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Abstract: Dendrobium officinale is a member of the family Orchidaceae. The dried stem of D. officinale is
used as a valuable traditional Chinese medicine, known as Dendrobii Officamlis Caulis (called TiepiShihu in
Chinese). According to Chinese Pharmacopoeia, Dendrobii Officamlis Caulis has effects of tonifying stomach,
promoting fluid, nourishing Yin and clearing heat. At present, the planting area of D.officinale is over 100000
Mu (over 6670 hm?) and the annual output of its fresh stem is in excess of 10 000 tons. Good variety is the
guarantee of herbal medicine’s quality, while germplasm resource is the base for breeding excellent variety. In
this paper, we summed the characteristics of present main varieties of D.officinale and reviewed the progress on
germplasm resources and genetics and breeding of the plant, in order to provide a scientific basis for the further
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Tablel Main varieties of Dendrobium officinale. SH: Stem height; SD: Stem diameter; LL: Leaf length; LW: Leaf width; LT: Leaf
thickness; LS: Leaf sheath; ID: Internode distance; DR: Drying rate of stem; PC: Polysaccharide content; MC: Mannose content; EEC:
Ethanol-soluble extract content; Rwc: Chromatographic pesk area ratio of mannose to glucose; MP: Male parent; FP: Female parent

Variety Phenotypic characteristic Averageyield cha?:c?;:iy stic Variety advantage Source Br;jsgég

Tianhu 1™T SH 20-60 cm, SD 5-10 mm; LL  0.91 kg-m 2 (20 months DR 15.5%,  Good comprehensive Domestication of wild Selective
4-7 cm, LW 1-2 cm, edge and growth, fresh weight)  PC 15.6% characters, higher resources breeding
main vein of leaves pale purple; quality, better low-

LS with purple spots temperature and
disease resistant

Xianhu 1! SH 20-30cm, upto60cm, SO 2.29 kg'm 2 (24 months DR 24.6%,  Higher yield and PC, Domestication of wild Selective
5-10 mm; LL 4-7cm, LW 1-2  growth, fresh weight of PC 30.4% better adverse resis-  resources Sxg-2 breeding
cm, edge and main vein of leaves stems and leaves) tance
pale purple; LS with purple spots

Xianhu SH 30-50 cm, SD 6-10mm, ID  2.49 kg-m 2 (24 months DR 21.1%, Higher yield and PC, Domestication of wild Selective

2146471 15-25 mm, stem with purple growth, fresh weight of PC 29.0% better low- resources Xianzi 1 breeding
spots; LL 4-7 cm, LW 1-2.5cm, stemsand leaves) temperature and
LT 0.6-0.9 mm, LS with purple disease resistant
spots

Xianhu 318 SH 8-21 cm, SD 2-6 mm, ID 2.52kg-m2(24 months DR 33.4%,  Higher yield, better ~ MP: Xianhul; Cross
8-14 mm; LL 2-7 cm, LW growth, fresh weight of EEC 13.85%, adaptability and FP: No. 514 breeding
0.8-2.2 cm, edge and main vein  stems and |leaves) MC 21.75%, adverseresistance and
of leaves often with purple spots Rwic 4.42 mutation

breeding

Senshan SH 14-36.6 cm, SD 358-6 mm; 1.35kg'm ™2 (2years  PC 24.45% Higher yield, better ~ Domestication of wild Selective

114! LL 3.8-5.3cm, LW 1.7-2.2cm,  growth) adaptability resources collected from  breeding
leaf back and LS often with pur- Yunnan
ple spot

Guihu SH 15-60 cm, SD 4-7.2 mm, 0.23-0.64 kg-m 2 PC 28.0%—  Better droughtand  Selection of good individual Selective

15051 stem with purple red (18-20 months growth, 35.9% (fresh  root rot resistance  from wild seedlings (Nazuo breeding
spots/patches; LL 2—-7 cm, LW thefirst harvest); stems) Miao Nationality Township,
0.5-2.5 cm, leaf and LS with 0.38-0.76 kg-m 2 (har- Xilin County, Guangxi)
purple red spots/patches vest once every 12 to

14 months after the first
harvest, the second and
third one)

Baishishan  SH 12-65 cm, SD 4-8 mm, ID 0.30-0.68 kg~m’2 PC>29% / Selection of good individual Selective

1652 1.5-2.5 cm, stem with purple (18-24 months growth, (dry stem) from test tube seedlings breeding
spots; LL 4-6.5cm, LW 1.3-25 thefirst harvest); (purple stem of wild adult
cm, LT 7-9 mm, leaf edge often  0.45-1.52 kg~m’2 plant, Baishi Mountains,
pale purple, leaf back often with  (harvest once every 12 Matong Township, Guiping
pale purple spots months after the first City, Guangxi)

harvest, the second and
third one)

Baishishan  SH 15-70 cm, SD 4-9 mm, ID 0.30-0.76 kg~m’2 PC about 31% / Selection of good individual Selective

2158 2-3 cm, no spots on stem; LL (18-20 months growth, from wild seedlings breeding
4-6.5cm, LW 1.2-25cm, LT the first harvest); (green stem of adult plant,
7-9mm 0.45-1.52 kg-m 2 Baishi Mountains, Matong

(harvest once every 12 Township, Guiping City,
months after the first Guangxi)

harvest, the second and

third one)

Qinggu 1" SH 35-37 cm, SD 10.5-11.5 mm, 0.69 kg-m 2 (fresh PC47.7% (2 |/ Collection of wild resources Selective
stem full with purple spots; leaf ~ stems, 2 years growth)  years growth); from Yunnan; then selection breeding
edge purple, leaf back with purple 0.72 kg-m™2 (fresh PC 47.2% (3 good single-plant
spots stems, 3 years growth) years growth)

Zhongke SHupto50cm, SDupto7mm; 1.5kg'm 2 (18 months PC about 30% Higher yield, better  T13 (Guangnan County, Selective

1155561 leaves rectangular and lanceolate, growth of tissue (dry stems)  high-temperature and Yunnan), after multiple breeding
LL 5-6 cm, LW 2-3 cm, LSwith  cultured seedling) disease resistance generations of self-breeding
rust spots

Shuanghui SH 30-50cm, SD 5-8 mm, ID 1.4 kg-m 2 (fresh stem, PC 32.7%, Higher yield, better ~ FP: red stem (Yandang Cross

115759 15-2.5cm; leavesspindle, LL 2 years growth) MC19.2%  diseaseand adverse Mountains, Zhgjiang), MP:  breeding

6.0 cm, LW 2.0cm resistance green stem (Guangnan
County, Yunnan); artificial
cross-pollination, single-
plant selection of offspring,
multiple generations of

selfing purification
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Variety Phenotypic characteristic Averageyield cha?:catﬂel:iysti c Variety advantage Source Br;:sg;g

Zhongke SH up to 55 cm and SD 6 mm 1.2kg'm2 (18 months PC 32.1%, Higher PC, better Introduction of the plants Selective

Congdu!®® %Y after 2 years growth; leavesrec-  growth of tissue MC237%  adverseresistance  from Yachang orchid plant  breeding
tangular and lanceolate, LL 4-6  cultured seedling) (dry stem) nature reserve (Leye County,
cm, LW 2-3 cm, LS with rust Guangxi); then selection
spots from multiple generations of

self-breeding

Zhongke SH 34.3 cm and SD 6 mm after 2 1.36 kg-m 2 (fresh PC 42.4%, Higher PC, better Wild resources collected Selective

Congdu 22 years growth stems, 18 months MC29.4%, diseaseresistance  from Dao County, Hunan;  breeding

growth of tissue EEC 13.0%, selection after 4 generations
cultured seedling) Rwmic 2.6 of self-breeding
(dry stem)

Yanchuixue SH 25.5 cmand SD 6 mm after 2 0.62 kg-m 2 (fresh PC 57.5%, Better diseaseresis-  Hybrid of green stem (Tian- Cross

362,63 years growth, stem with rust stems) MC32.6%,  tance tai Mountains) and red stem breeding
spots; LL 4.8cm, LW 1.5 cm Rwic 2.3 (Yandang Mountains) plants

(dry stem)

Zhongke 3% SH 36.2 cm and SD 4.7 mm after  1.45 kg-m 2 (18 months PC 39.4%, Better diseaseand ~ Wild resource T636 (Dao ~ Selective
2 years growth, stem with rust growth of tissue MC 18.6%,  adverseresistance County, Hunan); selection  breeding
spots; leaves narrow ovate, LL cultured seedling) EEC 6.6% after 4 generations of
5.1cm, LW 1.6 cm (dry stem) self-breeding

Zhongke 41*¥ SH 48.0 cm and SD 5 mm after 2 1.56 kg-m ™2 (18 months PC 39.0%, Better diseaseand ~ Wild resource T709 (Lang ~ Selective
years growth, stem with rust growth of tissue MC 20.1%, adverse resistance Mountains, Xinning County, breeding
spots; leaves ovate, LL 5.7 cm, cultured seedling) EEC 6.6% Hunan); selection after 4
LW 1.9cm (dry stem) generations of self-breeding

Fuhu 1155  SH 20.8cm, SD5.1mmand ID  0.48 kg-m 2 (fresh PC 51.8%, Higher yield and Selection of wild resource  Selective
1.5 cm after 2 years growth, stem stem) MC 29.3%, quality, lower inci-  L-2from Guaizhai Moun-  breeding
with pale purple spots; leaves Rwic 2.5 dence of black spot  tains, Liancheng County,
long éelliptic, LL 5cm, LW 1.6 cm (dry stem) and anthracnose Fujian

A5G )RR 1T S 1 1R 3% 56 77 VE 1 o 0 EL 1) s FC 2 2 58 8 ) SRR o A fih B A P o P 24k S R T8 2%

HER, AT B AR AL AL R B VER, B B 1k
R I8 A% 3 IS A5 05 ) 3 L AR Ol Bt B2 B
HHACHERE; PR 23 T AR e Al B & M A o I BLOK,
BB A LB A TR R ARG, AR A AR IR 22
R, BERGEFRTTE, TN HIREG A&
7o B PURTESR AR RYEIRAME. & 1
14 AR BAT i R A S I S T M (0 T VA SRAR 10
Chen Z O 47 12 4N AS [l B 18 B A st s,
RN PEREL ERYE 3N TT MR T 14 A PF
W bn, D JZ U2 M9 07 a2k 1 O R I 3 X A A
(bRl JIF @SR B A R SR S A R .
RAGEh, I8N Bk B A AR 5 B R VT A A T R
I BB T, HUONRARIT 07 8k B A s
JRBIR PPN FE AR, K B v B AR R O
PURTE. EEAER . DR IR MR R .
22 RXEM RZHMEMNAERAFRKAS
REARREAT R L AR R R A A, RIERIES
it H ARG PEIR AT A ZOR IS AR, AT S5 U
ARG SRR T 1% o 25T M AT LIORE XU A 4% il AN
R A0 R D 45 & T — 4, A DOR X% A
A2 ) 7] — DR B AN ) ol 2 2 TR AR BRE R, 7 AR A %
YRR B S AR 1 AR IERE PR A T LG B

STHABAFRR AL, B R MR ZEEYE
Pty 3 27 115080 Lk e A ik N T S AR 45 S
ZRAETH M2 QB R B A R BEUR, SR
BRI EE TR & 1R 35, X 1

SHERSE 3 521

it A o

Liu

A H AT SR Bk B A

S OE I R G o Wk R A ik 4 SRR 26 4

AN 26 M ACBLA A FLAR M 124N 2R B, 4
A FLAK &Mk & TR E R FLAK R, 2&F R
FLARE RN FEHARECE F R FL AR E, $EREF
PR R AR ARSI, TR AR FL AR )ik 4%
550 22 3045 5w s 3 s AN AP () KR N — 3K
M, GEWD AN, B 1 RS RIAE SRR YE A
L A S AR MEAR, A R DTk
38.18%; I v Wi 12k B A ARk B SR I HH 25 R
dy WiE. SR ZE R . Zhang 250
EUANEREARFLRMZHEREE KN, 28R

HSERKZEAEL S 2R ERIRARL, T
RERETFREMW S &, JZMBIE,; Zhang %M

AT BAER B A FLR & AR RARZIER G- &
FIARSCHE, A Bitkm . ZM. W8GR, R, o
P, WA RKEE. MR SERE S R 3 IR A R
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B BES/IN T A5 BRI 5= i B 8 25 IEAE G, B Al
H AT SRR, 2R, KR R R R IE E
TR R A R R R SOGE IR IR B B
K MR F 5 3 A IR TR AR A A A ARk L
FagE, T H T RIS
23 BFELEM HLEMRIEAYIE YRR
SR I AR R R AR AR S, RS B AN E bR AR
SRR R R AR AR, IR B RCHT 5 Rk
TSR B B P77 o 570 B PR 4RO B B R 4252 il
I RIEFLR I — AR E AR o 8 R AR
6, A8 507 ORI B e DA ), H R AR B b I
{1 3 ) L

P ER AR R B N R R AR DNA &
AR, o R B AR A A . Xie S5,
y SRR AT DAk B A R BRZE DNA R AEAR 5+
SSR Ml ISSR 43 Fhricd s, MG 2 7 2k 7 th
1.01%~2.53%, 7% 53 2 5 4 59 55 B A7 AE — € 1IEAH O,
5y SR 20 TR S S0 2k B A i 2 i B R R
£ 1.0 Gy-min ' F &% § 50 Gy~ 110 Gy [ 5 1k i
FfHRERZE, 2T 10 N H 4R /e iE 7%, 4R
M EM RS ES RAEBO W ENEEREE
o A FAS R IRE L2 80 AEARHF AR —Fh 4L
FRBEMIE, EREMFERASE, FIAREH &
HAE E S FARS . SRR R A R sk
ROSAE R AR D AR 5, 3R [0 b [T o, 2% 4%
BE R A Al 357 BB AR LD “Alft
157 NRAR, “5l4 57 NEEA, 5133 Fi AR
R, B AR R IAT IR, e xS R
BEAT N T 8 3R A — AN i i 0L

25 155 A8 2 R FH A 27 175 7 50 A BRAE A M KL SR 15
SRR R A SRR AR A LB R SR R A
%2 (R K AR A 2513 0 7 o AL o X 3 A7 AE 22 R
B ZREEHEYEARTINK, HEEN R, b
PR E SR . R R A bR A i s A O A
2n =38, Zhan 253 R K Al 2% Ak B4k B A fish o TR Jit
BREE, R TR 423, MERA/NTRR 4 R
P, A8 5 R i EiA F) 85%. Zhang 2507 RKK AL
SEEAAMINEZE, RN, R, Bt
o, SALR DA fEss R, B 1 4 Rk, &
FAR SR RIE A8%. FH AR S AR SRAS M £ 15 4k
MR, HGMRAFEAR F AL, FRMERm, 5 H Bk
B RIRGERIARE . 2n BT, XHRONAR B T,
&R E 2 A AR R BB AE. R 2n BT
B, ATRLK K S AR R, Ik RS AR

H i, Wang 78R K KAl 25 b B R A fRHAE T,
SR T 2n ek, mmils FHEIL 6.22%, ~OHEL
R A T 2 e iRt T &% .

24 HEM EVEMERRE TEEERER
HEMEBK ., SREARHIR )RR, feitaE fh
FIREIRPE . B R Al A eT 0L, R R
BHE Y K B B AR BT s R0 S S e Rt T
BT RePED B AR MR R B RN
M AL BEREE M. o B M A R
BRZEME AT AEDEMHERCEH T8 A
it BB PR 5T

L E P AR B ARSI E P, R 2
(E O 5 N A R ) e A S R NG~ N4 |
o, 383 AR R TR SZ ARG B N 3R IA, I A A
SREVE . SAEGE R ITIEM G, R E Fp] P
BT HARPER KSR, BAZMERS], 780 FH
& YR, BAEAE GRS BN R RS, BB MR
Ko H HrHE 08k 5 A it B2 R E AT vk 3 A
FEIMEE . RAT R A IR A @ TE T

I R A v e I Bh 1 R G0k A BRI 4R
WL DA — g o RS AR A AR, SR N AR e A . 1%
JPEERAETR B, A thm, MR, o—kah
BN, B R CR K. Yang IR
FIEEE K EZPU R RN 1ea3 T N8k A fift iR Bk
25, SRAS I B TR DR REL PR 1A R 3 R 0D S G
M SR TE, SR B DO AR K A ) R R 2 N i
2R, FAGHTIEAT JC B T A Ab 3, DL J % i fa itk
AT 3ok FE AT R IR S it S R 0 R m b R R R
R, R, RIS P B AR R L LR AT L
&, I 1% A 4.

AT A T35 B DAY B 5 A AR B A T A
AR RIMNER R R NP2, @i B BE . R EE.
VB A DT VR AT AR B 5 52 AR RE R fish 5 B RT3 A
MR Al ¥ DUEUIK, ERMELE, bk A JE R PTER
A, ¥E RN, REIEK B RTEN 2
MR 3. R N AR R A b E 7R AR K,
P/ FEAE & B 7 40 T FE, B 25 6 7 =R
Wu BV RATE AN S 1R LA i-1-5R (ACC)
A 1R s SR DR N R R A SR R R ZE A R, DA
fill ACC EAMGE K FIRIE, WA EMEN LIGE
B, AT EY R AR R B ERE. & e
& Hy 32.50%.

16K B W VS A B 5 Y AR R B N
JHIE, 5 ANIE L R AR ) B 52 RS B EORS 1 90Tl
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PRI LA 3 2 AR BE DR 2 o o SX R T AN R A
FPANSE DRI R, DL R H 56 DR OR R A DR 2 A PR ), e
i E R RSN TR RE, 2 AR, tRi%E
BRI E MO . Xian SENERR R L,

T GFP A1 GUSTE K] 1 Jif b0 A1 A AT B 32 7] DL 34k,

T A R A VR Bk R A AT B AR Ak AR
L AN ARAT B 9 B IR A5 1 45 52 4 il O 62.3% A
58.6%; £ilH, & GFP Al GUSHE K] Fi ki kb ) Ffr -1
(B i AL TN 7.8% 1 6.0%, & GFP A1 GUS
5 DR] AL P A AT BT Ak 3 1 o P o v B A %6 43l R
5.0%Fl 1.5%; 5ACHF AL, TR A AR 55 1 3%
R

GF F ARG B B R R 5 B AR PR B % 8
(5 Fhrad, Bk E bR IR 5 N 7 51 A & 15 1R,
A 3 AR 4y 7 A i BT AR I 3 0 B N AF AR, LA
R B HARVEIRI H . 2 FARCH B E A B A R
WL ERR, A2 A R, A2 R R IA
S s, KBS H bR R EOE BN 2 T AR
ORI B AR . RFLP. SSR. SNP %[t
BLA> Fhric Q&) 2 B T8k 5 A Ak s B2 IR AT 5% o

2009 £ Hi Collard F1 Mackill B % 1 3k i 457 =7
DNA 4% 2 (conserved DNA-derived polymor-
phism, CDDP) & T 8514 s i — M H (1 70 145
WA, E BT R R A B DR S R S R Y A
WAt 51 W, fer=A 5 B bR VR E BT ThBEYE 2 T bR
10, FFEAEA[E AR R R DB A o A B A A
A bR — R R 1Y, 0 A S DR a0 R s —
FA) 5 1005540 0% 1) T e R TR 9 3R A SR R s i ) B Bt
Wik, Wu S BN A X ST WRKY, A4 54E2E
IR 2 b 38 BB AR OB MY B RITTE 3 35 e e
AR 1) ERF s Rk 10519, M\ 43 47 B
AR IR B 0k B A AR R BT SRR TR AR R 8 A
BN RV, N8k A v & M gt
5%,

ZWER YA EER Ry, BEE
B2 B v R, Rk R AR R I B R E AR
Z o WRFTS Bk B A iRk it S5 A 0% 1) BB IR g A
B, AT DA SRR R 1 B A R R O & 1, 1R
bR AR MR R DR BRI T RE I . vEE A P A
FYE. Lu SR 40250 e (BEA) Ak fz 4 fist
(A) Jefinim 111 4 FARAMA, #dt 7 a% 8573
ANEESEVEAL T F BARID . R 19 NEBIEE. B
F 753 5 A0 vk ik DR 2L 1 v 5 P i IR 2 51 (SNIP)
AR, SEHSZELLZHESEMXN 5 4

B MR A (quantitative trait locus, QTL), 7
Ji ZEfRFE 2R 9.2%~11.8%, 4 AT 1 34N & B B |
54 QTLs X+ L4 19 4~ SNPs fFikbric, @it
XPRR B A i R AH B, 1€ 3 > QTLs X1y 8
A~ SNPs bR & CLAEER AT iR 4 DR B, JE IR 2
5 ~: Dendrobium_GLEAN_10032348. Dendrobium_
GLEAN_10047849 . Dendrobium GLEAN_10074377
A1 Dendrobium GLEAN_10120125.
3 RE

WRIEEHE WA RS, HICEH 20 2408k
B A fEh b A, Horh 4R 2L “HE R EOREY M
Bl kA, AEL R AR AT TR
ARAT . KATEA, XL FhHEGE B T8 A
fRHE AL AR, BT EATI BRI A A &, =
LU KRS ARBT PU I R o 8k 5
ARG P SR . XFk, M5 BT
JIEERNTT R B A Mt it AL FE Rl 72, SR 7R 18 4% )
JRAERR KA A R R Bl AR AT, [ A
WG R R, AR B B AR B R, DA 3L
IR A 3 R 5 L AN 23 1 B BRI, T 4 S
PR B R, ik B0 R A AR fE HR AR 40

VAL AR 77 B H R 3R A5 B AR E 1 26
e Bt o 250 o B A I k. R, BT B R R
VB 9%k B A ik b Ak & B0 AR5 H bR, FLIkE B K&
PUIEEbR . CABE Oy TR, AR Bk B A fist A= 2 R A
FIH RS BHEERITETRE L B bR, WHRIEE
&M R R KB TR R 77 85 A AR Es b
FROTRTIR S, WK 20 &L 2080 BORs 20 1l %
ECAI L /NI TR AR PR R O3 B A5 o U SR B 4R
b, AR 1 R DL b 32 B A2 2 3
AN RIS PR bR N BBk B A ol Bk B
1 H FRH .

References

[1] Tian LX, Chen XM, Guo SX, et al.

chemical compositions and response ability to mycorrhizal

Agronomic traits,

fungi of two Dendrobium officinale phenotypes [J]. Chin
Pharm J (1 [E 2424 7% &), 2018, 53: 98—103.

[2] SiJPWangQ, LiuzJ eta. Breakthrough in key science and
technologies in Dendrobium catenatum industry [J]. China J
Chin Mater Med ([ Hh 2 &), 2017, 42: 2223-2227.

[3] Liul, Zhang T, Pan J, et a. The research progress of
Dendrobium officinale resources [J]. JMount Agric Biol (1l
HhfME AR P 4R ), 2014, 33: 83-87.



Rt &k Bz A it i o B2 IR AN 1A% B AT St e

+ 1501 -

(4

(5]

(6]

(8]

(9]

[10]

(11

[12]

[13]

[14]

[15]

HuF, Me Y, QiuDS, etal. Research advancesin breeding of
Dendrobium officinale [J]. Guangdong Agric Sci ()7 44k
RL2£), 2015, 42: 12-17.

Da Silva JAT, Jin XH, Dobranszki J, et al. Advances in
Dendrobium molecular research: applications in genetic
variation, identification and breeding [J. Mol Phylogenet
Evol, 2016, 95: 196—216.

Zhu B, Hua JW, Ji QY, et al. Study on regression analysis of

leaf area in F; generation of Dendrobium officinale cross

breeding [J]. Acta Agric Zhejiang (WiiT A& \k224)), 2015, 27:

1761-1764.

Zhang ZC, Chen JB, Ma ZW, et a. Discrepancy and
correlation analysis on main phenotypic traits of Dendrobium
officinale [J]. Guangdong Agric Sci (J~ &AL FH), 2010,
37: 78-80.

Lin YK, ZhuYQ, Si JP, et al. Effects of cultivation environ-
ments on Dendrobium catenatum [J]. China J Chin Mater
Med (1 [E 144 E), 2017, 42: 3084—-3089.

Ding XY, Xu LS, Wang ZT, et al. Studies on population
difference of Dendrobium officinale I. Differences in morpho-
logical structure [J]. Chin Tradit Herb Drugs (% 24), 2001,
32: 828-831.

XuC, Zhan ZG, Liao SM. Studies on agronomic characteristics,
polysaccharide and cellulose contents of 8 kinds Dendrobium
officinale from different distribution areas [J]. J Zhejiang
Univ (Sci Ed) (#IVLR24244R (BE2EKR)), 2008, 35: 576-579,
585.

Ding XY, Wang ZT, Xu LS, et a. Study on sequence
difference and SNP pheomenon of rDNA ITS region in F type
and H type population of Dendrobium officinale [J]. China
J Chin Mater Med ([ 124 4% 7)), 2002, 27: 85-89.

Luo HB, Li CN, Lu JS, et a. Comparison of biological
characteristics and carbohydrate composition of Dendrobium
officinale from different germplasm resources [J]. Chin J
Trop Crops (i {E4274k), 2015, 36: 2044—2049.

Zhang L, Zheng XL, Qiu DS, et a. Correlation analysis of
major agronomic characters and the polysaccharide contents
in Dendrobium officinale [J]. J Chin Med Mater (H1245#1),
2013, 36: 1573-1576.

LiuL, Wang JJ, Xu L, et d. Studies on diversity of agronomic
traits and chemical compositions in different Dendrobium
populations [J]. Southwest China J Agric Sci (i Fg & k2%
), 2016, 29: 240-247.

Ding G Zhang DZ, Ding XY, et a. Genetic variation
and conservation of the endangered Chinese endemic herb
Dendrobium officinale based on SRAP analysis [J].

Syst Evol, 2008, 276: 149—-156.

Plant

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[29]

[26]

[27]

(28]

Shen J, Xu HJ, Yuan YH, et al. Evaluation of genetic
diversity of Dendrobium officinale wild populations based on
RAMP markers [J]. Acta Pharm Sin (25§22223)), 2011, 46:
1156—-1160.

Yuan H, Lin ER, Zhu B, et al. Genetic diversity in cultivated
populations of Dendrobium officinale [J]. Chin Tradit Herb
Drugs (H 5 24), 2011, 42: 566-5609.
Dong XM, Yuan Y, Zha LP, et al. Molecular ID for
populations of Dendrobium officinale of Yunnan and Anhui
province based on SSR marker [J. Mod Chin Med (' [E 1
RH24), 2017, 19: 617-624.

Hou BW, Luo J, Zhang YS, et a. Iteration expansion and
regional evolution: phylogeography of Dendrobium officinale
and four related taxa in southern China[J]. Sci Rep, 2017, 7:
43525.

XulL, LiulL, Peng SD, et d. Genetic diversity of Dendrobium
officinale revealed by SSR markers [J]. Mol Plant Breeding
(5 FHEYE Fi), 2015, 13: 1616-1622.

Ding G Li X, Ding X, et al. Genetic diversity across natural
populations of Dendrobium officinale, the endangered medicinal
herb endemic to China, revealed by ISSR and RAPD markers
[J]. RussJGenetics, 2009, 45: 327-334.

Li XX, Ding XY, Chu BH, et a. Genetic diversity analysis
and conservation of the endangered Chinese endemic herb
Dendrobium officinale Kimura et Migo (Orchidaceae) based on
AFLP[J. Genetica, 2008, 133: 159-166.

Bao YH, PanCM, Ba Y, et a. Genetic diversity of germplasm
resources of Tiepishihu (Dendrobium officinale) analyzed with
SRAP[J. JBeijing Univ Tradit Chin Med (bt 5t HEE 25 k2%
%£3R), 2014, 37: 349-353.

Cao YY, Jang J., Li YQ, et a. Diversity analysis based
on chloroplast DNA rpsl6 sequence for wild Dendrobium
officinale from Taining, Fujian [J]. Fujian J Agric Sci (&
‘ol aEk), 2016, 31: 833-838.

Jiang JL, Ye W, Li YQ, et al. Genetic relationships among
wild Dendrobium officinale populations in Taining, Fujian by
ISSR [J. J Trop Subtrop Bot (#vii T #vii A4 2 4#), 2016,
24 259-266.

Zhou L, Wang Y, Wang XY, et al. Germplasm characteristics
and SRAP marker of Qianxinan prefecture Tiepishihu (Den-
drobium officinale) [J]. Gen Appl Biol (JEEI4 %5 M AL
Y1%#), 2015, 34: 1950—-1956.

Ding XY, Wang ZT, Xu H, et a. Database establishment
of the whole rDNA ITS region of Dendrobium species of
“Fengdou” and authentication by analysis of their sequences
[J. ActaPharm Sin (%% %4Rk), 2002, 37: 567-573.

Jin B, Jang FS, Yu J, et a. Study on sequence characterized



+ 1502 -

2424244 Acta Pharmaceutica Sinica 2018, 53 (9): 1493 -1503

[29]

[30]

(31

(32

[33]

(34

[35]

[36]

[37]

[38]

(39

[40]

[41]

amplified region (SCAR) markers in Dendrobium candidum
[J. JChinMed Mater (H1£j#1), 2010, 33: 343-346.

Dong XM, Jiang C, Yuan Y, et al. Study on identification of
Dendrobium officinale and related species by bidirectional
PCR amplification of mismatched and specific alleles [J].
China J Chin Mater Med (*h[E #1257 &), 2017, 42: 896—
901.

LiuJ, HeT, ChunZ. Analysisand authentication of chloroplast
matK gene sequences of Herba Dendrobii [J. Acta Pharm
Sin (22 2%#4i), 2009, 44: 1051-1055.

Shao SG Han L, MaYH, et al. Analysis and authentication of
cpDNA psbA-trnH regions of Dendrobium species of Fengdous
[J. ActaPharm Sin (% %4k), 2009, 44: 1173-1178.

Fu T, Hu Z, He YQ, et a. Identification of germplasm
resources in Dendrobium officinale based on cpDNA barcoding
[J. ActaAgric Nucl Sin (%4 4), 2017, 31: 255-262.
Yao H, Yang P, Zhou H, et al.
Dendrobium based on the chloroplast psbK-psbl intergenic
spacer [J].  Acta Pharm Sin (Zj2%2%4ik), 2015, 50: 783—787.
Huang H, Li JS, Fu AJ, et a. Screening of potential DNA

Identification of medicinal plant

barcoding markersin Dendrobium [J]. Chin J Trop Crops (#
HAEW24R), 2010, 31; 1769-1777.

Yan H, Shi RB, Yao H, et al. Identification of Dendrobium
officinale using 1TS2 barcodes and determination of five heavy
metals and hazardous elements by ICP-MS[J]. Chin J Pharm
Anal (Z591455#17% %), 2015, 35: 1044-1053.

Xu SZ, Li DZ, Li JW, et al. Evaluation of the DNA barcodes
in Dendrobium (Orchidaceae) from mainland Asia[J]. PLoS
One, 2015, 10: e0115168.

Srikulnath K, Sawasdichai S, Jantapanon TK, et al. Phylo-
genetic relationship of Dendrobium species in Thailand
inferred from chloroplast matK gene and nuclear rDNA ITS
region[J]. Horticult J, 2015, 84: 243-252.

Peng XF, He T, Chun Z, et al. Interspecific and intraspecific
identification of Dendrobium based on the psbA-trnH intergenic
region sequences and the 5S rRNA gene spacer sequences [J].
Chin J Appl Environ Biol (53854 97%44k), 2015, 21
887-896.

Ding G Ding XY, Shen J, et al. Genetic diversity and
molecular authentication of wild populations of Dendrobium
officinale by RAPD [J]. Acta Pharm Sin (242%2£4R), 2005,
40: 1028-1032.

Hu ZY, Fu T, He YQ, et a. Evauation, selection and
application of Dendrobium officinale EST-SSR primers [J].
Bull Bot Res (14714 9t), 2017, 37: 78-87.

Ding G Xu GH, Zhang WC, et al. Preliminary geoherbalism

study of Dendrobium officinale food by DNA molecular

(42

[43]

[44]

[45]

[46]

[47]
(48]

[49]
(50]

(51]
(52]
(53]
(54]

(55]
(56]
(57]
(58]
(59]
(60]
(61]

(62]

(63]

markers[J]. Eur Food Res Technol, 2008, 227: 1283 —1286.
He YY, Qi LC, Li HL, et al. Studies on pollination fruiting
characteristics of Dendrobium officinale [J. J Anhui Agri
Sci (ZHUAOLFH), 2015, 43: 188-190.

Mao WQ, Zhang XY, Qu WX, et a.
cv. Tianhu 1 [J]. Shanghai Vegetables (_L#i#%5), 2009, 20:
18-19.

Tan JN, Chen YG, Luo JP, et al. Correlation analysis and

Dendrobium officinale

difference of agronomic characters and yield of Dendrobium
officinale in different planted years [J]. Mod Agric Sci
Technol (B LAHY), 2016, (09): 63-66.

Li MY, Xie XB, Zhu HZ, et al. Breeding of Dendrobium
officinale cv. Xianhu 1 and its characteristics[J]. Chin JMod
Appl Pharm (1 FE BLAR L %), 2011, 28: 281-284.

Li MY, Wang Y, Zheng HX, et a. Breeding of Dendrobium
officinale var. ‘Xianhu 2’ and its characteristics [J]. Chin
Pharm J (th [E 24524 4% %), 2013, 48: 1677—1680.

http://www.zj agri.gov.cn/html/zzsj/manageView/160052.html.
Xu J, Wang XT, Hu LJ, et a. Breeding of Dendrobium
officinale var. “Xianhu 3” and its characteristics [J. Mod
Chin Med (' E B4R 1 2)), 2017, 19: 337-341.
http://www.zyczzkjw.com/allzjs/634.html.
Zhang XJ, Yu WH, Meng P, et al. Characteristics and
cultivation techniques of new Dendrobium officinale Kimura et
Migo variety Guihu No. 1 [J]. Mod Agric Sci Technol (LAt
ok RH%), 2014, (15): 118—119.
http://www.chinaseed114.com/seed/10/seed_47499.html.
http://www.chinaseed114.com/seed/12/seed_56163.html.
https://baike.so.com/doc/25202189-26196308.html.

Yang D, Li KH, Wang L, et a. Breeding of Dendrobium
officinale ‘Qinggu 1’ [J].  Chin J Trop Agric (# &L &L2%),
2016, 36: 50—-54.
http://www.chinaseed114.com/seed/9/seed_42490.html.
https://baike.so.com/doc/6471678-6685373.html.

Zhao GL, Ca JX, Qu HA, et al. Breeding of Dendrobium
officinale ‘Shuanghui No. 1° and its characteristics [J]. Chin
JTrop Agric (Fviii ROl E}), 2013, 33: 24-26.

Huang QX. Shuanghui No. 1 breeding and selecting report
[J. ChinaAgricInf (*E &S L), 2016, 28: 98-99.
http://www.chinaseed114.com/seed/10/seed_49149.html.
http://www.chinaseed114.com/seed/10/seed_49150.html.
http://agri.shantou.gov.cn/Article/Article.aspx? d=7403& menu
1d=195.
http://www.gdagri.gov.cn/zwgk/tzgg/201508/t20150810_49354
0.html.

Zhao GL, Zhang Z, Zheng P, et a. Comparison tests of

Dendrobium officinale ‘Yanchuixue No. 3” in multi places[J].



Rt &k Bz A it i o B2 IR AN 1A% B AT St e

+ 1503 -

[64]

[65]
[66]
[67]

[68]

[69]

[70]

(71

[72]

[73]

[74

[79]

Chin J Trop Agric (# &Ik EL2), 2015, 35: 30-33, 37.
http://www.gdagri.gov.cn/zwgk/tzgg/201609/t20160927_56467
4.html.
http://www.chinaseed114.com/seed/12/seed_55284.html.
https://baike.so.com/doc/25621932-26672579.html.

Chen BL, Wang HX, Chen E, et a. Study on application of
AHP method in germplasm resources breeding of Dendrobium
officinale [J]. North Hortic (4L 75 ), 2015, 39: 152-155.
Pan LJ, Cao YP, Xiao Y, et al. Review of research on
breeding technology of Dendrobium [J]. Guangdong Agric
Sci (] R AR RF), 2009, 36: 71-73.

Liu ZG, Zhu B, Si JP, et al. Studies on agronomic traits of
seedlings from different F; generations of Dendrobium officinale
[J. hinaJChin Mater Med (H B #1244 ), 2013, 38: 498—
503.

Zhang XL, Liu JJ, Wu LS, et a. Quantitive variation of
polysaccharides and alcohol-soluble extracts in F; generation
of Dendrobium officinale [J]. China J Chin Mater Med ('
iz e &), 2013, 38: 3687-3690.

Zhang XL, SiJP, WU LS, etal. Fied experiment of F; gener-
ation and superior families selection of Dendrobium officinale
[J. China J Chin Mater Med (H EH2544:E), 2013, 38:
3861-3865.

Xie XB, Sun CB, Song SX. Study on y-ray mutagenesis and
its progeny variation of Dendrobium officinale [J].
Agric Sci (WL A&RME AL 2%), 2016, 57: 687-690.
Zhan ZG Xu C. Study on colchiploid of Dendrobium
officinale induced by colchicines [J]. J Zhejiang Univ (Sci
Ed) (WL K274k (BE2720R)), 2011, 38: 321-325.

Zhang QH, Li ZL, Tang M, et a.

J Zhgjiang

Study on the use of

colchicine to induce polyploidy of Dendrobium candidum Wall.

ex Lindl [J. J Yunnan Agric Univ (Z K2 24R),
2011, 26: 678—682.
Liao WW, Xing HC, Jie YC. Research progress on plant
2n gamete and its application [J]. Crop Res ({E#WF5%),
2011, 25: 599-603.

[76]

(71

(78]

[79]

(8]

(81]

(82]

(83]

(84]

(85]

Wang AH, Wu QQ, Yang L, et a. Study on 2n pollen
induction and cytological mechanism of 2n pollen formation
in Dendrobium officinale [J]. Acta Bot Boreal-Occid Sin
(FEIbH Y 2441), 2017, 37: 273-278.

Hossain MM, Kant R, Van PT, e a. The application of
biotechnology to orchids [J]. Crit Rev Plant Sci, 2013, 32:
69-139.

Cardoso JC. Dendrobium ‘Brazilian Fire 101° - new option
of color of flowers for the orchid market [J]. Hortic Bras,
2012, 30: 561-564.

Yang XF, Wang Y, Luo JP>.  Transformation of lea3 gene into
Dendrobium candidum Wall. ex Lindl for enhancing its salt
tolerance [J]. Chin J Appl Environ Biol (M 5355442
%), 2010, 16: 622-626.

Wu RH, Kang YY, Wang JQ, et al. Genetic transformation
of ACO antisense gene into Dendrobium officinale Kimura et
Migo. by Agrobacterium mediation [J]. Acta Agric Boreali-Sin
(*edb R 44i%), 2015, 30: 17-21.

Xian KH, Fu CM, He JX, et a. Transgene by pollen-tube
pathway of Dendrobium officinale [J]. Guihaia ()~ P9Hi4%),
2017, 37: 1101—-1110.

Kang L, Wang HY. Status and prospect of agrobiotechnology-
based breeding in China[J]. J Agric Sci Technol (A& 4l
FH% 54R), 2014, 16: 16-23.
Collard BCY, Mackill DJ. Conserved DNA-derived poly-
morphism (CDDP): a simple and novel method for generating
DNA markers in plants [J]. Plant Mol Biol Rep, 2009, 27:
558-562.

Wu YH, Zhang JY, Si C, et al. Screening and diversity of
resistance germplasm of Dendrobium officinale by CDDP
markers [J]. Chin Tradit Herb Drugs (" i5%), 2017, 48:
4748-4754.

Lu JJ, Liu YY, Xu J, et al. High-density genetic map
construction and stem total polysaccharide content-related
QTL exploration for Chinese endemic Dendrobium (Orchidaceae)
[J]. Front Plant Sci, 2018, 9: 398.



