SSR markers at GenBank: 202, and new mutant

establishment: 2.
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1,240 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

[l

~z Py =Py
o= S2H(Ton) | 2H(H$) | 26(Ton) | 2 (M$) | 22(ton) | ZU(H$)
2000 1,610 3,250 767 10,826 —834 ~7,570
2001 1,275 3,860 860 11,968 —415 ~8,108
2002 1,599 5,394 1,120 14,029 479 -8,834
2003 3,259 11,808 956 12,372 2,303 1,063
2004 1,695 9,044 1,085 12,714 ~409 ~3,070
2005 3,837 16,568 1,303 14,545 2,533 2,122
2006 1,989 10,820 1,943 20,301 —46 ~9,481
Y 15,267 61,446 8,237 97,458 | -7,030 | -36,011
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oz g dA7A = HEE randomly amplified polymorphic DNA(RAPD) (Choi et al.,
1998; Lee et al., 2004; Obara-Okeyo and Kako), ¥ inter-simple sequence repeats (ISSR)
upAZE o] &3 WY o Z A (Smith et al., 2002; Xiaohong et al., 2007), %‘ﬁaol"} AA A 9
EAZE Al ]Q 9}‘:} kA ] Eekale] S skel Adstd A5 AA AE 2
Tl A FEe A S SHAE SSR #H9E AlEdY 7HH‘0H°P s Aol
O & dAFelA Add SSR IDE =Rl Xl 7ol o3 s #F&F (28)9

g A AE&ud, o A 2R Fdd WAV FLEAE A g
otf. ol AL Abgke] AelaEe 918l 1089 ol4el SSR HAAPE ol &k el
28] (Forensic Science)d Wx7F9 AW HE EYshes THIER Holt) 53] 99
Fol FoAHE JdFdes g Fel JHAE JHRE sdFe A ol o dA %
A el A= DNA IDE F3l Fd4 ¢ 7|9 F-5 99.9999% o] A EA]
e Ao}

oo o oW o
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A14d 441 dg
L ALAR: &3 FAAZRY 2994 SSR A99 dFEd 2 %59 DNA ID 59
T AT HiE AT W& A9
OSSR-enriched | O SSR-enriched library == ¢ o Plasmid 2]
library 2 5-H - White colony random selection 1,000 cfu °]4+
SSR A ¥e] # - Plasmid +% % insert &<l e(.1-1kb A
= OH7| M-S o] 83 SSR A4 574 |e1,000 plasmid o]
- A7IMEZEA A A
s - SSR ®HE motife] A e 250291 ©]/de
(2009) OSSR #¢14¥ OSSR motif'd PCR S&%7 44 SSR A& &4
primer A% 2 - SSR A<¥E Eol4 primer A2} *50 SSR o] PCR
PCR =784 - PCR &% =71 g9 W g
Ot A SSR & | OSSR #9¥ genotyping 433 20 o3 tgA
el M - ¥4 PAGE ¥ silver staining $1 A
- 3 -3%A primerE °o]&3 PCR %
automatic sequencer . E}o]d
ovtdd SSR & | 0HF Add A SSR #9le] Bk (e 2190l dld
e SAA & Zz 2474 4 dyadA 944 HAadA g5 =
4 Y - YA 3y f gk eEA He AR
O dEFARte] T7 2 W 2A
- o] §HFE, GD, PIC, PE, PM
- HWE %3, linkage disequilibrium
oI OFee A4 Oty g SSR #9919 Al vd e B T, A
(2010) dAAE 74 - Aol Ho ‘i]ﬂ 2R ] - xH)
2 Apold AA - IAE ¢ F5E v W g AS A
OAAAR I} Fx | OAAA (reproducibility): AIE/FE] ] w2 e FAAH Edo]
Wt g4 g Efold 2 /& AA HE 17591l o
E s A =<l
O Cross-species transferability: 7 A} o674 = HE
Cymbidium 4-& ¥33F Wz} 2 &9 of et wx A&
Wk A8 AL g gl
O Multiplex PCR | OMultiplex PCR kit 7§yt o 3% 9], 53¢, 4=
A | A s gy - 3-6 SSR9| 4 FE 27 s BN FZIE
(2011) - A& Tag ¥ buffer A28 7 7
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@ NEFd 2 F DNA 7%
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ol
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ek o EFo
DNA<9] ¥

*E

2. &+ SSR library A2 2 234

7b ZAv= B White 22 25H pGEM-T ZHAv=E 2213 § EcoRl AldHaE A

Aalo] insert®] =7] <l (1,000 & o)A ~=d).

. Insert’7} 100bp ©]*¢l &8 Ao = MI3 primer®t automatic sequencers ©]-83}o]
DNA @ ¢ dA7|Md-& ZA3SHAL, SSR A Ee] A 54 #4 (29 3a).

fl

¥ pG{'C.lil IC.G.IIGGC TGTTAT TATTGCATG AT TG ARATTGAGAGAGAGAG AGAG AG AGAGAGAG AGAGAGAGGTAAMCC G AGAGTTGTE
240 250 260 ol 2 290 00

ufn .A J‘\.nlﬁ '||| &M.[L ||ﬂ|'|\.u""| A IJ ' | M‘#

b nﬁ'eNn'vr\‘l /l“ 'L'EJ i e e Immhm Mﬂhrﬂhh‘mﬁhmﬂh'“ /

[anuMTGnGnGéG GAGnGHGnG»GHGJ—G GAGJIG.GG&GGII;A-;CCG.&G.&G1IGIGI GCATGCAGGOT GAGEGAGATTGAGAGCCATC
370 380 30 400 410

i

A AN

8 3. Library A3 genotyping. (a) pGEM-T vector? HIIMZZE2E 'AG' EISAZE (Y2tM)
2 &0Ist chromatogram. (b) 28 JHHMEY XRA-S0I& primer (=2td 2)Z PCR =8 £ B4
PAGEZSZ} silver staining@ & typing & Al.
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3. SSR v}# 9] genotyping

7F. SSR #9 E9o]4 primer? TAFSl : Primer 3 T2 188 &83to] 20-26mer, Tne 58T
o7, PCR 2129 7ol 100-250 bpe] Wlol 9l Az (18 3a9] waa).

v}, PAGE : Y] 3#A primer® =% PCR 4t ¥4 PAGE 2 A]. Acrylamide 5%, urea 7TM
41X TBE9] A& &#0|3tH, 21719 %S 40 mA2] AfFolA 3-5A13F &k AA.

T}, Silver staining : A7 9 Fo] & AE 10% ethanoloﬂ 208 AAZL & 19% HNO; &4
of 10 #37F w131, o]o] staining solution (AgNOs 1 g, 37% formaldehyde 1.5 ml/ ¢ )¢l
A 3083 Al EE0l F Y, developer &8-S AHgste] M=rE vERE wi7bA] =
(Z1% 3b).

2. F -3 A primer? typingi FBow HAHE primer® SZH PCR 4= automatic
sequencer® # @3k ¥ Genotyper (Ver. 3.7)% F4dA3 24 (19 4).

A)
| | |
100 150 200 250 300 3530bp
FAN —)  (— —y
DXS6789 DXS6810 DXS7132
S—y <S— o —
GATAL172D05  DXST7423 ARA
(B)
I-:: - -:h = 50 I::'-: 0 220 239 240 28 280 300 1t0 :E_:-::
-_Pl.J'l_JI‘\_n_A_.._IIl_J‘LJIL..J'LJILJ'l_ _____ Al UL.- ¥ I— M_Jh'u JI\.J&JULAL
CIEEETE EEEEETE CIEEEE EEIEEIEEEE
’Jl j ,J- =
E D E .0
Ju oY A =
EHE GE =
%0 ':.‘ __i_ i B 150 00 :':m"_ 20 230 240 P :I‘L' o o z: 300 !'I: 0
ﬁ || 1Ll
I' U ) || | L AR || Mk MArAA =
I__]| I, IL-/ L__N_ ﬂpmw ' '| WA
focrees & mﬁmia &,%%%%%%%D s
. - - .'l!'.lt -~ CR— -llff. ~ -'\.I Il - w
= =
!
A _Jl:‘l .':I“. Ff ﬂi f\
TR i == e = =

& 4. Hexaplex PCR kit HMIZHoll. (A

) FAMDZ} PETE EXIE 60tHQ 3IJIE BO=1D A2,
(B) 2 X9 SAZ==Z JZOIEOYCOZR B

—’E ladderJt E2&.
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4. Multiplex PCR *79] ¢

) FEES 277 F5E

t}. Multiplexing<- hexaplex Mo
AA s& AEzF] v AW,

Uk Primer®] F=o A5a Fol T4 S3FH= 4 A0 v dER SEHHA M, 24
u}A o EHKS} %% allele ladderE A2+ (28 4B).

Z}. PCRS ¥4 Gold Taqa Ag SAab Tag A 2~8 7|4t

UE dye® ¥ AAZ (multiplex <A 229 4A).

3+
Aoz M, 7F primerd] T #t% TF Zo] 2 A4A 9]

5. DNA ID®9] vz =3

7} 1049) SSR #919) AR SA6] FEHY 5 ol 249 vhEE A (33 AR
A} /\7HL19} reader A|Z}).

. 94 AEE tElA = DNA D9 QAE5AE whFsla ua=g 53

6. A4 &4

7F thHf 42 ¥l =% gene counting method® A48l H | Polymorphism information content
(PIC) #t< Bostein et al. (1980)2] W o= Ak
b, X* test9} Fisher's exact test™® GDA Z2 1802 l-way ANOVA test, 2 Wilcoxon 2
sample testi= Statistical Analysis System software (SAS Institute)E ©|83}o] 43,
th X g, F2d, A (37})&‘ 2ol (Fo9t 839 A= GENEPOP 22190 %
F83}ar, PD, PE, Hops 5= PowerStatsV12 program® = # 4k,

SRS EEX

-3
i
bl

&3

b 2 2o 9% gy 2AE 9% A £F 2 0w 2E 29 R Jusy =4S
A8 18l @Ak 10070 A 9 F3ak A S ol F 33

A B AlE BASAT FUE 2 BHEA)
A4 AelHz ZAsET Aol PP oo w paste] xAEAT. %44
= o8 STDEV A xeges LEA) fkE TSl 3¢ 339 oyl £ 2
§42 WO, v Fi WuelA Rolgld = ?
AR wE 4 FAse 2GR, 339 Do) O FA (it B
9 AN A B ABAAE FHs] Qolo] oz g, 3 T
B4 A SolA okdm 1A vl A o 2uA VI E 24 shach

_%zirﬁrl

)

L. Cluster #2418 98 =345 F5 2 Wy @ 2359 dgod EAd & FAES #
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11.

J8 5. (A) XS 2ot AR. WEE SIE 27 Sofl Z0tE R<&. (B) EXNZRH
&l

2AZA% AR qd AgzAAe 2 2 wgeRy A=A 7]

==
R ke

)

AE-3Fe] 3t quxind cytokinin®] FF F3b= MS 7] Eu] X o] NAASH BA,
F7F 0, 01, 1, 2, 3 mg/LY] sE2 X33 dix|o|A ZAA. Hyponex BIjA| &
hyponex 3 g/L, peptone 1.5 g/L, myo—inositol 0.1 g/L7F A7k viA & A8 (ZL§ 6A).
Eo] Jd& Holy ZAFSE ddd &

&l
Ll

N

kinetin

S hyponex 3 g/L, peptone 4 g/L, yeast extract
1 g/L, vly1} 60 g/L, FAdE 35 g/L, myo-inositil 100 mg/L, EDTA 40 mg/L, gelrite
0.29, pH 552 &8 wj=| oA H] <

Ade 24599 Adids 47 A= Y (ZLE 6B).

o] Edwlo]l e 98l 249 WA 54 (AHERE, 4549 nle =
E




A 24 A4S A3

L ANAG-HA: E&] FAA25H 2094 SSR #A99 Ui 8 2 FF'4 DNA

ot

A A, I ZrkdelA 15702 sk =, T,
Ao w7 B A e S4e 249 5 A =Y (3" TA).

China
siuhd
48
o
=7t A
3 S5y 3

15
44

8 7. X Zetol HEX & A= (A) &=, 32, €2
HE

Eet
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t}. SSR-enriched library 258 SSR A4 9] ¢

(1) Microsatellite—enriched genomic DNA library ] A%

%j‘]i—rEi SSRS &8 37] 984 SSR gDNA library% AAF oz A& A z2s}
HAL o5 2o 2302 FEH DNAE FE3 $ Sau3Al Algtii=2 Adstal
a3t Adaptor-52% DNA @¢#HES 1 ?%‘4 biotin-3%*] SSR
st GHES PCRE ZF319
skt (1% 8).

4

& 5
-1

A=,

Sau3Al- adaptorEs

oligomer® <4331 SA-PMP U= HAWHI{FY (% 4). &
VS

&z A

g gk
pGEM-T Easy vectorell 4918t % E. coli (DHI0B)el| 32 %

H 4. Biotin-= Xl SSR oligomer

Repeat unit Oligomer sequences (5'-biotin — 3')

Di—nt repeats (AThs, (AC)i5, (AG)1s

Tri—nt repeats (ACC)1, (TAA), (CAA), (GAA), (ACG)1o

(AAAG)7, (AGAT)7, (AAAT)7, (ACAT)q

Tetra—nt repeats

T #F9 = gF 2 X 10° cfu® ALY 9om, white colonyZ5-E STAH=E B
23t T EcoRIC.Z A3l S W insert W &2 91.7%°]9 o™, A7) 0.2-1.2kb H 9ol AA
o} oF 229%9] F#0°] SSR motifE 7IHA| &= AoZ AAE o] AZE library7l SSR Aol 4
ke gle & QT (i 5)

s - 5 X 5. &&t SSR-enriched library A& W&
L
/ Host cell E. coli (DH10B)
) Vector pPGEM-T Easy vector

Insert size 02 -12 kb

* et e 021k
« Liggted A 4607 liorary

sHtedl £ col Independent cfu 2 x 10° cfu

Vet pCEM-TERy wdl g T mimm g )

SSR detection rate | 229

g 8. pGEM T easy vector system

(2) Library =329 2 SSR vFA 2] GenBank %3

_26_



SSR genomic library e E. coliE X-galo] ¥3¥ LB/amp plateo] 38}
FEUERY Egar=
A3t 167178 (92%)2] ZepAn =
L el 1,6717H Z &2V Z=E universal primer (M13 forward,
o] &3t A7|ME-s #A5te] SSR motif7l EASEAE FAAFSEA T 919

white 24 1813715 e AAsH Y. A 7‘4% white
33l EcoRI ArEAE =83t insertE <13k
7F E1E A 7 EEo 25

M13 reverse)=

R4

aj kst o

DNAE &

ol A insert

A4S E8 F4E A7IAE F SSR motifE Zh= 34670 (20.7 % 346/1,671)2] A E-S AS]

(& 6).

55 A
(24.8%), 49471

o) -
5 1.

346719 SSR @7l de 297 Wi
e 738 (20%), 597 ol W
(ATG)n(CTGATGH Y 22 53 ¥ETxE

2003 (57.8%), 347
83 (23%)= #ZHAI, (AC)n(AT),,
453) (13.0%) %= TZHAC} (¥ 9).

I 6. Numbers of identified microsatellites according to repeat sequences.

Hhi 863

Repeat Repeat g a Observed Total
unit sequence ynonym No. No.
AT TA 4 200
Di-nt AC CA, TG, GT 24
AG GA, TC, CT 172
AAT ATT, TTA, ATA, TAA, TAT 2 36
AAC ACA, CAA, TTG, TGT, GTT 8
Tri-nt AAG AGA, GAA, TTC, TCT, CTT 20
ACC CCA, CAC, TGG, GGT, GTG 44
AGG GGA, GAG, GCT, CCT, CTC 8
Others AGC, GAT 4
AAAT AAAT 1 7
AAAG AAAG 1
Tetra-nt
AGAT AGAT 1
Others AACC, AAGC, ATGA, TGAA 4
Hexa& AAACACAAGAAAGAAGAAG,
. efa_ t AGGGTTT,CAACATCATCAT, 8 8
T GAATTT TGGGGGTTTGGA
Complex
- 45 45
repeat
Total 346

“Repeat sequences as same as the sequence in the left column.
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SSR gDNA library ~3d-& B3 ozl vhzke] =& SSR A4E 5 2027 vFAE NCBI
(GenBank)dl| 531 S ZWH3Z (accession number)E F-of @207 <9lde] FFu =9
SSR AM4d AXE &88 & Ja d MAFdez =89 F& A5 753 s (£ 7).

(a) Di-nucleotide repeat unit : (CA)g - (TA); complex repeat

GCOGCACATGCACACACACACACACAT ATATATATATATAAGGGGT GAGCTTAT

(b) Di-nucleotide repeat unit : (TG); - (AG)y; complex repeat

LTATGTGTGTC TG TG AGAGAGAGAGAGAGAGAG AG AGAGAG MGAGAGAGAGAG AGAGAAGE A

i TG ATTGOA A LMALALAGSAS AGAAGA AG LA AALG AAGALGATGAANGC ATA AGT A

(d) Tri-nucleotide repeat unit : (TCC); simple repeat

GCGGT CLCLGLC L CARMATECTI CCT CCT CET CETCETCCTAGTAGTIATTTATT

(e) Di- and Tetra-nucleotide repeat unit : {AG)4 (ATAG)H cnmplex repeat

TAGAGAGAGATAGATAGATAGATAGATAG R T ARG A AGATAG AG AT AG § AGATAGG

(f) Hexa- and Di-nucleotide repeat unit : (GAGGGA); — (GA)s complex repeat

LAGGGGAGGGAGAGGGAG AGGEGAGA GEE GAGGGAG LG A& G A6 AGAG AL ATGGA J

J& 9. SSR motif€ JHAl= MZ2 sequencing chromatogram.
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T 7. & SSRQ Bt= RX 2 GenBank S5(1)
Locus Repeat unit GenBank Acc. No. | Locus Repeat unit GenBank Acc. No.
CG2 AG HQR42872 CG301 ACC JQ743123
CGH ACC HQB42873 CG310 AAG/AC JQ743124
CG15 AG HQB42874 CG334 AC JQ743125
CG26 CAA JQ743101 CG335 AG JQ743126
CG29 CAA JQ743102 CG336 ACC HQ842901
CG36 AG JQ743103 CG344 ACC HQ842902
CG38 ACA JQ743104 CG346 ACC JQ743127
CG40 AC/AAC HQB42875 CG361 ACC JQ743128
CG42 AG HQB42876 CG365 AC JQ743129
CG44 CAA HQB42877 CG378 AG HQE842903
CG45 AC JQ743105 CG388 AC JQ743130
CG46 CCA JQ743106 CG393 AG JQ743131
CG47 CAA/CAT HQB42878 CG394 TCT JQ743132
CG70 CAA HQB42879 CG403 AG JQ743133
CG75 ACC HQE842880 CG408 AG JQ743134
CG81 ACC HQ842881 CG410 ACC HQ842904
CG93 AC JQ743107 CG412 ACC JQ743135
CGY4 ACC HQR42882 CG415 AG HQE42905
CG97 ACC HQB42883 CG420 AG JQ743136
CGO8 AG HQB842884 CG424 AAG HQE842906
CG99 AC JQ743108 CG425 AG HQ842907
CG106 CCA JQ743109 CG428 AG HQE842908
CG109 GT/CAC JQ743110 CG430 AG JQ743137
CG110 ACC HQB42885 CG431 AG JQ743138
CGl112 ACC/ATC HQE42886 CG433 ACC JQ743139
CG119 ACC HQB42887 CG443 AG JQ743140
CG120 TG/AG JQ743111 CG450 AG HQ842909
CGl122 AG HQB42888 CG453 AG JQ743141
CG126 ACC HQE842889 CG459 AG HQ842910
CG130 AGC JQ743112 CG477 AG HQ842911
CG168 CCA/ACC JQ743113 CG489 AG HQ842912
CG179 AG/AGAC JQ743114 CG497 ACC JQ743142
CG180 AG/AGAC JQ743115 CGHEO7 AC/AG JQ743143
CG183 AG HQ842890 CGbL17 TGAA HQ842913
CG193 AG JQ743116 CG5H30 CCA JQ743144
CG203 AAG JQ743117 CGh41 AGG HQ842914
CG206 AG HQK842891 CG5H43 AG HQ842915
CG211 AG JQ743118 CGH50 ATAG/AG HQ842916
CG220 TG/AG HQ842892 CGHES6 AC HQ842917
CG222 GAATTT HQE842893 CGEBS AC JQ743145
CG230 AG HQB842894 CG5ER0 CCA JQ743146
CG232 AC HQR42895 CG624 AT JQ743147
CG246 TGGGGG HQB842896 CG630 AC JQ743148
CG247 AC JQ743119 CG636 AG HQ842918
CG248 TG/AG JQ743120 CG649 AG HQ842919
CG257 AG HQB842897 CG661 AG JQ743149
CG269 AG HQE842898 CG66Y AG HQ842920
CG271 AG JQ743121 CG679 AG HQ842921
CG273 AG JQ743122 CG701 AAG JQ743150
CG280 AAAG HQ842899 CG709 TG/AG HQE842922
CG284 AG HQ842900 CG722 AG HQ842923
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T 7. =gt SSRY Bt= X2} GenBank S=(2)

Locus Repeat unit GenBank Acc. No. | Locus Repeat unit GenBank Acc. No.
CG735 ACC JQ743151 CG1403 TG/AG HQ842959
CG744 AG HQB842924 CG1423 AC HQE842960
CG783 AG HQE842925 CG1428 ACC JQ743165
CG787 AG HQB842926 CG1432 AG JQ743166
CGT794 AGC/AG HQ842927 CG1437 AG JQ743167
CG799 AAAT HQR842928 CG1445 GAT HQE42961
CG831 CAA HQE842929 CG1450 AG HQB842962
CG846 AG JQ743152 CG1458 AG HQE842963
CGR72 AG JQ743153 CG1508 AG HQR42964
CG862 AG HQ842930 CG1512 AG HQB842965
CGRY4 AAC HQ842931 CG1521 AC JQ743168
CG917 AG HQ842932 CG1530 TTTGGA JQ743169
CG926 AG HQE842933 CG15631 ACC JQ743170
CG936 ACTC/AC HQ842934 CG1534 AG HQB42966
CG963 AG HQ857477 CG1538 AGG JQ743171
CGO981 AG HQ842935 CG1576 AG JQ743172
CGOS8 AG HQ842936 CG1585 ACC HQB842967
CG1023 AG HQR842937 CG1586 GAA JQ743173
CG1028 AG HQE842938 CG1592 AG JQ743174
CG1030 AG HQ842939 CG1599 ACC JQ743175
CG1036 AAG HQE842940 CG1615 TG/AG JQ743176
CG1047 AAG HQ842941 CG1620 AGG JQ743177
CG1084 AG/TG JQ743154 CG1639 TC/AC JQ743178
CG1085 AG HQ842942 CGl6e41 AG JQ743179
CG1086 AG HQB842943 CG1645 AG HQB842968
CG1126 ACC JQ743155 CG16561 AG JQ743180
CG1163 AC/AG HQ842944 CG1657 AG HQ842969
CG1134 CAA HQ842945 CG1703 AG/TG JQ743181
CG1210 AG HQB842946 CG1713 AG JQ743182
CG1218 AG HQ842947 CG1715 AG HQ842970
CG1229 AC HQE842948 CG1731 AG HQ842971
CG1235 AC HQ842949 CG1737 AACC JQ743183
CGl1244 AG JQ743156 CG1761 ACC JQ743184
CG1256 TC/AC HQE842950 CG1779 AAG JQ743185
CG1265 ACC/AAC HQ8429%1 CG1788 AT JQ743186
CG1267 AG HQ842952 CG1790 AG JQ743187
CG1269 AG JQ743157 CG1817 AG JQ743188
CG1273 TG/AG JQ743158 CG1823 TTA/AAG JQ743189
CG1285 AG JQ743159 CG1831 AG HQ842972
CG1318 AGC JQ743160 CG1835 AC/AG JQ743190
CG1319 AG JQ743161 CG1845 AGG JQ743191
CG1336 AG JQ743162 CG1850 AC JQ743192
CG1381 AGGGTTT JQ743163 CG1861 ACC/CCA JQ743193
CG1394 AG JQ743164 CG1855 AG HQB42973
CG1281 AG HQR842953 CG1859 AG JQ743194
CG1320 CAA HQB842954 CG1870 ATT JQ743195
CG1341 AAG/AG HQ842955 CG1873 AG JQ743196
CG1348 AG HQB842956 CG1878 AG JQ743197
CG139% AAG/AGG HQ842957 CG1890 AG JQ743198
CG1400 AG HQE842958 CG1895 AG JQ743199
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t}. SSR #H9A ¥ primer AlZ 2 vJdA SSR vHA 9

2
&

(1) Primer®] A=+

0

SSR-enriched library <A # oz F¥ 346719 FE5 % &= SSR A4S nlgo

SSR motifE FZ38 4= 9= Eo]& primer 943 Primer3 Z 2132 o]&3Fo] A Z# s}
PCR ZZ& 239t AZFE primers 18-26 bp W& e] Zo]Z SSR motif7} &%
9] flanking A Eol HEZFoz AL ow, 77+ primerd] A3 &% (BT olhHE
3to] PCR 274& &ddlal =32 AAE A, primer F & 10715712] genomic DNA A
FP oz o] AAEYgY. o Ay, =] DNA AlRoA 947 7189 5871 primerz %
of sttt (59/94; 62.7%) (& 8).

O

K

o2
NooE W R 9

e

I 8. List of SSR-specific primers in Cymbidium goeringii.

Locus | Size Repeat sequence Ta Locus | Size Repeat sequence Ta

(bp) (T) (bp) (C)
CG2 144 | P21 N26 (AG)16 N27 P20 58 || CG722 183 | P20 N77 (AG®M12 N24 P20 58
CGh 162 | P24 N40 (ACC)5 N58 P23 60 || CG744 140 | P22 N21 (A()12 N34 P21 58
CG26 106 | P22 N8 (AAC)8 N21 P22 60 || CG787 136 | P21 N27 (A()23 N1 P23 58
CG40 125 | P20 N7 (CAA)8 N34 P22 60 || CG794 108 | P24 N19 (AGC)7 N21 P23 56
CG44 109 | P20 N39 (CAA)6 N11 P21 60 || CG831 178 | P21 N62 (CAA)8 N32 P21 58
CG97 126 | P23 N42 (ACC)7 N18 P22 60 || CG894 129 | P23 N22 (AAC)6 N5 P25 58
CG119 90 | P22 N23 (ACC)6 N3 P24 60 || CG926 146 | P21 N14 (AG)22 N28 P21 60
CG192 123 | P27 N41 (CAA)6 N12 P25 60 || CG963 137 | P22 N18 (AG()12 N34 P21 58
CG222 184 | P24 N52 (GAATTT)4 N60 P24 60 || CGO981 131 | P23 N39 (A®M12 N3 P24 58
CG242 139 | P24 N37 (CAA)7 N36 P22 60 || CG1023 | 211 | P19 N89 (AG()13 N35 P24 58
CG246 | 205 | P22 N41 (TGGGGG)3 N79 P22 | €60 | CG1028 | 179 | P24 N8 (AG)28 N51 P24 58
CG257 | 226 | P22 N56 (AG)30 N49 P21 61 || CG1036 | 188 | P20 N64 (GAA)16 N16 P22 60
CG269 139 | P22 N54 (AG19 N2 P24 56 || CG1085 | 131 | P23 N9 (AG)16 N26 P20 58
CG280 146 | P21 N56 (AAAG)7 N1 P24 58 || CG1086 | 168 | P20 N34 (AG)25 N27 P19 56
CG336 140 | P22 N12 (ACC)13 N39 P22 60 || CG1184 | 183 | P24 N51 (CAA)6 N50 P22 57
CG344 171 | P23 N53 (ACC)5 N37 P25 58 || CG1210 | 142 | P21 N42 (AG)15 N10 P21 58
CG378 190 | P22 N33 (AG)37 N23 P20 57 || CG1229 | 205 | P20 N87 (AC)29 NO P22 58
CG410 95 | P24 N22 (CCA)8 N3 P25 60 || CG1265 | 176 | P20 N53 (CAA)9 N36 P20 60
CG415 139 | P21 N27 (AG®)12 N29 P20 58 || CG1281 | 176 | P21 N69 (AG)15 N17 P21 58
CG424 179 | P25 N33 (AAG)7 N77 P25 60 || CG1320 | 148 | P22 N63 (CAA)7 N3 P21 58
CG428 184 | P24 N34 (AG)24 N36 P24 58 || CG1341 | 198 | P21 N41 (AG)26 N45 P21 59
CG450 133 | P24 N4 (AG)18 N29 P22 58 || CG1348 | 168 | P18 N28 (A(GR)29 N26 P20 59
CG459 130 | P24 N31 (AG13 N7 P24 58 || CG1400 | 163 | P21 N36 (AG)21 N24 P22 58
CG477 169 | P21 N73 (AG®)13 N12 P19 60 || CG1445 | 106 | P20 N22 (GAT)8 N2 P20 60
CGH41 173 | P22 N29 (AGG)5 N65 P24 58 || CG1450 | 177 | P21 N47 (AG)15 N40 P21 59
CGB43 | 202 | P22 N9 (A®)32 N69 P20 60 || CG1508 | 198 | P22 N15 (AG)33 N56 P21 58
CGB56 125 | P22 N3 (AG)24 N13 P21 58 || CG1585 | 135 | P20 N2 (ACC)5 N58 P22 60
CG649 180 | P21 N68 (AG)11 N30 P22 58 || CG1731 | 230 | P20 N80 (AG)30 N32 P20 58
CG709 170 | P22 N16 (AG)13 N68 P20 58 || CG1835 | 196 | P21 N49 (AG)23 N41 P21 58

_31_



(@ F448 24 2 984 vAY A

S B SFH AEL AFE FAAE :‘%417]%: o] &3] genotypingS 3] i HA-AA
o Bid #w4E ZAASAY. T 59719 primer set T 43708 S HHAAE dHHFEA

g 6712 9ol A ojwdt e wolx ggkvh. vEAdE Kol 4370
MM 1870 &= HHEFAA Brgol 470 olstE v de] wekar, ) #Hel= Ad
4 "Holx o] HEFe AMET F glley HFAHOoR o oA dIAS e 2019
microsatellite #91& 2|3t (£ 9, L& 10).

J

o
o
L
2
K
—
xﬁ

H 9 & UWHlNA TOEd=S LEtWE 2104 SSR OHA

Loci GenBank Primersequence Repeat Ta Sizerange
Acc.No. (5'-3") motif (¢) | (bp)

CG2 HQ842872 F'TGATTAAGCAGCCATTCAAGG (A®)16 58 114-138
R TGGCTCTCAATCTCCCTCAC

CG280 HQ842899 F:CCCCACAAAAGAATCACAAAG (AAAG)T 58 101-132
R:CAGCTGGAGAAAGATAAGGTCTCC

CG415 HQ842905 F:CTTCCAACAACCCCTTCTGTC (A®12 58 117-150
R:CTTTGCTACGGAGGTCATGC

CG428 HQ842908 F:AGACATCAAATTCACCAAGAGAGG (A®)24 59 130-178
R TCAGCTCACTGATTAGGAAAATCC

CG450 HQ842909 F:CCAAACTGCCTTAACTCACTTACA (A®)18 56 89-160
R:ACTTGGGGCCTTACAACTGATA

CG459 HQ842910 F:ACCAGTTCACTTTCCATTATCTGG (A®13 58 94-146
R:GGGATGTAGCCATATTACCAATGA

CG649 HQ842919 F:CAATGGGATAAGGTGGCTTTC (AG)11 58 161-185
R TCCTTTGCTTTCTCTCCTTGG

CG709 HQ842922 F'TTGACCGATTGAGGAAGTATCA (A®13 58 148-193
R:CATGCCATCAATCATCATCC

CG722 HQ842923 F'TGGTGCAAGCAGTTGGAATA (A®12 58 160-197
R:CAGGTTGCCTCATCTCCACT

CG787 HQ842926 F:GGCAGCTACATCCACATCATC (A®)18 58 98-135
R:GTTTTTGATGGAGGTTCTATTGC

CG963 HQ842934 F'TGAGAACAGACGACAAATGTGA (A®12 58 119-147
R:CGCCACAGGAATCAAAACTAA

CG1023 HQ842937 F:CGATGGCCGTCAAGAAGTA (A®13 60 181-225
R TCAGTTCACTCATTCTCTTCTTCC

CG1028 HQ842938 F:AGGTAAGCCCATAATAGGTGTTTG (A28 58 109-193
R:GCTTTATGGGAAGCTTTATGAGTC

CG1085 HQ842942 F'TCGGGATTCGGTAGTAGTTGA (A®)16 58 92-159
R TCTCTCAGCTTCCCCACTCT

CG1210 HQ842946 F:AGACAGTGTGCGGAGAAAGAA (A®15 58 102-164
R:AACGCTCTTCCGTTAGGTTTC

CG1229 HQ842948 F:GCTCGGCCGATTACTTTCTT (AC)29 58 170-215
R:AACAAACAACTTCCCCTACACG

CG1281 HQ842953 F'TCAGGAAGTGTCCCATGTAGC (A®15 58 144-174
R:GGTCCTCGAGGTGATGCTATT

CG1320 HQ842954 F:GATGGAATCAAAATGGCTTAGG (CAA)Y 58 124-163
R:GACCCCACCTAGTGGGATAAA

CG1400 HQ842958 FTCCTCAGGGCACTCCCTATAC (AG)21 58 121-189
R TTCCTGCTCAAGCAGCTAAAGT

CG1508 HQ842964 F:CCTATGTATTCTAAGGCATTCC (A®)33 58 132-184
R:GACCATTAGAGGGGTTTGAGG

CG1855 HQ842973 F'TGTAGCGGAGACAAGAAGGAG (A®)23 61 145-194
R AAAACGTTCGTCTCGGTCTCT
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markers in Cymbidium goeringii.



2. g4 SSR A el BAH 54 g

(1) T34 SSR ¢l w7z 24 2 gdada 91

Al 21719 v wAE ol &3t W 1557A £ A5 FAAES 4389
I, o) B3 ddd uyHGdAe] g F2E AUiAE 248 B 24 gEA
#FA9o HEFAAE oA T 273 E dEste] F9 5eolAQl primerg o] &3 PCR 5%3}
3, °]& sequencingstel A7|AE 2 wHEFEE AAS S 7 AW ddSAAE w3
Fol wg} Az gHEd e (Bar et al, 1997), 290 Hit 20709 dHAFAAHES e

o (2E 11).
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8 11. SSR =& +=0

a
o
0
0
m

Cted 012 UE=ENL DZ20tE0E.

@) A Y Ae] R ALY

AEE 217 AR e FAXES B4t viAE d@Gdx B 5449 A 2
H AR F8S dolry] el EFAA HRE gdd A 2RSS o] fal &
233199 =5 Gene diversity, PIC, PE, PM #< PowerStatsV12 program 2.2, °o|d {3 =, HWE

¥ linkage disequilibrium< GDA T2 o2 Hed zolA (Fu)< GENEPOP S/W=Z
gkt dHEAAA B vFde viAR FHar 20712 CGL50890 Al 29712 71 vh 3} A
et o A Es T5 A9 Febo] 7P kst A YEFR oW, Heps 0.256-0.937 (S
# 0.743)Z VEFSE AL Hops= 0.089-0.941 (3t 3k 0.548) 2 Hops 7t Hepll Wl tha A vhEL
Wb gEAd Aol gi3s Yl PIC#s Hir 070322 CGI508414 08222 71 =
A Yl ew, CG2807 CGI63E AL st e HAflolA]l Hit 06 o3 g o Fd4 tf
ol =aL, AR B HAERl Y Ao R AT

NHFAA wiAeS UERN= PEE 029602 ZAS A, 444 vdds veds
Gene diversity 0.262-0.9599] W2 Hit 0.7M4= ZAE Y oH, gF-Fo HodA To &
o] 7P E=A yErR (£ 10).

=
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H 10A. Ct& 4 SSR OFA(CG2, CG280, CG450)2 RN BIE ¥ XYY B2 4

cG2 CG280 CG450

Alele | Aot | Saier | 5= | 2= Aot | saier | B2 | 2= | Mo | Sdie | B2 | u=

2 0.070 | 0.111 | 0.096 | 0.036

4 0.011

6 0.021 | 0.107

7 0.031 | 0.163 | 0.033 | 0.640 | 0.844 | 0.447 | 0.571

8 0.128 0.043

9 0.021 | 0.025 0.064

10 0.034 | 0.021 | 0.025 | 0.067 0.082 0.012

1 0.318 | 0.167 0.133 0.081 | 0.042 | 0.133 | 0.321

12 0.034 0.038 | 0.367 0.053 0.349 | 0.181 | 0.044 | 0.071

13 0.025 0.022

14 0.136 | 0.135 | 0.225 0.012 0.067

15 0.125 0.033

16 0.136 | 0.208 | 0.063 0.163 | 0.236 | 0.044 | 0.357

17 0.034 | 0.010 | 0.025 | 0.100 0.186 | 0.250 | 0.156 | 0.107

18 0.057 0.063 0.012 | 0.097 | 0.056 | 0.036

19 0.034 | 0.094 | 0.138 | 0.133 0.122

20 0.034 | 0.115 | 0.025 | 0.067 0.011

21 0.013 0.022

22 0.091 | 0.021 0.089

23 0.011 0.067 0.067

24 0.038 0.022

25 0.013 0.033 | 0.071

35 0.012 | 0.014

36 0.035

37 0.081 | 0.111

38 0.012 | 0.042 0.036

39 0.012 | 0.014

40 0.012 | 0.014

He 0.847 | 0.864 | 0.885 | 0.832 | 0.550 | 0.256 | 0.761 | 0.646 | 0.811 | 0.835 | 0.923 | 0.772

Ho 0.591 | 0.500 | 0.525 | 0.867 | 0.605 | 0.089 | 0.723 | 0.571 | 0.605 | 0.667 | 0.333 | 0.357

HWE | 0.000 | 0.000 | 0.000 | 0.641 | 0.739 | 0.001 | 0.433 | 0.175 | 0.003 | 0.008 | 0.000 | 0.001

GD 0.851 | 0.883 | 0.913 | 0.834 | 0.531 | 0.275 | 0.743 | 0.621 | 0.845 | 0.834 | 0.918 | 0.766

PD 0.928 | 0.919 | 0.939 | 0.898 | 0.752 | 0.346 | 0.912 | 0.765 | 0.918 | 0.921 | 0.939 | 0.837

PIC 0.823 | 0.838 | 0.862 | 0.785 | 0.503 | 0.252 | 0.733 | 0.588 | 0.779 | 0.800 | 0.907 | 0.707

PE | 0.280 | 0.188 | 0.210 | 0.728 | 0.296 | 0.007 | 0.465 | 0.258 | 0.296 | 0.379 | 0.078 | 0.090
KBt o/ St ot P<0.05 Kol ot/ S o P<0.05 KIBH oS st ot P<0.05
Koot/ == P<0.05 Kt/ E= P<0.05 Ko/ == P<0.05
Sao/z= P<0.05 SaHoHE= P<0.05 SalolE= P<0.05

et Kator/e e P<0.05 Kator/ e P<0.05 Kot/ P<0.05
Sao/eE P<0.05 SaHo/e P<0.05 Safor/e P<0.05
=3/9E= P<0.05 z2/ye 0.14314 z2/9e 0.04448
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H 10B. Ct&l4 SSR 0FH(CG415, CG428, CG459)2 HE KM BIE 2 X998 22 E4
CG415 CG428 CG459
Allele | AdHQt | Sofiet = 2= Naler | Sofiet e 2= Mot | Saffet e 2=
4 0.054
6 0.067 0.043
7 0.280 0.367
8 0.073 0.033
9 0.037 0.011 0.022
10 0.023 0.021 0.012 0.065
" 0.105 0.188 0.141 0.250 0.012 0.500
12 0.070 0.010 0.054 0.071 0.012 0.023 0.130 0.036
13 0.593 0.615 0.065 0.273 0.120 0.036
14 0.023 0.054 0.318 0.087 0.130 0.036
15 0.105 0.083 0.207 0.061 0.011 0.076 0.033
16 0.043 0.036 0.049 0.330 0.337 0.196
17 0.012 0.087 0.012 0.012 0.023 0.087 0.141 0.179
18 0.033 0.250 0.233 | 0.138 0.033 0.022 0.071
19 0.035 0.054 0.107 0.012 0.071
20 0.033 0.071 0.023 0.228 0.087
21 0.054 0.012 0.033 0.011
22 0.035 0.042 0.214 0.023 0.134 0.043
23 0.054 0.081 0.138 | 0.085 0.033
24 0.442 | 0.426 | 0.049 0.433 0.036
25 0.011 0.128 | 0.277 | 0.012 0.011
26 0.011 0.047 | 0.011 0.085
27 0.035 0.012 0.033 0.011
30 0.012 0.011
He 0.625 0.582 0.914 0.836 0.732 | 0.712 | 0.882 0.692 0.722 0.806 0.897 0.728
Ho 0.651 0.438 0.696 0.786 0.674 | 0.532 | 0.756 0.733 0.341 0.522 0.304 0.643
HWE 0.915 0.005 0.000 0.377 0.024 | 0.000 | 0.001 0.894 0.000 0.000 0.000 0.164
GD 0.592 0.591 0.921 0.808 0.749 | 0.719 | 0.881 0.673 0.723 0.823 0.899 0.713
PD 0.838 0.756 0.957 0.888 0.870 | 0.841 0.942 0.818 0.840 0.882 0.930 0.837
PIC 0.596 0.540 0.897 0.779 0.689 | 0.656 | 0.861 0.613 0.660 0.772 0.877 0.676
PE 0.357 0.138 0.422 0.573 0.390 | 0.217 | 0.520 0.482 0.082 0.207 0.065 0.345
Kol ot/ S olf 0.35236 Kl off ot/ S o ot 0.0277 Kol ot/ S olf o £<0.05
Mot/ E= £<0.05 Aol et/ E= £<0.05 ANdlieH/E= £<0.05
Sofiet/s= £<0.05 sofieH/E= £<0.05 SdieH/Es= £<0.05
ot Aoflet/e = £<0.05 Aol ot/ e = £<0.05 Koot/ e = £<0.05
Sofiet/e= £<0.05 Sofiet/e= £<0.05 Soifer/e= £<0.05
so/E= £<0.05 s=/g= £<0.05 sS=/E= £<0.05
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H 10C. Tt84d SSR 0t3H(CG649, CG709, CG722)2 HERAXt B ¥ X9E 22X 4
CG649 CG709 CG722
Allele | AdHQt | Sofi et e 2= Mot | Saffet e 2= Naler | Safiet e 2=
7 0.032 0.100
9 0.011 0.033 0.033
10 0.095 0.394 0.022
" 0.571 0.641 0.200 0.011 0.036 0.167 0.149 | 0.211 0.133
12 0.038 | 0.074 0.167 0.031 0.011 0.397 0.511 0.156 0.300
13 0.012 0.149 0.233 0.038 | 0.167 | 0.021 0.071 0.011
14 0.012 0.053 0.032 0.011
15 0.013 | 0.011 0.032 0.036 0.011
16 0.012 | 0.051 0.032 0.033 0.026 0.043 0.122
17 0.012 | 0.051 0.011 0.423 | 0.260 | 0.064 0.179 0.160 | 0.033 0.033
18 0.011 0.231 0.156 | 0.181 0.357 0.033
19 0.036 | 0.026 | 0.043 0.013 | 0.042 | 0.053 0.036 0.011
20 0.013 | 0.064 0.013 | 0.021 0.181 0.071 0.128 0.117 | 0.011 0.033
21 0.012 0.011 0.043 0.071 0.013 0.033 0.300
22 0.012 | 0.026 | 0.011 0.067 0.077 | 0.125 | 0.021 0.179 0.103 0.053 | 0.067 0.067
23 0.012 0.133 0.052 | 0.106 0.107 0.013 0.178
25 0.012 | 0.013 | 0.085 0.103 | 0.115 | 0.021 0.100
26 0.083 | 0.128 | 0.011 0.064
27 0.043 0.036
28 0.036 0.021 0.033
29 0.012 0.011
30 0.036 0.033
33 0.077 | 0.031
He 0.654 | 0.571 0.807 0.871 0.752 | 0.853 | 0.911 0.838 0.765 0.682 | 0.883 0.811
Ho 0.333 | 0.231 0.681 0.533 0.718 | 0.479 | 0.872 0.857 0.795 0.511 0.800 0.800
HWE 0.000 | 0.000 | 0.000 0.004 0.239 | 0.000 | 0.021 0.603 0.853 0.001 0.005 0.728
GD 0.659 | 0.571 0.795 0.853 0.747 | 0.871 0.902 0.831 0.768 0.689 | 0.899 0.887
PD 0.658 | 0.569 | 0.902 0.907 0.894 | 0.932 | 0.960 0.898 0.898 0.834 | 0.946 0.898
PIC 0.637 | 0.543 | 0.783 0.823 0.712 | 0.827 | 0.894 0.790 0.722 0.639 | 0.861 0.755
PE 0.078 | 0.039 | 0.399 0.218 0.457 | 0.170 | 0.739 0.709 0.590 0.197 | 0.599 0.599
Kol ot/ S ol 0.03574 Kl off ot/ S off ot 0.03459 Kol ot/ S o o 0.6176
Mot/ S = £<0.05 Aol et/ E= £<0.05 Mot/ S = P<0.05
sole/E= £<0.05 sofieH/E= £<0.05 sole/E= P<0.05
et Aol et/ = £<0.05 Aol ot/ e = £<0.05 Aol et/ = P<0.05
Soflet/g= £<0.05 Sofiet/e= £<0.05 Soflet/g= P<0.05
s=/d= P<0.05 sS=/E= 0.10461 s=/d= P<0.05
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H 100. T+8 & SSR 0tAH(CG787, CG963, CG1023)2 HEREXA B Y XNIEE 22 £4
CG787 CG963 CG1023
Allele | AdHQt | Sofi et e 2= Mot | Saffet e 2= Naler | Safiet e 2=
7 0.016 0.027
9 0.016
" 0.011 0.031 0.250 0.081
12 0.852 | 0.859 | 0.469 0.500
13 0.156 0.045 0.156 0.250 0.648 0.717 | 0.189 0.115
14 0.016 0.027
15 0.012 | 0.022 0.214 0.016 0.068
16 0.061 0.067 0.047 0.045 0.230
17 0.134 0.071 0.063 0.095 0.038
18 0.037 | 0.011 0.011 0.047 0.041
19 0.012 | 0.011 0.211 0.016 0.011 0.011 0.038
20 0.011 0.111 0.250 0.047 0.182 0.163 0.346
21 0.067 | 0.056 0.022 | 0.054
22 0.061 0.067 | 0.067 0.016 0.041
23 0.024 | 0.011 0.089
24 0.439 | 0.589 | 0.022
25 0.195 | 0.156 | 0.144 0.393 0.091 0.065 0.027
26 0.056 | 0.056 0.011 0.065 0.091 0.054 0.346
27 0.011 0.011 0.068 0.077
28 0.016 0.027
29 0.071 0.016 0.023 0.022 0.038
37 0.023
38 0.011
He 0.750 | 0.623 | 0.884 0.754 0.266 | 0.257 | 0.754 0.648 0.543 0.459 | 0.889 0.776
Ho 0.366 | 0.178 | 0.444 0.286 0.136 | 0.239 | 0.563 0.143 0.477 0.304 | 0.270 0.538
HWE 0.000 | 0.000 | 0.000 0.000 0.000 | 0.419 | 0.000 0.000 0.242 0.001 0.000 0.035
GD 0.811 0.652 | 0.906 0.729 0.274 | 0.262 | 0.751 0.625 0.545 0.466 | 0.887 0.759
PD 0.847 | 0.704 | 0.929 0.816 0.351 0.428 | 0.854 0.714 0.737 0.615 | 0.916 0.840
PIC 0.713 | 0.590 | 0.862 0.682 0.248 | 0.241 0.725 0.555 0.499 0.423 | 0.866 0.696
PE 0.094 | 0.024 | 0.143 0.058 0.015 | 0.041 0.248 0.016 0.168 0.065 | 0.052 0.223
Kol ot/ S ol 0.00163 Kl off ot/ S off ot 0.10089 Kol ot/ S o o 0.3534
Mot/ S = P<0.05 Aol et/ &= P<0.05 Mot/ S = P<0.05
sSole/E= P<0.05 sofiet/Es= P<0.05 Sole/E= P<0.05
et Aoflet/e = P<0.05 Aol ot/ e = P<0.05 Aol et/ = P<0.05
Soflet/g= P<0.05 Sofiet/e= P<0.05 Soflet/g= P<0.05
sS=/d= P<0.05 sS=/E= 0.17646 sS=/d= P<0.05
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I 10E. T+E 4 SSR 0tA(CG1028, CG1085, CG1210)2 HHElRMA BI& 2 XYY 24X S4
CG1028 CG1085 CG1210

Allele | Moot | Sater | B2 | 2= | Moot | Saie | 52 |22 | M | Sde | 5= | 9=

6 0.200 | 0.094 | 0.337 | 0.321 0.034 | 0.125 | 0.277 | 0.200

7 0.043 | 0.021 | 0.228 | 0.286 0.023

8 0.011 0.058 0.091 | 0.043 | 0.067

9 0.011 0.010 | 0.023 | 0.033 | 0.023 0.064 | 0.067

10 0.058 | 0.100 0.023

11 0.012 0.070 0.011 | 0.034 | 0.011

12 0.029 | 0.010 0.012 0.250 | 0.136

13 0.011 0.023 0.023 0.032 | 0.067

14 0.012 0.085 | 0.033

15 0.057 | 0.229 0.395 | 0.417 | 0.070 | 0.067 | 0.341 | 0.375 | 0.032 | 0.167

16 0.022 | 0.107 | 0.186 | 0.104 | 0.085 | 0.200 | 0.034 0.053

17 0.514 | 0.604 0.036 | 0.081 | 0.052 0.193 | 0.102 | 0.138 | 0.033

8 0.014 | 0.010 | 0.033 0.011 0.043

19 0.029 0.228 0.151 0.011 | 0.033

20 0.011 0.081 | 0.094 | 0.058 0.033

21 0.011 0.042 | 0.081 | 0.033 0.011

22 0.011 0.010 | 0.081 | 0.033 0.021

23 0.029 0.022 | 0.143 | 0.023 | 0.010 | 0.012 | 0.433 0.011

24 0.071 0.047 0.043

25 0.036 | 0.047 0.070 | 0.033 0.043

27 0.012 0.057

28 0.014 0.081 0.011 0.021 | 0.200

29 0.071 | 0.031 0.035 | 0.067 | 0.034 | 0.011 | 0.021

30 0.045 | 0.034

38 0.023 | 0.021

39 0.058 | 0.229

40 0.023

He 0.692 | 0.578 | 0.787 | 0.804 | 0.797 | 0.757 | 0.937 | 0.775 | 0.786 | 0.809 | 0.888 | 0.899

Ho 0.686 | 0.292 | 0.696 | 0929 | 0.721 | 0.667 | 0.721 | 0.667 | 0.750 | 0.636 | 0.915 | 0.867

HWE | 0.131 | 0.000 | 0.008 | 0.996 | 0.247 | 0.106 | 0.000 | 0.131 | 0.338 | 0.000 | 0.663 | 0.762

GD 0.695 | 0.587 | 0.793 | 0.783 | 0.795 | 0.763 | 0.959 | 0.757 | 0.782 | 0.803 | 0.897 | 0.883

PD 0.849 | 0.686 | 0.898 | 0.888 | 0.925 | 0.905 | 0.961 | 0.862 | 0.913 | 0.910 | 0.962 | 0.933

PIC 0.653 | 0.525 | 0.748 | 0.743 | 0.768 | 0.719 | 0.921 | 0.723 | 0.747 | 0.781 | 0.870 | 0.856

PE 0.407 | 0.060 | 0.422 | 0.854 | 0.461 | 0.379 | 0.461 | 0.379 | 0.510 | 0.337 | 0.826 | 0.728
Kol or/S df o P<0.05 Koot/ Sah et P<0.05 Koo/ Sdf et P<0.05
Natet/E= P<0.05 Matet/E= P<0.05 Natet/E= P<0.05
Saor/E= P<0.05 SaoH/E= P<0.05 Saon/E= P<0.05

ot Mtor/ee P<0.05 Mator/ e P<0.05 Mator/ete P<0.05
Sator/uz P<0.05 Saor/ue P<0.05 Saor/ue P<0.05
s=3/ye P<0.05 ==/y= P<0.05 ==/y= P<0.05
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H 10F. O+E 4 SSR 0tH(CG1229,

CG1281, CG1320) HERAX BIE

CG1229 CG1281 CG1320
Allele | Mallet | SalfQt e 2= NaHer | Sdlet e 2= NaHet | Sdlet e 2=
5 0.023 0.035 | 0.033
6 0.068 0.047
7 0.398 | 0.411 0.465 | 0.167
8 0.010 | 0.064 0.036 0.033
9 0.102 | 0.250 | 0.553 0.536 0.047
10 0.136 | 0.073 | 0.085 0.071 0.148 | 0.067 | 0.151 0.033
" 0.107
12 0.250 | 0.467 | 0.105 | 0.667
13 0.091 0.056 | 0.070
14 0.021 0.023 0.067
15 0.010 | 0.074 0.058
16 0.659 | 0.479 | 0.021 0.012
17 0.102 | 0.177 0.036
20 0.081 0.043 0.071 0.021
21 0.179 0.036
22 0.149 0.143
25 0.036
26 0.032 | 0.250
27 0.291 0.404 | 0.125 0.429
28 0.096 | 0.375 0.286
29 0.080
30 0.593 | 0.277 | 0.011
31 0.045
33 0.023 | 0.149
He 0.563 | 0.734 | 0.778 0.722 0.532 | 0.678 | 0.660 0.696 0.752 | 0.612 | 0.744 | 0.538
Ho 0.209 | 0.362 | 0.432 0.500 0.568 | 0.438 | 0.596 0.429 0.636 | 0.622 | 0.535 | 0.400
HWE 0.000 | 0.000 | 0.000 0.073 0.203 | 0.000 | 0.207 0.067 0.394 | 0.341 0.003 | 0.305
GD 0.568 | 0.719 | 0.783 0.706 0.528 | 0.678 | 0.679 0.676 0.754 | 0.613 | 0.739 | 0.525
PD 0.675 | 0.836 | 0.873 0.827 0.736 | 0.798 | 0.847 0.827 0.898 | 0.745 | 0.874 | 0.729
PIC 0.491 0.684 | 0.741 0.646 0.491 0.620 | 0.628 0.646 0.707 | 0.526 | 0.713 | 0.488
PE 0.032 | 0.092 | 0.134 0.188 0.254 | 0.138 | 0.286 0.132 0.337 | 0.318 | 0.220 | 0.114
Kl off ot/ S off ot P<0.05 Kl off ot/ S off ot 0.02133 Kol ot/ S olf o P<0.05
Aol et/ E= P<0.05 Aol et/ E= P<0.05 ANoleH/E= 0.12584
sofiet/E= P<0.05 sofiet/E= P<0.05 SdieH/s= P<0.05
ot Aol ot/ e = P<0.05 Aol ot/ e = P<0.05 Koot/ e = P<0.05
Sofiet/e= P<0.05 Sofiet/e= P<0.05 Soifer/e= P<0.05
sS=/E= P<0.05 sS=/E= 0.06079 sS=/E= P<0.05
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T 10G. Ct&¥ 4 SSR OFAH(CG1400, CG1508, CG1855)2 UE st HE & XSY 22X S4
CG1400 CG1508 CG1855
Alele | Maier | Saer | == | 2= | Hoter | Saie | 32 | 22 | Mo | sde | 52 | u=
8 0.045
9 0.029 0.011
10 0.092 | 0.021 | 0.357
1 0.024 | 0.022 | 0.074 | 0.167 0.064 | 0.036 | 0.038 | 0.087
12 0.021 | 0.036
13 0.021 0.238 | 0.022 | 0.170
14 0.214 | 0.293 | 0.059 0.011 0.022 | 0.455
15 0.012 0.015 | 0.167 | 0.025 0.021 0.022 | 0.068 | 0.233
16 0.012 | 0.011 | 0.191 0.021 0.023 | 0.467
17 0.044 0.013 0.063 | 0.087 0.167
18 0.095 | 0.054 | 0.088 | 0.083 | 0.213 | 0.303 | 0.053 | 0.071 0.080
19 0.022 | 0.074 0.013 | 0.064 0.013 0.045
20 0.226 | 0.109 | 0.044 | 0.042 0.066 0.038 | 0.022 | 0.068
21 0.286 | 0.380 0.125 0.026 0.036 | 0.025 | 0.022
22 0.024 | 0.022 | 0.088 0.050 | 0.087 | 0.011
23 0.015 | 0.042 0.013
24 0.029 | 0.208 0.107 | 0.325 | 0.500 0.133
25 0.107 | 0.087 | 0.088 | 0.083 0.117 0.188 | 0.109 | 0.023
26 0.044 0.043
27 0.015 0.025 0.064 | 0.107
28 0.015 0.075 | 0.118 | 0.160 | 0.071
29 0.015 | 0.083 | 0.038 0.032 0.013
30 0.059 0.150 | 0.039 0.036
31 0.300 | 0.118 0.022
32 0.050 | 0.197 | 0.223
33 0.113
34 0.015 0.011 | 0.036
He | 0.809 | 0.753 | 0.927 | 0.899 | 0.829 | 0.837 | 0.899 | 0.852 | 0.803 | 0.720 | 0.752 | 0.706
Ho | 0.857 | 0.630 | 0.941 | 0.833 | 0.350 | 0.553 | 0.489 | 0.500 | 0.350 | 0.391 | 0.295 | 0.533
HWE | 0.635 | 0.005 | 0.663 | 0.341 | 0.000 | 0.000 | 0.000 | 0.029 | 0.000 | 0.000 | 0.000 | 0.239
GD | 0816 | 0752 | 0.942 | 0.881 | 0.831 | 0.839 | 0.938 | 0.844 | 0.797 | 0.731 | 0.755 | 0.701
PO | 0.906 | 0.883 | 0.962 | 0.903 | 0.891 | 0.898 | 0.943 | 0.918 | 0.845 | 0.757 | 0.814 | 0.836
PIC | 0.771 | 0.709 | 0.908 | 0.846 | 0.797 | 0.806 | 0.880 | 0.806 | 0.765 | 0.693 | 0.721 | 0.633
PE | 0.709 | 0.329 | 0.880 | 0.662 | 0.086 | 0.238 | 0.178 | 0.188 | 0.086 | 0.109 | 0.062 | 0.218
Kol o/ S 6 o 0.53 Kol or/S 6 o P<0.05 Kol ot/ S 6 o 0.01863
Ko/ == P<0.05 Kot/ z= P<0.05 Ko/ == P<0.05
Salol/E= P<0.05 Salol/E= P<0.05 Salol/E= P<0.05
et Mtor/ee P<0.05 Mtor/ee P<0.05 Mtor/ee P<0.05
Sator/uz P<0.05 Sator/uz P<0.05 Sator/uz P<0.05
=3/9E P<0.05 ==3/ye P<0.05 ==3/ye P<0.05
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H 12. &8 283 WA &= Jtset 1200 Oed SSR 0t

]

Locus No. of Alleles | Repeat motif Size range (bp) Ta GenBank
(Total) (t) AccessionNo.
CG415 14 (A®12 109-149 o8 HQ842905
CG459 14 (A®13 104-150 o8 HQ&842910
CG709 22 (A®13 152-280 o8 HQ842922
CG722 12 (A®12 153-189 o8 HQ842923
CG1023 15 (A®13 181-225 60 HQ842937
CG1028 15 (AG)28 117-181 o8 HQ842938
CG1085 15 (A®)16 97-145 o8 HQ842942
CG1210 20 (A®15 98-160 o8 HQ842946
CG1229 9 (AC)29 175-204 o8 HQB842948
CG1281 16 (A®15 143-188 o8 HQ842953
CG1320 9 (CAA)7 124-160 o8 HQ842954
CG1400 12 (AG)21 121-163 o8 HQ842958

H 13. 1200 Ot d Ot 0l tHet SSE HEsAX2 37 821

sD. C. RCHB | C.gyokuchin C. forrestii C. kanran | C. sinense C. faberi
Locus THT0=3) | 24T 0=3) | TFEH=DH) | F&Fn=3) | BAFn=14 | €473 (n=5)
CG415 133-133 129-131 115-149 129-147 109-133 129-133
CG459 114-118 132-150 112-130 104-150 112-142 118-126
CG709 154-154 172-176 152-194 160-180 176-280 268-272
CG722 175-175 163-163 161-185 161-189 153-177 159-177
CG1023 203-205 199-203 197-222 192-215 181-203 193-225
CG1028 143-148 117-140 117-155 151-151 117-140 127-181
CG1085 111-111 99-117 99-135 109-145 97-125 97-119
CG1210 98-150 130-130 106-150 132-156 118-160 116-136
CG1229 179-179 183-183 181-193 187-204 175-185 179-183
CG1281L 148-152 162-152 144-150 143-169 146-177 160-188
CG1320 142-145 142-145 124-157 142-160 127-148 127-157
CG1400 141-141 125-127 127-159 125-149 125-163 121-151
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Ej C : FEHZ Crbidium goeringiiRCHB
—r if S : 22 Cybidium Gyokuchin
|_I:z; F : E3&T Cybidium Forrestii
— |—5-3 H: ot&t Cybidium Kanran
| -2
;-1 B: BN Svbidium Sinense
_l_l ;.l” 1 : YHTS} Cybidium Faberi
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L H3
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0.5M 368 0.012 0.956 1.000

J8 14, KA QAMTE 0128 6J1Al Cymbidium & 2H3E2| dendrogram.

vl =& SSR vA 9] multiplex PCR A|A€19] 7a

F44 vtAZA L gy de] dFd SSR vhAE FFHEA primerE Al St ThE FAE
E5 9% ‘multiplex PCR 5% system’2 7|3t

FASEA AR PCG415, PCG459, PCG709, PCG722, PCG787, PCG1023, PCG1210, PCG
1281 87119 vtAE A 5E T 7 A+ octaplex kit®} PCG1028, PCG1320, PCG1400, PCG150
8 47 vIAE FAld T3 T 4 = tetraplex kit ZL#]3l PCG450, PCG649, PCGI63, PCGI08
5 PCG1229 57 wAE FA]o] FZ3F= pentaplex kitE 7|@3le] 30 PCR FZ o2 177

HE A FAAD F A=F ST (2E 15, 16). 4 FATE A&l M= primer § &

=2 A5 3tele] #A9E SEFEo] v A 1S FHIG A, 4 A allele ladder®= Al 23}
gtk ol¢F & multiplex PCR Al A2E1S- Ad Ao A7 @ 2 A3 gA deils E35
H & A7 9 Ao o] A2 FYH B2 44 335 & F Jd& AoE Axdr
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FAM-PCGL028
WIC-PCGLA00
" NED-PCG1320
4 PET-PCGL085
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VIC-PCGASO
NED-PCG649 NED-PCG1229
& 15. &2t SSR Multiplex PCR &2 AlAE RAIZ. (Multi 1) Octaplex kit,

(Multi 2) tetraplex kit, (Multi 3) pentaplex Kit
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AL =29 JAI DNA-Finger ID H-o ¥ 7wt

A AL AAAE vMARAY BE S dobrs] SAste] 40719 nAH S
£32 Yo 1074 g PHAS ol§d RAAPS BARGOM, EF 0 AN
& oreluy] Slal 7 A9E NEge] FoR AYWEHS AN A3} 107] wAe GF )

o

e 149 x 10 6] A Aﬂ% 106 x 107 (F¢ = 221 x 10M=Z v =7 e
gom o5 B3 107 o149 viAE o183ty /AW if DNA IDE F-ofgtid 99.9999%
ol & AR JA Aol 7ted Ao = 7|ETt (Tereba, 1999).

w3k, EMSS WA (PCo)E ol 43t TY ZAZREH F2Ho] E¢dwo] frg wWolA
A FEAANE LI PA oz FAXAYE B4 Ayt 971 F)elA
& YERHAL AF6RE CGI281 #9jell A Wol& etk o] & B3 =4
s ke Fae) WolAm A SSR MAE o3 fAAHE AL

d 7IdelF-E AEe s d g e AoR YtEd (F 14, 2" 17).

(2) DNA ID ®s= A 2= 7pa

oo A Multiplex PCR kitoZ 7l W eli= 17719 SSR vFAE o] &3] &=
o] B3t FAXY A¥E ElE DNA IDE Fo5ta 239 v =g 3383 A 2"S e
e

At 2 mpAEY] FAAE S work sheetZ A dte] 4 (YT F JA=E dlogH|
stslo] g = AA St = A &Ko A& Vet E: A P2l A dBEES
FTHE B3 dulelET JHestES g3l en, SSR wAE o] & #4

WE 249 vzE FHE WEste 8 ¢ JdF 249 vzE Y 229
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FEol AEdo] AR wmEA MAE 1H AR IDE QA& QA7 7kt o9}

2ol %%fﬂ SSR frAAHe D= wt=3t dto] &g&3ro =y {Fdx volHe] mEi 42

el 87 giol, arte ¢ FE % L AR #Elel EdHd ¥ ooy {34 A
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H 14 D& =& S Ol =& 332 0IAHE REXE ZEHEH
PCG415 PCG459 PCG708 PCGT87 PCG1023 PCG1210 PCG1281 Adhad
13-22 14-17 18-22 17-17 13-13 6-17 16-16 4.00E-13
11-11 14-14 17-25 22-22 13-13 17-19 10-16 418E-11
13-16 16-16 17-25 25-25 13.1-13.1 15-15 9-16 5.10E-11
11-13 16-16 17-25 25-25 13-13 15-15 9-16 1.94E-08
13-17 16-17 17-22 24-24 13-30 16-16 16-16 1.26E-11
11-12 16-16 16-17 22-24 13-13 12-12 10-17 2.30E-12
13-13 16-16 18-18 17-18 13-13 16-18 16-16 1.29E-10
10-13 0-0 17-26 24-24 13-13 12-16 16-16 7.31E-09
13-13 16-16 17-22 24-24 13-13 16-18 16-16 3.93E-03
13-13 20-20 17-22 24-24 13-13 26.1-26.1 16-16 1.35E-09
11-13 14-16 17-17 22-24 13.1-13.1 17-17 3-16 3.11E-09
13-13 16-20 18-18 17-18 13-13 15-17 16-16 6.29E-10
11-13 16-20 17-34 24-27 13-13 17-17 9-10 5.80E-11
11-11 13-13 13-25 24-24 13-13 17-17 10-16 540E-12
11-13 16-16 17-18 24-24 0-0 6-15 10-17 753E-03
15-15 16-17 17-17 24-24 20-26 17-17 8-24 4.07E-10
17-17 17-17 18-21 13-13 19-19 9-9 21-21 6.34E-21

0-0 16-16 17-17 22-24 13-19 12-12 9-16 549E-03
13-13 13-13 17-34 24-24 19-20 14-14 16-16 9.00E-13
11-11 13-16 22-22 24-24 13-13 0-0 16-16 2.13E-07
13-13 16-16 12-16 24-24 13-20 6-17 9-9 7.50E-12

0-0 16-16 18-18 18-18 13-13 17-17 16-16 6.44E-03

0-0 14-16 18-18 24-24 13-13 6-6 0-0 2.30E-06

0-0 0-0 17-17 0-0 13.1-201 15-20 0-0 4.30E-03

0-0 0-0 17-17 0-0 13.1-13.1 15-15 0-0 849E-07
13-13 14-14 22-22 24-24 13-13 15-15 10-16 1.86E-10
11-11 16-16 22-34 22-22 13-13 12-15 0-0 4.72E-09
11-11 16-16 34-34 24-24 21-21 26.1-26.1 16-16 1.00E-12
13-13 16-16 17-17 0-0 13-19 6-17 16-16 1.50E-07
11-13 14-14 17-17 17-24 13-13 17-251 9-16 3.06E-09

0-0 0-0 18-18 0-0 13.1-19.1 6-9 0-0 1.35E-07
13-13 16-17 22-25 22-24 13-13 17-19 9-16 8.64E-10

0-0 14-14 17-18 0-0 13.1-20.1 17-19 0-0 L27E-07
11-11 16-16 17-17 17-17- 13-13 6-19 9-16 1.65E-09

0-0 0-0 17-18 0-0 13-20 12-12 0-0 2.77E-06
11-11 16-16 18-34 24-24 21.1-21.1 9-26.1 16-16 3.80E-12

0-0 13-16 17-34 24-24 13.1-20.1 9-25.1 0-0 9.57E-09

0-0 16-16 25-26 24-24 13.1-13.1 6-9 16-16 7.77E-09

0-0 0-0 0-0 0-0 13.1-201 9-9 0-0 4.86E-06
13-13 14-14 17-18 24-24 30-30 26.1-26.1 0-0 1.09E-10
11-11 10-16 26-30 17-17 25-25 6-15 6-6 L36E-15
11-11 10-16 26-30 17-17 25-25 6-15 6-6 L36E-15
11-11 10-16 26-30 17-17 25-25 6-15 6-6 2.27E-15
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J8 18. =&t2 DNA ID HIZE AlAE RAIE
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b EMS 2 @ANE ol §3 Eamol 279 f%

(1). EMSH & & 53 =qMo] 279 §5
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& 30. Anthocyanin types in petal, sepal, and peduncle for the analysis of morphological
changes according to the environmental factors in C. goeringii flowers. @ Incheon @ Daejeon ®
Garden in Daegu @ Mountain in Gyeongbuk & in Busan.

J& 31. Anthocyanin types in peduncle and bract for the analysis of morphological changes
according to the environmental factors in Cymbidium goeringii flowers. @ Apartment in Incheon @
Apartment in Daejeon @ Garden in Daegu @ Mountain in Gyeongbuk & Apartment in Busan
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& 32. Anthocyanin types in the basal end of lip for the analysis of morphological changes
according to the environmental factors in Cymbidium goeringii flowers. (O Apartment in Incheon
@ Apartment in Daejeon @ Garden in Daegu @ Mountain in Gyeongbuk & Apartment in Busan.

U
& 33. Anthocyanin sopptted types between lip spotted and lip bump for the analysis of
morphological changes according to the environmental factors in C. goeringii flowers. @ Incheon
@ Daejeon ® Garden in Daegu @ Mountain in Gyeongbuk & Busan
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X 19. Characteristics used for analysis in Cymbidium goeringii flowers

No. | Abbreviation Characteristics Ranges or codes of characteristics
1 V1 Peduncle nodle (No.) Measured
2 V2 Length of peduncle(Cm) Measured
3 V3 Thickness of peduncle(mm) Measured
4 V4 Anthocyanin type of peducle 1. None, 2. Light, 3. Mid, 4. Deep
5 V5 Anthocyanin type of bract 1. None, 2. Light, 3. Mid, 4. Deep
1. Triangle, 2. Dropped, 3. Slightly dropped,
6 V6 Type of lateral sepal 4. Horizontal, 5. Upright
1. Strongly bent outward, 2. Slightly bent
7 V7 Vertical . ¢ 1 outward,
ertical section of sepa 3. Flat, 4. Slightly bent inward, 5. Strongly
bent inward
8 VE Length of flower(mm) Measured
9 V9 Width of flower(mm) Measured
10 Va Anthocyanin type of sepal 1. Very light, 2. Light, 3. Mid, 4. Deep
11 Vb Length of dorsal sepal(mm) Measured
12 Ve Width of dorsal sepal(mm) Measured
13 Vd Thickness of dorsal sepal(mm) Measured
14 Ve Length of lateral sepal(mm) Measured
15 Vi Width of lateral sepal(mm) Measured
16 Vg Thickness of lateral sepal(mm) Measured
1. Widely open, 2. Slightly open, 3. Vertical,
17 Vh Degree foldness of sepal 4. Partially folded, 5. Fully folded
18 Vi Length of pedal(mm) Measured
19 Vj Width of pedal(mm) Measured
20 Vk Thickness of pedal(mm) Measured
1. Strongly bent outward, 2. Slightly bent
21 V1 Vertical section of pedal outward,
3. Flat, 4. Slightly bent inward, 5. Strongly
bent inward
22 Vm Anthocyanin type of pedal 1. Very light, 2. Light, 3. Mid, 4. Deep
93 Vi Shape of lip 1. Round, 2. Ladder, 3. Vertical,
4. Inverse ladder
24 Vo Width of lip(mm) Measured
95 v Anthocyanin spotted type in lateral 1. Little, 2. Very thin, 3. Thin
b lip 4. Thick, 5. Very thick
Anthoeyanin spotted type between 1. None, 2. Light and few, 3. Light and
26 va lip spotted and lip bum any,
b sb b b 4. Deep and few, 5. Deep and many
27 Vr Length of lip spotted(mm) Measured
28 Vs Width of lip spotted(mm) Measured
%9 Vi Shape of lip spotted 1. Scattered dots Type, 2. 1l Type, 3. V
Type, 4. U Type
30 Vu Length of column(mm) Measured
31 Vv Width of column{(mm) Measured
32 Vw Thickness of column(mm) Measured
33 Vx Anthocyanin spotted type in the 1. None, 2. Light, 3. Mid, 4. Deep

upper part of column
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= 20. Mean, standard deviation, and range of morphological characteristics of Korean
and Chinese in Cymbidium goeringii flowers

Character Korea China

istics Mean £ SD Range Mean = SD Range
1# 7.44 + 089 6.0-10 7.03 + 075 5.0-9.0
2 12.69 £ 295 5-185 13.20 £ 222 7.3-19
3 3.02 + 0568 1.9-49 3.17 + 04 2.1-4.0
4 3.23 £ 077 1.0-4.0 2.45 + 073 1.0-4.0
5 2.91 + 070 1.0-4.0 241 + 076 1.0-4.0
6 3.26 094 1.0-5.0 3.50 + 092 1.0-5.0
7 3.53 + 068 2.0-5.0 3.58 + 09 1.0-5.0
3 37.07 + 6562 22.1-509 39.71 £ 671 21-54
9 52.24 + 791 28.4-68.3 5B+ 985 32.2-74
10 2.89 + 081 1.0-4.0 23 £ 088 1.0-4.0
11 21.55 £ 340 20.7-34 29,93 £ 274 21.2-364
12 9.87 * 1.22 6.8-13.5 10.24 + 1.32 7.6-13.7
13 0,48 £ 007 0.36-0.87 05 = 01 0.31-0.83
14 217.64 + 330 20.6-36.7 29.84 + 321 20.9-36.6
15 9.38 + 121 7.0-14.2 9.27 + 125 6.1-12
16 0.51 + 008 0.39-0.97 0.49 + 008 0.3-0.71
17 2.49 + 097 1.0-4.0 2.65 + 116 1.0-4.0
18 20.66 + 208 16.7-26.8 21.938 £ 213 176-27.7
19 7.99 + 082 5.6-9.3 7.86 + 09 52-11.3
20 0.35 + 006 0.17-0.57 0.34 + 006 0.18-0.52
21 4.01 + 0562 2.0-5.0 367 + 073 2.0-5.0
22 2.73 + 067 1.0-4.0 2.87 + 068 1.0-4.0
23 3.51 + 073 1.0-4.0 3.27 + 086 2.0-4.0
24 870 * 1.09 556-11.7 8.3 * 1.07 6.0-10.7
25 4.20 + 081 1.0-5.0 3.76 + 080 1.0-5.0
26 1.22 + 051 1.0-3.0 2.49 + 1.19 1.0-5.0
27 5.58 * 1.36 2.7-9.4 4.45 + 1.38 0.5-8.3
28 1.71 + 0568 0.3-4.29 1.49 + 075 0.37-4.7
29 3.37 + 075 1.0-4.0 2.94 + 120 1.0-4.0
30 15.0 + 157 9.2-19.7 15.76 £ 144 11.3-19.3
31 3.83 + 049 2.7-5.2 417 + 052 2.9-5.8
32 2.36 £ 040 1.3-35 241 045 1.3-34
33 1.52 £+ 079 1.0-4.0 2.34 + 086 1.0-4.0
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I 21. Mean, standard deviation, and range of morphological characteristics of Cymbidium
goeringii flowers from the east and west regions of Korea

Korea
Characte
ristics West East
Man = SD Range Mean + SD Range

1 732 083 6.0-9.0 743 + 116 6.0-10

2 123+ 306 5.0-17 11.26 + 349 5.0-16.3
3 311 £ 047 2.4-3.90 3.29 + 080 2.0-49
4 320 £ 070 2.0-4.0 2.86 + 103 1.0-4.0
5 284 £ 071 1.0-4.0 3.14 + 086 2.0-4.0
6 339 £ 078 1.0-5.0 3.50 + 122 1.0-5.0
7 345 £ 063 2.0-5.0 3.07 £+ 073 2.0-4.0
8 360 <+ 614 24.3-46.5 36.23 + 650 26.4-49.3
9 523 = 647 38.9-659 48.56 697 37.4-59.5
10 291 £ 068 2.0-4.0 2.64 + 093 1.0-4.0
11 266 £ 313 20.8-33.6 25.56 + 33 20.7-30.9
12 980 £ 123 6.8-13.5 9.96 + 125 8.1-11.7
13 047 £ 008 0.36-0.87 0.51 £ 0.06 0.41-0.59
14 268 £ 265 22.4-33.1 2543 + 286 21.2-31.3
15 933 £ 109 72-11.6 9.59 £+  1.00 79-1156
16 050 = 0.09 0.39-0.97 0.53 £ 0.06 0.43-0.62
17 259 £ 102 1.0-4.0 2.79 £ 112 1.0-4.0
18 199 + 167 16.7-23 19.17 £ 152 17.3-22
19 750 = 087 56-9.3 7.56 £ 051 6.5-8.4
20 036 = 006 0.27-0.57 0.35 £ 0.06 0.17-0.44
21 390 £ 043 2.0-5.0 3.93 £ 1.00 2.0-5.0
22 266 £ 061 1.0-4.0 2,50 076 1.0-3.0
23 352 £ 070 1.0-4.0 3.86 £ 053 2.0-4.0
24 861 £ 1.3 55-10.8 8.31 £+ 092 7-9.9

25 430 £ 067 3.0-5.0 421 £ 089 3.0-5.0
26 .09+ 036 1.0-3.0 1.97 076 1.0-3.0
27 511 £ 113 2.7-7.4 544 + 118 3.1-7.5
28 174+ 061 0.8-4.29 1.39 + 039 09-2.2
29 345 £ 070 2.0-4.0 343 + 076 2.0-4.0
30 145 = 154 9.2-17.8 1473 £ 149 122-175
31 37 £ 040 3.1-4.8 391 + 056 2.7-4.7
32 236 £ 037 1.6-3.1 2.25 £ 047 1.3-3.1
33 161+ 089 1.0-4.0 1.50 + 052 1.0-2.0

%Entry numbers for characteristics are shown in Table 19.
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O 22. Characteristics in 25 collections of Cymbidium goeringii flowers used for the principal
component analysis and the eigen vectors of characteristics of the first four components (Prin)

Characteristics Prinl Prin2 Prin3 Prin4
V1 0.214 0.050 0.191 0.158
V2 0.295 -0.087 0.096 0.056
V3 0.223 0.112 0.206 0.222
V4 0.036 -0.281 0.290 0.007
V5 0.020 -0.208 0.083 0.289
V6 -0.015 -0.126 -0.265 0.184
V7 -0.051 0.057 0.384 -0.269
V8 0.311 -0.100 0.013 0.04
V9 0.256 -0.209 -0.128 0.046
Va 0.065 -0.322 0.149 -0.055
Vb 0.319 -0.080 -0.141 -0.073
Ve -0.029 0.309 0.264 0.021
Vd 0.171 0.234 -0.148 0.136
Ve 0.270 -0.097 -0.143 -0.276
Vi -0.017 0.333 0.162 0.113
Vg 0.116 0.290 -0.052 0.182
Vh -0.137 0.043 -0.206 0.281
Vi 0.282 -0.132 -0.178 -0.171
Vij 0.111 0.248 -0.062 -0.048
Vk 0.035 0.122 0.140 0.098
V1 -0.106 0.026 -0.213 -0.153
Vm 0.042 -0.209 0.293 0.157
Vn 0.076 0.091 0.176 -0.321
Vo 0.215 -0.024 0.038 -0.277
Vp 0.046 -0.164 0.107 -0.001
Vg 0.089 0.069 -0.287 0.070
Vr 0.191 0.001 0.062 0.146
Vs 0.147 0.235 0.091 -0.180
Vt 0.105 0.196 -0.094 -0.322
Vu 0.288 0.058 0.067 0.136
Vv 0.265 0.127 -0.088 0.173
Vw 0.134 0.152 0.040 0.009
Vx -0.033 -0.017 -0.116 -0.138
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I 23. Relationships between principal components and morphological characteristics in C.
goeringii flowers

Principal Correlationshi No. of Corresponding characteristics
component Dl characteristics |(Entry No.®, | Eigen vector | >0.15)

V1(number of peduncle nodes), V2(Iength of peduncle),
V3(thickness of peduncle), V&(length of flower),
VO9(width of flower), Vb(length of dorsal sepal),
positive 13 Vd(thickness of dorsal sepal), Ve(length of lateral
sepal), Vi(length of pedal), Vo(width of lip spotted),
Vr(length of lip spotted), Vullength of column),
Vv(width of column)

Prinl

negative 0 -

Ve(width of dorsal sepal), Vd(thickness of dorsal

sepal), Vf(width of lateral sepal), Vg(thickness of

positive 8 lateral sepal), Vj(length of pedal), Vs(width of lip
spotted), Vt(shape of lip spotted), Vw(thickness of
Prin? column)

V4(anthocyanin in peduncle), V5(anthocyanin in bract),
. VO9(width of flower), Va(anthocyanin in sepal),

negative 6 ..
Vm(anthocyanin in pedal),

Vp(anthocyanin in lateral lip spotted)

V1(number of peduncle node), V3(thickness of peduncle),
V4(anthocyanin in peduncle), V7(vertical section of sepal),
Ve(width of dorsal sepal), Vi(width of lateral sepal),
Prin3 Vm(anthocyanin in pedal), Vn(shape of lip spotted)

positive 8

V6(type of lateral sepal), Vh(type of foldness),
negative 5 Villength of pedal), Vl(vertical section of pedal),
Vg(anthocyanin in the upper part of lip spotted)

V1(mumber of peduncle nodes), V3(thickness of
peduncle), V5(anthocyanin in bract), V6(type of lateral
sepal), Vg(thickness of lateral sepal), Vh(type of
foldness), Vm{anthocyanin in pedal), Vv(width of column)

positive 8

Prin4 - -
V7(vertical section of sepal), Ve(length of lateral

sepal), Vi(length of pedal), Vl(vertical section of
pedal), Vn(type of lip), Vo(width of lip), Vs(width of
lip spotted), Vt(type of lip spotted)

negative 8

V1(number of peduncle nodes), V5(anthocyanin in bract),
positive 6 V7(vertical section of sepal), Vl(vertical section of pedal),
Vg(anthocyanin in dorsal sepal), Vr(length of lip spotted)

Prind V4(anthocyanin in column), V6(type of lateral sepal),
V8(length of flower), VO(width of flower),

Vd(thickness of dorsal sepal), Vk(thickness of pedal),
Vo(width of lip), Vp(anthocyanin in outer lateral lip)

negative 8

%Entry numbers for characteristics are shown in Table 19.
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a]

24. Eigen vectors of

flowers(Prin)

each collections on the four principal components

in C. goeringii

Collections® Prinl Prin2 Prin3 Prin4
S) -5.614 3.129 0.049 -2.625
U] -4.178 -0.970 -1.237 1.033
JK -3.583 -4.362 2.083 0.530
GS -3.260 -1.753 -0.032 1.555
GJ -2.329 5.803 1510 0.483

GoC -1.710 -1.605 0.137 0.896
ES -1.551 -2.330 -0.462 2524
CY -1.397 1.553 1.448 -0.699
HN -0.447 -0.389 1.289 -1.466

MuS -0.398 0.811 -1.298 1.573
Us -0.325 -4.767 -0.729 -1.031
GP 0.141 1.841 -6.058 1.261
MA 0.215 -1.014 0.838 -1.784
BS 0.320 -0.044 1.271 -0.473
JD 0.360 0.818 -0.680 -2.102
HT 0.721 1.209 -1.826 -1.229

JI 0.761 -1.013 -0.804 0.400
HS 1.018 0927 -0.753 0.320

GeC 1.229 2791 1.889 1.399
DC 2.269 -1.535 0.724 -0.525
HD 2.289 0.506 -3.283 -1.587
SC 3.011 -0.278 2.116 -1.133
CJ 3.011 -0.101 2.485 -1.635
UL 3.211 2.004 2.649 4074

Ma$S 6.233 -1.231 -1.325 0.241

dCollection numbers are shown in Table 19.
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& 38. Scree plot of principal components in the collections of Cymbidium goeringii flowers.
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% 39. Plot of first and third principal components of morphological characteristics among 25
collections of Cymbidium goeringii flowers.
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