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F£A2A, 3A. 2BF3BmEHA; QR EAKRELARTATHEM,). PER(M,) L E
thAE, MAEKR(L) R ER, @QF L2 KW SY, & HB & 3 & 1h % & 1k (3.97,
1.87) & GX,#» SY, 9 B & Rxb#k A k. A ILA4.(68.65% #22.36, 62.14% #= 1.72) £ F
2%; OWY & R4, CX, i B EREG, AT HBEHNG X ZATT 2
#Hit,
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Analysis of Karyotype on Ten Ginkgo biloba var. epiphylla Mak. Germplasms

Han Chenjing Xing Shiyan Guo Yuanyuan Zhang Fang Zhou Jilei
(College of Forestry, Shandong Agricultural University, Tai’an 271018)

Abstract: The karyotype and ploidy of the ten Ginkgo biloba var. epiphylla Mak. germplasms
with the young leaves, which come from Henan, Guangxi, Yunnan, Hubei, etc. 8 provinces
were analysised. The results showed that: (Dthe chromosome number of these ten germplasms
was all for 2n =2x =24; @the karyotype was mainly composed two parts: median centromere
chromosome (m) and nearly median centromere chromosome (sm) ; the karyotype can be di-
vided into 4 types: 2A, 3A, 2B and 3B. (3 the relative length formulae on chromosome were
main medium-short( M, ) and medium-long (M, ), long chromosome (L) rarely; @it can be
seen from the Duncan’s test that there were significant differents between SY, and HB on length
ratio, which were 3. 97 and 1. 87, respectively, as well as GX; and SY, on asymmetrical karyo-
type coefficient and arm ratio, which were 68.65% , 2.36 and 62. 14% , 1. 72, respectively,
and the rest had no obvious difference. Sthe WY germplasms was more originative, while the e-

volution extent of GX,; was maximum. This study analysised and explored the relationship be-

« HEHH. BRAKPFEERBTE (30671707 F130872040)
E-mail: xingsy@ sdau. edu. cn
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tween karyotype and evolution.
Key words: Ginkgo biloba var. epiphylle Mak. ; Germplasms; Chromosome ; Karyotype

A (Ginkgo biloba L. ) JF=RE, RERNFEMY, BRTELA", 1891 4£, Shirai
BRI T M R L F A RBRE) H AR AT (Shirai, 1891), 1927 42, HAMYHHKER
Makino ( 4 #F B KBS ) B IKFE M FFR AT E A -—1~3EFF . Ginkgo biloba L. var. epiphylla Mak. ,
NN (EREEL, 1984; B H =, 1995), 1982 4F, HEHEBEILREFELRIH
REFE bR FHRA (BEEE, 1984), B, RECHREMTFEASA 32 4 ({53,
2008)

BRGT RV RE X BAMAREHAN ARSI E(REES, 1999), 20 fitg
A, BB EERRE R ARTEE IR AR RHTT TS, Ishikawa(1910) £ 7 & BU4R A
Jefafiy 2n =24, Sax Fl Sax(1933) WRLH THRAME FAY &K, Tanaka %(1952) W
BT HEREAR ISR, HERRBH R, 1954 4, Newcomer I Lee 7£45 B B 55 H 43 B
BRI T HEMEBRA R AR 2R . BREGFHAE (1993 ) RUZALAMT. C 7 Ag-NOR Jefafffi AR
S MERERRHEATONSE, 19 MR NN 2n =24 =22A + ZZ, MERRTETEN 2n =24 =22A + WZ,
TR ES(2007) X BE . RESH 21 MESRRA BT TR, AP EK
“HFFRA L H AR TR E” E R s, AP, SR, 8. WAk, WERE8 A
( BIGX) i 10 BRMFFER AT ilbf, X @ R R RAG MK 4T WEE,  [R] B X 45 b 55 18]
HIRG R R SO LB R BT . ‘

1 #H#FeFik
FHRER B ILZRAR L S AR A R YR IR, 36 10 AR (R 1),

R1 MFRERRERRESE
Tabh.1 Sources and characters of Ginkgo biloba var. epiphylla Mak. germplasms

R FU BH (m) 4% (cm) FE#E (m x m) Wi (a)
code sources height DBH crown width tree age
DZ RN 18.00 105. 00 20. 20 x 22. 50 AF 1000
GX, PN 12.50 64.00 10.00 x 11. 50 80
HB  #idback 27.60 214. 00 26.90 x27. 50 1040
SM  EE=8 17.59 120. 00 15.00 x 16. 00 100
SY, IREEMHERASHE TR(FEE) 19.00 45.00 15. 00 x 12. 00 40
SY, IFURHEHRATSSAE T (EEK) 20.00 47.00 11.00 x 18. 00 40
TG WEHAS 24.00 80. 00 15.00 x 15. 00 *F 300
WY DR 30. 00 150. 00 11. 00 x 13. 00 *F 300
TC, ZHih 13.50 102. 00 5.00 x 6. 00 300
YZ, (LRITER 25.00 102. 20 20. 50 x 16. 30 800

2007 FE IR 9 2 SR BRSNS BPR TR AN —RRE R i 8h, ZEH
WEERERE 12 ~24h, 1mol/L FEERMFE 10min, BR-REMLARE ., [EF, 7 Nikon E 200



4. 2EE AT ERRT 2R E

2= BB 10 x40, 10 x 100 FREAL T4r R P AR R ARTERIF M. SR EDWE
30 N4IR, LA S S ERAVAH T ) (R AR AR B A B

B4 R Levan 58 (1964) PG DY X REEH:, X AU5 25K Stebbins (1971) X #rdk
PR B 2 4 2% (1985 ) BB A b v, B B R ARG BE A BUAT Kuo %5 (1972) FEiTE S
4, BlYefo M X BE Z B (index of relative length, JRL) >1.26 FZaik (L), 1.01 <
IRL <1.25 KK Yefaik(M,), 0.76 <IRL <1.00 JyiEafafk(M,), IRL<0.76 KA
(S), L4 FpRA, BZBIARXTHR R E (asymmetrical karyotype coefficient, As. K. ¢)#& Arano
2(1963; 1975) Fkit®, B As K c(%) =KELK/ SHARAEEK, ROKKELL =
BE/BE; BH = KEB/88., 20 UKE I (LR) MIBEAXTFR R (As. K o) HHPLER,
PA-E9585 L (MAR) Dy i AR RAl — dE ik e R,

2 SREH5H
2.1 $maEdRE
ZME R, HER 10 AR AR EEREII N 2n =2x =24(E 1), XSHABIR
BIAR AT B B AR B (Ishikawa, 1910; BREEFRSE, 1996) KA % (2007 ) WEFE H AP A5 10
e fa AR —3, BT RKEFASES, R EHRERE,
rn ’?';MLJ;“‘ - :

ol "
o

SM } } } SY,
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8wy

E1 10 MHFREHSEEEY
Fig. 1 The karyotype of ten Ginkgo biloba var. epiphylla germplasms

2.2 #BSHT
10 MRl BRI SRR 2 BT, MR Y AT K TR 2.09 ~7.05, KA
AR R EAN T, X DZ M TC B2 MK, HRYE 1 XMRPEE(ERS),

®2 10 HEREMREIIER
Tab.2 Comparison of karyotypes in ten Ginkgo biloba var. epiphylla Mak. germplasms

FSF ASEEREN MRIAX
3 LAY | ),
the range (M E/B4H) arm ratio karyotype karyotype asymmetrical
| 8 ary ry Y
germplasms of relative  length ratio ( mean) Foviiilae type karyotype
length coefficient( % )
- DZ 3.01 ~7.05 2.34 2.22 2n =24 =4m +20sm 3B 67. 28
GX, 3.00~7.03 2.36 2.36 2n =24 =2m +20sm + 2st 3B 68. 65
HB 3.25 ~6.09 1. 87 2.29 2n =24 =4m + 18sm +2st 3A 67. 80
SM 3.24~6.34 1.96 2. 16 2n =24 =2m +22sm 3A 66, 41
SY, 3.05~6.24 2.03 2. 06 2n =24 =2m +22sm 2B 66. 90
5Y, 2.09 ~6.97 3.97 1.72 2n =24 =12m + 12sm 2B 62. 14
TG 2.80 ~6. 50 2.33 2. 10 2n =24 =6m + 18sm 2B 66. 11
wY 3.32 ~6.52 1.96 1.94 2n =24 =8m + 16sm 2A 64. 47
TC, 2.46 ~6.79 2.76 2. 10 2n =24 =4m + 16sm +4st 3B 65. 40
YZ, 2.74 ~6.64 2.42 1.96 2n =24 =12m + 10sm + 2st 2B 64. 49




-6- 2EEH /ARRTEARTIT 2R R

BRI R B R PERE LR R AR (m) IEP I ELM Ak (sm) , AR ZEY
RUEEM EARRERNZR ., BELSMETRH 10 MXFRETFED N 2 KK B
FfufE DZ, SM, SY,. SY,. TG & WY, HIEEBRMABCIZATE TR ERE LRYLA
R (m) FEPERE LR AR (sm) ; BB KHEHE GX, . HB, TC,, YZ,, HREAMKERA
BALTE P E R g AR (m) | TS 2R R Ak (sm) ML IRTFE LB e fafh (st) o HB,
SM, WY Mt kK E L (BREK/BE) /M2, HafMEHART 2, P SY,B&X, K3.97,
SRR ELME : B SY,. WY | YZ ME/NT 2 4, HRFEHAT 2,

¥z I8 Stebbins(1971) BRI FRARHE, A 4 FIRRMHAL. [T WY Jy2A, HB, SM Jy 34,
SY,. SY,. TG. YZ, %y 2B, DZ. GX,. TC,} 3B,

£3 10 A HITHEERMRENKEAK
Tab. 3 Relative length formulae( RLF) on chromosome of ten Ginkgo biloba var. epiphyila Mak. germplasms

R X E AR PR FARHR R
germplasms RLF germplasms RLF

DZ 1S +8M, +1M, +2L SY, 28 +4M, +5M, +1L

GX, 1S+7M,; +3M, +1L TG M, +4M, +1L

HB M, +4M, +1L wY 8M, +3M, +1L

SM 8M, +3M, +1L C, 2S +4M, +4M, +2L

sY, 1S +7M, +3M, +1L YZ, 1S +6M, +4M, + 1L

2.3 BEERPERR

SHHFFER A SR B M AR S FEAR TR B R R B P B e (B /) 7 SY,
BK(3.97), HBHE/N(1.87), WAZRNAR, HAMEERAK; CXHIBBAXMHEAREK
AU LLAE 5> 50K 68. 65% F12.36, Tif SY, 4510 62.14% #1 1.72, MEZRUE, HAihk
BRERAK,

F4 10 B FREMRZYERERPERE
Tab. 4 The Duncan’s test of karyotypes in ten Ginkgo biloba var. epiphylla Mak. germplasms

- RS BAUARRS

PR BRK/BE  BHME HEM FhIR B/ B B K

3 AR
germplasms L/S arm ratio germplasms L/S arm ratio

AKC( % ) AKC(% )

DZ 2.34AB 2.22A 67.28AB SY, 3.97A 1.72B 62. 14C
GX, 2.36AB 2.36A 68.65A TG 2.33AB 2.10AB 66.11AB
HB 1.87B 2.29A 67. 80AB wY 1.96B 1.94AB 64. ATBC
SM 1.96B 2.16A 66.41AB TC, 2.76AB 2. 10AB 65.40ABC
SY, 2.03B 2.06AB 66. 90AB YZ, 2.42AB 1. 96AB 64. 49BC

2.4 BEBUEBEHESH
Stebbins(1971) AN, BEIARXFRIERMY AR LR B S EHRART A —E K
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Z, W RBERISHEYR R . I HC(LR) A% E (MAR) BB [ R AN 7] J5% 18] %
RIGIARXTRRM:, WA BN A B A X AR, BI7E 205 DA BE e (LR) I BLUAR X 7R &R 4K
(AKC) FPAFR, LIOEHR B bR stk E T, BMA E7 R REERA
XFREE G, SRR S

A 691 B
4,51
al 68}
3.5¢ w 671
3 M 667
& 651
_,2.3 265
15 64t
gl 63t
0.5 62}
0 , . A , . 61 I \ N .
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
MAR MAR

EH2 HFRESHREedRBEEan
Fig. 2 Evolution trend of chromosome karyotype in Ginkgo biloba
var. epiphylla Mak. germplasms

MR R (E 2A) B SY, RUTIEM AR S TR P BRI v A RSk 4
WHUE, BOvEsk, MOh—2. WE AL By alE S, HFRAT, CX Ml bRER=,
HYR DZ, HB, WY ML RAR, MBS, HWR YZ,,

3 bt

%10 A RR AR MR ARSI 2n =2x =24, REFREEIERGNSMHIE,
% 45 Ishikawa(1910) . BRZEZREE (1996 ) B iR B4R AT SR 25 545 (2007 ) X i ¥F 4R 75 AU WA 4%
ZER -, IEPX YRR R, W, MRS RAE R ERRAAEB A
EhE:S

1931 4, Levitzky S5 3E M xd B E A 3R 4 1 (Hell eboreae) (ST, RUBERIXHFSA
SHRRAIME S, IS, Stebbins(1971) EEMERE TX—M&, MATWEAMSE: BEIL
F LA B2 SRR AN BR R B, AL T H ity EEUR IR MY, KERA B PRIZEY
(ZEMERIRERTE, 1996) , RARHMR FREYBB L E, MABR%kEL, HERHEE
JE 44 (Tanaka, 1980), FARME(1983) B FRYESEHN P HB D THRKNS . B,
ZAHRM B WY B ERE, BRI 24, MHEHAF S R7E3A, 2B f13B; [FIR M
fhfas B AT : WY MRS SRR, T XME (CX,) Wb E R
Tt 45 (2007) A R B HFFER AT A H AR PFFFAR AT AR B B A — B, 3978 4m + 8sm + 12st,
AL 10 MR AR, X GX,, HB, TC,. YZ, 4 MFREAE 3 MIESHERAKEK
m, sm, st, HEBMALA—; HRMFELE m # sm,

S 0k
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3T EST SiA-e A1 ARSI H Fak b

TR R AEA' ASE M- RE!
(' PR R R AR SRR, WKy 410004
AR RS RABRAL R EALRE, MEKY  410004)

FEE . R AR S e A A A cDNA LB, REALBLIK 2000 A~ £ 1&# 4T 3" s A,
FEMERI BB EEALTRRELR, 4R BF, KETHAREREIAMAEX
HMABESTs 5130 %, AP LOHRARESTs 497 &, BEHKMT%., ERHEER
MENER L LN . BB 8% E/ mE B (RuBisCO) B4, HMRE SRR
B/ m B BB (RA), RAK R #4351, PSI R AP S B$4s, PSI#H T4 F /b
BL%Y, PSIRE /b4 EO, SHEBHAMANEARLEN: 3-BFER—B
B8 CoA &85, BB bmEp 8§85 FSTs, LHHKE AN (LSRRG XEH), £
d  RuBisCO £ B A XY FF, £ P30 MELET 8 EST 75| 5 % vt (Larix laricina)
RuBisCO Bl /&, X222 ABFRFI LA MAIB PN AR AX A I BRH{TH
FARIE

KR AT AAeHRA; ESTSUE; AXAKR

LA AERR— YA A A PR R AR R IRAR, B0 S O S B A SR P A B B
A, FIR R AR o AT AR MRS BT AR B S H A B T cDNA U,
FEAERE 2 KR MFRFFFISMT, M6EEAMCEEKIAES TEE, NS
FERRARCIE B AT HE— PR R T B A EOR et

1 ##EFik

1.1 ##

AR B TR AR A A SR Bk . T 8 A THIMBRE M 82, REHRIT AL
#Et, ERERTFRRETRBEENERZRE T, -T0CEIRRERT, 1EAREMR,

1.2 HiE

1.2.1 4878504 mRNA $25

B — 70°C B AR AR AR R A R, FER A RIS B IR, i A e 2R e VB 2 8 240 ML
B3R H 5 RNA; R Oligotex mRNA midi kit M 3 RNA #143Bgatifb i & A PolyA 9 mR-
NA[2T,

1.2.2 ¢DNA &My E

mRNA 4 B54i{L)5 , 7 SuperSeript 11 - RT J %% R A H A AG A9 /E A T 5 R — 8% cDNA
FISE 4% cDNA; USRI, ik, BYJS, U DNA; )54 oDNA FE5H
1% pBluescript [ %52 ; B/5¥rE 2 cDNA ¥ A KIGHT W Bt DHIOB +, HEEUSRATH cDNA



- 10 - SEE+ N\RKRA LRI RS

))CEF“’ 5] .

1.2.3 EST 3CfEMgE:

M cDNA SCEEFRBENLPkEE T 2000 DA ST EFERIEESF, #547 3° WP, HE EST XX
BELST R B AR KRBT R o

1.2.4 HEYEBESH

% F NCBI fy BLAST {434 BTl B H B2 7 51 5 GenBank ™ #93E ST 45 FE ( non-redun-
dant database, NR) (X%}, X—%¥#EE R £ GenBank, EMBL 1 DDBJ ot i 4 48 G & R 15 5
BEERBRENLEENCHMEFRNREE, KPR ERoEEANFY], Rits R
EST. STS. GSS &t /&, 50 S EI3S 4 UM K ThBE 2L B 347 RIVR P e ™™

2 #R545M

2.1 SREMHPRIENESEREXER

HRER, BAEHALSREARAHECHEER ESTs 5 130 &, HAbS/ERERE ESTs
K97, BB TS%. SREBNRAACHER FES . BEIE R R /&
(RuBisCO) /FEE ESTs 24 4%, HEINE BB LB/ ARG E(LEE (RA) ESTs 5 2%, R &
WEN7 1 ESTs 6 4%, PSI s ith.0>IE B4 ESTs 3 4%, PSILCH S E a/b 454 % 8 ESTs 19
%, PSIMEREK a/b 558 H ESTs 10 &, SEERBHHXHER FER . 3- 2R EN _KRH
Bt CoA A ESTs 4 5%, BERRH MMEBZNE ESTs 3 45, ZMEMRELES OLFPIURRR LERES)
ESTs 3 &, Hr', RuBisCO B:HEFRZMYLE, Hr 30 ATk EST B3 5% 144 (Lar-
ix laricina) RuBisCO [F]{E,

2.2 SBREHPEAREEXPEERIE

JER PRSI SRR 2, MOLEARERBOLREEREITE, b8 1%
B, KDL, BRIERGEEEILEILEAE, LI ATP 1 NADPH WERIAE. BRI 2 4
HB: (1) R . ZR MBS R (B RN ) ; (2) MEBFE NG R L 22 BB T
FE (R FEBFE S BERIL) o

MEB AT PERATEE, WBABRBMOCSNARHER KERE, XEENFEA PSI
WM RE /b EREA. REEAKER. HEKEE(PC) ., PSIHEMHEE /b &45E
F. PSI RSBy . SR . SREEHEIFER ., ATP SHBE (K D),

2.2.1 PSHHFHHEMHFEE o/ bHEESEH

PSIL M 3R o b B EAERBH P REBAES, HF\ 9 1TET, Hp 18
AN 54 PSITADEM4E /b 55 EARERE, MUBA9%; H 1A EETS
KM (Pinus sylvestris) TR A YE A lheb5 [RPR, MR 66% , I FREF2 PSII i
HHERE b G EEATWRAN,

2.2.2 HEEEKENR

WA AR AIERRE T 4 ALK, 4502 33kD B, REHRED .
BEHERED 1 ATk, MEEERED 3 -2 8. 2 AT 5 S8 E (Solanum tuberosum)
33kD BERRFEIRMER; MEAKMBEG. WARERED 1 a0k, BEMBEEG3 -2 fiky
A1 T ET, 455 MWE ( Nicotiana tabacum ) , RK¥E ( Bruguiera gymnorrhiza) . 36 %
( Brassica rapa) A 2 RE .



