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SUMMARY

. TitleⅠ

Development of hyperpolymorphic SSR DNA ID and new strains by mutagen

treatment in Cymbidium goeringii

. Aims and necessityⅡ

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.

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.

. ContentsⅢ

Establishment of red ginseng method by the extrusion process○

Development of highly qualified and functional food materials using cultured○

mountain ginseng which is converted into red ginseng

Identification of hyper-polymorphic microsatellite (SSR) markers from spring○

orchid SSR-enriched library

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

Development of SSR DNA-Finger ID using combined genotypes of SSR genotypes○

and application test (discriminative power: > 99.9999%)

Phylogeneitc classification and difference of spring orchid according to regions,○

cultivars and countries

Induction and isolation of superior mutants by treatment of radio active○ 60Co and

chemicals (EMS)

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

. ResultsⅣ

We identified 346 novel microsatellite markers including 21 polymorphic markers,○

and characterized genetic properties among samples from Korea, china and Japan.

Three SSR multiplex PCR systems were designed (Octaplex, pentaplex, tetraplex).○

We also confirmed inter-species cross transferency for 7 oriental orchid species.

The DNA ID of SSR haplotype was established with discrimination power of○
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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.

We induced chloroplast-deficient mutant rootstocks by treatment of 0.2% EMS.○

When EMS was treated, more than 50% of rootstocks were brown-colored.

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.

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.

. Achievements and expected effectsⅤ

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.

The SSR DNA ID and two-dimensional barcode may be very usefully applied for○

discrimination and maintenance of cultivars and management of clones from in

vitro cultures of C. goeringii.

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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그 1. 춘란 다양한 체로 화 과 엽 주 화 화 투호(a, b) (c, d). a: , b. , c: ,

단엽복d: .
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1. 난 연 수출 내역 년 년(2000 ~2006 )

연
수출 수 무역수

물량(Ton) 액 천( $) 물량(Ton) 액 천( $) 물량(ton) 액 천( $)

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 14,229 -479 -8,834

2003 3,259 11,808 956 12,372 -2,303 -1,063

2004 1,695 9,044 1,285 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

합계 15,267 61,446 8,237 97,458 -7,030 -36,011

출처 농 물 공 수출 계 료[ : ]

2. 만 동양 신비 수출

순 가 수출액(US $)

1 한 8,853,184

2 미 31,143

3 본 30,783

4 캐나다 7,880

5 3,778

6 트남 1,756

7 칠레 1,240

8 싱가포 1,141

출처 만 화협회 계[ : (2006)
그 2. 미 난 연간 생 량(potted orchid)

가 현황 출처 난 제심포 료[ : 2007 ].
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3. 시 에 거래 는 춘란 종 가격 종 평균적 단가 시( )

화 엽

종 형태 가격 천원( ) 종 형태 가격 천원( )

복 화 실형 10 끝형 5

화 300 복 호형 500

황화 극황 1,000 투형 500

홍화 적홍 3,000 단 엽종 1,000

화 심 100,000 투 압형 3,000

.
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그 3. 스크 과 염 열로 복 열 빨간Library genotyping. (a) pGEM-T vector 'AG' ( )

확 한 각 개체 좌 특 적 노란 로 수행 후chromatogram. (b) - primer ( ) PCR

로 실시PAGE silver staining typing .
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그 4. 제 과 로 커 크 보여주고Hexaplex PCR kit . (A) FAM PET 6 ,

각 좌 동시 폭 크로 그램 로 가 첨(B) ladder .



- 22 -

χ



- 23 -



- 24 -

그 5. 종 아 채종 종 무균 양 해 아 함 종 로(A) . . (B)

근경 계 양

그 6. 돌연 가 근경 양 로 돌연 한 근경 량 양. (A) EMS , (B)

근경 계 양 해 식물체.
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그 7. 생 춘란 채집 개체수 한 본 채집 역 개체 수 내 생. (A) , , , (B)

춘란 채집 역 개체 수.
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4. Biotin- SSR oligomer

그 8. pGEM T easy vector system

5. 춘란 제 내SSR-enriched library
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6. Numbers of identified microsatellites according to repeat sequences.
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그 9. 가 는 열SSR motif sequencing chromatogram.
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7. 춘란 복 조 등록SSR GenBank (1)
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7. 춘란 복 조 등록SSR GenBank (2)
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8. List of SSR-specific primers in Cymbidium goeringii.
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9. 춘란 내에 다형 나타내는 개 커21 SSR
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그 10. Polymorphic microsatellite markers in Cymbidium goeringii.
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그 11. 복횟수에 라 다형 커 전 크로 그램SSR .
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10A. 다형 커 전 빈 역 포 특SSR (CG2, CG280, CG450)

　 CG2 CG280 CG450

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

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 　 　 0.032 　 0.012 　 　 　

11 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

Fst

해안 동해안/ P<0.05 해안 동해안/ P<0.05 해안 동해안/ P<0.05

해안/ P<0.05 해안/ P<0.05 해안/ P<0.05

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ 0.14314 본/ 0.04448
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10B. 다형 커 전 빈 역 포 특SSR (CG415, CG428, CG459)

　 CG415 CG428 CG459

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

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 　

11 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

Fst

해안 동해안/ 0.35236 해안 동해안/ 0.0277 해안 동해안/ P<0.05

해안/ P<0.05 해안/ P<0.05 해안/ P<0.05

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ P<0.05 본/ P<0.05
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10C. 다형 커 전 빈 역 포 특SSR (CG649, CG709, CG722)

　 CG649 CG709 CG722

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

7 　 　 0.032 0.100 　 　 　 　 　 　 　 　

9 　 　 0.011 0.033 　 　 　 　 　 　 　 0.033

10 0.095 　 0.394 　 　 　 　 　 　 　 0.022 　

11 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

Fst

해안 동해안/ 0.03574 해안 동해안/ 0.03459 해안 동해안/ 0.6176

해안/ P<0.05 해안/ P<0.05 해안/ P<0.05

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ 0.10461 본/ P<0.05
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10D. 다형 커 전 빈 역 포 특SSR (CG787, CG963, CG1023)

　 CG787 CG963 CG1023

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

7 　 　 　 　 　 　 0.016 　 　 　 0.027 　

9 　 　 　 　 　 　 0.016 　 　 　 　 　

11 　 　 　 　 　 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

Fst

해안 동해안/ 0.00163 해안 동해안/ 0.10089 해안 동해안/ 0.3534

해안/ P<0.05 해안/ P<0.05 해안/ P<0.05

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ 0.17646 본/ P<0.05
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10E. 다형 커 전 빈 역 포 특SSR (CG1028, CG1085, CG1210)

　 CG1028 CG1085 CG1210

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

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 0.035 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

18 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 0.929 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

Fst

해안 동해안/ P<0.05 해안 동해안/ P<0.05 해안 동해안/ P<0.05

해안/ P<0.05 해안/ P<0.05 해안/ P<0.05

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ P<0.05 본/ P<0.05
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10F. 다형 커 전 빈 역 포 특SSR (CG1229, CG1281, CG1320)

　 CG1229 CG1281 CG1320

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

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

11 　 　 　 　 　 　 　 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

Fst

해안 동해안/ P<0.05 해안 동해안/ 0.02133 해안 동해안/ P<0.05

해안/ P<0.05 해안/ P<0.05 해안/ 0.12584

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ 0.06079 본/ P<0.05
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10G. 다형 커 전 빈 역 포 특SSR (CG1400, CG1508, CG1855)

　 CG1400 CG1508 CG1855

Allele 해안 동해안 본 해안 동해안 본 해안 동해안 본

8 　 　 　 　 　 　 　 　 　 　 0.045 　

9 　 　 0.029 　 　 　 0.011 　 　 　 　 　

10 　 　 　 　 　 0.092 0.021 0.357 　 　 　 　

11 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 0.816 0.752 0.942 0.881 0.831 0.839 0.938 0.844 0.797 0.731 0.755 0.701

PD 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

Fst

해안 동해안/ 0.53 해안 동해안/ P<0.05 해안 동해안/ 0.01863

해안/ P<0.05 해안/ P<0.05 해안/ P<0.05

동해안/ P<0.05 동해안/ P<0.05 동해안/ P<0.05

해안 본/ P<0.05 해안 본/ P<0.05 해안 본/ P<0.05

동해안 본/ P<0.05 동해안 본/ P<0.05 동해안 본/ P<0.05

본/ P<0.05 본/ P<0.05 본/ P<0.05
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그 12. 전적 한 춘란 dendrogram.
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11. 수집 가 춘란 근연종7
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12. 춘란 근연종 내에 폭 가능한 개 다형 커12 SSR

13. 개 다형 커에 한 종 전 크12
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그 13A. 다형 커 해SSR (CG415, CG459, CG709, CG722, CG1023, CG1028)

가 근연종 전 크로 그램6 .
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그 13B. 다형 커 해SSR (CG1085, CG1210, CG1229, CG1281, CG1320, CG1400)

가 근연종 전 크로 그램6 .
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그 14. 전적 한 가6 Cymbidium 근연종 dendrogram.
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그 15. 춘란 폭 시스 식SSR Multiplex PCR . (Multi 1) Octaplex kit,

(Multi 2) tetraplex kit, (Multi 3) pentaplex kit

그 16. 춘란 폭 시스 크로 그램SSR Multiplex PCR .
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14. 고정 춘란 종 돌연 종 커 전 형 결합 력
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그 17. 고정 춘란 종 체 . 빈 동 달 형촌 동해 조(A) , (B) , (C) , (D) , (E) , (F)

남극 심록 녹보 양 비 황 홍 레 보, (G) , (H) , (I) , (J) , (K) , (L) , (M) , (N) ,

주 향항 정 홍순 홍 비 홍 복 여(O) , (P) , (Q) J , (R) , (S) , (T) , (U) , (V) , (W) ,

청 화 홍 해태 천 함 골 신화 매 천검(X) , (Y) , (Z) , (A’) , (B’) , (C’) , (D’) , (E’) , (F’) ,

경 암 신비 악 비 햇 조양(G’) , (H’) , (I’) , (J’) , (K’) , (L’) , (M’) , and (N’) , (M1)

체 체1, (M2) 2.
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그 18. 춘란 드 시스 식DNA ID
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그 19. 춘란 역 수집종 실내 보
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그 20. 춘란 형태 야생춘란 좌 역 수집종 식물체 크 각 다양. ( ) , .

수집종 춘란 실내 보( )

15. 수집 역 채집 개체수

호 수집 역 학 개체수 개( ) 비고

1 당 Cymbidium goeringii 15 2009.11.

2 천 〃 13 〃

3 〃 14 〃

4 고창 〃 16 〃

5 무안 〃 18 〃

6 〃 16 〃

7 해남 〃 15 〃

8 보 〃 12 〃

9 순천 〃 19 〃

10 〃 17 〃

11 주 〃 20 〃

12 〃 15 〃

13 〃 20 〃

14 〃 13 〃

15 감포 〃 15 〃

16 후포 〃 21 〃

17 거창 〃 23 〃

18 경 〃 19 〃

19 〃 20 〃

20 천 〃 7 〃

21 청 〃 12 〃

22 흑 〃 8 〃

23 추 〃 17 〃

24 〃 18 〃

25 강 ( ) 〃 4 〃

26 절강 ( ) 〃 3 〃

27 천 ( ) 〃 3 〃

28 남 ( ) 〃 3 〃

총 검체수 396
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˚ ˚
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16. 춘란수집 역 간 형종 단간 형종 역 포

식물체

크

초

( )㎝ 하수( )˚

하

하수( )˚

경

크 ( )㎜

수

개( ) ( )㎝

넓

( )㎜

께

( )㎜

조
3.6-7.0 13.2-24.2 18.7-48.3 66.1-126.0 3.3-12.1 3.3-5.3 20.2-47.7 6.39-11.97 0.36-0.66

간

형

역

고창4 보8 6 6 6 고창4 순천9 고창4 청21

해남7 순천9 청21 흑22 청21 순천9 흑22 청21 흑22

순천9 10 추23 추23 흑22 추23 　 흑22 　

흑22 청21 　 강25 추23 천27 　 24 　

남28 흑22 　 천27 　 　 　 　 　

　 남28 　 남28 　 　 　 　 　

　 　 　 　 　 　 　 　 　

5.0 14.0 33 114 10.0 5.0 36.0 9.50 0.06

식물체

크

초

( )㎝ 하수( )˚

하

하수( )˚

경

크 ( )㎜

수

개( ) ( )㎝

넓

( )㎜

께

( )㎜

조
3.6-7.0 13.2-24.2 18.7-48.3 66.1-126.0 3.3-12.1 3.3-5.3 20.2-47.7 6.39-11.97 0.36-0.66

단

간

형

역

하4.0 하14.0 하20 하77 하3.9 하3.5 하23.0 하7.00 하0.40

13 13 순천9 고창4 주11 14 주11 주11 13

14 14 12 12 13 감포15 13 13 14

감포15 경18 감포15 14 14 　 14 14 감포15

후포16 19 　 감포15 감포15 　 감포15 후포16 후포16

경18 　 　 　 경18 　 경18 천20 　

　 　 　 　 19 　 19 　 　
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17. 수집 역 식물체 크 초 각 경 생 특, ,

역
식물체크

(3,5,7)

초

( )㎝

최

로축

각크 ( )˚

최

끝

각크 ( )˚

경

크 ( )㎜ 종단 양 횡단 양

1 당 4.6 16.1 25.1 96.4 4.6 타원형 원형

2 천 4.2 17.5 29.6 77.1 4.2 타원형 원형

3 4.6 14.6 26.2 88.9 4.2 타원형 원형

4 고창 5.6 18.9 21.8 71.5 9.5 원형 원형

5 무안 4.2 16.6 24.5 92.9 9.6 타원형 원형

6 4.8 18.9 34.8 120.4 10.7 타원형 원형

7 해남 5.8 18.7 25.8 81.6 4.4 원형 원형

8 보 5.4 20.2 24.0 80.9 4.8 타원형 원형

9 순천 5.8 23.9 19.8 96.8 5.6 타원형 원형

10 5.2 21.4 24.0 80.2 5.4 타원형 원형

11 주 4.6 15.8 22.8 79.4 3.6 타원형 원형

12 5.0 19.0 18.7 72.6 4.2 타원형 원형

13 3.6 13.7 28.3 88.3 3.4 타원형 원형

14 3.4 13.6 23.5 76.5 3.4 타원형 원형

15 감포 3.8 14.9 19.1 66.1 3.8 타원형 원형

16 후포 3.6 17.4 26.0 78.9 4.6 타원형 원형

17 거창 5.0 19.1 21.4 82.5 5.4 타원형 원형

18 경 4.0 13.9 24.5 82.7 3.8 타원형 원형

19 4.4 13.7 26.3 79.6 3.3 타원형 원형

20 천 3.6 13.2 26.6 83.6 3.9 타원형 원형

21 청 5.0 21.0 33.6 95.7 10.2 타원형 원형

22 흑 7.0 24.2 25.6 114.4 12.1 타원형 원형

23 추 5.0 17.9 48.3 120.3 10.3 타원형 원형

24 5.4 18.2 24.7 84.5 4.2 타원형 원형

25 강 5.0 19.5 24.4 102.0 4.0 타원형 원형

26 절강 5.0 18.1 22.5 78.3 4.3 타원형 원형

27 천 5.0 18.2 27.5 100.0 5.0 타원형 원형

28 남 5.7 24.0 25.0 126.0 5.0 타원형 원형
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18. 수집 역 수 넓 께 양 등 주 생 특, , , ,

역 No.
정단

양

단

칭수 개( ) ( )㎝ 넓 ( )㎜ 께( )㎜ 양

1 당 4.4 26.9 8.08 0.46 좁 피침형 형 칭

2 천 3.9 28.7 7.62 0.46 좁 피침형 형 칭

3 4.6 24.3 8.00 0.47 좁 피침형 형 칭

4 고창 5.3 33.3 9.85 0.57 좁 피침형 형 칭

5 무안 4.6 25.5 8.19 0.54 좁 피침형 형 칭

6 4.2 33.8 7.49 0.52 좁 피침형 형 칭

7 해남 4.6 33.4 9.19 0.46 좁 피침형 형 칭

8 보 4.5 30.2 8.17 0.47 좁 피침형 형 칭

9 순천 5.1 36.5 8.67 0.52 좁 피침형 형 칭

10 4.5 28.7 9.32 0.54 좁 피침형 형 칭

11 주 4.3 22.8 7.30 0.45 좁 피침형 형 칭

12 4.4 32.4 8.65 0.50 좁 피침형 형 칭

13 3.9 21.8 6.59 0.36 좁 피침형 형 칭

14 3.3 22.8 6.66 0.39 좁 피침형 형 칭

15 감포 3.5 21.6 7.38 0.38 좁 피침형 형 칭

16 후포 3.8 26.3 6.76 0.39 좁 피침형 형 칭

17 거창 4.9 29.2 9.06 0.45 좁 피침형 형 칭

18 경 4.0 20.8 7.63 0.44 좁 피침형 형 칭

19 3.6 20.2 7.40 0.45 좁 피침형 형 칭

20 천 3.9 23.8 6.39 0.44 좁 피침형 형 칭

21 청 4.4 32.1 9.63 0.64 좁 피침형 형 칭

22 흑 4.4 47.7 11.97 0.66 좁 피침형 형 칭

23 추 5.2 33.4 7.77 0.57 좁 피침형 형 칭

24 4.4 32.1 9.56 0.43 좁 피침형 형 칭

25 강 4.5 31.5 8.91 0.43 좁 피침형 형 칭

26 절강 4.7 29.3 9.19 0.49 좁 피침형 형 칭

27 천 5.0 29.6 7.96 0.51 좁 피침형 형 칭

28 남 4.3 31.3 9.18 0.49 좁 피침형 형 칭
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그 21. 조 에 해 근경.

그 22. 조 후 난 투 단 좌. : 0Gy, : 100Gy
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그 23. 처 후 근경 로 다양한 종 춘란 투EMS
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그 24. 처 후 근경 로 다양한 종 춘란 피EMS

그 25. 처 에 해 어 고정 춘란 피EMS 전 형 해 공주 에 료제공( )
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그 26. 근경 식 신초형 에 미치는 농 향NAA BA .
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그 27. 근경 식 신초 뿌 형 에 미치는 과 농 향, , N P .
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그 28. 신초형 에 미치는 타첨가물 향 (Casamino acid, Charol).

그 29. 첨가 에 효과적 피 신초 현2 mg/L casamino acid, 1 g/L charcol .
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그 30. Anthocyanin types in petal, sepal, and peduncle for the analysis of morphological

changes according to the environmental factors in C. goeringii flowers. Incheon Daejeon① ② ③

Garden in Daegu Mountain in Gyeongbuk in Busan.④ ⑤

그 31. Anthocyanin types in peduncle and bract for the analysis of morphological changes

according to the environmental factors in Cymbidium goeringii flowers. Apartment in Incheon① ②

Apartment in Daejeon Garden in Daegu Mountain in Gyeongbuk Apartment in Busan③ ④ ⑤
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그 32. Anthocyanin types in the basal end of lip for the analysis of morphological changes

according to the environmental factors in Cymbidium goeringii flowers. Apartment in Incheon①

Apartment in Daejeon Garden in Daegu Mountain in Gyeongbuk Apartment in Busan.② ③ ④ ⑤

그 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. Incheon①

Daejeon Garden in Daegu Mountain in Gyeongbuk Busan② ③ ④ ⑤
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19. Characteristics used for analysis in Cymbidium goeringii flowers
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20. Mean, standard deviation, and range of morphological characteristics of Korean

and Chinese in Cymbidium goeringii flowers
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21. Mean, standard deviation, and range of morphological characteristics of Cymbidium

goeringii flowers from the east and west regions of Korea

aEntry numbers for characteristics are shown in Table 19.
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그 34. Analysis of the characteristics of Korean and Chinese C. goeringii flowers.

그 35. Analysis of the characteristics of Korean and Chinese C. goeringii flowers.
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그 36. Analysis of the characteristics of Korean and Chinese C. goeringii flowers.

그 37. Anthocyanin spotted type observed between lip spotted and lip bump in C. goeringii

flowers.
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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)
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23. Relationships between principal components and morphological characteristics in C.

goeringii flowers

aEntry numbers for characteristics are shown in Table 19.
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24. Eigen vectors of each collections on the four principal components in C. goeringii

flowers(Prin)

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

collections of Cymbidium goeringii flowers.

그 40. Plot of first and third principal components of morphological characteristics among 25

collections of Cymbidium goeringii flowers.

그 41. Plot of first and third principal components of morphological characteristics among 25

collections of Cymbidium goeringii flowers.
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Characterization of 17 microsatelli-

tes using the Multiplex PCR in

Spring Orchid (Cymbidium

goeringii) from Northeast Asia

, ,

지승미

처리에 해 도 란EMS

(Cmbidium goerinygii 변)

근경 에 른 식물체

재 생 에 미치는 향

연

신 , ,

강 강시, ,

평

한 학

Identification of differentially

expressed genes in leaves of wild

type spring orchid (Cymbidium

goeringii) and dwarf spring orchid

mutant

연
신, ,

강시 평,
원 학

Identification of RAPD markers

linked to dwarf phenotype in

spring orchid

(Cymbidium goeringii) mutant

연
강 신, ,

강시 평,
원 학

Spring orchid (Cymbidium

goeringii) microsatellites applicable

to several Cymbidium Species

지승미,
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