2 % R 2011, 38 (12): 2245 - 2252 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

>

PSR E MR TR R B IR i Rt ia s

% &, M, HE& EEH

i RA K2R 2ERE, IhARZR % 271018)
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BHAT THFSY. SRR SR P RN 5k, 2n=2x =24, BRAEPHAG LR REAE (m), T
WA RGO AR (sm) FIITHG A LR Y afh (st) %5 3 B, A7 6 MR EBEIA. 725k Fh
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Analysis on Karyotype and Its Evolutional Trend of Ginkgo biloba var.
epiphylla Germplasms Resources

ZHANG Fang, XING Shi—yan*, HAN Chen-jing, and TANG Hai-xia
(Forestry College, Shandong Agricultural University, Tai’an, Shandong 271018, China)

Abstract: The karyotype of 28 Ginkgo biloba var. epiphylla Mak. germplasms which came from
Japan and Shandong were studied by method of squash with the young leaves. The results showed that all
the chromosomes were diploid, the chromosome number could be described as 2n = 2x = 24, the karyotype
was mainly composed of median centromere chromosome (m), nearly median centromere chromosome

(sm) and subterminal region (st); There were satellites in 6 germplasms. The variance’s analysis shows
that there was significant difference between SY2 and other germplasms on length ratio of chromosome
which was 3.97, the asymmetrical karyotype coefficient and mean arm ratio differed greatly among
germplasms. GX3 and HB were more maximum than other germplasms, while the evolution extent of NS2
was originative.

Key words: Ginkgo biloba var. epiphylla Mak.; chromosome; karyotype; type; evolutional trend

A (Ginkgo biloba L.) &5 PUZ0 vk 1|2 Ja ME—7E B R AF TR M) F Bl 7Ei& K s
Firf, HoRp-pRny 5 T ERMESE SR O, 1993). 1891 4F, Shirai &I T 25 1 BRIFFHR
A (Shirai, 1891). 1927 4, Makino T XM FFER A & 4 —ANEF), Ginkgo biloba L. var. epiphylla
Mak., ) ANGIH (GEERLRZ={g, 1984; & H=, 1995), 1982 4F, EAME 1 WAE E R
WP CERSGIEFIZR{gd, 1984). HET, rHE CHGE M FHARAA 32 Bk (R, 2008).
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B 53 BT R BRWHE A 56 G % R A R SR A ) — P 24071k CREE 45, 1999). Ishikawa (1910)
RV S B R N 2n = 24, Eichhorn (1928) 1 IRIRIE T AT YAk AR, FRIANIX AT REL H
AT G, Sax Fl Sax (1933) E R T A ML TR QA& & . Tanaka %5 (1952) W& T HRAVIE
PRFIBERR () G o fh, (HIGAR R INMEG AR . BRERGBHSE (1992) LIZH /3 #T. C 5 fil Ag-NOR 4 {ffk
BRGSO AT ME L RERRIEAT IS, A HERRIN T 0 2n = 24 = 22A + ZZ, BERRIITTACY 2n=24 =
22A + WZ. JIBHEESE (2007) wfrpE . vEE L 56 ESEH 21 AMRA R A T TR AT, R
HEE Y CHFERAY 7 L H AR CHRERAY 7 B RG . ARERR DA E AR, HARSERL 28 ANHORHAR
AT, X SLY AR JAZ B AT 5, T8 e G 0 AR TE R Rk ) I R o3 B s Ok &R
FIEACAES, R HFFALAY 1) 4 S AT SEIR B9 5% 40 27 LA o

QY ViR SRS DARES

AR L R ARMY R 25 PR A A T R PR SE R 22, 4L 28 ARl (3R 1)

2010 4 5 ) NGBz 5 AR IR TREEG 7 B AR — SRR T EE 8 h, 2 A H
RV E W 2 12~ 24 h, 1 mol - L ERERAFES 12 min, 2R -FHR MY 3 min, [,

71 NikonE200 Y627 W AMEE 10 x 40 %, 10 x 100 £5 N A4 T3 24 b I Y (kT 25 9 A« &
AR A D WIS 30 AN4IHE, LA S AN SRR P I A AL AL SE AR AR

Pt A% 73 K H Levan 45 (1964) DAL (AR LKA € 45 22 1A B Kuo 55 (1972) LAE
RN B REORE G (AR 53 B 4 411K G Ak o Sehr it o

KH] Stebbins (1971) [ F5% A vh B K Yo otk b5 5 J e (k2 L S L KT 2 I e (afd i oy Ll
BIAT Arano (1963) $EH K MK 5 A RO B K2 LI EIA R R (As. K. C) Kafe Y
O ARRE TR KRR LS

PR Stebbins (1971) A% 74 53 24 (¥ I MK e P K B H R B0/ NI HES 45 R 1 ~ 12, PXS Y fh
PR BERIEN, RIS K HEE T, AT, e Bdnl. Rl kKL (LR = &
KB KK ARBARTR RS (As. K. C= KE/4aKD) LK, LIOFHELE (MAR =
BRI PR R AR RRAE LA A

K Di? =Epk =% (G- GjO) > ARATRESHT. P Gl Gy 2> B RSFITR § A0 ) 45 k A
PERBOFRAEALIE R AU . X Dy R SAS FEEHET Q AUZRAK.

2 HREIHT

21 REKREME
WFFTRWT, At 28 BRIFFARA I G LR B Ol 2n = 2x = 24

22 %EBISHR

28 AP BT AL L FR bR W1 26 2 o

PO AR K EVE N 3.13 ~ 13.47 pme LAV FI R K gt 44 0k = .

RV AT s e R oAk (mDy IR R g tothk (sm) R oR A LR g taqk (st)
453 P,

B SY2 MG taAR K LLEcR, 4 3.97, YZ2 R ORKE L &N, 4 1.52, PR LE{E GX3
Bk, N 236, NS2 &/, N1.14.
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F I Stebbins (1971) RAIRIFRFRUE, 5 1A, 1B. 2A. 2B. 3A 1 3B 6 FEM, AU KIHR
REGX3 Ik, N 68.65, YZ6 I/, 4 59.24.

PERM L YZ4. YZ6. NS1. TC2. GX3. SX 4 6 Mlsrh Al — Bk, JF HARAL T etk
B, (HALEIFARE (B3, B D,

X HFFER A (1) 2 B SR AR AT 7 2500 (R 2), SR W]: SY2[YZ1 SEAE TS CR#EIR) ]
KR 3.97, L ek iz W2 M8 R BRI Rz i 2 gk, Ho e
WAL 2 SRPT (NS2) I LERIAZ B AN R R B0 il 1.14 A1 61.68, b flifh it (HB)
(1)~ 3511 LU FIAZ B ASKERR R 28000 il A2 2.29 HT 67.80

F 1 HFREMRORERESER

Table 1 Sources and morphological indexes of Ginkgo biloba var. epiphylla Mak. germplasms

N B p TR
G T mo ) it R
No. Locality Trc'ee DBH C'anopy Tree age  Collectors
height diameter
YZ1 PRSI 1 5 Yiyuan Zhinidong Forest Farm 1 25.0 1022 20.5x16.3 800 IS Xing S Y
YZ2 PRSI 2 5 Yiyuan Zhinidong Forest Farm2  19.7 68.8 103 x12.1 800 i Xing S Y
YZ3 YTURH#EEE 2 Yanya Town, Yiyuan County 21.5 1640  31.0x28.0 800 JR 14 Xing S Y
YZ4 YTVRH#EEE 2 Yanya Town, Yiyuan County 18.0 89.0  13.0x13.0 800 JR 14 Xing S Y
YZ5 YTYRAE4H Zhongzhuang Town, Yiyuan County 15.0 1140  20.0 x22.0 700 J 1 Xing S Y
YZ6 YTUEAP LAY Youfang Village, Zhongzhuang Town, — 21.5 2150  16.5x 125 1300 J 1 Xing S Y
YZ7 YRR b £ 22.7 1650  26.0 x27.0 800 Tt Xing SY
SY1 YZ1 5E A (RIE) Offspring of YZ1 (positive) 19.0 450  15.0x12.0 40 T Xing SY
SY2 YZ1 5B FAC (R#EIL) Offspring of YZ1 (negtive)  20.0 47.0 110 x 18.0 40 T2 Xing S Y
NS1 JESE T 410 1 5 Niushan 1, Feicheng County 16.0 316.0  13.0x 16.0 1000 T2 Xing S Y
NS2 AE3R T 2 1l 2 5 Niushan 2, Feicheng County 20.0 100.0  18.0x15.0 1000 JR 14 Xing S Y
TD ¥ g 555 Tangdou Temple, Jinan 20.0 160.0  20.0 x 24.0 1400 R LIBY
TCI 2 Ml Tengchong, Yunnan 13.5 102.0 5.0%6.0 300 i SCK Teng W F
TC2 2 Ml Tengchong, Yunnan 12.5 87.0 4.0 % 6.0 300 i SCX Teng W F
TC3 Z MB ! Tengchong, Yunnan 12.0 74.0 3.0%2.0 300 B A Teng W F
GX1 ]G % Xing’an, Guangxi 253 1020  20.5x16.3 500 AP Deng Y W
GX2 J7 P % Xing’an, Guangxi 12.5 66.8 11.0 x 11.5 80 BT Deng Y W
GX3 J7 P % Xing' an, Guangxi 11.5 64.0  10.0x11.5 80 BT Deng Y W
wC Y JIIFE¢E Wangcang, Sichuan 26.0 150.0 113 x125 130 BT Luo X N
WY DY )11 J 95 Wanyuan, Sichuan 30.0 1500  11.0x13.0  >300 IR XuM Q
ZP AW AT Zhangping, Fujian 15.0 80.0  12.0x10.0 309 [ yi%4 Chen Z Z
SM A g = 1759 1200  15.0x16.0 100 JIRA, £
Sanming, Fujian Zhou L C, Wang K
DZ A E X JH Dengzhou, Henan 18.0 1050  20.2x225  >1000 [:4E Chen Z
HB WAL 2B Anlu, Hubei 27.6 2140  269x27.5 1040 W= PengR S
SX Bk 74 (17 Baihe, Shaanxi 42.0 213.0  35.0x356 1500 4% Guo J R
DK #5711 Dongkou, Hunan 18.0 50.0 9.6 x10.3 50 0 Xie W B
TG I PH K4 Taigu, Shanxi 24.0 80.0  15.0x150 >300 #%F Guo J P
Oha H AR AT 5] A VA 42 6.0 3.0%x3.5 9 LA Jiang Y Z

Japan Ginkgo biloba var. epiphylla Mak. from France

TE: dRAE 44340 Ginkgo biloba var. epiphylla Mak.; 5% e AJIHERE s A7 aCH ik A A 27 MR AR A A ST St R I8
Note: The scientific name of all specimens is Ginkgo biloba var. epiphylla Mak.; The expert of specimens is Xing Shi-yan; The storage location
is germplasm gene pool of Ginkgo biloba var. epiphylla Mak. in Shandong Agricultural University.
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Table 2 Index of major chromosome karyotypes in Ginkgo biloba var. epiphylla Mak.
WA kmmEEem SO pgmi pmas et BOWART  BORANH R
. KL AR L2 Rk,
Specimens The range of Mean arm Karyotype . Karyotype  $/%
Length . Relative length form
No. length . ratio formulae type As. K. C
ratio
YZ1 396~10.60  242B | 6BCDEF  6m - Ssm -+ Ist 1L +4M2 + 6M1 + 1S 2B 64.49BCDEF
Y72 3.63~552 152B | 50pGHI 3em + 9m 5M2 + 7M1 24 61.01HI
Y73 4.32~8.32 193B sy dsm + 8m 1L +3M2 + 8M1 1A 60.161
YZz4 3.54 ~8.68 2.45B 1.521 Ism+ 11m IL +4M2 + 6M1 + 1S 2B 59841
YZ5 408~892  2.19B | 73DEFGHI  7sm+ 5m 2L+ 2M2 + 6M1 2B 62.23DEFGHI
YZ7 4.05~7.43 183B | 61FGHI Sem 4+ 7m 1L +4M2 + 7M1 24 60.69HI
Syl 4.11~9.66 203B 5 06BCDEFG  1m + 11sm 1L +3M2 + 7M1 + 1S 2B 66.90BCDEF
SY2 337~13.0 397A | 7EFGHI  6m + 6sm 1L + 5M2 + 4M1 + 28 2B 62.14EFGHI
NS1 3.13~5.67 1.97B 1.67FGHI 7sm + 5m IL +4M2 + 6M1 + 1S 1A 61.50GHI
Ns2 335~659  197B | 14EFGHI  Ssm+7m 1L+ 3M2 + 8M1 2A 61.68FGHI
TC1 454~1347  276B 5 |OBCDE  2m 4+ 8sm 4 2st 2L +4M2 +4M1 + 28 2B 65.40ABCDE
TC2 408~728  L78B | G3EFGHI  Ssm+7m 1L+ 4M2 + 7M1 2A 61.50FGHI
TC3 5.08 ~8.99 L77B | ssp 2sm + 10m 1L +4M2 + 7M1 1A 60.851
GX1 4.64 ~8.09 1.74B 1.78DEFGHI 6sm + 6m 1L+ 3M2 + 8M1 2A 62.85CDEFGHI
wC 3.86~7.51 194B | 6omI dsm + 8m 1L +4M2 + 7M1 2A 61.021
wY 443~9.12  196B | 94CDEFGH 4m + 8sm 1L+ 3M2 + 8MI 2A 64.47BCDEFGH
zp 4.47 ~8.04 1.80B | 7op Tem + Sm 1L+ 1M2 + 10M1 2B 62.081
SM 412~921 1.96B 5 16ABC lm + 11sm 1L +3M2 + 8MI1 3A 66.41AB
DZ 4.17~10.69 2.34B 220AB Im + 1sm IL +5M2 +4M1 + 1S 3B 67.28AB
HB 448 ~9.11 L87B  229AB 2m + 9sm + Ist IL+4M2 +78 3A 67.80AB
SX 3.52~6.84 194B | gim Sem 4+ 7m 1L +4M2 + 7M1 1A 61.061
DK 487~1000  2.06B | 9sBCDEF  9sm - 3m 1L +4M2 + 7M1 2B 66.99ABC
TG 440~11.13  233B 5 |0BCDE  3m -+ 9sm 1L +4M2 +7S 2B 66.11ABCD
Oha 429~17.74 181B | 71DEFGHI  7sm -+ 5m 1L +3M2 + 8Ml1 1A 62.64DEFGHI
e AR AT A G O A K
Note: Chromosome length excluding of satellites.
% 3 MAFNERNE
Table 3 The number and position of satellites
e B o BEfRRLE
: Fieeer - . , b AR - :
Fih it The position of satellites Fh The position of satellites
Germplasm The number K- R K R Germplasm The number =7 R K R
P of satellites KH AL P of satellites KA ML
Long arm Short arm Long arm Short arm
YZ4 1 0 10 TC2 1 0 9
YZ6 1 0 8 GX3 1 0 9
NS1 1 0 10 SX 1 0 10
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Fig.1 The photomicrographs of the 6 Ginkgo biloba var. epiphylla Mak. germplasms which have satelittes
The No. specimens of germplasms are same as Table 1.

23 BHEIHNBEE SR

SERE L (MARD FHKCRELL (LRD) 0] BARIRAS[RIFR T A% B A FRME,  —F doR,
TAKIR . FEIF L (MAR) FIZEIAKIFR REL (As. K. C) WM T3 — N A RE S T 4% 304 (A XS AR
P, ZH AR, B

AR RIGR AT (1996) WA A% LK R R A B0 B FR ) AN X RR O JE ) 233l LA LR AT As.
K. C A9 AAER, DL MAR AREARBRIE 43

2 vTUUE e GX3 Sk HT 2%, fEWAEIT M T4 B, wohidifh; NS2 2K B IR
WAl 2 %5, Bids; HAWR BT Do —28, & T —3.

24 RERES

FIH SAS A% LR. MAR Fl As. K. C =747 o0 br, FRER (B 3) R, 4
fHE 1.2 B, DK 28 ARl b 3 2K

1A YZ1L TCL %5 10 AR5, 58 11 2RF NS2. YZ4 55 17 MR, ZBIIEH A SY2.
RIA A — 2R B A e AR T2 HA A A
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Fig. 2 Evolution trend of chromosome karyotype in Ginkgo biloba var. epiphylla Mak. Germplasms
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Average distance between clusters
B 3 HFREMRBLESNER
Fig. 3 The results of Q-cluster analysis in  Ginkgo biloba var. epiphylla Mak. germplasms
» »
3 Wie

WA KA R, e Bm R s . X 800 2/ NI %2, $5)0 A%k,
KRN OARAEREAS S 254K, X5 Ishikawa (1910). FESFARSE (1996). miELr2s (2005). JistH:
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FEE(2007) KERRERE (2009) [g5iet—E. 32 B RIS K221 Newcomer (1954) & Royer
S (2003) CAARA HA R st .

HFPARAY 54 AR A AU AR A R e oA o L 25, UM RFERAY (R 3R AR S R et
AR

e Lima-Dei-Farra [t “44{t1£3%” (Chromosome field) MFEiS, JEEAZEW YLt A T2 H K
INRT O3 A ANEEY . 28 MR PP Y AR K B 5.84 um,  HHIE R BRA Gk (7.46 pm)
A 25, 2007), JEFHERNGEAR B3 90, Bk B RArmE b I s i s A
FaEth, XRYLORAE 22 SRR 2 A 20E L, A7 DNA JPAII 28, e ki b 1 i
BIEM TAESM, HoE RN EEMEE, SEYRER. HYZ2. SY2 MEASH 2. 3. 4
WRAAR, YZ2. YZ4A. YZ5 55 14 DR R A /N RA4E, TCL. GX3 58 7 MU B A KRGk, it
B IR PR A Qe (AR K B — s e sl i, 2 SRR P R I

AR AR (19960 A2 B HE AL 1 FE A AL X FR AR I, b T Al 2 ek
JEARIREY, K2 HABXFRIZR . A ERAH 1AL 1B, 2A. 2B, 3A 1 3B %% 6 MR A% 7Y,
I ER A 5 AN AR AL RS 8 T AKITFR ) 3B B (BR2AAR 55, 1996), W WLIFf
BRI L IE LAY SR

75 6 NPT ERIA — AR, JF HAN T YRR, MR (1996) iz
(19 R 2 AR P B A R () 009255 A, B RN i, 0 A BIEE 8+ 94 10 X PR A (3R 3).
RAEHERY, BAREE . KN A0 B 1 2 e R R4 2%, Eichhorn (1928)
UARIE TR Yk AR, FEIA IR AT RE S MR OC . (HAE R 4e i h I o fk B AR A
BIEE A4, N2 AR TR LR B B 1) 1) ) PERNR ZE A e, ORI TS LU A A o
PRk, AERERIGE TE BUE M B 225, X 5 ] (1A% 22 S A 34T 43 BT LU A DRI A

UL SY2 CH AP S A FARR A bR gL A% 1 5 R M bk B 2 0, SY2
Pt A KLY 3.97, 75 28 MR R, RS LR MfERtLECR, S8ETE 2, Bl T
LR RS 5081, i SY2 5 KZHF AL, BEMA—F, HE 2, AME 3 SY2 Moh—RKM
IRTEERA G Ml Rkl BL SY2 5 1 4REE 1 RAOAR, 2 4050 2 AR, T 400
3RGLAR, 2 AR5 4 Ak, RO 28 AR SOl TR A RS RN RAA I 2R 3 g AR
SRR D IR HARGEERISH SY2 M5 (K 3), XS irHE X 5T HAb Ah 5 oR A ok
REAE Y B A
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