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Fig. 1. Flowers of nine species of Dendrobium and Epigeneium used this study. Note differences in color and shape

of flowers among these species. (a) D. miyakei; (b) D. moniliforme; (c) E. nakaharaei; (d) D. equitans; (e) D.
Sfurcatopedicellatum; (f) D. chameleon; (g) D. falconeri; (h) D. junceum; (i) D. lamellatum.

R} 1. 14 {530 L
Table 1. Fourteen species of orchids (12 Dendrobium * and 2 Epigeneium) used in this study

Species Abbreviation Accession No. Section Source

Den. batanense D. bat TARI F. D0101.0 Rhopalanthe Indonesia
Den. chameleon D. cha TARI F. D0044.0 Calcarifera Lilong Shan
Den. crumenatum D. cru TARI. F. D0040.0 Rhopalanthe Green Island
Den. equitans D. equ TARI F. D0054.0 Rhopalanthe Orchid Island
Den. falconeri D. fal TARI. F. D0050.0 Dendrobium Ku Kuan
Den. fimbriatum D. fim TARI F. D0080.0 Dendrobium Thailand
Den. furcatopedicellatum D. fur TARI F. D0055.0 Grastidium Taipingshan
Den. junceum D. jun TARI. F. D0087.0 Rhopalanthe Philippines
Den. lamellatum D. lam TARIL F. D0115.0 Platycaulon Philippines
Den. leptocladum D. lep TARI F. D0041.0 Grastidium Tong Pu
Den. miyakei D. miy TARI F. D0042.0 Pedilonum Orchid Island
Den. moniliforme D. mon TARI F. D0043.0 Dendrobium Sun Link Sea
Epi. nakaharaei E. nak TARI F. D0051.0 - Alishan

Epi. sanseiense E. san TARI. F. D0049.0 - Ku Kuan

“The classification of Dendrobium is base on Tsi et al. 1990 & Lavarack et al. 2000.
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Table 2. Phenotype of 14 species of orchids (12 Dendrobium and 2 Epigeneium) used in this study

Floresconce Plant Height Leaf Flower
Name (month) (cm) Size (cm) Shape Size (cm) Pedicel (cm) Color Aroma
D. bat 6-7 56 9.0 x 0.6 flat triangle 1.5x0.7 1.2 white no
D. cha 12-2 26 7.0 x2.8 oval-shaped 3.5x%x2.0 2 white with red line no
D. cru 2-12 26 7.0 x2.8 oval-shaped 33x34 1.2 white yes
D. equ 2-12 41 8.0x0.5 flat triangle 24x%x19 0.7 white yes
D. fal 3-5 80 5.6x0.3 slender 5.6 6.0 3.1 light pink yes
D. fim 3-7 42 9.4 x2.3 long oval-shaped 3.5x3.0 5 orange yes
D. fur 6-8 77 6.0x0.5 slender 6.4 x4.5 1.2 white with brown sport  no
D. jun 5-10 100 16.0 x 0.2 slender 32x2.0 2 yellow no
D. lam 9-12 13 5.0x2.5 oval-shaped 2.1x1.5 1.7 cream white yes
D. lep 4-9 33 6.5x0.4 slender 1.5%x1.0 0.8 white no
D. miy 1-5 45 8.5x 1.7 long oval-shaped 1.8x 1.5 1.9 deep pink no
D. mon 4-9 35 3.9x0.7 long oval-shaped 4.0x%x33 2 white yes
E. nak 8-5 7 3.0x1.2 oval-shaped 2.0x23 2 yellow no
E. san 4 6 2.0 x0.5 long oval-shaped 2.7%3.3 1.3 light pink no
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Fig. 2. Sequences Comparison of matK gene sequence of 14 species of orchids (12 Dendrobium and 2 Epigeneium).
[Abbreviations for the 14 Dendrobium species are shown in Table 1. Dots ( - ) indicate the same nucleotides and
dashes (—) were introduced to maximize homology.]
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Table 3. Similarities of the matK gene sequences among the 14 species of orchids (12 Dendrobium and 2

Epigeneium)
D.bat D.cha D.cru D.equ D.fal D.fim D.fur D.jun D.lam D.lep D.miy D.mon E nak E.san
D.bat  100.0
D. cha 98.0 100.0
D. cru 97.5 96.5 100.0
D. equ 99.0 98.0 979 100.0
D. fal 982 982 964 982 100.0
D. fim 984 985 96.6  98.5 99.3  100.0
D. fur 977 980 962 98.0 985 98.5 100.0
D. jun 99.2 983 977 993 982 982 979 100.0
D. lam 977 980 962 980 982 984 98.0 979 100.0
D. lep 91.3 91.6 926 91.7 919 920 913 91.3 91.1  100.0
D. miy 979  99.5 964 979 980 983 978 982 9738 914 100.0
D.mon 979 982 96.7 983 98.8 99.2 983 982  98.0  92.1 98.0 100.0
E nak 97.0 974 955 972 977 980 975 974 972 926 972 979 100.0
E san 974 9717 959 975 98.0 983 978 977 975 929 975 982 99.7 100.0

T (B SRR 5T EL AT B el R
TR R | - 5E S I%E)F%F » BT
IR 1 TR B o g e ] [

H e F“ﬁﬁ'f Gi% 1 em) > B YSFLE Y[R £ > PEER

SRR B[R] e AR RE ] TRLER R T
] [V < B A (Grastidium) (Tsi et al. 1999)

[ E. nak
E san
D. mon '
D. fal
D. cha
D. miy
L D. equ
D. lam

D. fim
D. bat

=D. jun
D. cru

D. lep

10 160 140 120 100 8 60 4 20 0

distance between sequence pairs

3. I'] matK Ei[*d
g5 ff’?q‘%ﬁ' °
Fig. 3. The dendrogram of the 14 species of orchids

(12 Dendrobium and 2 Epigeneium) constructed from
sequence of matK gene.

IELELRED 14 5T e ]

H —*}H TRV BY Grastidium & (Lavarack et al.
2000) » AL SN B T;E}{vjn\E'% £ (5] 1R
Bh 73 85— 1 [NE matK F’Zﬂj?ﬁl PR3 IIEIJFA'
R SRR A P B
VEBIEA S PSR RAPD (Lee 2002) »
ITS 75 P (Tsai et al. 2004) "ﬂ‘ﬁ'ﬁ_ﬁ o
P91 SR T (B g (Epigeneium) [I1RV3EHER
Tl > BRI 6 '?4 $?ﬁ Ef%?flf T
| B Bf (Dendrobium) > 1“ }{’;J’ S R U
Dendrobium nakaharai (Lin 1975) » {FI¥7 & J5F
LEH DR E R ELlisR T BB (Epigeneium)
(Tsi et al. 1999; Lavarack et al. 2000; Tsai et al.
2004) o FPFATEEE o ERT A VS BT
B R E BRI S 99.7% »
S £ B - 3 matk LA
T RO B - T T ] - TR
WOHT (B Ei{&:' (B FVEIPJJB;ﬁfl%&?Iﬁi]EI%?
PTE PR ERAOT B R o fiRNT ,qug,h@e&
EE) 1000 Al F o g (genus) )N E RS
(sub-genus) ~ & (section) ~ % (group) &1 [
o3 IR FE (species) [T KSR 1
2PN RSP H IR T RIO ABE 5T AR o 7



B[ matK Ei[ﬂﬂ}ﬁf PRI ES T IFJJE%JFET}‘]BJ;J X
(M R RO 1 RPETI ST R > Ry IIbRL
[IEJJFQF.J H ‘:T{TF[JN;';F[ o ’]j{r] FF Y2 I
bR T B (Epigeneium) [N BT ]
KT (] ST R A ARG
HE BT R PR e
HRAT - ARAI mark =505 e
J/JJ_’ RS AN PRI - T ﬁr'%ﬁ"iﬁ
7"}?}%7]2[‘%?#[ EJ:["FTJHéE * R o RPIR [F]
f  F|H ] BRI l/ﬁj["ir > B Alj IFi [FE RN 55
RSN m’f YRR B F‘j[iwﬁ SEallzlIEN
SR [151_*5[(7]”4%7}‘ (Epigeneium) EJ 73 KBy
@ﬁ*%%@w%@o

S|SBt (Literature cited)

Bodyl, A. 1999. Evolutionary pathway of the apicomplexan
plastids and its implications. Microbiology 7:266—267.

Chen, S. C. and Z. H. Tsi. 1998. The Orchids of China. Flora
Reipublicae Popularis Sinica. Tomus 19. Science Press.
Beijing. 356 pp. (in Chinese)

Delwiche, C. F. and J. D. Palmer. 1996. Rampant horizontal
transfer and duplication of rubisco gene in eubacteria
and plastids. Mol. Biol. Evol. 13:873—882.

Hein, J. 2001. An algorithm for statistical alignment of
sequences related by a binary tree. Pac. Symp.
Biocomput. 6:179—190.

Hilu, K. W. and L. A. Alice. 1999. Evolutionary implications
of matK indels in Poaceae. Am. J. Bot. 86:1735-1741.

Hilu, K. W. and H. Liang. 1997. The matK gene: sequence
variation and application in plant systematics. Am. J.
Bot. 84:830-839.

Howe, C. J. 1996. RNA polymerases and plastid evolution.
Trends Plant Sci. 1:323-324.

Johnson, L. A. and D. E. Soltis. 1994. matK DNA sequences
and phylogenetic reconstruction in Saxifragaceae
sensu strstricto. Syst. Bot. 19:143-156.

Kamemoto, H., T. D. Amore, and A. R. Kuehnle. 1999.
Breeding Dendrobium Orchids in Hawaii. Hawaii
Univ. Press. Honolulu. 163 pp.

Lavarack, P., G Stocker, and W. Harris. 2000. Dendrobium
and its Relatives. Timber Press. Portland, Oregon.
287 pp.

T B @R 5T 69

Lee, S. P. 2002. Identification of Native Dendrobium Species
by Randomly Amplified Polymorphic DNA Markers.
Master Thesis. Dept. Hortic., Natl. Chung Hsing Univ.
106 pp.

Lee, W. L., Y. S. Teng, and R. Q. Lin. 2007. Using RAPD
markers to study genetic variation among Lychee
Cultivars. J. Taiwan Agric. Res. 56(4):281-288 (in
Chinese with English abstract)

Li, S. Z. 2007. Illustration of Compendium of Chinese
Materia Medica. Shaanxi Normal Univ. Press. 670 pp.

Lin, T. P. 1975. Native Orchids of Taiwan. vol. 1 Dept. Bot.,
Natl. Taiwan Univ. Taipei. 355 pp.

Margulis, L. and R. Obar. 1985. Heliobacterium and the
origin of chrysoplasts. Biosystems 17:317-325.

Martin, W., B. Stoebe, V. Goremykin, S. Hansmann, M.
Hasegawa, and K. V. Kowallik. 1998. Gene transfer to
the nucleus and the evolution of chloroplasts. Nature
393:162—-165.

Neuhaus, H. and G. Link. 1987. The chloroplast trnAlys(UUU)
gene from mustard (Sinapsis alba) contains a class 11
intron potentially coding for a maturase-related poly-
peptide. Curr. Genet. 11:251-257.

Olmstead, R. G. and J. D. Palmer. 1994. Chloroplast DNA
systematics: a review of methods and data analysis.
Am. J. Bot. 81:1205-1224.

Plunkett, G. M., D. E. Soltis, and P. S. Soltis. 1997.
Clarification of the relationship between Apiaceae and
Araliaceae based on matK and rbcL sequence data.
Am. J. Bot. 84:565-580.

Raven, P. H. 1970. A multiple origin for plastids and
mitochondria. Science 169:641-646.

Sang, T., D. J. Crawford, and T. F. Stuessy. 1997. Chloroplast
DNA phylogeny, reticulate evolution, and biogeo-
graphy of Paeonia (Paconiaceac). Am. J. Bot. 84:
1120-1136.

Schelpe, S. and J. Stewart. 1995. Dendrobiums-an Intro-
duction to the Species in Cultivation. Orchid Sundries
Ltd. Stour Provost. Dorset. 115 pp.

Steele, K. P. and R. Vilgalys. 1994. Phylogenetic analysis of
Polemoniaceae using nucleotide sequences of the
plastid gene matK. Syst. Bot. 19:126—-142.

Su, H. J, C. S. Leou, J. J Chen, and C. Y. Hu. 2000.
Orchidaceae. p.839-849. in: Flora of Taiwan, vol. 5.
(Huang, T. C. et al. eds.) 2™ ed. Editioil Committee,
Dept. Bot. NTU, Taipei, Taiwan.

Tsai, C. C., C. L. Peng, S. C. Huang, P. L. Huang, and C. H.



70 FMMELH PR ST S8 AT 1

Chou. 2004. Determination of the genetic relationship Orchidaceae (3). p.485. in: Angiospermae, Monoco-
of Dendrobium species (Orchidaceae) in Taiwan based tyledoneae, Flora Reipublicae Popularis Sinica. Tomus
on the sequence of the internal transcribed spacer of 19. (Tsi, Z. H., ed.) Science Press. Beijing. (in Chinese)

ribosomal DNA. Sci. Hort. 101:315-325. Zerges, W. 2002. Does complexity constrain organelle evo-

Tsi, Z. H., S. C. Chen, Y. B. Luo, and G H. Zhu. 1999. lution? Trends Plant Sci. 7:175—182.



T R R 71

Genetic Relationships of Dendrobium (Orchidaceae)

Species Based on Chloroplast-matK Gene Sequences '

Wen-Li Lee?, Shough-Peng Lee*®, Kan-Shu Chen?, Rong-Quey Lin?,

Tsung-Dao Liou?, Ting- Eni Dai’, and Jen-Ping Chung*

Abstract

Lee, W. L., S. P. Lee, K. S. Chen, R. Q. Lin, T. D. Liou, T. E. Dai, and J. P. Chung. 2009. Genetic relationships of Dendrobium
(Orchidaceae) species based on Chloroplast-matK gene sequences. J. Taiwan Agric. Res. 58:61-71.

Dendrobium is an important genus of Orchidaceae, especially in Asia. In this study, chloroplast-matK sequences
were used to identify genetic relationships of Dendrobium species. Results showed a high degree of similarity (91.1
to 99.7%) among different Dendrobium species tested, indicating that the matK gene sequences are highly
conservative in Dendrobium. Similarity in D. leptocladum is 91.0% which is the most different from others
Dendrobium species examined. Epigeneium san and E. nak had the highest similarity of 99.7% and, they were
separated from the genus Dendrobium. Based on aligned sequences of matK regions, the 14 Dendrobium species
were divided into four main groups with the genetic distance of 0.003 for group 1; 0.020-0.012 for group 2;
0.038-0.016 for group 3 and 0.089-0.074 in D. leptocladum for group 4. D. leptocladum is a group high genetic
divergence due to mass deletion of its matK sequences through mutation and it is a native species in Taiwan.

Key words: Dendrobium, Chloroplast, matK gene, Genetic relationships, Phylogenetic analysis.
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