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12 {3 YRR R Bt DR A Y 5 8o B

W PR E A KB AR
(FEFFRBRYEIRRI 5 45 T 7RI 50 T80 SE 0%/ A I TR BT L/ AL SRl B AR, JE5 100083)

T RN HLE K k5t 4 AR RAY AR 6 AR 4Pk M S A Ao 2 AN SEE MR AP AR B AT T AT, PR RA
., s iE S Ff Goldrausch A W94E4K (2n =4x =56) 4P, B4 11 WA R 3G A = 454K (2n =2x =28) , F &k L 4 h 14, &
Itk AR bk $16FE e B A o A0 ) 2A 3B 2B 3B A6 ANA AP s A 49 AL 63 2A 2B 3B 3 FF,2 A GFiE
MSAP G HR 645 2B 3B, 12 i AR 80 A LA R ECE R K, AT 9. 65% ~50.00% , e &4k £ A 3 (m) LI
(sm) VARILIH3R (st) &R £ REIMAF EMF A, SREAN, Eub Rl me FE X AR, 5P rhdm &
Yt RBE, A EBSAL R NSE ML AR LA ARE, ARSERAEBEFE SHALLTAFELE R
BRI T m i

KEW . EME, EEIR BRAMFSL LR

Karyotype Analysis of Twelve Forsythia Species and Cultivars

SHEN Jian-shuang, YE Yuan-jun,PAN Hui-tang,ZHANG Qi-xiang
( Beijing Key Laboratory of Ornamental Plants Germplasm Innovation and Molecular Breeding/
National Engineering Research Center for Floriculture/College of Landscape Architecture , Beijing Forestry University , Beijing 100083 )

Abstract ; Karyotypes of twelve Forsythia species and cultivars were studied using squashing method. The re-
sults showed that eleven Forsythia species and cultivars were diploid (2n =2x =28) ,except F. intermedia ‘ Gold-
rausch’ ,which was tetraloid (2n =4x =56). The karyotypes of F. suspensa, F. ovate, F. mandshurica and F. kore-
ana were 2A, 3B,2B,and 3B, respectively. The karyotypes of six F. intermedia cultivars included 2A ,2B and 3B.
The karyotypes of two F. koreana cultivars included 2B and 3B. Generally,the centromere index of twelve Forsythia
species and cultivars were not distinctively different, which ranged from 9. 65% to 50. 00% . The karyotypes of all
the tested Forsythia taxa were mainly made of median region, submedian region and subterminal region , without telo-
centric chromosome or satellite. The results from clustering analysis on karyotype parameters of the four Forsythia
species showed that F. suspense and F. mandshurica had close genetic relationship , while the genetic relationship be-
tween F. suspense and F. ovata was distant. Meanwhile, F. intermedia cultivars had closer genetic relationship with
F. mandshurica and F. koreana ,than with F. suspense and F. ovata. The results provided cytological information for
genetic relationship analysis and parent selection in interspecific hybridization in Forsythia genus.

Key words : Forythia ; chromosome ; karyotye analysis ; genetic relationship
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B A 3T 2 IR 560 o A AR 2 A4 (2n =28)
Pt PREHCR 141 19 20 % 58 8 A 4 i 5 2108
EZ IR TE # TAE, 1885 E7ETEE Gottingen
T A BT 3% 0 @ 1 SR A A8 Ph——a ik
(F. intermedia) , ZJ& , ¥ 38T b AP K& HEE, 4
SR O 22 BRI  Fh  EE R T T
JRH A AR R A B E TR T/E  FHAE
b F B R S PN 2 R A S PERITF AL AR
I, TR AR BT Bt R R R AR
WA AR X AR Rz AR T T E
PP B, T FRAG— S 2 A5 R S AR R

L A AP LAy AR R 1A A8 5 (R gk
FRRRTE B, 235 B8 s AR =R & R S s E 2
FEMEM A SRR Z " il A8 AT 2 Ak
AP 2 KSR AR R AR At R AT A
B ARG A ITARESRAF AL RARE . %5
JRFEYIAEIHAE b A8 8 FA B0 28 i )R 8] A 2%
HeAE T R A KV AR I S AR ) E B AR,
[EIRAC TS 2438 T, AR A8 R A B e B R4 B Fi
RIS I AR 4 SR AT AR KT Y R A e a4 K

x1 L2HEARBMERHMELER

Table 1 Information of 12 Forsythia species and cultivars

b R T RIS R R, A B T e s R E] Y
PRGRF NI AL R I A R G002k
A AT AR A AT 52 A 20 0 A AR , DR I 5 ) 7 v
FEEH A TS ST RGO A0 ST H
Il AL A i H 0% T 1 8L Al o D PR AR A A% U S R
S ARSERR R R Rk i T 12 4y i e b o
(4 N JERPAN 8 A~ Ah A ) AURZEL, TR 4 Fhid s
JERR AL TS S BT T R, BRI LAST , FoAl
L1 Dy S B2 O 1 AR TE, T SE 45 SR M AT 5814
JEAEI R IRAL AR S PRIRIRER G R bRl S 25
Pem SR AL TR

1 MRl57EE

L1 ##

B9 12 RN (3£ 1) IRAF THERTMOlL
KEF FE GALT T TREBARBEFE O/ Nz LA b BT 5%
DRI AR AR At 2500 2 ~ 3 AR 12 (iR
T BT A4 4 3% IR LA K. 6 >4 ph i Fh A 2
AR SRR HrF orsythia koreana 5 F orsythia
viridissima var. koreana "N [F¥) 5544 , Y8 R 2 0 Rl

G PT84 FeAl B KRN S
Code Scientific name Type Traits Genetic resources
I F. intermedia Spectabilis S h 3% A D FIWN 1906 ‘FfEE

1 F. intermedia Goldrausch SRl R L AL 56 W VR R,
RSB
i} F. intermedia Lynwood 5 i T4 1070 F. intermedia Spectabilis 1 [ $8 2€745 14, 1935 4
TEGH—FA AN AL %
v F. intermedia Courtalyn A A S TN v FLLBEES F. x intermedia Lynwood Gold ZF 3R
TRIYZRAR il YRR
\% F. Courtasol x4 b **ﬂ)ﬁé/]\%(%,%]@ﬂ M F. x intermedia Primulina B 7] & 58 28 {&
F. x intermedia Spring Glory B FF 43 15 ARk
Wk E , 1986 FikEEE
Vi F. Courtaneur G a5 L A FHRRUE S, Bk Z 0 8 MF. x intermedia Spring Glory W TT % 43 5
R RBEARPET . 1987 FkEEH
VI F. koreana Sawon Gold B 2 R I F ¥ A R e F. koreana Seoul Gold F{ 14 4l iy JC ¥ R A8 5,
1994 4F5E[E B &
Vil F. viridissima var. koreana Kumson A A S A R n ik 2 £,
X F. koreana WISHERER  EANE EEA R R E
iRl 238
X F. mandshurica ARIEwEf  EEEE SR AT RSP EL T R = R
TE S G RN 53
g
XI F. suspensa T 568 U R fpEag JEFE T E | BRAE X AN, T 4% b A AR
X F. ovata GUM A ESEIREIR G A et AL TR E AR AT Ho

@B 50, R,
BRI
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1.2 FHi& WRIF A EESN AN, 2 M2 S PR

2013 4F 7 -9 J AR KRR R KE: T
TEF FROG EL  BR ) SRR SR B I i & I 2 7R
WL E W BT 5E 5 ~ 24 h, Z8IRKIEVE 1 ~2 i, A
0.2 mol/L #: /R T 55 ~ 60 C /KB 15 ~
20 min, 281K BE 2 ~3 K, R EMA TR 6
15 min J§ & F, T ZEISS Scope Al 5455 & ProgRes
C5 CCD A EERe i,

1.3 HiELE

& H Karyo 3.1, Imag-Pro Plus 6.0 Photoshop
CS2 BRAF AT R R AR FU I R AL B, e 4% 30 A3
AT B R 4F AL T4 22 43 24 v 91 0 46 L 3 47 ¢
11,85% LA I B 4 it ELA 1H s — B e g, B aT
PRI G AR o S DR RE RS

T2 RBEDHRPLEESEH

BHUOT i B o 4T B B 43 AT, MK G. L. Steb-
bins' "7 A0 SRR UEVEATAZ B 432 R H. Arano'
(5 PRI R R, 2 18 X, R. Guo' ™ (515
TG o A X K B, AR R S REA
WP RY TR R Y e A X BE | 22k R B
K HAE 3 ASH, A 4 41 8 TR i 2% B4
U RGBS R R0 45 BT i A T )
I RBCRE IR HIT R,

2 FHRE5HMH

12 (3 e ) e (B ARSI 2, e (iR
T R AP LA 1

Table 2 Chromosomes parameters of 12 Forsythia species and cultivars

éf i’%’éﬁi ’ AR W i E:ii%’éé%/ *Z”I%ﬁ/’rx %%*ﬁ ey Bt

5 HH KB (%) 252 JuX N (%) 5% )

Code Relative length Arm ratio LSt Asymmelry index  Centromere Karyo type Formula of karyotypes

I 28 2.53~5.79 1.11~4.01 2.29 67.29 19.98 ~47.50 2B 2n=2x =28 =9m + 10sm +9st
1 56 1.06~3.45 1.05~4.50 3.26 65.34 18. 18 ~48. 89 3B 4n=4x =56 =23m + 19sm + 14st
1 28 2.69~5.03 1.11~3.71 1.87 63.95 21.23 ~48. 15 2A 2n=2x =28 = 14m +7sm +7st
I\ 28 0.67~1.63 1.04~4.57 2.42 72.24 16.67 ~49. 12 3B 2n=2x =28 =6m +7sm + 15st
v 28 2.17~5.70 1.06~2.67 2.63 61.37 27.27 ~48.57 2B 2n=2x=28 =19m +9sm

Vi 28 0.68~1.51 1.06~4.78 2.23 67. 14 14.29 ~48.28 3B 2n=2x=28 =11m + 10sm +7st
VI 28 2.56~5.49 1.0l ~4.00 2.14 71.79 20. 00 ~49. 66 3B 2n=2x =28 =4m + 13sm + [ I st
VIl 28 2.56~6.22 1.05~3.87 2.43 63.61 20.51 ~48.89 2B 2n=2x =28 = 16m +6sm +6st
X 28 0.63~1.37 1.06~4.63 2.17 67.13 17.78 ~48.65 3B 2n=2x =28 =12m +7sm +9st
X 28 1.83~5.56 1.05~5.15 3.04 62.97 16.25 ~50. 00 2B 2n=2x =28 =2M + 18m +2sm +6st
XI 28 2.62~4.84 1.00~3.71 1.85 31.20 21.21 ~48.63 24 2n=2x=28 =1M+13m+ I Ism +3st
Xt 28 1.92~5.25 1.11~11.20  2.73 64. 02 9.65 ~47.46 3B 2n=2x=28 =12m +4sm +5st + 7T

2.1 EAEFERMHZE

(1) 56 3% 58 (F. koreana) : 1A 4f Jifl ¥ €2 (4 %5
2n =2x =28, K 5K, RN 2n = 2x =28 =
12 m +7 sm +9 st, REL RN ARG /R, Ge @R
SR 0.63% ~1.37% AHXTHE AL 2n =21 +
12M2 + 13M1 + 1S, B HAE N 1. 06 ~ 4. 63, e K G
RS R R B R 2. 17, ARXTRR R ECh
67.13% B 22Ri4E88 17.78% ~48.65% , Hokz g
F 3B M,

(2) ARILIEFRH (F. mandshurica ) ; /4240 il G €8 44
$0on =2x =28, AR, AL A R 2n = 2x =
28 =2M +18 m +2 sm +6 st, R WEH B AL (A
Ye AR R 1.83% ~5.56% , XK BE 41 ik

2n = 2L+ 10M2 + 13M1 +3S, B HAE N 1.05 ~
5.15, K YLk 5 a0 e e (R KR L 3,04, 8%
AXF R RECH 62.97% , % 22K 45 #1 16.25% ~
50.00% , HoAZ )& F 2B i,

(3) ¥R (F. suspensa) : V20 il 42 (4 /A %L 2n =
2x =28, h AHEIAR, AL N 2n =2x =28 = 1M +
13 m+ 11 sm +3 st, RMELFIBEAR YL At e ik
AR K 2. 62% ~ 4. 84% , XK BEAL I 2n =
2L +10M2 + 14M1 +2S, B IE N 1.00 ~3.71, 5%
Kok 5 i e R K ol 1. 85 AR X R R
B 31.20% ,ELLRAGE 21. 21% ~48.63% , HoA
A& T 2A B,
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Fig. 1 Chromosome karyotypes and idlograms of 12 Forsythia species and cultivars
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The numbers correspond to the numbers in table 1,the same as below. Hereinafter scale = 10pum
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O o M 16 %

(4) BRI E R (F. ovata ) : R0 HI Y L /AR%K 2n =
2x :28,%:{%%,$§ﬂz\ﬁjﬂ 2n =2x =28 =12 m +
4 sm+5 st +7T, AWMLY A, G (oA %t
KR 1.92% ~5.25% ,FHXTRELAIL 2n =21 + 11M2
+13M1 +2S, BFFUEN 111 ~11. 20, Fe K YL (iR S
LR B LGN 2. 73, I AKITFR R BN 64. 2% , &
ZLRITEEL9. 65% ~47. 46% , HAZ @ T 3B B,

4 A5 JE JER I 1A 4 i e e R B — B A
PE—80, HE E R E 2R ER AR, &
TR b 3% 0 1 % o A 2 SR AL, 4P M m
sm st 4 B ALY, O I S R 5 i 3 S ) A% B S AR
¥k 3B, 3% R A% AN KRR R BRI T oAt 3
P, FIFZBIRUE RECREM LR R EHY
RAGE M S RAE— B fELE R 0.9 B i
MR AGE S R e IR — ], &5 E LR
RHBCH0.8627 B 5B iR — A (E 2),
Ui B E ARG Y SR 4 0 R i, 5 Rt i
Z I SRS K R

]

)
KX
X
Xi
X

q 0.9725 0.9451 0.9176 0.8902 0.8627

{LLE %L Resemblance coefficient
B2 ZBMERBREESN
Fig.2 The clustering drawing of 4 Forsythia species

by karyotype resemblance-coefficient

2.2 FAEEERSMAZE

(1) F. koreana Sawon Gold: & 4ff g Y {6 {4 %%
2n =2x =28, AG K, AN K 2n =2x =28 =
4m + 13sm + 11st, A E ) B (A G o {4, G (o A A
S E R 2.56% ~5.49% AHXTHK EELLAYL 2n =31 +
S5M2 +9MI1 + 1S, BFHAE N 1.01 ~4.00, fic K e (h
TR S8 Y (R K B HE o 2. 14, RS FR R 80 h
71.79% , 3 22K 4558 20. 00% ~49. 66% , HoA% g
F 3B/,

(2) F. viridissima var. koreana Kumson ; {4 4] iy
Peft A% 2n = 2x =28, TAGR, B ARLA RN 2n =
2x =28 = 16m +6sm +6st, R MEL RN REAR YL A1k Ye
CARFH XS K JE R 2.56% ~ 6.22% , X 40 A
2n =4L +5M2 +16MI1 +3S, B [L{E A 1.05 ~3.87,
R R S R A e AR B LU 2. 43 A XTHR
RECH 63.61% , 55 22K T840 20.51% ~ 48.89% ,

HEZR)ET 2B A,

2 AR R A B SRR AR Y OB B 2
S HRE L R T 20 1 YR T 2 A —3,
Sawon Gold /it F i H 43 LL A 0. 86, Ho A% RIS HU oy
3B; Kumson 5 FiAY E 43 He Ry 0. 32, HiAZ RIS AL N
2B, Sawon Gold 5w fif 2 588 (1) 42 RUZFY UL R 4%
RIZHAR bR —3K
2.3 &HhiEMRMHAZE

(1) F. intermedia Spectabilis : 74 21 Jifd & {2 (A& %%
2n =2x =28, b TAGIR AN 2n =2x =28 =
9m +10sm +9st, A MELHIBEAR YL L fA YLt AH XS
KEEHR 2.53% ~5.79% , MR BE 4 B 2n = 4L +
M2 +11M1 +6S, BFHEA 1. 11 ~4. 01, e K4 tn
WHERE Y OIRK N 2.29, B ARX R RECH
67.29% G 22 RiFEHH 19.98% ~47.50% , HAZ Y
J&F 2B #l,

(2) F. intermedia Goldrausch : {4 41 ifd 4% {6 /& %%
2n =4x =56, M PUAEIA, BN 2n = 4x =56 =
23m + 19sm + 14st, AL B BEAR YL LA, Yot R A
STEEN 1. 06% ~3.45% ,FXF 4L 2n = 6L +
20M2 +20M1 +10S, B HAE A 1.05 ~4. 50, fe K 4
RS i Y AR K B ol 326, R XTIR R ECH
65.34% 522 RiTEEN 18. 18% ~48.89% , Hilz Al
T 3B #I,

(3) F. intermedia Lynwood ; 1A 41 it 4% {5, {4 %%
2n =2x =28, AR AR A0 2n =2x =28 =
14m +7sm +7st, AWML BN ARG (A fA Yo (o (A AH X
KEEHR 2.69% ~5.03% , FHXTH FEA AL 2n = 3L +
6M2 +18M1 + 1S, B LLIE A 1. 11 ~3. 71, K Y tn
S RE AR KB 187, AR RECH
63.95% , 2L RIFEEHN 21.23% ~48.15% , HAZ A
J& T 2A A

(4) F. intermedia Courtalyn : 1A 21 fifg Y {0 {4 %%
2n =2x =28, AR AL A0 2n =2x =28 =
6m +7sm + 15st, RMEL RN FEIR YL AR, YetafRAHXT
KEHN0.67% ~1.63% , FHXTH BEAL AL 2n = 41 +
4AM2 +16M1 +4S, B LUIE A 1.04 ~4.57 K Y0
WHERE Y OIRK N 2. 42, B ARX R RZECH
72.24% 522 RIAEHUN 16.67% ~49. 12% , HA% R
JEF 3B A,

(5) F. Courtasol : R4 i J2 o fA %L 2n =2x =28,
gy AR AR 2n = 2x =28 = 19m + 9sm, R
LGS B A e ek, e AR AR X K BE K217 % ~
5.70% ,FHNHCEEZH /% 2n = 4L + 7M2 + 13M1 +4S,
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BEHAE ] 1.06% ~2.67% , e K e oK 5 i f e £,
K BELE R 2. 63 , AR RECH 61.37% , & 224
T8 27.27% ~48.57% ,HA% A& T 2B &Y,

(6) F. Courtaneur: 7 20 Jg G4 6 (&R %L 2n = 2x =
28,0 AR, B AU 2n = 2x =28 = 11m +
10sm +7st, A WA BNl IA L (A 0K e (o AR XK 2
H0.68% ~ 1.51% , 1 X} K & 4 B 2n = 4L +
10M2 +8M1 +6S, AR 1. 06 ~4. 78, Fe K Y fn
RS Y AR K L 2,23, AN X FR R BN
67. 14% B 2LRHEHT 14.29% ~ 48.28% , HiAZ g
T 2B A,

6 ™4 B A PR A A% N X R R B R LR AE DA
N 22 R A8 B 228 K, HoH Goldrausch 2 U 4%
i K K S i e e R 0 He(E B 8 s A 5 4>
SRR SRR AZRIZEAN 3B, Hifth 5 A4 phiE
s AP TAS AR RS R HE 2A 2B 3B 3 Fp, H
HH Courtasol YL AR AR m Al sm, If BB HL(E
2 7 S IR U A N & W R o SRR R e L
m . sm st, & HEEAN T 1.04 ~4.78 Z ], Courta-
lyn F1 Courtaneur 2 /> it i ) 4% (PR RH X B2 BT I /)N
T HA 3 A ELFP

3 i

AWFFEHRIE T 12 i A BT Qe o A% H
AL BRSO, oAt 11 3 Fh BT A A% R S804
UCHRGE o 12 3 2 R 5T 1 G (0 A SR 0 o 14, S i
BB B AT R, A R AR B A% R X%
i AegE SR Goldrausch R IO, i K 5 B
F UL AR LU I K T AR BT, %N 4 i 5
Al Lynwood A% Ak 2 A, 44 ST B Spectabilis |
Courtasol , £ 7% 58 i Bl Kumson FZR 034 4% 2
T 2B, HoARFh A% R Ay 3B,

TR HhOULEE 3 g i % AR 13 % B 44K Suwon
Gold 5 12 Xt YL {4, 4K | Courtaneur 55 8 Xf 4L {4 {4 |
Courtalyn 5 14 X4 a /K Spectabilis 2 7.9 .10 X} 4%
tafR RS 14 ST YL AR 1 4% sm L1 Z% st ¢
AR Y, Spectabilis F55 2 .5 .6 XYL (/A  Courta-
sol 5 1.2.5.,10 13 Xf e (R R 3 R A9 55 2 XF
Jefafk A 2 13 XL ER A 1.9 X
etk 1 25 m A1 1 4% sm JeORAH N, %5E 4
XYL R 1 25 M ORI 1 4% m Je AR AL, B1 3459
955,67 MYAMRE 1 AT L A% st iR dl Al
ZERULT 12 3 3% R BT 0 G 8 O 20 AR A 25 5
X 2 S AR AN [ b BT S — B — R B R

MR Y A AR SR SRR ]
AXIFR A SR, R G Ak b Ak T Bl & i AR
WA A R SR m A R TR LR
XEPREGIG AN, B R e (AR P RS, B 3R
PO YO AT 1T AR R AR,
Jeto R AR RR, LR 0 B
W 12 1y 3% 58 A B v 4 4 3% 308 5 Fl Courtasol 3824
AL T AR Rl 2 4 b % B B Bl Spectabi-
lis . Courtasol , ¥ % % 3 5 # Kumson KX % Jb 1% 3
Z ISR R BT 4 B A FF Lynwood 5 )
i A 5 22 () R 2% 6 R BGIE s ORI 6 i M oE 4%

K. J. Kim 3@ i 40472k DNA 228081 T
HMRAY R R K 9 R s AR 4 B 4 A
AR 43 SRR, B (1) F. suspensa, (2) F. europaea -
F. giraldiana, (3) F. ovata-F. japonica-F. viridissima ,
(4) F. koreana-F. mandshurica-F. saxatilis ; 33814 5
PERIZSS I —— GBI (F. X intermedia ) ${ 73 35
4 TR ZITFE R G AN 2 S & B B 2%
L, 5 AL S. Zabel ™ BULEIE AT &, ASHIFSE Y
CRZE R A RIFR AL SR LU L) R RS
RALE R Ty AT 4 B o i A 5 2R b i | W)
M (B SEE R G, 5 K. . Kim ™ 1 58 45
R—2, KT E&MEMREA R T — B85
T,

RGO R 4 A P (A A R
RGO FRBOR R BT 2258, AT RESRAIPERR , 2%
IR b 58 A2 S A FH o A 18 FH DU A 18 < o i 6
Tt Goldrausch 5 % {4 11 32 380 i 51 Ay S A AT 4%
B, MR Y G o A5 22 5 AT B S BRSNS (H
WA BB, AT G (AR A5 1 3 & Fist A% ZHE 0 5
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