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Abstract
differentiation of angiosperms. At present, studies on chromosome evolution of Cymbidium are very limited, and

As an important ornamental flower, Cymbidium is a good model group for studying the floral organ

the process of speciation and evolution is still unclear. Some species or varieties still lack cytological markers
such as centromeres, telomeres and nucleolar tissue regions. In view of this, the review summarized the progress
in chromosome ploidy, karyotype, chromosome behavior, FISH, epigenetic markers and molecular markers of
Cymbidium based on the conventional cytology and molecular cytogenetics, hoping to to provide theoretical
reference for systematic study and cross breeding of Cymbidium, and provide basis for cytology and taxonomic

research.
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R 5> T3 3 AN JE AN 14 N4, JE1E 2007 4E X3
T 52 #(Du et al., 2007), B0 J5 76 LAl 4 [
P 29 B SLor R 3 ANTEJE 11 A4 1998 4, 3R
P HUE 2£(2003) XA R A0 AT RF 22 JE A 37 AP AR
Pl B FPORT 37 ANTEASRRAE MR AT T 0 2 250t
T B FRE O N SO R AT IR A 2 AT RO R
RURIET AL 5 KK a4 255 (2007) K H“ — oo
P57 W Z R SRS i 22 R A2
(5 — AR, At AR BB 45 M U 3 B E N2 — L =
oy FhniE. RAL, B HILA V2P AT
P, xR LT 2000 SE AR T AN ZREH
i 1 2% (Cymbidium devonianum), 3 K %M {E
AR ORI AP 2 A, v AR 1 B R (T 5% 5 2006
5, Liu 3R T BAEA I — A HF—— = (C.
concinnum) (XMHfEZE, 2006). L5432 RGN HiFh
e VIR A S e bn b T R e, Bar ik, 2@
T 2/ OFRERM ML E R, AR EAE
oy Z — BT A R B R

] B 2= JE A B A SR R SR R R, A
[FIAIE 7838 SN A S TR TT T R B 40 2 5 45 40
L% 200 5 o ASHIE S0 MG A A P B A% B o0 #r
AR GY A IR AT N R G TRAL I 3 S R I A%
FRic 5> FFRic 55 6 /N7 R =2 & A4 (1) A DG B 7
BT T 458, LU 2 @MY 0 R G050 B A
Jogt R o RIgft— B MELR S %

1 R BREERZE S

PR B () SRR R G, B EYAH
40~50 Fih, Horpodh 1 2945 29 i (ob R £ e b B R
VAT T 4x,1996). EATLAGEOARFE R 10 TR
— AN REAEBIUEAR I R R, PR EE
I RAE 22 (C. hybridium) RIVAFAER N 2 654K, &6
YRR M TCIC . 22 B T DL R i 24
R AR (m) B % , FLR G B N (sm) Je B4, 1)
/U H 3 i (st) R i 2 22 0 e Cu ik (t), i 2K 1) 2B
BEZ, MR . HarE T 22wy etk
I H 5 255 K H Levan #5if (Levan et al, 1964),
4h% % ] Battaglia 7 1 (Battaglia, 1955), i] & Hi 2%
JBHEYIRNERAEFLE RR G AL E L R A
SR RO AL A SORTZ R (R 1),

P ARSI T 22 R A e o A £ i () 45 SR AR
s R S P DN e S O e 2 N (E ]
1 BRI 98 45 RAFAE K %2 57, W0 Ning %5 (2018) % &
22(C. goeringii) TN 5 FPASIR] G AR B FEAEAEAR K I

I3, 1BL2B2C B R A Il B R R &
(2003). 27 %5 (2009) A1 Sharma Z£(2010) % Jit [ %
(C. eburneum) %R 7y MR &5 Tt A —Z, W 7T 5E 2
P AN [R5 SRS R B, 540, i A% A 45
REEEZEFILELKE, ZEEYIARS S5
52 A FHAAEAEE BOCHE, AR A A 1)
RREREREEPRETIHA—, H2 5
S R MHITE(ZE R, 2002a; 25 K 1845, 2002b; £ 4
F, 2010; £ F PF4ZE, 2010; Sharma et al, 2012b; You-
nis et al, 2013). HAIEHAEY H OH RKIM, Je ik
O H A AT RE S MY AR . TERRIE B SR AR
FH2R(Endo, 1969; 2= %55, 1983), A J& MY+ C
JEIRFE R ACHE 2= Je R A5 PE 5L ¢ &R (Hwang et
al, 2016), J5 JHXF T 22 J@ AW 72 W 245 2 B Ao 4 il
AR, DL J& o KGR SN A BESR AR, Je A8
BB HRM KR 2R, BARGRE RS
G, R4S ET S L oR R a2
—o KACEZ MR RZ N AR E U R, ZAE2
(C. floribundum)~4 A > (C. dayanum)FHE:>%(C. bi-
color)E YN RAC B LB EESRA, AN & K H
HATHE— DR A58 AT =5 (2009) 0 B 50%% >
(C. ensifolium)~12.5% 3£ 1€ > (C. insigne) Fl 6.25% M
22 MG JE Al RN 42 B (C. golden EIf “Sun-
dust’) AT B, BHHEKZELIAXRN
2n=2x=40=34m+6sm, J& 2B %!, HKRIiZHFhES
17 XF G 55 B A B A4 T 15520104 4 Fh A
B [ 51 3 () R A6 R =2 W P 5 ] P o R ) [ == A R
T AT, 2428 S A b B — A AR R0 = 3544, T — A% 4
R ERB SRR GBS, (HTE etk
FHXTHCFE . P3578 L AR RS feAr L T
SCREA R (AE, TS HA SRR AL, BRIX 4 4N FL
RAAZFP AT S N BfG XA EZ MR
FroamAh I (R, 2005; Kim et al, 2006a; Kim et
al, 2006b; Kim et al, 2007; Kyung et al, 2009; Lee et al,
2015; 2= K #4%, 2015; Hwang et al, 2016; Baek et al,
2019), R KT eI G kit Fo i, (B N = 1E
BRI R A T —E TR .
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Table 1 Ploidy, karyotypes and provenance distribution of Cymbidium

N4 4 it B AR (R G 7RISR A Tt EEBUN
Subgenus Section Species or variety Ploidy Karyotypes formula Type Provenance References
2R A -2 SO 2x  6V+34L 2B EIERILE Sharma et al,
Subgen. Sect. Cymbidium C. dloifolium Northeasternregion ofIndia 2012b
Cymbidium T =% 2x  34m+6sm 2B WA AE =%, 2009
C. bicolor Hainan province
IR eI 2x  36m+dsm 2B EA BHE =L, 2009
Sect. Flortbunda C. floribundum Hainan province
RE 2x  30m+10sm 2B =HAE ZE 4, 2003
C. suavissimum Yunnan province
G| B8 = 2x  36m+dsm 2B A BHE =, 2009
Sect. Himantophyllum C. dayanum Hainan province
KAL) P P 2x  28m+8sm+dst 2B A AT 5, 2009
Subgen. Sect. Cyperorchis C. elegans Hainan province
Cyperorchis 4V+36L 2B EPREARILED Sharma et al,
Northeasternregion ofIndia 2012b
fRAE4 PLEE S 2x  36mt4sm 2A EHH L H4E, 2003
Sect. Eburnea C. eburneum Yunnan province
32m+8sm 2A  MEHAE %5, 2009
Hainan province
4V+34L+2) 2B EIEARILR Sharma et al, 2010
Northeasternregion of India
4x - - HRE Younis et al, 2013
Korea
RE= 2x  4V+320+4] 2B EPFEARILER Sharma et al, 2010
C. mastersii Northeasternregion of India
KA pek 2x  30m+8sm+2st  2A ZmEH 2 L4, 2003
Sect. Iridorchis C. hookerianum Yunnan province
2V+38L 2B EIEARILR Sharma et al, 2010
Northeasternregion of India
FEle= 2x  2mt36m+2sm 1A EH AT %, 2009
C. insigne Hainan province
TR 2x  4V+36L 2B B ARILHR Sharma et al,
C. iridioides Northeasternregion ofIndia 2012b
HE 2x  26m+12smt2st 2A ©EA Z L4, 2003
C. lowianum Yunan province
6V+34L B[R AR AL Sharma et al,
Northeasternregion ofIndia 2012b
U R k2 2x  8V+30L+2J 2C  EIEARILHR Sharma et al,
C. tracyanum Northeasternregion ofIndia 2012b
praliEaR == 2x  28m+10sm+2st  2A ©EH Z L4, 2003
C. wenshanense Yunnan province
PEE = PEE = 2x  4V+36L 2B EpEARILES Sharma et al,
Sect. Parishiella C. tigrinum Northeasternregion ofIndia 2012b
=R GEY GH 2x  28mt8sm+2st  2A ZmEH 2L I5%, 2002a

Subgen. Jensoa Sect. Geocymbidium

C. lancifolium

Yunnan province
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Continuing table 1
NIAF 4 ot B AR EE BRANX A it EEBUN
Subgenus Section Speciesor variety Ploidy Karyotypesformula Type Provenance References
w22 R et R 2x  24m+12sm+4st 2B A Z R 5%, 2002b
Subgen. Jensoa Sect. Jensoa C. cyperifolium Yunnan province
e 2x 30m+10sm 2B I R4, 2002a
C. ensifolium Sichuan province
38m+2sm 2B WiVl Ning et al, 2018
Zhejiang province
32m+8sm 2B WiVl
Zhejiang province
2 2x  30m+8sm+2st 2B LA T M5F, 2002b
C. faberi Hubei province
34m+6sm 1B Wil Ning et al, 2018
Zhejiang province
38m+2sm 1B Wil
Zhejiang province
40m 1B #HLH
Zhejiang province
%E 2x 26m+10sm+4st ~ 2A  PUJI%E 2 I#%E, 20020
C. faberi var. szechuanicum Sichuan province
H2 2x 24m+10sm+4st+2t 2B HHIMA ZE 45, 2002b
C. goeringii Guizhou province
14m+26sm 2B WiV Ning et al, 2018
Zhejiang province
34m+6sm 2C WiLA
Zhejiang province
40m 1B WL Ning et al, 2018
Zhejiang province
26m+12sm+2st 2B WL
Zhejiang province
32m+8sm 2B WiVl
Zhejiang province
=il 2x 24m+10sm+6st 2B I 2 £ [4F, 2002b
C. goeringii var. Sichuan province
longibracteatum 16m+24sm 2B Wi Ning et al, 2018
Zhejiang province
gt 2x  28m+10sm+2st 2B WL 5%, 2002b
C. goeringii Var. serratum Hubei province
HE 2x  26m+12sm+2st 2B AREEAH Z 15, 2002b
C. kanran Fujian province
34m+6sm 2B WiV Ning et al, 2018
Zhejiang province
38m+2sm 2B WiV
Zhejiang province
30m+10sm 2C WA

Zhejiang province
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Continuing table 1
N4 4 Fifr A A B BRAK FA T EEBUN
Subgenus Section Speciesorvariety Ploidy Karyotypesformula Type Provenance References
=N Pyl BIRE 2x 26m+10sm-+4st 2B mEE L4, 2002a
Subgen. Jensoa Sect. Jensoa C. nanulum Yunnan province
TS 2x  24m+12sm+dst 2B mEH 2 L 45, 2002b
C. giubeiense Yunnan province
B 2x 28m+10sm+2st 2B MU ZE K, 2002a
C. sinense Sichuan province
36m+4sm 1B WL Ning et al, 2018
Zhejiang province
40m 1B #iLA
Zhejiang province
38m+2sm 2B WA
Zhejiang province
SEPREZ 2x 26m+14sm 2B WL Ning et al, 2018
C. tortisepalum Zhejiang province
36m+4sm 2B WA
Zhejiang province
32m+8sm 2B WA
Zhejiang province
24m+16sm 2B WA
Zhejiang province
34m+6sm 1B WA
Zhejiang province
28m+12sm 2B WA
Zhejiang province
34m+6sm 2B WA
Zhejiang province
AR - = 2x  2V+38L 2B EMEEAILH Sharma et al, 2012b
C. devonianum Northeastern region of India
- ok 2x - - Younis et al, 2013
C. finlaysonianum Korea
Fofth - KAEE= 2x  32m+8sm 2B LA 49, 2010
C. hybridium Zhejiang province
28m+10sm+2st ~ 2C &
Korea
30m+10sm 2B IIARAH EFHH4E, 2010
Shandong province
34m+6sm 2B IARAH
Shandong province
3x  45m+15sm 2B IARAH
Shandong province
42m+18sm 2B IARE
Shandong province
4x 68m+12sm 2B WL
Zhejiang province
64m+16sm 2B 49, 2010

Korea
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W REAT N JeOARAT N 7 T Re T R B A
AT S Gt A (1) 65 128 S5 4 o A2 R A K B 1
SEAFAE — E W AH 1 (Roxas et al., 1995). HEj T
2% JEAEY) G EARAT B IT AN 56 38, A LT Shar-
ma %5 (2012a) #3181 3 Fh =2 & HE Y16 25 25 B2 A%
WH 23, ST BB, BAINA 25y 123
I, BB T O AR AL R LU IR A 22 7
I SR A, R AT AEBEA L N o R A R S A A
[FJ R, BIF 0 7RI 45S rRNA FERI7E R A AT 42y 34
TR R ) E A ] R A Bh TR R LAY
P, BT IR T ARSE 2 1) 2 A5 A R AR FE , [A)
I, % DNA F A IK P (1) 40 A A B T BRAEAEAZ N
SRS R AT AE TR TY B I /E A (Sharma et
al., 2012a).

22 FBESHEREMMMEFEIRC

REEHRCARZ KT Z B I % 8L 1)
IE, B JLF- A8 5] 1 G AR %0 B (20=40) 1 /N (1) G4
EARTEA 22 e BAAG T R Z TR BRI IX 55 o 4, ¥
PP 20 AN 23— 38 25 R R 8 K A 1 X G i A i
1T EALFIARIE, A R AR M 2K B K &R
(Heslop-Harrison, 2000), | F 1% £e 57 A 34T e 44 7
BT o, T 9 IR A J2 A B R [ G i b
WA AT 2R R R E R — A ) T H.

2SR PIA% DNA 7E BT I8 4 v o gk —
I, fERYE CsCl B R BRE—NE & AT
TR, JRALA A AT R Moot Gkt R e ta
DA V2 AR 5 gL )0 X3k (Nagl, 1977);
2012 4, Sharme %5 (2012¢)#| H] FISH(fluorescence in
situ hybridization) £ K , DA pTa71 45S rRNA 1E #R 4
X oK BN BE AR AL 8 AN 22 B A R Al () 45S
BT T AL, BR S0 2 (C. aloifolium) AT 24 (C.
tigrinum) %45 4 XAl 5 %t 45S rDNA 15 5 LL4h, HiAth
6 MAEHYINATAE 1 355 AT a1 0
et ARAFTE NOR 07 i1, H TR LA #0553 4h,
Sharma Fl Mukai (2015) %5 H XU & 1ffi anti-H3S10phK-
l4ac #H £ 1 F1 H3S10ph #5ic 7 22 RHEY) G ik H
22 R JE [ R G €5, T 2H 55 1 H3T3ph 75 & R IR 1k
TEA 22453 ZFNE o 2L AR bRad 78 A G R s
TEACK A 220 3 VIR A I - A 20 2%
78 I, S B G R 10 23 A1 DL R G AR
FRAMAN AR A MR R AR T B IR AE 22 AN TR
AR RIER .

KT etk oy 2l BAR BB FUAL W T Schwarz-

acher %5 (1980) X} == J& P AN b AP gt AT #1250 AR, 25
R Giemsa C- 7 i&E & =1L, BEHE WL %2 BT M 11
i . T DA TAZ A ZUIX 1) 45D rDNA R4 i
1T R MRAL IR IS, FRASAF 5 BOM 2 T 25 TR 41 Lt
BEAR e R g, 5F B, AN PR P R S5 5
HE I P A 2% b v 3R B 1P R 46 (Abdel and Kondo,
2003), AHEGT & B AR BRI CMA 653 i
BRI H LR X HIME B, B 51 B0 . FISH
H1 458 rDNA 2 5245 5 80/, HfEmf i A,
IEHEN J5 SRAE FEATY R DL IR AT A 58 e Fe At 73 48
M B A bR il B ARAE 9 A

3ETHFRICHEESHFERR

T (T AR AEAE AT 52 B A KIABEAUR B B B
(IR, Ge RS 4 i A T & 2 I &R 22 R
Wey, T A4 IR 7 AR BoR , & BLIB L4 By
MR, N I DR 2H DNA 7K S B4 S B ol () A Y
22 58, Ny S S St T e Ak HERA LI IS 77 7%
(CRMRAANFIR K, 2004 31655, 2011; ZEEE, 2011;
AL, 2014). ZBEMEF M P R EL T
H1| [a] 47 484 45 K (inter-simple sequence repeat, ISSR). fifi
WLy 38 2 54 DNA $ K (random amplified polymor-
phic DNA, RAPD) HIAHXK /7514 3 2 25 PE AR (se-
quence-related amplified polymorphism, SRAP) %%, Xi
W2 B e ZAEMENCR GG R, oA
PRI FA S BT IR PR 8 4% 5% R AR B A BT

ZAHEFRE s R IR, 2R Y
JRBRIEZ FEE 3 E o =A% (2006) %0 164
11 MR B RN 325 MAM ISSR 7 145
W HEAT AL 2 AEPE AR FE, 11 558 5] 4 LA il 21
127 ML, R IR 22 0 1A% AR R R Pt v T oAt ==
BHEYD: [, 35 22 5 S8R M, H 7 32 02 H H 2R
FEH RGP BB, VBRI E R A%, 1%
WFFCAE SOk Bt 235 2 R —BE kIR & 2 IO
FEARTF IR 0, SR ISSR 43 FAmic H AR HEAT 5 K]
2 DNA 7087, 85 R0, 2HRE W70 2 4k 7R 10
AR, WAL TARAE WG] OR B BERR R (o A
1%, 2006). Huang %5(2010)F1 F 13 Xt fdj 2 8 2 5
%1 (simple sequence repeat, SSR) 5| ¥ % 2% . HH £l

d224 6 Ml 103 AN A B 1 ZREVERISEZ G R
& EST-SSR 43747, 13 %f SSR 5l 43 /=E T 168 %
LA, P RER T 6~24 DR ANEE, HiE
T 14 S 7 =2 SR At A B T it A ) 22 R
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KR53 53 F-FR e B A A5 a8 i 16 4% 2 FE %
SIS 2 B E TR AT A R e, W
LA E K S (2014)F) H AFLP 7 A [5) Fl 117 & il 5
1E— 2 M08 55 (2013) K H SCoT =2 J& 14 M Ff (1
24 MFESREAT RIS, BRI IRAE R ES 2
EVEZOENERNAR B EERANBREF
SIS CHK, E =N DK, B O R
SL222859 E 25, Hirh AVBLC FEAEAE S0y 25 h 1 R
WL DN E YL E BRZ LN B KA
4 ZHERSZE(2008) K 272 4 RAPD #ric KBS
112 P2 @ ED R, L (C. Lanpan) MRS 5 E
L2 (C. tortisepalum) =i B IR, INH 35 RO E H =
ARFl, BA R RGOS R 22 A IR RSN =
5 SR D45 (2008) X 2% B A #3847 ISSR 43#7, %
B 16 FiEYH HEZAEE ISR 408 R AL, 5 R H
2GS SR PSRRI ET L, 2 F ARl
RREREGREFERERER -, FHFEN—
FREE RIS 7 T B, LR (7K P50k 48 432K
HRHTIE M IR

AR AR A PR IR SR 2% 06 &R BT B 7 Al
FIRF 78 B 12—, Wang %5 (2009) 38 i ISSR i £ £
BEVEWT 708 #2210 50 AN F A AP ——rh
FE AN AL, g2 s Wb s o A6 MR 2ok
RIS IAE TR A 1855(2012)°KH SRAP HiAK
SERE VU G TR 47 AN 22 A AT 204,
&8 TSR B AN [R] SR IR 1 2 =2 5 b R A T SO L, HE
M2 RN TYME FEOX PRI . 5 Fhric s
RIE R =2 JRAEWII 53 28 B dsi ik 2 FEMERF ARt T —
SEMHEIR 8. 2R S5(2018)F Ff RAPD Fl ISSR
ST RRICEAR, X 7 B E 22 21 AR B IR T 8
FEZREVERISEG R R M, [RIFE R [F M SR 2K
FH AT s 2RI TR AR (2008) UM 2 R A R ) 2
FEYENT, B AFLP BiAR 7041 RN, 224611
PR A S BT TR R RO A A2 Y 2 5 AR L T 2 A
P2 E - RER R, Ao HEAR FR
AT EREE, &L, % 5% % (2020) % H
SRAP B ARFFRE T AT 5 A S M 22 1 3 F 5]
¥)——Me8-Em4.Mel1-Em2 1 Mel12-Em11, ] | F
25 R A 22 B A AR TR TR ) S

Ak, ZEEYENAGEENHZ 2SS 8
FREHIFFRZ IR, ARHNX — 8 g, ZENAS%E
(2014)2: T %8 2 By % S 20 P 404 13847 SSR &,
LY T 61 X 51Y, FAEH A IRIEH T 39 XA £
MG, X585 753 & GOKOG il KE-

GG “E@ I ERE, IF A — € E i, A=
J& IR % Z SRR SE R AT 3R B T T SCH

4 RE

ERE KA NG O 0 A5 1 LB L DG SR A
L H BRI EF D RERKAAYE, MET 5
TARIC AL 2 FEE A W 5 4% G0 RIEAY) £
P8 73Tt A 2% 5 0% 80 B2 B A () At 3t 25l L X A7 45
T2 . R AN T 22 R A AR s KT
I M A A AT FURE R BAH X ST AL, (HLE
PRBIT FEAT A8 4xTi, 5% TR AR gty B L Qe e ik AT Oy
AN A% SR LICARAE , H 7 A AL K A A
e S UL B it S B R AT 4 5 T

rREEWE TN, A A% TR A A
A H 2 IR BR 1A AN BRI 75 TR i, BL B4 2R
BoR, ZJEMEYEECE M EE LR R (m)i
B 1 8% 0 2B B, B gL (R 2 2 BON PRI, 7E 48
Y1) 22 G A0 E R v L 24 52 Ak T AR O B T4 IR
& HE, WIBEFIEIRE , RIS 8
HEAE R R A8 B IAE AR, B N2 T
IR R . SRE LR AT RE, 2R
P (0 2RI 2 RIS 25 St A 5 3 e A v S 3 A
7 A AE — E AR, v I, 228 Ty 2 22 )
B (R A% 2 A IE T 0 2 1T T AT TH T i o A5
PNIE TS

& STk

TRT IR AR ZRIRHIRR SAEIIHRAT N5 BRERATHA
ARG RAN TR R B S TT N o R A 2 B
I Al e A SO

Brigt

AHIE T [ 5K AR B 4 T AR 35 42(31801891)
VL I3 = i Rl % T (PPZY2015A063) 3t
] 8 .
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