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ABSTRACT

Transformation of Arabidopsis thaliana suspension cells was performed.

Different protocols and parameters affecting the transformation procedure were tested,

and an optimized protocol was determined. Transformants was selected with
antibiotic resistant gene screening and checked with histochemical GUS and PCR
assay. Prior to transformation experiments, some refational biology characteristics of
Arabidopsis thaliana suspension cells and Agrobacteria haboring certein plasmid

were observed. The main works and results are shown as follows.

Subculture Conditions and Growth Characteristics of Arabidopsis Suspension
Culture '

The experiments of Arabidopsis thaliana suspension culture were performed. Some
subculture conditions were determined, and the growth characteristics of suspension
culture was observed. The typical S-like growth curve in a subculture cycle was
obtained. In normal condition, a logarithmic phase of growth of suspension biomass
was occurred in 2-4 days after subculture. Than the growth of biomass slowed down
quickly. However, its growth and time of logarithmic phase were changed with
inoculation amount. 10ml/50ml of diluting ratio is advisable to subculture. The
growth was slowed down even halted with 10ml/50ml of diluti:i_g ratio. Different
hormones in media affected growth of suspension cells, but the result was unexpected.
The biomass of suspension cells subcultured in B5 medium without any hormones
was higher than with 0.Img/L of BAP and 0.2mg/l. NAA (as normal medium).
Concentration of sucrose greatly affects growth of suspension cells. Changing it from
normal 30g/L to 10,20,40 g/L, more or less inhibition of growth and viability were
observed.

The pattern of callus growth was observed. In general, each a 10 d of period is
presented in callus induction phase, logarithmic growth phase and growth-stopped
phase. Incubation temperature and humidity had a remarkable impact on both
inducement and growth of callus. A certain surface humidity on plate and lower
incubation temperature were indispensable,



Impact of Antibiotics on Arabidopsis Suspension Cells and Calli

The impact of Hygromycin B on Arabidopsis suspension celis and caiii was
studied. The results show that the growth of Arabidopsis thaliana cells in vitro was
significantly inhabited with Hygromycin B, and different effects and characteristics of
inhibition were presented among different culture stages, especially between liquid
and solid culture. On suspension subculture, callus induction and caltus subculture,
the lethal critical concentrations of Hygromycin B for Arabidopsis thaliana cells were
25,25, 1.5mg/L in turn. A long or short time of treatment with Hygromycin B was
necessary to impact on Arabidopsis thaliana cells fully. The inhibition efficiency
became stabilization in 3-days in liquid and in 5-days on solid after treatment with
Hygromycin B, but a considerable change presented among different concentrations.
Furthermore, the probable causes of the different inhibition efficiency between liquid
and solid culture condition were discussed, and some suggestions for selection of
hygromycin- resistance marker on transformation of Arabidopsis suspension cells
were made.

The impact of kanamycin on Arabidopsis suspension cells was similar to of
Hygromycin B. The lethal critical concentration was 50mg/L on callus induction . The
rest may be deduced by analogy of the reaction of 4rabidopsis suspension cells on
Hygromycin B, 100mg/l. and 25mg/L of lethal critical concentrations should be
rational on suspension subculture and callus subculture respectively.

The effect of cefetaxime on keeping suspension color green was found by chance.
The further experiments were showed that suspension color can be changed from pale
to green with cefotaxime. The potential cause of the result was undefined. It is
valuable to make further experiment.

- The Tolerability of Arabidopsis Suspension Cells to Stress Factors

The tolerance of Arabidopsis suspension cells to 4 stress factors was checked.
The result shows that the tolerability to different stress factors was ranked from higher
to lower as ‘room temperature with shaking’(control), ‘sucrose starvation’, ‘high
temperature with shaking’, ‘low temperature without shaking’ and ‘room temperature
without shaking’. Slowed growth of biomass and depressed viability of cells were
represented with the unsuitability of Arabidopsis suspension cells to stress factors.

Differnt patterns of tolerabilities of Arabidopsis suspension cells were presented with



time among to 4 stress factors.

Cryoperservation of Arabidopsis Suspension Celis

A series of experiments on cryoperservation of Arabidopsis suspension cells was
performed, and a viable sample method was obtained. The optimized protocol is
shown as follows: taking Arabidopsis suspension cells in 2 days after subculture,
washing them for one time, resuspending the cell pellet in basic medium with 6% of
sucrose,  pretreating the suspension for 6h with 4°C degree temperature,
concentrating the suspension, adding 16% (W/V) of glycerol as cryopretective agent,
placing and keeping it in cryogenic refrigerator (—80C), thawing it with 37°C
degree temperature when using, then checking viabilities of cryopreserved suspension
cells after washing or resuspending them in liquid medium. After cryoperservation,
the relative viability of cryopreserved suspension cells could reach 0.8 after 30 days.
This protocol can be further simplified depending on the requirement of viability of
cryopreserved suspension cells, such as without pretreating in low temperature,

thawing cryopreserved suspension cells in room temperature.

Transformation of Agrobacferia with Plasmids and Preparation of
Engneering Bacteria.

The cormrect cloning of inserts into pBIB/GUS. pBIB/SARs was confirmed by
digestion of enzymes and PCR assay of wid4 or SARs. The result indicated both
pBIB/GUS and pBIB/SARs carried corresponding marker genes, and they can be used
for transformation of Arabidopsis suspension cells. The DNA isolated from
pBINm-gfp5-ER was transferred into Agrobacterium with electrotransformation, and
2.152x104 transformants per lp g of plasmid DNA were obtained. The similar growth
characteristics was observed among several clonings of Agrobacteria with different
plasmids, and the growth of Agrobacterium was affected with the amount of

inoculation and culture condition.

Protocol of Transformation and Selection of Transformants

Three kind of Arabidopsis suspension cells transformation protocols were put in
practice, and the transient expression of GUS gene was observed in all of the three
protocols , but the resistant calli was obtained only in protocol III. Base on protocol
[lI, a second selection of antibiotics resistance was performed, and a very high
frequency of ‘false positive® in the first selection was tested. A strong effect on
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efficiency of Arabidopsis suspension cells transformation exerted by pretreatment,
co-cultivation without shaking, reviviscence culture or lquid-selection and vectors.
The efficiency of transformation would be improved while the frequency of ‘false
positive’ would be reduced notably with following transformation conditions:
pretreatment for 1 day with 20nmol/L of acetosyringone, co-cultivation for 36h
without shaking, selection for 2 days in liquid and mediating with pBIB/SARs.
Putting every measures above together, the frequency of ‘false positive’ falled down
from 82% to 17%. The results were shown that, after optimizing transformation
conditions in a certain extent, the protocol Il can be used for Arabidopsis

suspension cells transformation.

Diagnoses and Molecular Detection of Reporter Gene

Histochemical GUS and PCR assay for detection of resistant calli were conducted.
The results were shown that the segments of target gene were amplified by PCR from
each resistant calli which were tested as positive with GUS staining. It was indicated
all of 74 pieces of calli had been transferred successfully. Total protein was isolated
from Arabidopsis suspension cells and leaves which were treated with cold, heat and
salt respectively. Two different protein maps were obtained between suspension cells
and leaves. Immunoblotting of histone H3 on Arabidopsis suspension cells was
performed. by L-PS10H3 and L-PS10AcK14H3. The result was shown that the
phosphorylation and acetylation were presented in each treatments. However, the
strength of phosphorylation and acetylation was reduced with high temperature
(37°C).

Keywords: Arabidopsis thaliana, Agrobacterium tumfacion, Suspension cells,
Biology characteristics, Tolerance of cells, Cryoperservation, Antibiotic

resistant gene screening
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Biology, University of Warsaw
PTGS  post-transcriptional gene silencing BREKTFERTR
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Table 1-1 Growing area of GM crops ranking the top five contries of the world(1996-2005)
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Bi-1 2R %X FAEDHEEREKER
Fig. 1-1 Global area of biotech crops (1996-2005)
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RIFEN S0P, HRERTFHEY L, RETRAKRI. BEH R KR
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infiltration). ZHEATERLHEAR, CEMNARFERITNS, BLERK
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BEREHI R /ME, BEREREIESEE, WHEMEEER S TERENERAT R
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MR TR SR A VMR R B L . FURS ISR S L AR
HRE, -
12,14 FESBERLE
HYRSRAREESIMELEEBARRELEAT, Bim Sy R
BULTIE A EER S AWM. Koxiel A Siegal T 1984 £5A TRV UHEM
HR®) HhRBTEHEERE, KHTENRLNELSRE, Bieh
ZEEE, R—REERBESEETHRLTIE.
Bebh, fEHBREE R E R AoDs BB R%. WE PiGre-Lox &L
R R R R, BRI 1-Scel BAREP EINRAE 4 5 A DNA Uit

WIS I RMRREHARE. TAFAGEREFBERES, XEHEFHTR
LR, FHTRESEEYAHRER.

1.2.2 i DNA B E

N2 B ERRT U RS ARMRSMEE. ¥ RHSE DNA
EEFLERERRE. CESAETEREREREES.

1.2.2.1 2@ (particle gun, gene gun, biolistics, microprojectile )

NS (particle bombardment), 1987 X EEZ/RKS: Sanford

5
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FAYRRPIXHFE. FEEE, BESRTNEN S RER X AR,
AR SRR E LR AMNE R MEETIAZRAERT . 1987 & Klein F
- HRAARREREE L EARED, WE, MaEKB. ME. EX. XE. B
ESFEEREY LRBHEERBEE B,

ZHEHRRREE ERS, BREMHARSZ, LFAEFREAR
WA RASAM. Hoh, T DNA ARSI, Rk, BEFE
SR AL, BREAMITREK, KEARE, BURNEEEFEER
AFBERFEEN, HPBERTR, AHABEFRHE.

1222 4 FETERE

B H LB R ELRE R ZE PEG. £ SE R PLO. BRZER PVA
%, HPLIPEG ik (Darey % 1980 E#Y) MARE, HRF. BN
- SN DNA ANEYAR, NTEREXENBEN. NEXRHTECERE
BEla R A R4 LR ThH RS T S BB k.

1.2.2.3 E¥EEMZE (pollen-tube pathway)

REAXTE (1978) Y FESRRERMFTEY, EHITERARFE
HYEREEAMTEREEE, HESNEENEESANAAEEXHMEN
MAETHENEAREHANEENEL. CR—FBEENRER T, F8E
ALURFENN, NMHRTHEEFENREE. 1983 £, AXFSAALERE
EIE R SNE DNA #AREY, ERIZEDTOENAREY.

HEeBESERA S, maBP: (clectroporation, 1985%EFromm& #5048 B4
Btk “HBEFA” NATHY) (d: AR ISERFRISFARETRFEL
BRFH%). BMEHE (microinjection, REXE P FEzhe B PEIL;
1987£ENeuhaus¥ A THEY) . BOLRGRF#)iE (microlaser inducing, 19884F Weber
SIAHEY) O, TREEFEERSAEY, @ (sonication , 1990
TEHEL, 19NFERLFRERBTIX—HE) W EAEETHE (ow energy ion
beam, RESMESZCL). BN (FHLERMREL). SRR T
W%, EXREY LHERIRRIE.

ITEREFE T —HAE#U L REEARRNFER S &Y, mEs
48 B 4UFF 8§ 4+ B i (sonication assisted agrobacterium mediated transformation,
SAAT). EREETHRERITENFEEE. EARSRTEN BEEE. AES
B ENSEAEE, HHBERITHEBR, BEELNE.
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1.3 IREARTET FRUEEIELRE

IRERF RN TURRLREA X b SRS ANEDNA 3 YA e 0k
MBI, TR —BT-DNAZE — S BB &It R LR AL,
HFT-DNA 5% 4 miaAn U EREES, FRUET-DNA BE3HFTEH
M, BRRTEEE & £ MUAE M B, BT ERER. BERARETIRNAE
ERFEEELE R, KT-DNA EE~Y5EEDBESTE, RUFLER
Hdk, Bk, SERTIRAN SIS, NERETN EFBEERNER
HR, HREFLT-DNANSS A REREHEY ERIERHH,

T-DNA ¥%BERFRAHAEYOARE. FERBAEE. Tfirnfl
Citovsky” M RITF R MRS A7 (ORFESHFEAMMIRZ S HE:
QRATE X HEYIE S KR, Q) BHEER METE: B T-DNA EEEEM:
(5)T-DNA M\AB MMt ; (6)T-DNA SABYARE,; (HT-DNARSEF
BEE4. RITEERMADNARTURRGEM S HBESHEXNBEORANCILE
RS, s L RAREChv A, Chv B, psc A\ att REGBHERESERT)
HIAM: TRRGEBHEMEAVICA. VirGHHEYESHE RN, BERE
—RYIBHEERRE, EXEHEEAD, VD2, ViDl, ViiE 35K KT-#
B 5 & 5 (T-transfer complex), TiVir D4XVir BRFIKE O RAKNFHEE,
BHEESFIEREMSITAT- A4 4%BEE, TDNA EE5H4BTHER
B EHM, 7EVir D25Vir E2058)F, T-DNA ﬂ)\ﬁﬁiﬁ%ﬂ%ﬁﬂﬁﬂ%ﬁ
Pk £,

Ti BRI THEY. BT RN DR TrHEY, HPNTH Y
RER—EEAHY, HEUERN—TRERER, T8I NTHEPNEL
MABEEAR TERITHESRIF. XK, T ARELERLS. RTEYN
BYHHEMEATERE T —E#E, ﬁ*ﬂ@?uﬁﬁ% RERERGREY L
L VAU

1.4 REBNTSHMEFAEREAE
14.1 BEERE

HRERERA TR EASRA THERERM, A4 R
th, BEXRFGERTISA, B, $EEHRRBODESRANRE R
RAAIFH. H1983FHoekemaFiR i WA BAMERES, WTHEERL
(binary vector system) HREB A EEERE K. pBINIIR R HIM T



1 &R i R RS EITRB UL R

& (Bevan, 1984) B8, 3GES8pBINIORFITHAZEEH. 2B TE AT
#pBL. pGA. pKYLX: pLB404ERF|. FRKEYN A RAGBELEHN
AR, AR - EORERAR R SR,

REFIDTRERALE — ) E AR octopinetype Ivirkd Bl F Chelper strain),
WILBA4404, LA LH TAhSHITIFNA — P FHREE (shuttle vector) . B
EMAETMPI0 (nopaline-type MP90) HIL,L-succinamopinetype EHA01 81N A,
virkiB R MRS X, EHAI0IBR £ BB RIEERE R BREHAL0S,
EHA101FIEHA10SRA M RN T ERBEMFLNE, FENTIRRAREN
“FEREY”, MK IE . KES, WA, pTOK233 R 7EpGA4T2
Bt EXEMRa, FEHNIER, KR FEmhEEEN.

BHEPA WU ANBTESANERTEERR, RHRS (MR
HEEBEAERNER AR, T-DNAGMEA RS EERERRE,
B3 R 45 5 FF %) (matrix attachment region MAR), HB#HEFRE S S
( scaffold attachment region , SAR) B — M E FATHEN . . SBETBRL AN
—BDNA FFi(Mirkovitch ef al ,1984) ), ZERFANMARZ (T LLHI R —/ DNA
B, BR—AMMSIHEE, 30X, ERRRAkn@s, TUEMARE
FHRERSNREEENAEN, HRERMAR-EH-MAR MERMBTHE, HERN
—RFloopsiHy, TRSMEXFHLMEEN, BANRITBERIRNH

B, MARFFIMFETHR SRR RIERIZE 336508,
Ebinuma®(1997)AIEndoFQ002)MRBR T HME T H T B R RE—
MAT (multi-auto-transformation), ‘E&H —BATHETAC WRREMipER,
Hip S B BT e L AR . MATRARZKT L AAGET M@, Xt

AAHEPIEHERT,

142 FEEAR

ERFEFLTET, FREYHNERFERROSBEZRER, A—1
HARAMESABREFREERRAHERER. YT, BEY
REFMRTERLARHERERNHE . ABEFEAHNKBFALERE
¥, TRREBEENRSHEMNEEDE XD, Nam TR TiEH HMUBE
AR TT-DNA BARSUEHE KBUE1 AARAMNT-DNA KBHEE
EERERE, ERLEEESKTARE.

IEERBEHEAMN Ti FRASETFHERSREREATR, FEREY
MPHE XN FRERAEAVENOHTCERR R AT, Eaffh, %

8
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5 B R 2 £ 4 ok — e A R AT B Sk 1 B B T Ry s AL &P,
HEBE NIRRT TIAEE FEWERHEELNENLE, SFAEAR
5% MR SHEEY), StERNES S REEY). T-88aEH
% T-DNA $4106101%

1.43 EHEE

ARRFEEREAARNEECE, FEEREMBER XM, RE%A
RTFEEKNED (B A8, —RTE: FHBEEK (o 4281 >
FAREWRE! (40 C58) >EAMA! (I AchS, LBA4404) . HEFEEEHN TH
MHEREFEFEEN.

F—RAERESRNEKRBERAARRRESET, —&INH, &F
RS K A ERRE S 58, 1A ODeo 2T 0.3~1.8 FEHE A (1.0 ODgo=1x10°
HMf/ml) , —fA 0.3~1.5 ODgoo RATEERIEFEYME A E, BRFRKEHk
EARMZEMHREESENRBERAER.

VirX BER KB R R ETIRERNERES. BK, RHEEHR. &
ER. BRIBREpHSSERIVirX RS0, BETEHZST 5
(AS) BREZBTEN (HO-AS) A ASMO, HohASHE,
FAWE— B H5~200umol/L, ¥E3FEpHS.1~5.7, LIEFFEE15-25C. ASRINH,
HR LI T YR T L RSl 0-109,

1.44 HEiEFEH
HEFFES &GN ETRESLATRIEWY. TEEHEFET:
1440 SMEGTLE

#idr, KB, EFRIIR. REFEEIMEEHELCEHENXER, XARE
REZEHEXRITEOBEN. BE2EMH %R R REARFE ST
XK. AtkinsonT¥ (1993) BISUERM, NRESMEFEE ARG TREIRN A, —KBI2~3d
AHH.

1.44.2 SMEKER

MRS, PIETE. KA BRI EET R mBENCE, tht
REEMBELERS. WS, SMEKD, TLIREBEROELEE, BiEF
EEAJEERRMgE. i, RIOEURFEZEFEREATRR, $HTER
M TERR—RERNNTE, FAREERAFMTEK, FRFELR

9
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AR FEFE. MK, WAREL, BEZA%EHE.
MA3ﬁ%§ﬁﬁ

LRARSBEFRE. ENABRRENEKES, NELEHARSRE.
FAE K RGERET-DNARS, MARSRETNHESE  ELEARORS.
AMAASHERERUZEF I,

1444 HIBHFFHZE

BRI RT — . BAMEER AR S RITELIESE, B
IR S B I SR MO, RN SN, RE RS, Wt
BB, TR,

ST AL EERW. RATEWNESMESRE R, R
AR AP~ 16h2 5 B A BB R, Bk, SEEFM LA T
8~16h, —8H3d, TRUTELENEYARSARTFEENSETRE. X
FREAR, ARG MSEERNE, UATRAENEANEE, OHE
BHMHEAK, THELENUAARITRATEEEREHENE.

1.5 #F{LETRicERERER

HEl, SMNEDNARBUBARMYEFEA MBI EH_REHSKT L#T,
BUErEYARPRE S aRMERAEE# T /MNEDNA, FiLlFEeE
FHEERENAN. EEAFCEESELA RN RS AR LK.
FHEAGFCEEAZ B—ENHA REBREANHNER. A5 BENERK
ki fant, W LAY ARRHRESHFREREIRENNERFRE 4K
HIRES), MARMABBAREIHNEFELEK, BREFRETROEHRAE
el am

EMEERARN, ATEBEFIRCHEE( sclectable marker gene) SR 5
(reporter gene)MG3NF. #1LF. BRMERBHER - MG L, HHEZHE
M. ATFEFFCERSHREEENENERRTEN, NERNHEFRCE
BEREEFTEYEARE, B4ENEEGRITRESH THEHOEEL4A.

BRI Z AR CER ARG EERE, REERABR, £H—&
R A E R & iy plh 3 1071031,

1.5.1 IERER
BT Z A FASNFCER T EEH AR, —RERERNHEEX, &

10



FRALR AR

—REHBREAMERE. ML E R ARS8 2 BB EN SR e 6
M TR TSR EN SRS, AR RS ESE - ERE
BREFEGIERNREEFE LA K, MRS E E SR SR

FRNRERRMGRCE: HEERRASEERp I (EREENHE
EWH) , (EZLBEBEERcar (ABEWNHMN) , HEERBELES
ERhpt (BEREBHM), KAXBELBEBHERgen (FABERN) B8
FRRMEBBER], spe. spr EEFERM) 2. Kan' EEnpr TREDEN
FTRMSE—AMRE, HEREE AN ZEERERD. NPTIBTRLEREERYE
REERT RN ERERLOH LY RER KB TATPHRRIL, BHEHE
MBEREFHAMMN GI0SERET AL AT IEmRNANE R, HBE
Ptk R rp)E XY LERNERKan' &, NHBRE.

HANSURERFCH SRR SR - RS BMER epsps(i
HB%), PPTZ BB EER Fbar (Glufosinate) %, EHBETESIASHT 4
B IR REN. TS B Nepsps B R RS- HHHRBRIEER-3- MR E K
BepspfIREE/E. REFTEH B Repsps & R HIMEF . MRS RFATE D EH
epspsER SHREHEZIRFFIRE, WTRERBNEHBAH%. Glufosinate
RO REA AN, GRLERRAFEAL-NERAR, TERERA
L-AEERESE, EEEHRENBastaiiEH B APPTA . barEEEHE
B ZBHEBBEPPTH B S X LBHE N TN PPTHRE.

1.5.2 REEA

REERBREREN IR ER, mp - HEETRELENGUSHERE
(uidd) ATREFORN, FERMFEER gh)  RAEEEB o) TEE,
BREH A SRR (nos) . EHRMASREEE(ocs) THOMen FHEME.

GUSER( uidd)EHRNHEYALS, \THERRYS-5-48-3 BINES D-HjE
BRUKEE, F=EEERKRTY, MR EKE RN GUSE EMFIEHT
534 GUSEET DB A RMA AP HTRM . GUSTER Ly h mFH LA
MNEFERRNATERIE, BINEREMGUSKFERH20~504, FRARTELER
GUSEEH) BiEpHN4.5, FipHS.OR: BB, WH NEGUSR BRI M. GUSEER
RUGTEFESR. AALEROY: GEYBARNEHNE) . 30eMmEllE
GUSTEHE . BRI EGUSHEY: (415nm) « GUSIEHR TS R,
B4 66 B E: R 100~10004% .

1n
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GFPR—M A TH B RMRiCER, W ZHTEEEEYEERT.
GFPEEF BN S 5 TR Ca> FHlE, FERAMRMILMERE— LN
MABERN T, PREESEE BREGE, 2d—EsKRMRYE, T
DA R 550, GFPHRTI R B ARTERIMEMRYSHEEET, MEAR
HE, BAEENEHEOEESMHA. FANGFPAREFANERLHBI AL,
EEEMEGARTHERE, HREFYHARES P EFREEM, FEA
WM R R KA.

catRinptO R AT {E R E EBRHEA . CATIEHERET & NEY ZBECoARIH
DB RN FREYE R B CoA SHMZBHML R BRIV A SRR E, WHKNTES: &
BGHEEBENMDINBA YRS npr IREE BT -HMESE
(aminoglycoside~3' -phosphotransferaseI1) , ZEMEHEFRNAR (FBE.
EREBE. KABES) BRLTRE. EAIRSEEGRN, aI{ERBEHE R
By -CPIATP, Eily -BHREFRSEY, LRGFERMTNHRFEER. B
FEAE: MBE. B Rk,

153 Z&HFiCEE

Bk bR e R i SRes B S %k (negative selection) , XX —HHA
e REY A NE, MAEEEHEERTARASLTHEK. Ak, EER
RETETFEYELFEHERERE (positive selection) k. MEERKEY
FAGREEIERFHYE: —AREXBANEGNER, TEH-HRHTER
RHEEEEm). AEREBERI). EHEERAT(ORNSER-1- S B
EMEH(eml)S; ARG REEAENER, TEFRRGELBEER
(ipt)s WIWR3-ZBR KBRS B (e HYS . XEiRicER S H R CEENAR
ETRARAERBRENTME. EHXEERELEREN, BU0THARLT
EREANREREERET, REBEKEESRE. WS HE L.

iR BEENNEEER. CRRITFENBEERZ —, GFEE
BB (IPT) , S54RMBRNER, FHHAT OAREERMBMRKHE
FE EEREK, MAREAHARTREEEKART, Aifpmh— MR
MIEREEER (Ebinuma, 1997) MY, ZEEES, ipfIEERREF T FEE
BHMEE (Endo®, 2001 M,

HRSWIA (OkkelsZ, 1997) , GUSEHEE B &4 T 1 SipAalassk
B. 7ERFEEPHMBEERBE® (cytokinin glucuronide) , & HGUSEREE
LT BFEGUSHIEFI TR AR, BRCHEENE, AR Lama e,

12
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1.6 FEpa -

BREZNE, INFEREZETHEANADAR, FAEDARAIFEEFEETE
AFEMBEEE L, KA NNE, BARREE FRNMNEERRETRE, X
—RIIH R BIENE . 1991 5, Potrykus X HE#EYR B T — AN
W, MBATRKEHEENAR: OELE™RAXE (GHEHERPESTR);
QHENARERUINEEEESNE LN FEMFIRE. YEEE (southern
#47%, northern Z¥3T, western 2£30) SREME (BEHMREE), ORE
SNEEBREEINRBERIER (iR, FUR%E): ORBZENNERFR (B
HEHTRLHRE) REEBMEIFE. FHEHAYER ENERERIMNRENG
WAERG FAARIERE, THEEEVTEE AR CRENIERE. REREBRS
FHER G A A E B R MM R R EEEN.

—RCRE, RBSMNEEFRTHARI, §ARMNRSERSITRN, VE
HAEMEAT B OB B AR . FE 8 0 0 A A 7 S B T R M A R AR A 2
H. REEXRSHRFEBOER, B BEEgs8, THERREKFH
TERREM S . BN HSTUENS TRN. MUNPT ARCERE,
FRER T BEWHH S A B TPCRY 1, M ERF: GUSE RBUS AR ®H
X (SDS-PAGE) BAIAHT AR SwestenBAATHY. REXERINTIEZENE
BTSN, LEREHRARE, EAABE— SR TR, HRRE R
1k,

HEAEKN S TRUTESHEH. Southent3E. PCR. PCR-Southern
AERMEDERARTESEMNEER, B " amesming
REE EEERA S REBLH AP RIL, IPCRY TS ERERPINEREE
MIZMAFF], NorthernZ 3 MIRT-PCRAT M FEREBAEMARARTERE
&, WestenZ X NELISARMFIRFSMNEXEAHDARARTHZHIEIIHR
MEARK. EEFRE BRI M Quantitative Real-time PCR (SR EBPCR) FHoAR
YR #H. RECRRNEHERMNE T MY, gt RELPRRAPDE A
ARTERMNEEENES.

1.7 EEATE
1.7.1 SHEER NI E

19862F, Peerbotie X L4 HEHE A ERE LUREFROTIETRE,
REREL, H—SRHARY, KASURARLENSBEREEE, $ALH

13
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HREZRFSRBT ZERNZARRESEN, TRZERKZEHER, I
#AZ R R % T FiBk(transgene sifencing)2,

SRR EFNTRKPIEEERE R, SHHERY LI EMDNA-DNA,
DNA-RNA, RNA-RNA)RIMAEER. RELERANENAR, AMIEFEE
HEFIR S 3R 12, A B BT8R (postion-dependent gene silencing,
PDGS). %K BT (transcriptional gene silencing, TGS). ¥R JGKFH
BTER (post-transcriptional gene silencing, PTGS) . TGS RIPTGS HEHFHEA
HEEALE NRESRREEALERTERNE R RE, Bk, BT RERB
4 L2 (homology-dependent gene silencing, HDGS)SREEFFIHESFMNEHRR
(repeat-induced gene silencing). ¥ ERFERPHIFRE KR, FAGHYIGIEE
MHEXRER, ANSFNRE, RIEERIPTGSSHEYHFERHFHEKH
I 11231291

1.7.2 =51 2RI & S %
1.7.2.1 B A ZHIEE

HEEENREKTFS5E TEAEEEVNHXR, 2ENNESTAFRRE
EEFXATEEREM, RTHEINA BAEFEML (methylation) SRILEFEHE
MEHEEE. BHFERA, SMNEERESHENKBAR, KRGS 0L
¥ DNA B Rk sk e A 38 T B B8 X B 4% D1 (Spencer %,  1990)™M7,
B, RITHEN FHH, REEBNBRNTREXEERUEELRE . 1,
HRTCAR B35 TS R B B ARt Bk RE R N AR E K, Bk
HEREREVIR.

1722 BREFSFIIMEE

EREFP ML PRI T RNREHRE, HBTERE
¥, FEEETR. B ENERENERROERREFFIRRS,
1999)°1 . ARAMNERBFEAAANETES): BLERBRNEERE.
TARICEE 1% 3% 77 B(YaderMGoldsbrough, 1994)84, &£ kLA L
AERNEFFIERNES NG, FHATRLERIIR.

1723 XRAWE EHR/IEN—T
HERUERA, T ARRN AR EEAE AN RENESHBMTH
—RR EMTAER, §E A NRRE20%-80%2 {1, EEHIE

14
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80%~100% (. TAHREBAEELIIREL, FEBEREIEE, HUL, T4
MR BMRWEERGAREENBULIA, BENRUAENERHERES
B, FARRALESHE, LHAEENARANE—.

1.7.2.4 FoMEERFITE

TGSHIPTGSHI SDNAR A K, TGS WEREFTHEl, TPTGSH#
HEENREX FEUHBER. FRAYHBEARTHGC SENATEREE
B, SMEEE B THREAR S-S SRR EIRE, REDNA BEi,
KXAERMFRZE. B IINEERGFIIRTEN, FRETHEEDNRE
X, HRHHDRENZET, TUERERENRE, BREERITRNILE.
WAER A E SBAR T, S/MNEEF S & 5 AREA R — B EDERESA
LROPEMNKE, REEENRENE. SFELARNREROFA,
A aER IR A RN NRR. METEEKRZT, @WL—MDNARRRENY
8§ (methyltransferase) , {FDNAFF B4R B & REE, FodBHK S HEFE (oci)
a1,

1.7.2.5 @ % KE Y RNA =%

RN, PIGSTEHARRNA, RNA-KEBIRNAE SBAXERERNA
R & LR XRNA: BYIE XH R CRNARE X & R BERNASHE [ PR, ATl
BEEMRIEFR B KF, B, FEHRRIEN RFHDNAFFIRRHEF,
B R XRNAFESEHMER.

1.72.6 MAR RIRI 3

MARESNER BRI R EN, FRAZAREENER, X4
] LA AR R R A AR B RRG), BafENNGIRNERRE. B
MAR $FE I FHE LHARFEY, BERPSERII RO, REHTER,
A EREERIORBERE, FRTEIETNES, FEERETE
E(Bode, 1992) "8, Eit, MART LAMIREE 12 %5 Miynaroval %,
199439, AR RAMAY MMER . 219998 KB EGUSEREM,
RRRFEFHLLGUSERBE MR AEMARS H900451Y, HanMStauss (1997)%
B, aHEFGRT, BTFMARKNEE, HGUSHZRIARLLNEMAREENT
R0, XRMTFMARSEERERENE SR, FEANEANSASE
T2l ZUFPINEEENESBARET —1R%B, B, MAR
BB ERMYERELHROR A2 14D,

15
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1727 FRRBAASREHRIEBIZERNERT

RE XA REREOKEERMNBRTFIUEARE TSN BRI
SUERRXBRETRML, NTESEREF(LichtenstenZF, 1994)14), Hik,
WMREAEPERD BRI GRT, FERREGER, TERAERER
BEW IR S E MR TRE, HRERRRENT LT —HRERNRE
A

1.7.2.8 3 BEFREEHRAE

FIFIMEBEAKPL Cre- lox . B &BRIR- rs FIBREFLP. FRT AL A RAEA
RETUHERESEEHlox « rs FFRT fLAKEY L. AlbertZ(1995)F H
BEB AP Cre- lox REKINEERE A FIEERERATWAFERox AR
144 VergunstflHooykass (1998)% B if L R T-DNAR A BB I B R 445
LT AN

1.7.3 BRRERTIMBFA

KEHEFEBEYWHTSHUES, SMREETRE-IMEFRENAR, 2Tk
AR EESE AT, KERANBBERERN. RERAXERZERTEAN
FERBINGR, BRI EERNIMER: TTLABIEEE TSI EW
YRR N IER Sfshas: EapIEAERE, BFRFRREEENBAL
B iR % (FinneganFIMcElroy, 1994; MatzkeZ, 2000)M¢, Rl BFST/MGEE
EfRESH, 3T AT RITHR AR ME, REIMNEERREKFL
RHde st ERs AT 2B g e,

1.8 BEERSE

B1983F M 7 B — R EEENELUE, YRS AE-EEFN
s, hRMAREREYEBMERZ T, AMIMEEEREMNIE
FEEERBRLMAENTARLMANFTE, T ERNREMEREEH
o] B VI AE B BOR [ L

1.8.1 IFiCEEN R SRR

EEERRARBHEEREY, EARRERERFOTHRIINGRE,
BREHESMREMME. —BERBRUEKE, LRELRE™ RO~ LALET,
WEEEANFERS AN, EERFHEW. (VERCERMFERTES, X&

16
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ERKZ IR R AL AR SRS T E FRYROT, I+ BB n g4y
W— S BRI ARAE K. Q4FEHEE(re-transformation)
AT BB HEH (gene stacking)BY, THH A AT — IR R B BIR (& #45
AT ERAARTE. QOBENKTEE SERRAT A NEYE 2R
B AR ER N RPERE - BRI B ALBENHEYTRE N
HRHHH, MR EANHERDERHNIEEREEDERKOREIR L
HURBRENGETIAC LR R “BANE" . b, GFRERNZAHS
705 B i 5l B (selectable marker-free , SMF) 2B A B ERE YT P HF RS
{152-151 - _ |

BIEARRE, BRFCERNTETUS AL SEBBRNELRR
0S8, pi&RETiRicEES B EE S HHEA B EDE RN EES A L,
BREHHREIIFEERS HMEENAE, WA CERRBRPYER. )5
% RAPFZHEWEEDNARI R ITH, dRRy k(R AR )
R HIBREBIRT, ATiReEE I EYERE TR,

1.8.1.1 FRiCEEMN S BRIBRE

BERR AP T-DNA N EE S B RS, e EER 5 H A RE LR
BEHM A RMBRE— O T-DNAR TS, FLHE SRS mERA S,
AT e A B P R4 & i S A X R E S, B
PR ER X EER N, TR ER A JRH R M T-DNA
B, FEMFABEATIELESZEYERA+FKomariZ, 1996)",
FT-DNAKHEA RO, BULHEA G MIF e B S5 TR A M T AR
gtk b, BEEESELS b, R T R—PafnEREne s L RESRE,
FERERSXREEERT UL, WL T—RPRE IR E % LEE
.

1.8.1.2 fricBREMEHERIRE

SiFEEEA BRHRERR, EANRELREFCEENELRS ME
ABIFHAT-DNAS, BETRCUERFEBN T HRE—/T-DNAT, B7EH
DEANFSBADNARY RANIRIFF, PHR— RUET, £ERYW
ERNBOER FRERYRE. BRER, DNARARLRHIRIFFIAE
(IR B BT AR R A RSP A S LR AT R B S A S L A
B HENEWERAHHR. Lu S NT-DNAFFI SRR A X

17



| G HYE AR A BRI RS R

HIART-DNAN— ML R T-DNAKIFF]. F&ZT-DNAK FOR L AR, R o
36%~64% M EEERFCER S ANEREET 45,

bRIC R R BB R FE S LR LU AT, BN AR B R E LM
REN A NERBASEYERA T, FHETRWHNBRETIA; EFCE
HERER Y R TR L, BATHYERATHERNEANBENFL T8 S
HE5BOERSE, IRHETRPTURHARE ANBRNHERER. &
WEERSIABCHEATHICERNEEFAVERAT N BB ERILIS
THM (cross-pollination) FiFk.

8RR RS HAER ARG RERXE W E, vTLUEIE RV
B MR . B CEBE SRWHNRERREHAE - R R
BABEPREL E, RTUETR L SR TE R SRR EE T RER
THRSE BRERNSEEEK, BRFCERSRWNERESLEYE
EARES, RWHLENRETREFIEENEE R uERE, HINg
BYMERE TRTRADTFHEEZT, FeEEETBSLMES TR
BBIRE . Zuo(2001) SRS LB 6l R 7T o FI B R BE@ -estradiol) B S RIARA
BHICre X HMIFIE. FCreREHMICaMVISSEB T _EHEREA T 844 WA TLex
AR F(operaton)F 7Y, {FCre RRTTLLZB -M_BMFF TRE. AILIGFPE
BEHMERR, BESHFEER. Cr-ERRXVERABEEENRWATHE
ATEGFPRIR S FRRBE 26, Bt RELRWETHEHRLS, GFPEEA
BeRE. codd B EHATFERCERMFERPRRNIITIEGleaveF, 1999 ;
Comeille, 2001)4,

1.8.2 FpRRLH

FEEANPN SEERES . CHREERCGETERM ST BN
HERH) . SERE RN R R e BRI,

HEFE Y SERF LN T LR RFER RN BEERRL ~,
WX TREREYRT SR Y RTRNAE. SELRETS BHEERER
ARIE BB A AR SR W e A TR A R B BA S L. BEE N
SRS TARERYH RS BRETIE. BASET, TXRE—KR
/b, {BL521994 ZFJorgensen’$ R BUSL 2 M ( Brassica napus) 5 LB £
( Brassica campestris)l‘EJ#EEE BER RIS, _

HEEMIEREMHERERERLEPANEENEZ — RS ERY &
B LM NRA ERE RS RALDNANE EHBIRN, RHHBAE

18



PRI A - i

o F RS AT, TEREYDNAT R Uk A EN. it B
AEERN B TEMENEHNEETLE, AL TRRASKNELE T R
Fik. BREULFHARE, $EEEYF L3RR ENEAFES. 5t
B, DRE BT KBAEHNARRRRY, SEEEDR RN
PMBLRNYEREEW, |

B AT XYL P R R BAEEER IR R B B EE MR ERIE
BBt EgE . S8tk ERREWRE MR ER BT ZWET
. HETBAERMAITE, Bt b, fitFCRERSEESS IR
Wik, BEARFGTRESEY, BNERAERIEH. X—NHEEER,
AN R IE R, MLERERZSIEERTEFR G RETERLERRT
g, ATRKRD B R BT RERER o

R, ﬁ%ﬁiﬁﬁﬁﬁﬂ#ﬁ@%mT?ﬁ&EF% REE
M EENEZ —. BRATHEVRROFERREANRREAREALR,
THERFNEEERE. FEREVREMRFIREAERMRR S, TaK
ARG —MRRAER, NTTEFRE. E45EHRERTMREIRFRER
FaKk, RERN, DEEHEREYPRERENRFLE. ZREERAR
EﬁiﬁAliﬁmﬁﬁ$%$ﬁEﬁ%tbﬁ¢ﬂﬁmBﬁﬁ%ﬁﬁﬁﬁﬁf
—EESAREAE SRR,

183 ARt

REREMETNRBRZTET ARG, BFEARRFYREMAESR
# RSt I,

ﬁﬁﬁﬁ&?ﬂfﬂ&im@m@m&ﬁ@%ﬁ%%llﬂ%#%m%ﬂ
EH, ARF-YESBERREDE, vRYERERAE RIEATERED
B3 ABREL, EUNRRERNEBATP, xR ERTRERD
AmikacinflNetilmycin#f EfEH . $b4h, HIREMERMEREIFCER. B
AAHPRRTREEEKPHBZREMED P OTRER D . mpll £EE
ZRISESPSPS MR HE MR CEN SRt Em VLN EEEY . T
BHEUEFATPRBE, F2CUEHRALEYE. %ﬁﬁﬁ%%é%%ﬁ¢,m~
30min 14 75 5 AR T 0717,

EHHEEEY ARG LERAX, % 5 R BEE AR
TRAVIEE B F BN B BE. TX: R EARBRNEN. HR%.
HEEFTEENEYIIEREER R E RN H0E, EPRLLN, SBIEEN
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1 &R R s R L R TR S g

HEFBYHNEZSN. B, KZAABRELEN, EERUERNBTE

U R S RINASOA BH 5024 5 G A DR A R o B AL o3 B A R A
%, WRXRNARERER. —BADZKEERRA(1GXIZ FHKEDNA—
HRRE AR, AXVEE R~ SR

1.9 H#REYREFAREREAEEEDEETETNOEA

ARSI (Arabidopsis thaliana) R-+EHAHUBIB—FHELEY, R4
BEEMEEY. AT IOEKRED (KBS 15em). £3ERBERE (4 6-8 AD.
HTFEE (53000 LA L), BTEBEMALERERA, £E 1943 FR#E
Mk # % ¥ Laibach % A BY (model plant) HATHIH: 1980 SFEEE¥H Redei
AH T ERBEERE: 197 EAM TRBEFERNAERA (mtDNA) XERE
AP E— A RBHER AEEA S 1999 FHALH Tabata W5E T HM 5
2 FE 4 DNA 2555; 2000 £ HI3 7 E 4 fE 441 AGI(the Arabidopsis Genome
Initiative) TR T HEEFRALKNE, RE4SR—CRESPERAFHIMEH
Y. Bai, MEFELRIEYS FEYE . APEFRA2NENERAFH
IR REY, RS THYREEWE. HYRiEE. EPERE
T, aYEQRIESELHEHARER.

1.9.1 #IEFFAEYFSHE

BEFNHREN, R TEEFH—H—E4 Y. FEGREITF
EENHEEH. KM, RERERRRELSMGEI™, i EKRE
IR A BT ENL, —BHISE30cm. EAHEH, KEESHEE,
BEARENEEM AEHSTERH. BREFTE, ERO6; B, Y
B BEEER. KARLE, KA10F16mm, RBHFR. RTEME,
K41mm, BRSLOERE.

PRI AR SN EDENE, EZ AR EYNER &S
f174]

1) BRI EERAEDN, T RHBRERE P AR, BTLUGER /M
BEATSEZHE, EEAESFNLPERIE, EEKAPER, NEEK
45 TEH, BAREOAREERMLRGTR.

2) MEFEKANE, JHHE2~3d RFEHER, 204 EEMEBEFIE, 40
4 EETUKBHE—IARNBTE, SB—MEARBATECSR, AEK
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PRl RE—E Py

MEMETE, AT&MT, 1FRTUEEREN, +4FHTRERED
Pre :

3) MEFE-FREM BTHBEMEY, TG 0 B a8, EEEA
THEREUET - RTERRBELZRERNAS 7. RERESTNTE, LEE
KR TRMTHATALRERRTUERATLR.

4) HEFHFHTFERK, EXRFNERTSE LakfT, Ty TREE
ARG BHRE, BEEETY RERERFE. I, KT+ £
HEMBERLRM .

1.9.2 #IEFHZEREFHR

P RERA ST EEGEEY %, 19965 AGIE ST
BAFAMEX—BFGERE, 199EERS&REGEF2E. 4306 450F
Tk, 722000 ST L H RIF R EAWF TE, H T LFEEEFENATUREN2000,
Vol. 408:796-815) A#F THIEIT115.4 Mbii2 7B . fIEIFDNALK12S
Mb S#T1OMbHF.OELKDNA, BAZESRFIFSEERD, TRLHN
. BlETEEEADNAR §254984 DR B4 R I BT R A 116014 & A 5
KiK. ST ERALFFNMER, MEFHRETEFEET 128
EANEH, BEXRETHFEERNBRARERSH, WEHREMLR &S
H—HMAERALBEEREEAPUEE THRERANNE. SRAE TR,
P EEAREN1O0INMEARFKETRRCETIFEFNFIK, Bi)
TIHERANEORRE. X—SRRUEHEAREZEYP, —FRIIN
HEEALH T ARNT I ERELE. fln, BEBFEFISH, HBEFP13%8
ERSHFRGFSEIER RPRFE%~B%NEARTEXCEEE R
HAPRBAEXER, XRB T FEEYHERE TSR TE.

EHCHERARDMIRSEDD, BEHOBEERAR, HH 125Mb,
R AR RERAX 7 AL, WAXBHEKX 1S KB, dTERAS, #
BEEXENNRE. METIERERE. E. WFLERRY, fRETH
25498 MEEAT, EOH 0% NEFRARERNY, HAE ST 15000 MARKE
HEFE, RELEREG 13601 NMEEREKE, TbTE& 5N 18424 MEE.

PR ERYHET LA THARMAE. LT, REAFEEDR
MERFLERTFEUIHESER KA BP RN, ERBETFPRAN
—EFENATERSRELREEYFRICNYRGEERE. BNSHERN, &
80.6%IAIFEFEE SKBAFTRER, RZ, RHE494%KENARER S
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BIHFEE. Bk, ACEESHEEDAT, RENERFTARRTUE
S RREYEA, BT ETF ARSI EER B a2t A T
B EXK. ME. FiiT, RAHAIMMETTRE.

1.9.3 #EgTTLALA LSS

WMEFBREZF AR THTLHEESE (axenic culture) , FEREEMHE
B TERIERNRENERE L, ERERHSRERFREHBSH
MSHEFRE, 1%-3% R N B ME IR, B & — R A250, 4 s 16h/8h
HAEEE, HFHERE60%E E. FFEREREEFETER, WMH1%ER
BI2MSHUEIE SR 5, KIEH TS £ Gibeant® (1997) FAMHEN, LIL
FERTEALSBESEEK. BAZHT, HEFE—MLLEY, ETHEE
0T, EEEKRRRE, HTTHsRlee.

HE: LENEARERI625C, 2B CERERENRERE. nBE
BEHHIKS, EETEMCEGETHE, BAFHE (fertility) T, BARKERE
FIRFFIE, TR EAREER AN EERD.

SLFRRIRAE. FAHAY YRR IR 20120-150p mol/m?sec, AT H H YE4T $24E.

FERAME: 8-24nH . KCHATMEEKER, EARENTEREL. X
WERIEAER, HERTEHEA4CREFHLE, X TEFFERLEN.

BHEE: £H25%75%, BBEKMT (90%LL L) FTLARBAH (sterility).

BEFMFT. T o R, ZEMEGREISaHARQN N, &
VAR ESZMABEEREEM, 0.05mg/LikE FHELRERAGAR, 0
15mg/LRRENEREFRQHALN. UBSHEAEFFE, 7£0.05-2 mg/L 24-D
WEGEA, ZBEFIENOGAAEFTHART. REEFTTH. . R) 2
e, SBEREBREEDZCHERE, ROCRBRAUERMNRIE, EEH4
MPEFEMRERD . BN, REEH. ATAHNNESHGARER
FRRARERS: —RASEEREEE, DR (DT2000x) HHFE
£, ORETREESGASUMERBRBLERS. LREMERRANEHA
SUNRIERE R S R PIESE. Glab (1994) BB T HIB T B2 4 A S A0t 55
e, BARIESFR B0 2me/L NAAWARE R, JEFE30g/L, pHS.8. &k
f: 23°C, 24h¥HE, 120 rpm. —BRIHVI10MBHLFIETIHA1K. BH A
B B EE TR &N,
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194 ElEFTEESE LR ENA

PR EIRESSERE® k. BEAHER: 1) RITHEMIME
AR, WM., RS, 2) REEERHSERNT, 3) RITHEN ISR
MY EAR: 4) BENETFEGARITEBEREETEBA

(vacuum-infiltration) . H¥F, HEBAEPHRARBBEFFRN I
W, HAT R, fRmie kG T, FBRAARER. 19984 CloughfIBent
RUIRIERE (floral dip) "EINM A, HH, HEARERETAALRE
BIFEFF L (inflorescence shoot) BANRATE BIFHK30s, FFLABRMRE 5240 B
SRS RATEIE . BRX—AEEgr ZxA-, GHErRE. TR
BAEEERDEHRER AL, AXUBTFRFARERELRORS. B
FRSHDOBE TN, ERHAR LERRE, METSHARSESFICL U
EFRIEARNEL SR HRHRBEANTRE R,

Bl 5 CMIRERFIMATIE, T XBHERREI 69 %IRRT,
fe. BAFEE, THRE-XERGHETIRITETRR T X—EHESEH
PR R A . AmaE — M ERRBEERERE T THX &
HinfT bl ard BREEAH B MU ERATRNRLENR N TA
WHEZERFTREMNTIE, Bit, BEUEFERAFTINER, $0HR
B TERRBUEHRBRETRFINE D HRMEE TR T .

BE, BAERNREEER RN AEEEAESEE (Random Large-
scale Insertional Mutagenesis) » T-DNASREEFHBEATEBEEN T2 KE.
Pﬁ%%ﬁ&Eﬁﬁ&%%ﬁ,%&ﬁ‘]ﬂﬁ#ﬁﬁ%ﬂi,%*%ﬁ?ﬁ&ﬂ
T-DNA BABEREASTFEENE RS BARTORAREALER
FEEHEPERANFTEPD, hTFEANBRNFFIES, ASHEAFBXRRE
KBEETHFFIR5Y), B0 £ R8#% R RNEPCR, Polymorphism Chain
Reaction) M % B EE BN BEE T SHHBAFH MREHE . BTG
ANFFIRHMETIF, AEHERERITHINEE. ZRANFHERERN
B RAnERA P HIRMRER S BT E R AR RADNAD KBTI
B, AT EE, Tx MR R R AR 26T
R BT ERN SR TABTR. EREGHIEAE TN L itE .
¥ BT (transposon mediated insertional mutagenesis; Xk THRE
%, transposon tagging) FIT-DNAFEAHEZEEE (T-DNA mediated insertional
mutagenesis; XFRT-DNA#RE:, T-DNA tagging) » BAILALURIFEN S0
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B4k R FREP,

ERREIEE, EKMAc/Ds (Activator/Dissociation) #REFN AL 2t
AT EEESHALY, 4cR—B%45kb MDNA FE, HHAEEETHR
RISHEALES, Ds RAHIRTEY, BORRTHEELBAMRSY, BhARES
0. BMEEREHATENENR, Dy EHAFENBHED THREER
fIo Ac RDsHEANRUEFERA S, RET-DNAKBI Tlm. dEEHET L
EHE - MSER (WHRERER) , SN TEERPREELERDE
T B #r. .

RARFEFT-DNAT VR B S BF T REARRYE, BHAERBAR
T, EESHREE, TAACHHT-DNAFFIEARE, TIRETEATSI
RNREFERE, R, Y—-AEEROHERSHEBIHN S EBNR
get, A, ZRTHEER—HEMXNERFZEN R, L REH
TIFERE AR POER, MATHSRBRMREE. BRELEESH.
BEW—MFHATERET-DNA LRS- MMNRIRERE, XMMEERREH
AB|haeRE PR PR RENREF A ERBE. BAYIREEEANRE—
BEBHEN, HARXEAEDE, WTRARKMIIETRNER, Wit #
HRERHRET BRT-DNAEREEHX MR, REERNRERA 8 RBR
SRANFBEERRERE, XHT-DNARSHIZBLFRFRURZNEH.
BEA 4R BUEAIT-DNA #{LRRMIRA, T-DNA EREIFPHRR—Fi
FFENARBAREN. BWCERE THENFT-DNA SANREREE, T
AR —BaFFEEER.

5JtRe, B FRIS (transient expression) ERIBEFRAREA AP BE
ZRH, B LMERNAME AR LR B U RRESREQRNBES. #
W, EWMREIT. BEFEEREEARETHERR, REE-ENR3ITE
HAREERWRAE R, $OEYER, 1EEE E N RTRE RS EENRN
EEMTHRBLEEGTRIIRRVERREALTN. BT URRREREKRE T
MR FERA, mEAANEERSTECUSERMRIRAER, RHESELE
HIAXNERRREENET REE, E6rRdet]. det2Rcopl iR
EETHREFEEIESEALRUTFHENEYEXRTHESRY. EREH
XA SN RBERBAEEFAERE A TEEE. PFGAF. MERL. &F
S YR E L ] LB ok .
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195 R 2

20WEHBREFFRUSHFTRNEF LRI, UEARDBETER
AR APFLER. ARE—MEYERALFFINED, TLEETHYRES
AHTHIER, NI R R B TERE T AT, B JUE B BRI B
3, RACLRBEERETRE. SEHEY R E AR ESRE KRN
BSOS EEERR, REREHHRCEDERNRRE. BHHEI0ELN,
MR- EENREER . BERMEL RGN RER= Y A HE 4R
15 HAE DA SR A ), dXEE BRI LERIER YRR
e, TRENEASELRRRETRER, TENBTRAUEIF LIS RBSH
BB RAED. —KHDEFOFRARRE AT EARTUEXOED L, &
IR —EEENEROFRRER, HEERE, AREN, JAEARERS, &
R R AT R R

1.10 EREHEHMENX

BRIFR SN, REREMS TANE, BYRRE LS HEHR
HENREYRR, W EH XM A LOER S ER, BRY U Y
MARIM, X -BERREPARNRALTRE, TESERBEDLWER
KA HXTRFAR T RE. -

R AR AARYDRERATAREENTR, ASFLENEH.
TEERENSE. BEEEHREER, BARELSS, ZEEY2 RNE
TS, HEEMBX—TEREI. AU, BRI Ry
RBHRTIR, RRREANERER RS,

CUSIHEIFE, P T ak A D B AR, R B A B A £ B0l
FREEL, HNENEFERARNHERA. AT, SLFEyEESHT
AR, MTZARERIERAEOTR, DL REHIXREE, RERGRE
BEREE. —BHHLT (transformant) . |

BRARR RIFHTRAN, EFTEMRIERL. SARERRE. AT
FE. YR NRE ST EANRAE N AR, XEHOR SRR RE
K. MREER, HRSR. F—, TEEERTEE MRS R ERRNER
L8, THAATUE AR EERA BRI A KR TR, R LR RI R
PR, TRAAKIMKHILER, RATFRENTILS R R
B BEER B TSRITRA, AU SR aR, Ry ER
RFBRBCLHE SRR DEL . TRATRFTEN LY K2 TR EY ST

25
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BT T EDFHRZE (Laboratory of Plant Molecular Biology at the Institute of
Experimental Plant Biology, Faculty of Biology, University of Warsaw, Poland, {&j#%
“PMBE” ) , EFFRE T RERBHAEY R F HLHHIHT R iR [Mechanisms of
t‘ranscriptionalr activation and repression of plant genes through remodeling of
chromatin structure and in the biological functions of linker (H1) histones] -2+, #i#,
Bl BB AR LR TR RBEINRFT SRR, HFERT —HHENE, #
ABX—HRZP. AXERX—FFRKTS T
BT BE AR, BXUETFRRARBEE U MATFET S ERS
R, BERNEFAPUE, RIMMUIEERSWT: (1) BREMRS5EAH
BRERAAFRAER, NAREERNEN AT OEEHEFERATR, : (2)
SRS, BETERSHEATEKFEMNELERE: O) B34E
REKBMLLERFP, CPREERTSNYEN: 1) BERARIREN
RNAHBEN, ETREROTER M.
Erxtin bR R E B, RAVAEFEEARELSGAREYEFETRRAA
F, LB EEERTMERREUNZERE, HHEfE. a8, AROEL
FE: FAMKENZRNES, FITHEFRRARERSK, URBRERH
B ROTATHE, FRACHES: RN EARRESERNRNRENEE
Fik (stable expression) , ISR AR LER, HIRBATRARELHH.
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PR RE—RLERRX

2 MEFFRIFMEREAGESE KIS EREY

BRI U S RTIIUE — R E EF BRI AR AR, B IrH
FRESEATS THTAEER, 8. 2. ot THR. T, HAgas
WERIT AP RE S RS, # LESETRE R EARRERAREE
R, R E T R A T B, BT
B 44 T ESHRBAGASREEDY, BPMNERFNLRME, 7%
BRI AL, BAREREE . ATHE. MR N SSHES S AN
AR, Bk, ETHEFRBEARSEETARAS T EDLETR,
ERAFOBALT, KR T SHES TR BRARGE K, B
EHRE AT R ARE R KRS SR, BRI B i —
SIS RO BT A AP R ROR 2 R,

2.1 MHIAE*
2.1.1 #BER

FAMNSHED RELZREVERRFTEY S FEVFEARE
(Laboratory of Plant Molecular Biology at the Institute of Experimental Plant
Biology, Faculty of Biology, University of Warsaw, Poland, f&i#7“PMBE”) ﬁ{##-
EEFRIRELSRRE, KPP ETRABZHRGEIRI6FERE
LG I EF 4 R Arabidopsis thaliana (Columbia) ﬁ(?ﬂﬂ A%, PMBE #l&: #
dh BS MK IEFFEM T Sigma A 7.

212 EBFEEFRRHE

B EREFAES R Glab (1994) HRAMAE!., BRERSREEAE
3¢5 B5+0.2mg/L NAA  (naphthalene acetic acid) Wk, W 3.2gB5 %
KIGFFE:, FEWE 30g, 200p) FBEN Img/ml H7 NAA B-E&WE, #T 40 800ml
G, ETROISHAN LRSS, pH 7% pH 4, tmol/L KOH &% pH
HE S8, MEMKEESE IL, BSHEHDEETSERBEKERE 121°C 4
HTKE 20min, ET4CEHTER. BN AKERERATZA.

2.1.3 BiFMPARBRIES

— 8 7d 248 1 . BY 40 BE 45ml AR AIE SR EE T 300ml = /¥R, IE
FIEFATEER 10 B Sml BEBF AR (EREEH somD), SEEHO, B
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2 AEFARARARSHARE KSR &

FrRmEFEEhREEER, BIEEM4: 23°C, 24h XM, 120rpm. UL EEMEY
EXHEMTHAT.

2.1.4 BIEMAEAGHRIEIRBHALARLIRSF

BN 1ml A4S 24 RSN, WIBRATHREHEREL, KT
BT 15min CCUTRPR RMARSIAE), BHRHOB (parafilm) G, EF
R E DT, EREM 25°C, 24h KB, FRUKGALE, HR
BARGASE (—EANSARGASRRETR-AR), BHTEES
$ b, SMAEM20304, BRAGRAL. U ESEHETEESFRT.

BR ARG S R REA TN BS+0.2mg/L NAA B A%
£, S ERFEREEM s B, HERTEEAKERETEAN T
TR E KSR, FIL25ml HaE, ERTSHNERE.

2.15 BFHMMREMERENE

T MNASEEFOBTAR, HEYE (HEH) ZuTHERAEME: R
SHRAHS B 1ml B B, A TRSEFRERY 1.5 mi eppendorf & (4 0.900g
£5%), eppendorf B B B LrHl(centrifuge 5415R) 12000 rpm B 5-10 min,
B C(aspiration) BEZ L#E#W, TR THOBRNT 24h, HRE, BETEER
B4 Iml B EREOSEYE, BF 3 K. NTABRERFNEZAM, X
Al 15ml B0, ST 10ml, EH 3K, SAH Soml BOERMEEME (50ml)
BERAREYR.

2.1.6 MIEERSHKERAN

1454 £ 3 (multiplication ratio)tk F it MHBN-AREEZARE K/
ERNBTHAREE.

AILFIA “A03E M (subculture velocity)” BE&, % TRATHE: BB
REBRAREE/AHRBEFAR () HE. B, SREY-WHEIER
BN ERREREESEEN, ERERRARERREER, NYESI
AR AT BOE BB 1.

A B B (cell density) LT AR R ARE YR (BE) TR, HE
f& H(dilution ratio) B\ “EFE () MREFRBRMAREHER" £,
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2.1.7 E&F AR E

SAL=FRIUE M (triphenyl tetrezolium chloride , TTC) EEHBF 4
FEE . %R P S 40 AR R BT 5 4 ) NADH, R NADPH, i {015 7% B 41 B /3 £
TTC, WEEREERI QKR =FEFIE (TTF), Bl NEHK B4 RNARHE TTF
ARlEGAERERARESE. B 1ml BEHREFFBEA 1ml 0.4%TTC #FH,
RS E T EE TR RN 3-6 h(EREE K, A a6 RaY 83 TTCHEZH),
SRR R, FEARARA. B, KERE TTC B, S8 TR
HI3E. A Sml i 95% 28, ETREN LBEFRFIRN TTF 9h. MZERE
B, FEAH YRR L 485nm ABSEH A EEEE, LIARIELEIRRE LRI
W, I ODEERE 1LOUT, ZHRNAES, EE3 K. SHAERN, &L
RN BN ARARSE., T A MAEHAKENE(cell viability B cytoactive):

BEAREE=5% OD EXBREHVARKE (g
R FEMNERBBEANEY, SRERFHRMHENNFEHATREE.
BIRA AR E =4 N BV 4 RS PR s B 4 a1

0.4% TTC %&#: ¥R 0.4g TTC RAF7E 0.5mol/L BB P, MoK
0.4%(W/V) TTC K=& ¥ .

95% ZREHIIRHE: 95%Z. B (pH7.4) Im 0.05%(F/V)ntig 80, AR
SE0T[,

2.1.8 BFMAME KEREY

KAl SPSS 120 St AH AR “S” BB M4 KBIR Logistic
AL, Richards €%, Chanter #% ! Gomportz HEHY), 3% Bl B LF Logistic
BEGEATIOER. BEAKXR:

B=k/ (1+e*™)
AHF: B—4EYE(g/m)
r—EKHHE ()
a, b— i S%
k4 KHER
“HEBASRAERBE (EEKTHD, =M SEATHIMERA
(B AKEE) MEESR S (REEKKRRD.
RRIE A 54878 SPSS 12.0 ZiiH 3k 5e k.
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2 TR ANRLSGRAE RIS SBREN

2.2 BRESH
2.2.1 BT RIFMARE i

2.2.1.1 FREFE B IHMRN
£2-1 FREHE (BB 24 THARRSEHNEYE ()

Table 2-1 Biomasses of Arabidopsis thaliana suspension under different inoculation amounts

#ME 44 (g/nl)

(ml/m1) 0d* 1d 2d 3d 4d 5d 6d 7d
2.5/50 0.007( 0008! 0.014] 0016] 0.017]0018 [0.019 0.019
50/50 | 0014| 0019| 0023] 0029| 0043]0059 |0.064 0.067
7.5/50 0021 0.030| 0037 0059 0.073{0079 |0.084 0.087
10.0/50 0.028| 0035| 0065 0097 0.107]|0.114 [0.121 0.129

RGBT AR EYEY 0.140gml. 0d EHN) SWRERKESSHRBERITEGHN.

W ERAT R, SN T ARH BRI MR A R, BEH
B (AERREE) RRAEXNAYE, MREMR (WHBREAS FHT
EgEK. HEHEEE 2.5 ml/S0ml (BREFARSEE Soml, FR) &,
SRAREDRBK LIRS, EXLTEKEHERS.

HEAREHBEFEREYRTLHRE, EHEHE N ARENEREFH
RAEDERMHKREYE (LE2-1).

—4—2.5/60
—&—5,0/50
—h—7.5/50
—8—10.0/50

BRRM/A

B2-1 TREAEAGETHRAESERLHEELHS
Fig.2-1 Biomasses of Arabidopsis thaliana suspension under different inoculation amounts

ME2-1 7R, B2.5mlshH& 3 RERBEMT, HHETERARNEY
BREBHAEN S BEK#L, HI9F 2d U4 K, ERREHRMR
EEKRERR AR EEES RN R, Rt KBRS EH R 10.0m]
i, WBER2ESE IR EHNEE 7.5ml o, HHEESIETE4R; BHEE
5.0ml B, HBLEF 4 ERS K. 25ml ERHBREGT, B2 XEGLBEK.
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TR RE—E T FAIR

2212 BZMBEaIRieE KiEn
HIL SPSS BAF, Al B=k/ (1+e*™) & N ERELKHER, & R0F 2-2,
£ 2-2 TRIEMBRIETEZAMANEE S KB

Table 2-2 Theoretic growth models of Arabidopsis thaliana suspension under different inoculation amounts

ZRE SR pakE BEAEKR S (@) |

(ml/ml) k a b (R) pt ] i *H
2.5/50 0.019 1.497 0.748 0971 0.25 2.64 376
5.0/50 0.084 2.363 0.490 0978 2.13 482 7.51
7.5/50 0.092 2.055 0.640 0.988 1.15 3.21 527
10.6/50 0.127 1 2.370 0819 0.986 1.29 2.89 450 |

E: ¥IEEE =1, a=4. b=0.1.
MF 22T R, AZERRETERMGHR. Hit b, BEENERD,
BFMMA AR (kA KK, PR KEEKRES (B 2.5ml 4D,
HLmMESEREEARMET. 10.0ml WAEKERR 0.127g/ml, 4K A7E 2.89d.

2213 FEEMEEZHAMMSEGEH R #RIEN
404X 7d JE AR ST R IE 40 I B A B R A UTR AR I 242,

O S
W IS

WS R AT
Fo B - T 7 ST -SSR 5 ) I - )

2.5/50 5.0/50 7.5/50 ‘10. 0750

A 2 R R AT e A SR A R

Fig. 2 Multiplication ratio and subcultire velocity of Arabidopsis thaliane suspension

FEASCK AT, HEEESE 7d 848 1 ORE, R R 10.0ml LB Y,
BARTEECY 09214, MHTEIZ 4R 0.129g/ml, HABITRARTHRE
FE (0.140g/mb). TR 5.0 8¢ 7.5ml #EF &L, BEHARWRERELANMEEFL,
A3 7d B35 55 BIARARTR BT B 0.4786 A1 0.6214, BEHFZRARENER
K, WA RN. B 2-3 2 4 FRRERMNEM R E&FARR.
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2 HE TSR ARALAGHAEREREEFEE

B2-3 AEEAE A& ERR
Fig. 2-3 Suspension growths. of different diluting ratio in two weeks afier subculture
¥ MEZLEKEA 10.0/50. 7.5/50. 5.0/50. 2.5/50

2.2.2 WENMEFEZFMEE KA
BEFR BB IR RS B R SRR A A KA A SR . 5 L 2.4, 2-5.

H2-4 AFREAERRFARARTRENHE
Fig. 2-4 Suspsnsions and biomasses with different hormones

B WEEAKKATHE. 0.1mg/L BAP 1 0.2mg/L NAA

~ 0.5 0.457
a8
o4k
i 0.265
0.3 | -
£
g 0.2 f 0.135
g 0.1 _ .
<] g = S SO —

NAAC. O+BAPD. 0 NAAD. 0+BAPD.1  NAAC. 2+BAPO. 0
BTE S RIRE/ (/L)

B 2-5 FHRBEAHERRTERE R BN W
Fig.2-5 Biomasses of Arabidopsis thaliana suspension with different hormones
BT RARMMR TS A A AN B5+0.2mg/L NAA, BARE
BHTABREGE R, FFHFEFHN 02mgl NAA , 0.ImgL BAP
(6-Benzylamino-Puring Solution) MIAINAEfT#EIE 3 F4bE, RIGBFHKAEY
B 0.132¢g/L, BEAEIYH 5.0/50 mhml, %405 14 d HAEBESFIH: 0135,
0.265, 0.457g/ml , LA IR LB K R ALBLAT, MF AN 0.2mg/L NAA F7 0. 1mg/L
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TR — RIS

BAP, ARG T BIF MR K.
2.2, 3 EHERENUETTRZARE KR IR

AR AN A E N 0.137g/ml, EFMEXA 10.0 ml /50 ml, 10, 20, 30,
40g/L BERREE A TAAL 7d B R B ARAYE LE 2-6. REW, FERE
SRR ARE LA REHEW, D 30g/L RBIRERIERL. 40g/L BEHE
WEWRZ., 10g/L EREKRERNEE.

0.16
0.14

- 0.12

<010

Ny

g 0.08

£ 0.06
0. 04
0,02
0.00

10g/L 20g/L 30g/L 40g/L
ERRE

B 2-6 FREEAEAMARETARES BNV

Fig.2-6 Bicmasses of Arabidopsis thaliana suspension with different concentrations of sucrose

A 3077 0 R AR S BT A RS R O 16,4740, B84R 7d J5 B A AR VERE
WP 27, SERFE, BOEEWKEETE 20-40g/L B, MMAEXERTYEER, A5
FERRIEEE 10g/L I, SARAIRHSHERAS, X 0.2268, WUTAZ HAUMTIFELT.
BERENOURGL T 40 B K AT AR RO RRIR, T ELIE BRI I M HBIE R B AR,
FUEREIZE R MBRRIE, EEREERYTINENS, RETFBARITT:
MR, Rt BRSNS Ak SMB TT LA B UK B

1.20
1.00
%aw
£ 0.60
2
0.40
§
0.20
0.00

10g/L 20g/L 30g/L 40g/L
TEREREE

B 27 FE AR A AR R AR i

Fig.2-7 Viability of Arabidopsis thaliana suspension with different concentrations of sucrose
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2 HEFRTFARERASGAAE KR SEREN

2.2.4 HBEFTRFMEBGELFSRESE K

B BS+0.2mg/L NAA AEFHEFE, fRETHHMT, BIEITEEAREER
REFHAGHS, FEE. 828 RREFRRARESH S GHAAER
R B A KR

K28 HEARGALFSRTANEE KRR
Fig.2-8 Calli induction and growth of Arabidopsis thaliana suspension in different stages
H: AEER, ARCAHETRE 10, 20, 30d iR

BWE, EARGRFEERLEN T, BPRE 1-10d A ESHE, B% 5d
ERFEEFHTRAGHELN, HEKEAEE: 10-20d BIEE KRB, £KE
BEREMER: 20-30d 4 KEEHEIL, HHRMBERIETIER.

HIERNMBHAREEIFHERE L, AGHAEFHEREEK. S
KL, EARBERFEEAT, BRE 154 fi KR, 30d WA HEE B &
ft. (& 2-9).

Fig.2-9 Growth of single calli in different stages of development
T EASEE 15d, BAEEE 30d
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TR R —E 2R

2.2.5 FMPBEFBGALEIREERNTERR

TR, BENFCHEFEERLEKWNIERHH RN ER AR, FE
EEE DR ENEFEEDEE.

BFRESAGHALSESNAEKEEEZN, BENEFFENIZRN 23°C
BRAEE, 25°C MUK RERZ BIAG], HEARYE SEEK. H2-10 R 27°C &
fF 7d RAGALESREKER. GRRY, SFHRARESHRGEAR
FHT, EHEFZH T HESFHMAHGANRILE ARG KIF e,
23°C HBEFE, WREEAMTEIRET. STEs, SRMEERTREE
BEEEif27°C.

B 2-10 27° CABTRUGAZERREKER
Fig 2-10 Calli induction and growth under high temperature(27°C)

EFERTEENEGAAESEMBIEERE. BNESRTER, BE
ARG T 15min 26 EREKDER, HE THREFERE, FRIEDHE
FHEGALS. A TIERAEFERI AWM AHAAESHER, Bl lwdt T—
AMARRE, FEFRLE—S@MRE, HFRERIDEFKMRE THME,
SR TAEERUAGASHEKRY, TLAEAREFHEHAR LB
2-11), BT L, —EMREEE L RGHNAT TSR,

B 2-11 BfDHAHE
NEHELEIHR
Fig.2-11 Induction of calli on a

inclined plane
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2 HEFREFANEERGARECESRFEM

2.3 iitig
2.3.1 BiFMMmEYE REHNEMTEY

100 A A0 PR AR B P SR A, BRI D, RAETE AR i
TARE. AUBEAREYENERMREE, YR ATITRIMTERY,
TEREAER A S LRI A B KRR AAONENERTFAREYE, &
KREORBEHOFERRE. FFTRERENA— KIS, FR=T e M
KRk, R Iml Bk, MNTEKEITRBRLRMET L, &NSH %A%
P01 % 258 5 R T S TP A

BT REE RS AR, RN E LR EMERESER, H
TTC MEBRMEN R FERRIRE, ARAMKERRELE, B2, F
— R IR A S KX S R B I FE A — AP, B A A RS v R B AR XA P
EL AT SER -

2.3.2 BT RT M R B ARG KA

BT REMERNAEKFRADH S BAKHE, FESFLAHT, A5
2-4 RIHRIEE KN, HERETAAREGEH HA4RESFAREYE R
RIEMKEAEREAR. BEFAGELEK S RFARAEASAALEEE, B
FREEAORFARNE. HUNERKEUEETRRAMRE]ZHE, BRE
K B KA A AR . Encina SYTMREIFRF. 1. BREFFH
AHARTRZARE (g DUTALERNT 50ml R ARE7ED, 0y 5 ARA
PR S Eihek, 872 ALFAEK, &34 ARBREEK, 5s AEEKE
ike FIE, HERREBEMED /D, £KEEBREEKE#EINR. Richard &
(2001) POMEFRBER R T EM A T BT R ARMM S B (el
division parameters) B4 A EAIEER (cell cycle gene) KiFRiA, iFAHZNRA:KAH
% (RGR) KM EMExT#H#E (RDR) BARMREH 2d &5, MARS
SIREIE 232 4R B R S X B 25K CDKA. CDKBI % £ EHE#EHIM .

MR R A R KRR, BT 2d HIFAIBIE BN
ZEMERN ZREER, RS RNER, ARTFIMNEERTNES.

MBGHALEWRFEREE, EEERAR AT, EBEFESE 7100
RGARIE S R W FEIFHERE, &R ABALIH L, B
BERGHT: R, AGALUTHRENL, RILEESE (LRA “EREH”, B
FEEMBAER AR EEER, RATRFEEX—RE), NFHRaRE.

36



R R A — R

233 #uﬁei*ﬁﬁﬁéﬂﬂﬁi{{%%ﬁ

BEMEEMRBAREKHEEEN, —ENARTERRBHREFEE
LREMN. ERALET, ARAPATEVREE SR, REEFHAR
TR, BRI — K, BhTAKRBRENEEMR, WHTHER
ff—EK, EESHAARIET. AFRER, HREE KTHREZA R
TR 0.029-0.037g/ml, TURBEAEEE 2.5/50 f, By 7d BEARX—&MHF, Fl
RHARFEAK. : :

MEFRF AN EREH T 28, EREPTRARERTFAERKREY
SRHERKERE BN, FIXERIAN, BAP T EK NAA X tEpd
MUK FIEER « KA R A (R 5877 41 f 4 7E BS+0.2mg/L NAA %14
TRE4RFOHR, A THARA BT L0 NAA, BEMASMNE NAA
B, RMSMEIHEK. REREYARAEFILANERET, BERAEER
Ein 20-30g/L FEREEARE. EFEEERREEFDNE KA EEwM,
“BRYVR” O B R A A B R E 5 RS KR R I . SR
MR, BE. CRE&NH. REEREEE, HLPRAHEKSE. Fil,
SRS FSRLEPEKETEFORE, BEraihTaREE.

AXEEAMREREIF M TERNEFRBARERREEK. HXHE
TREFAREFAEELSEREKPXREABHE TR,

2.4 & i

EEAN A —-RNERFHF, HETEZERAEKEAAEN S BEK
ek, IEFHERFET, 4405 24 RUTREEKHH, HEEKBERETRE,
BEHEAR, HENREBEAREYRRREMKEERRR. $F 7R
A B R R AEGRERE 10m/50ml HE. EFHE/)N, £KEE, B
BN )

EFEPARBERAAREESBYSHUETREARME KT ERS
BRIZW, 7 B5+0.2mg/L NAA 4T RESUSHAKR, FMASNE NAA H,

R MEER. BES L 30/l 8iF: EHARE BREYBRAKRE

tHE 2 TR

MEFAGARE KO RR—ERREE, EREET, BLRHAE 10d K
PR RS KN KERREUNE. BHEEARARSRIEKIIR
FHORANERE, —ENRERERBCHNEFERL LA,
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3 MR EFARENEGAANRAERGO RN

3 AR TR LB AR R R

 BEARBEREXR, MRS, MEAARMIETRATRE, £
HIZX—HRBE AT 0 SRR ERERR, FARERRER AT
#F REMBE AR TERRATH . MEE (hygromycin) HitkE
- Ehp R RBE. (kanamycin) $iitERnpdi B8 EARE HEEFCER
(selectable marker gene). HEEMENBETEYARERIUNRRIEAM, A
MR HNRTERREYRTEERRERRD. LARE (cefotaxime)
REARIRE R AT R A K B YA R RERERIERR D, BEMAMR SR
BHHEFE (co-cultivation) HREARBRERFENFE HHER. AHANEEHE
- HOERH BN HERMEFREARERAGHRMMEINN, SR
By IR HREENHE TR EA R R, ﬁﬂﬁ#ﬁﬂﬂﬂﬂ%ﬂs?ﬁi#ﬂ

vk BERUE R T RO H 5 ROURDE . ‘

3.1 M FnEE
3.1.1 R+

FIEMB Y HPMBER EHEH LR E R MAT R . K. HEHTRHE
40 B A B CER[196] 12 R B 85485 (157 42 B Arabidopsis thaliana (Columbia)
- BEMMRE, PMBEH|%: HEH (HygomycinB). +FHER. LABE. &
SBSR AR LW T Sigmat 7.0

3.1.2 BAEFHATRERLGERE

B33 HB5+0.2mg/L. NAA (naphthalene acetic acid) #{F#FF&. 300ml
=R, B0 miBHSFARE, EHTOnBEEFE, SHMARMRE
MPER (MEADKE), SHEHD, ETARRFEPREGES, JREMH:
23°C, 24hJtRR, 120 pm. EE3R. TTCEREARSHRITE.

3.1.3 lﬁ%ﬁT#E?&ﬂﬁtaﬁ

U BRI ABSH0.2mg/L NAAB SRR, WIRSESyL. EMKEETESR
C —RECKEEF L, SNARSmIERE, ARTEFEADNENRERTY
60°CHE A . SBAURE B HNE SR EER.
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F sl BB E— il R AR

A RE SN B ERLE RIS TR E#T: SRR ImSAE
AMRITFHM, FHIZFR, BFREM: 23°C, 24htH, ER3R. REFRLHN
MMEE LA, AR SEESEFLUEREEOFS M-8 BEK, 0L
R I2T ARG ESUNEGASHE, REGGARRE, ATLLARK
FEEOL. ISR R EIMES, SARAABRIRKA. B3 K4
I T R A SR T B A0 B 5 2 HH B A AL AR T B

R ARR B R IR T R I EHAT: BEME GMER) XK
B TES F10-15 AR A AT AR (N AL KABGER KD, AR/DBIA
SPERAE, NARSBIESAKE), SIGRET R—#RGENarAasE, &
R4 EIR T )& B AR N R B AR RAOH SR E AR b, BILEF10
A, BRFMHRL, B3R, AANEFREHRATUERRE, BERNER
FTTCIEE B E .

3.1.4 MR TTC ZESNE

TTCHA M A RSN . W ImlEF 4 SRR REHAS, MAIml
0.4%TTCHIN, F/PRAET R THREN36 h, HHEARE R, FEHH
Ayets, Mg pyatem, ToyEBARAREY. UTSBHTMREE e
BIE. S0, MRERETTCHRE, £BFKEERE. MASmIfs% IR, B
FHREN FHRIRBERBTTF (=FEFL) Sh. 12000 rpm #L» 5-10 min,
IR LR, FEAr Y6 e A R485nmAb I e F A R BEE, DAAELLBIREL
BERPOE, FHODMELREILOUT, fARIMIRE, EF3R. WRIRRE
W, ERTHEAKXT24h, RRUREE (RGARHREEEENER, @&
LRI E B AR« 3T A B 40 B 75 7 Ccell viability ) & SBT3 (death rate):

4 IS =T BRODIE X Fi B £5 /40 it
0 FRLAH o 3 =4 B 4 A PR TR PR N FR AR A R E
TR =(1-H AR TETE) X 100%

3.2 BR59H

3.2.1 FAEHETUEREZARAIRE ZR R

3.2.1.1 FRREMBRMNEEFTZFMABMIEAMR

BUHAEERRERENT: 0 (D, 5, 10, 25, 50mgL, HEIEHRTHE
MHIRE A 147pg/ml, BRI S &, % 6d Rl EARFRE RAEXEE.
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3 BAETTERARARL AT A RNRN

ZRRE 31, E3-1.
£ 31 FERESERLEE B ZMRET EREEY

Table | Cell density and relative viability of Arabidopsis suspension with different Hygromycin B concentrations

BB EEREE /mg/L
i 0 5 10 25 50
4 padE E* (Pg/ml) 128 114 73 56 38
FRER 1. 000 0. 8235 0. 3083 0. 0052 0. 000

* BB AR ARE F R 147/5=25 4ug/ml

ﬂ - -
B 3-1 FAEREME R QBT ERRE TTC A %5

Fig.3-1 TTC staining in 6 after treatment of hygromycin on Arabidopsis suspension cells

H#E3-1. E3-1°T4, BEENUBTEEMARERASHMENEN, BEE

EREVPEHEETRNEN, KAREENAREED SR TR, 225myLk,

HAm&EERAMNE TR, WRITESHE TH— UL, WNEE (G

) PRk BA RS A% T B AN A AR R R A, B A ) R B

B E . Wik, TTLHACK, 25mg/LAREEX FF ARl B ST 2R 40 i
I S BB

B/ re/n)
S @
o

0 10 20 30 40 50
HMERRRRE/1g/L

B 3-2 $EFANERETEREENEARR

Fig.3-2 Effect of Hygromycin B on cell density of Arabidopsis thaliana suspension
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PR R A E—E 2R

BI3-2A0E13-30 Clisk— 253 AN R B IR R B 22 % UL RS T B v 4 i (Y 1
MR MERFETHEZARRNN, SFHAREELLANEESERL
RUE T R G BRI T MR,

it
Z L0
z
2 0.50
&

0 10 20 3 40 50
HERRERE g/l

B 3-3 B R AU RS AR R R RR

Fig. 3-3 Effect of Hygromycin B on relative eell viability of Arabidopsis thaliana suspension

3.2.1. 2 EREM AT RIZAMAER T

ATH—F M RBEFRNUBEITSFARNEREE, ZITEFTE L
ARG FBSLIKE 25mg/L), FAFIAFAMRAIR HIZRME, HRInE34.

100. 00

50. 00

HIFE L2 /%

0.00

0 1 2 3 4 5 6 7
B RE/d

A4 MER (2eg/L) BANERETFEMA 2L H %

Fig.3-4 Trend of cell death rate of Arabidopsis thaliana suspension after treatments of Hygromycin B (25mg/L)

i 3-4 A%, 25mg/l MIBRERER LT AR EFBEFMAR, LT
3dERMERR, 3 RO CEREE 97.25%. FARE 5 RPWIFETEREER
F 94.73%, XARERFENEFHREE MR, B, SHEER R4 At &,
48 B FE T R W 2 ST RR T I(ER . MAET SR FRE, 852 KRBT
FBIR, FURSHEERBAIABEAHNFERASGFE—ERNNRGX. T
3d &, PERGREIERE,. TRSEMBERNAKEAIATARI=4—F
PIERNHEA XK. RERITSHUE B R AR A KR ERNE, EEEFEHGT,
R R A Y B ARGE KR B IR E AR 2-4d, T 25mg/L BB REEFEATA R
BEB MM (81.19%) R, REMRIAKT, 25mgl U LEEEZEL
BEMREEIEEERNERRE AXRLATH, MEMASERF R CHITE
Fik#, 25mg/L FRERE L 3d FRTRARIFHERRR.
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3 MEFERAREAGASHRERB RN

3.2.2 HlEFE MG EAESMEINERZNRN
3.2.21 HPEENMREE

BN TR AREED A THREREL, EEAHTIAEAERERH
AAS. JAEHEERERENT: 0 (D | 1.0,25,5.0,10.0mgL, FiR
BFIE4H CESHEENSHGASEE, HUMNBAKEESRE, %ihad
AL FESE. WHE3-5. 3-6.

5 100. 0

% 100

:E, iz

m#® 50

% .4 g 1.6 0.0
= 25 g 3 3
R 0

& 0 5 10

M ERERE /mg/L

B3-S MBEENUERETERAGALFTRERRR

Fig, 3-5 Effect of Hygromycin B on callus induction of Arabidopsis thaliana suspension

B 36 MEFAUEFETAM
ERATH R E R HRE
Fig.3-6 Influcence of hygromycin on
Arabidopsis thaliana cells

E3-5. 3-67T 40, B EHARESHBAEERFNEE, 1.0mgLiE
WET, HAANHESEMNNS54%; 2.5mg/LATE, BJLFAREESH RG4IR
(0.3%), 182.5mg/LALFR MARRN % FEEIF221.6%, it D MR ZERALE T
iRE (NMBRESEFEPHSAIIEE) k. i, TLUAK, 2.5mgL
EMER NI ERMUET RGASE S B RKE 7 BOURE . SHESERT
kL, HigRBOUKREERSE, (CHRAEEMS T 25mgLE1/10.
3.2.2.2 AFHERNRE

FUEEMEERERENT: 0 () , 10,25, 50, 100 mg/L, FHHAR
HIXHE SR MG F R b, B 3-7, 3-8 7740, MBI QG ALSE I BT R
BERBBEE, 10mgL FEKRET, HMHEISENY 3.4%: 50mgL 4,

HILPAREE S HRHAL (0.1%). Fik, WLLAK, SOmg/L R¥IEEE A
RIRIRE S R AR SR BB il BT
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i N R U

20 41.3 0.1 0.0

R AERMFE TR/

0 50 100
FHERRERE /ma/L

B 37 A& A R A _

£REFHEARE " 3-8 ;ﬁzﬁg;ﬁﬁ%%ﬁ
Fig 3-7 Effect of Kanamycin on callus Fig.3-8 Influcence of kanamycin on
induction of Arabidopsis thaliana Arabidopsis thatiana cells
suspension

3.2.3 AT RGEBASKRIEEN R MERNRY

FUHEHHEERERBEWT: 0 GIR) ,0.5,1.0,1.5,2.02.5mg/L. #H)fFiE

H#7d ERWEF S HAERER. 5RLK3-2. B39, 3-10.

% 32 PBEFELEMUBET AHELHKEEN RAORR
Table 3-2 Effect of Hygromycin B on cell viability of Arabidopsis thaliana at calli subculture

R E BRESAMRETFHENEGFHSFERER
(mg/L) 0d 1d 2 3d | 4d 5d 6d 7d
00 |10 10 10 10 10 10 10 10
05 |10 10 9.7 8 7.7 6 5.7 5.7
10 |10 10 8.3 8 5 27 2.7 23
15 |10 9.7 77 4 33 0.7 03 03
20 |10 10 6.3 37 1.3 03 03 o |
25 |10 87 |4 E 03 0 0 0
100
80
==
5 60
£ 40
20
0

0d 1d 24 3d 4d & 6d 7d
SR EHF R

B39 MEEAERMERAGARERRTRDS
Fig. 3-9 Trends of surviving rate of Arabidopsis thaliana calli after treatments of Hygromycin B
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3 FIE BT A R i ARG R R

B 3-10 M54 A g O T I Br i B
Fig.3-10 Influcence of hygromycin on growth of

Arabidopsis thaliana calli

F#3-2. HE3-9. 3-10M%1, EHEEMNRBEASELALEHRERMAEER,
BEERFETHEEIENONM, LR SE. NBPEaTUEY, FE—
ENENAFMERARESRAEMHEGARERKNRE, B F2-5dM%F
&R, SARFREELFR, AARNLCERERFRAER. LSmgLEA
BIRNFAEENT% GAEEHNAEIFD, A1 Smg/LEL LR ERE 4 HH
HFET, ik, ATLUAN, LSmyL ¥ & RN EHERIRIR T A A AR gk AR
By B B 40 M ke R BOFEIRE

3.2.4 FABRMLEFRFAR “BHL” HFEEHER

AT ST X HUER RN, AL KA E R TR AL D B4
PRI E SR, RN INA250mg/ Lk RER, BAMNRILRNA LAEREN&E
ML E R IR SF A RE RS (LE3-114), #ARAEREAUEFEZY
MM SR A A, ST REBERTFMMLN Ak ik, stT —RIAK, i
PRILARAGIBFEAR “aik”, HAX “Bb” MEARERE SRR,

_.'II _5., J‘ : ;‘_
d . f 0w [ .

H3-11 AHBEFEFSTHREENRARRIE
Fig 3-11 Effect of cefetaxime on suspension green color
MEZ “Ai” KSR ARIENRGE, REEENESANEMNESE
250mg/LAFRERWBAS FEMIESWEERE, 245, WALREREREM
Y EIFERE, MATLATEEFMAEREFRRPARMAAL ‘AR
(E3-1275). SlkRR, Sl “B4” MM, mTUEESSRetErFg
7& (E3-1243). RIMEZREREZRT, HREFEENER (B3-114), HK
AR EUEFFROBTHREENELFE.

T 50 green
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B3-12 LREFHELRFAR ‘B4 RIRABER
Fig 3-12 Suspension color was changed from pale to green with cefotaxime
LR AT IRETERE. A& LATEFFENERSAE (2 “Ak”
EB: RRGEEEFEE (Clf Ak, AELAERERENNE L AERERE

3.3 %

5

$
e

[ 4
SO

3.3.1 AXiEESERERFHTREREMYURERDITE

Ak F B RS, #8 RN T i 40 R 4R AR SR B 57 B
BEASmyL, KARTRGAREIH B L MEEN BN2SMLSmg/L, BitS
B A FREMN FRERBA. —8A . RAEFRERFTURBTMRNE. &
Ko BHRATUA, EFREFEHT, MaFaiF ity EnT SR 7dN
K4-515%, MREH R B AT G 1-26%; BIF 4 R4k fUR2-4R 6 IR
K, T F R TR SR EA KN R A BE N E A& . BFREIER
ARFHE, RUEITHEEEAR KRR RET,

—RiINE, BAAGASERRT R -, SEEEL TR REME, K
I, EEREATEE XA BT RS ICE . BT, ROELRF
KB, BGARGESHBMETNEER RN ARG, AFEREZERER A
SMEFE BRIV, BT EER FLRRAT IR B E AW, WL T
FIEEFERCE: Josh, X— BB REHIE R ARREL, Nz AR 4 1 20 4
FHMERER, IMELRENELT, BRTRRSIEERENAFEEDRIX
A R B, BATAK, 7ERIRERT RN, NkEsEttindE
F R PR RESR -

3.3.2 AXFEARFGFFINEFZMNZ HIEN EMITE

AREFREMENRERNEBEFERAER. f10, BEEN MERHASREER
T RRRIE R 110 mg/L, XMEEB/INEFARTHEL0mgL B P MFEX
X R AR B R LRI TR R B R A SOme/ LB B A1), B FALGUE R AR B At

45



3 BEREREARELGEARNTERNRY

. HMEEERIRMEENEIRENESme/L, BERE, BREFKRERNIONgL; *
HEHERTHERERE, 10ng/ LIRS, BREEARES Mg, BEHLPRER
FIRER TR 25 10mg/LP. BB X £ B 7 Sk R 7E40-210
mgL, WAXRBMERER, XUHHSERMTRETHRE LM,
BENMZHEE. NFEW, AFREGRER, MBEFNEERNE - CHH
SZHMENA. E—RRAARGEREERBRNER E. WABFLRELT
R, BKEE ARG ARG, BATERR PSS, WAELAT
IomgLUA TEEELETd, EFHBIAASSHERIFRERE L, RREK
FAK. K oREARMERN AAERRE R IR ABOUHRELE, AR
FE—HAARER KM, BHEEIIU A SRR &, HbEHT S
RES RIS, X5 LR 0 M 8 R S E LA TR R .

3.3.3 HxUBEFREFAN “BiL” RIABREENENTE

EREIF BT MRARERT, BRIOKAHAR “AH” BERHAZR, 53
R F—MEREZRMALE, “Ad” BHTE. BRI “B4H” BFH
HEAT TTC EHART, A3 “ A" MRS EFAREHERHEEN, 8“8
L MERORFFIE BN EGVE S, TR, HuciElr, 4 “ai” B
THRRRMEAENN—MERR S, SEERARFFD R R ghE”
RITE R AT BB R AR Ak “ B3k Cvitrification)” $IA A 2 —FhIERME 544
THRERRMN, FERIERARNKSEER, THR. HERE. ARETER,
WRE A TR S, FBERERABL&E S RERN . NAA LN E
HRES “FHEL” P, CHXRREFEED “HEL” ERIER. B
RRAXRBFARAMIENRT. BFAE AU TRESEEHEARTMR
KRR, FARBEFS PREARSRTILE, EFERTFIFMFERFEH
BRI T8 .

ARECRIR S LRBEY — Ay R A BER, Fitn, sefedtvka
REMRAE . WHQHEARTEREH, @R RILAEHNHNRS . BRI,
S F XU TR 4 M LR TR W T e — Rl IR R E R
MeoiEtE, Mmlelr SRR G8: —RMRARERKER, FZEENARE
SRBL. ARIEERNEERR SR, AN, HEEATERAEHN “358
L7, RERET.
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_PERERR AR —E 2R

3.4 B

MEEXM WA BRI K . RHASES R KRS B mG
F, (B{ERPSCR R TR R . TR AR RN . RGASRS
T B AR B R BICRE AR N 25, 2.5, 1.5mg/L, HAESHE
HEFEMH T EREA. BRAMEEFICITLIEHATH, B4R
RIB BRI RBFCIRE N BT RBRE . 5SHAN, AERTE— S48
[A)4 e T A S LA B4 M K R A TEA R RR, — BSR4 T 3d Bl
B BHEREAHT A UBRREBTRE, BFANLERETRRER, B
DR AERERERAS TALT 3d, ERAEEEBETAST 5d. B,
BREZARE, ATAANEEES TR THE.

FRBEESHERELLNEY, ERELAABSNE, EEMESIREN
SOmg/L, ARIEHBEAAERN, HARERANBRARGARELHERN
EHEBRIESHIE 100mg/L. 25mg/l ZH. JEEMBLRRT, HHA R
BEEE, RATERAX—EBRE.

RBPESRILRBELEASESTARGRSG, AL SRR AR
“EiL” MREER. EXRRENR Ak BEELRBENEENNE, 4
HE— . |

R RFRE R RTINS EE S RN B, FRBME R
W RAMESREE. EEFANRASHE, SEANEAENLSERAR,
BRI NS — SRR E R SRR
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4 BIETT R 4 R S A

4 R RIF RN 5 i

A FRRIFMEER, HSF AR RFFORYERR. ERN, £
FIMBRELE, RERSAMNBARS, HTEMEEKARTRSLTE
Fib. ACEFESHBERUMAXNERFE. REHE. RERY. EEILR
AEBRE CHE) LHARLETR, ARECHAREERTE, RK
SRS E BT A, DURIA F R A E AR LT RN & R At REE
K. | :

4.1 HBFFHF
4.1.1 HEEE

FrAME Y HPMBER I E LR E XA eRRE, HF: HRITESS
T 40 B $5 SCER[196) 4 8 e 8 464X 5 I BF 4 B Arabidopsis thaliana (Columbia)
BF4KAR, PMBEH&; B MBS KIFFHFEM T SigmatF].

4.12 BiFMAMMERIERAE

HAHFFE HB5+0.2mg/L NAA (naphthalene acetic acid) Wk FEE, M
30g/L, pH 5.8. EX10mUiCHA B P40 Myl i T 35 40mI Al iR {4 5 I 2L (K)2505K
300ml= M (SRS MRS ARSmD, BHAAH D, BETEAREFRETRS
B, WEFIEESEA. 23°C, 24hH, 120 pm. AR,

4.13 BiFHREE. EEREEIENE

TTCER B KIS . 55 SRBGmIBZ MM S, MA3ml 0.4%TTC
Wi, ASRYETEETRRMN3-6h, HEFARERLE, FHARAFRE,
B, ZETREENE, FREERAImMMNIS%ZE, BETFREN LERR
HRMOh. 12000 rpm B0 5-10 min, EXZEEIREUE, 74 X)L E48Snmit
WEES KM, FAEREASE, ERIK. REHKRIE ZHBTAR
RF24h, HFEARER GPPI3nSRABRMNEYER). ERETEMNEERE
FAREE, BTSN EERRTEZRAMEN (cell viability). HXFEERN
T4 B

BT O HTE th=SE FRODE xR B 15 3/ 40 Hu sy 28
4 AR E P =R W BF A E R SR B R A TR T
BEARSEAREE-RZARAMNEHEIRARTE WEGD
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PRI R — R

U SR ERAFE AR A I 00% RIS N B RS AL, Hik, % g
BRSNS A AT, SRR SIS R LR TR
R FHEEE, B AR TR R 1

U BERARA—MEREERT I SN A RS, WA T

AR AR AT A E. 0 T B B R R e E

| FMRBHES, KX “HREERS (olerance swength)” W, KE

RN ERERERANT, AREREAETNEN. A TFRHE:

SR E AR =S REARER R RAREE

R, MRS, DEARATRE AR, SENEEES
FETEYBNS, BARE—RRFAOWEREN: DERZREHT,
MBS ENRSAEAN: T, NREERHICTL, WEKAHELEY
BAH R, R

4m4ﬁﬁ&ﬂ

HESMEHE, BREANER. SLBEETROT.

[\ HERY: MW, FEFER.

I. $¥EHE: #EEF, KA%HER.

. KRHFE: 4°CTHE, KFASFEE.

V. ®if#we: 37°C, RELEEHERE.

V. BRIUR: SrERESRI0gL, KRGS,

4.2 ERE5%H
42.1 FEAEBHEFEFMMARERR

ERERFEFRTIBFER, L10ml/SomMRE LAER, HNARNME
. BREELTIRFMESALEZZARMTICEENE YR, HoiHH
HXEE. BB AREE. ANZRYE. SRR

MEA-1TTR, BAR (KRES) 250, R{4R BRIt S Ea M
J‘“i&'&‘ﬁﬂ‘ﬂ‘ﬂ%lﬁ, RAK B ARE L MBS LT B, B E R
RiEpRERES TR (X “MREIIR” E1-200 0B8N, 2RETERL%
R R RN KA ST ERRUT &Y.
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4 MBI RF AR AR

R 41 FREMMEAERFHMTER. BERHERGITR (BEAM: ng/mD

Table 4-1 Cell density, viability and tolerance strength under adversities (mg/ml)

it ‘ SBRE

ﬂ;wﬁm«a_ 0de | 1d 2d 3d 44d 5d 6d 7d
% | RYREE 36 44 52 72 102 120 135 143
B | HEXEE 1{ 1.0054] 1.0180] 1.0356( 1.0332| 1.0320| 0.9987| 0.9938
& | R 36 | 44.2376 52.9360| 74.5632(105.3864|123.8400{134.8245{142.1134
% | W2 RS [1.2236++] 1.2288] 1.1966| 1.4086 1.4134| 1.1751| 1.0887] 1.0541
® | B 36 40 47 46 45 48| 48 47
B { HEXEE 1| 0.7843| 0.5043| 0.3081] 0.1252| 0.0327] 0.0162| 0.0086
® | mmmdse | 0 36 313720] 237021 14.1726] 5.6340] 1.5696] 0.7776] 0.4042
E | WZRE | 05595 08714 0.7555] 0.5979] 0.3975| 02786| 0.4954| 0.5198
& | Bamlase 36 36 35 37 36 37 35 37
B | HNEE 1] 0.6742| 0.3873| 02593 0.1820] 0.1238| 0.0624| 0.0432
B | BAREE 36 | 24.2712] 135555 9.5941| 6.5520| 4.5806| 2.1840| 1.5984
i | WERK 0.6473 | 0.6742| 0.5585| 0.7078| 0.6829| 0.6991| 0.4768| 0.7319
® | Bms 36 45 57 60 68 66 67 66
B | HdEsE 1| 07038 05734| 04890] 0.2832| 0.1853] 0.1048] 0.0540
% | M REE 36 | 31.6710] 32.6838| 29.34| 19.2576| 122298 7.0216| 3.5640
% | 2R 0.7404 | 0.87975| 1.0320{ 0.8977| 0.6564| 0.6351| 0.5741| 0.5076
B | B 36 42 53 57 59 59 57 60
B | fEe 1] 09540| 0.8868] 0.7320| 0.5583] 0.4627| 0.3446| 0.2806
L | maREE 36 | 40.0680] 47.0004| 41,7240| 32.9397| 27.2993| 19.6422| 16.8360
| RN 09098 | 1.1130| 1.1730{ 0.8877| 0.7895| 0.8288 0.7195| 0.8571

HEASFARETR Y 168 mg/ml, EHEEEMMR TTC HEiEN 22.6379. HMN (0d) EAZ
10ml/50ml B AR E, % 36mg/ml.

0 1~d HEZRENTFHE. TR.

422 FFISLEHEFTRFEVERLAFEET NS LT
4221 BREYRATLME

B 4-1 TRARE EER

s

Fig.4-1 Trends of total cell density

with time
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Ptk AR —Rl A

AR R R AN, Et, AR R ERETE
P, EA-1 R R & AT R A A R A X BB A B P B AL [ <8
R, HCRE. LMK ET “5” K, AMKEBRE
HEMK. RENENRBAREA ETREK, MEESE. HRRSNEE
 DUR(UZEL-2AANH R K B, A R R R MR KAl

4222 FEMBNTLRE

R bR T INRIAREES, R PRIt 428 nE&0BEa
RERZLSNE. BENRNEL, IREARERS RER-—#, 2394
FIR “S” MK, MHK{SFLCENEEIIRCEES 124G 2%, i
bh, BN BFEAREERUCHERAB AR R RERENFERERAR
EE T RERRIER B MR, T RRRSGFREEYUIRHIAIALE,

- ¥ B
——RERE
—B—-{EERE
= W RS
—A—EEIR

160
= 140
5 120
£ 100
£ |
% 60 A 4-2 A AL 7 4 M
€ XA & \
0 Figd-2 Trends of living cell
0 1 2 3 4 5 8 7 density with time -

SERY/d

4223 WIERERNELRE B
ARRHE E A R SR A B B R, RT3,

-~ NEEE
—— XHBE
—S—{LERE
- R
—A— FERLR

B 4-3 TR 4E S 2
HELH S

Figd4-3 Trends of relative cell

o 1 2 3 4 5 & 71
RAXRE/d viability with time

El4-3%8, WRARANEEEL LR, 5dFPEER, I5HRSR
HREAX: WE, TRHTRINEFEERETHEYRARRSEE, 88
ML, BrUlsd/E MRS E BT T M. TR ELERR L FERE
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4 R FRT N Z R

TRRES, UEEHE. MEHENRRRS TRESARIZ 2R, MXEHE
HE50%, BERYURTREMEXNFE. MEFETUEE, 4CIREXRFHKE
o AE—-EER, BREE. i3 KRS ENAXEELEART LB LSRN,
REMBHEFRX: E3dEHANEEBRTHESE. '

T 423 HEFBIRHAES A E AR A R LA

' 1.5 '

SR ——RERE
§ —A—FEEE
® 0.5 —h—EEBE

0 1 i 1

. | RiEES
0 2 4 6 g (TOTRENR

- EERE/

H4-4 TRASBEHZRB LA

Fig 4-4 Trends of cell tolerance strength with time
B4-4%H, E—P7d0LENEN, AERZREER—ENZLRLE.

&L MPER SHBRBKKS: FRES IR >ERNR>REHRY >
HEBE>SKERE, (RABRERRK: 745, X—RFH TMRAKRE, Bk
FRD >ERIUR> RERE>RHERG>FEAHE, REREATRERS
MERBE, FERERK. LEE7IA, RO SEREGERIFEILL
L, MdETRSEREDENEM, RPEI4diZRERA A 140 L, 445
WZRET R, BR7dN RE1.0541. HEHELESIH RN Z REGRET
sdiEE—ElF. HEESAEETIRA AR 2 REELRREREN, W—F
KEFEM, MERRRETR, FENTREEE TR, B0KEEIIRN
WZRABRLALRRREF LTS . RERENARMZRE—EEFEREN
KEEBES), 3dUEE —ERENRE. RILSLEBTINEREA M Z R
FIEHBARLEER LRSS, LE4-SHR.

1. 2236

-

O N O 00w BN

0. 9098

0. 7404

HEEE FEOE KANE REKRE BER

PR ZRE
oo e

B 4-5 RS ap TR AR ERRTY

Fig.4-5 Cell tolerance strength of Arabidopsis thaliana to each treatments
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PRRERERE—EEEMRT

E4-SRE, BAETNE, BREIFRTARYSELEMHZHEBRBRKN: ¥
BRE GHED >ERIR> SRk > KEFE>FERE, TERHLRIE,
%%Mﬁ#ﬁ«?%ﬂﬂﬁﬂiﬂ’]ﬁﬁ PERAL. ' ‘

43 |
4.3.1 BEETF R 2R 4 T R AR A S A1

O R SR 55 T S R SR BRI I R B A B R PR R 1Y, R
RBRIEE R MR IR 2, A A MRS R LA T B SRS S5 R
T8 40 0 A0 DA R A E B8 ML 3%

3 CRERS) MARHERRREERERATY b, REEREYER
BAIF B AN R KA. AT R ORI, X 5
 FRBHRRHSEOARER . ARAYERYE SHOAENNE % SERH
B EEE, ARENESARSBTHRAE, FERSRNEN TR,
TR AR EREEREE, KNBTRSEREYRATNN, NS
WAELE, NETHERE. Ea@ﬁ%ﬁmﬁﬁﬁﬁﬁw,MEﬁﬁﬁ§%
MR SRR, HRAEN.

HRBEAEROREEE, ARABEHREER B RS &% X
B BSARSE, BRI CO ZMRELRET R, HARATELH
0, LY, EAMERRMEELE, MERstTEBk, BLARWER
FORE TR, ENE, XEATHE 124, BEERETFGETE “Gi”, 3d5R
UFARERERSE. 5d FEBNSREAR, SRAMKE, L8, SAm~E
—ERENAEXE . ALUEFPIMEHETREERS, FTENMATRAN
AR SRR SRR SR GOEGRGER), R REEN
N4, WEEE, HTEAHFESANIE S EHBTEMERYAEL.

| BRESAHT, ARAETHER, SEL, EHER AEUESHR
LNTFEEER: B—HE, MENREEEGIET ARMES, HHERERA
HIEE TS 07038, 0.5734, SR, FETTMMM “ REER” WAT B
HR". AT, ARG BAREYRRERE, M2 iFRE R EETR
FEEYRRERERM, 34d i, FEMERE BEER” B HEE
BHZRE TR EELRLEHRTERR, AHREREEND, SHE
PERE SR S R RISk, TR BB 8 SR T B I RS
BACH, HESH/IESHEMY: FRE, SRNEROES. HRETEE
ARBOERBBENRE. FEVRONES, YIEARNFEOTE,
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4 HAETER AR 2R

S RE TR, 4d 5, EENOBAMGEREAERE, @A, S48~
E—EHRPENOEXER, BN, WERETREERE.

(GRS EREROERNE, BXERLREMMME, MkEEREHR
MXEERE TR, FEi, BRRE—ESEERENKERERS. 3d LS,
FEHARHERE T -2 0ENY, WA SRR,

432 ZAREE SHARELRE

Co7d W, 4 MEELENSNE ERT” MRS (HEAREER
. 36/2=18mg/ml 7} ), (B HIRH R B AR IR B AR HEFIRNRFF 2 &b #EI1~2d,
MEI2~3d, S4HEIVA-Sd, LHEV6~7d. BRERNLR, BREARNEHARER
7 Tmg/ml i, BRARETEEREGTAEEE, REOWE. HUbiN,

pragEE, NRBFRARPEAREEET Togml, BIERR—EM “EX
BT B, EHEFREHT, HEEEATUSEHEEER . BATCE R
ERRARN “WAEEREEE". dR, 3 ML BRER “KAEHEK
B&EE", EHRAKEEEAR, NEHBKKHFFIRRFR: LRI | 113-4d,
HEIV 6d, LBVAHI, XHEALL “FEEIR" 438, 7d HRTUEREE
HEFEFGTRERERN.

4.3.3 FREE S BB P HALIE

TR ARSI ER, —ENELBEEE TR RS HELS
WA, MERMETENAMANZE DNA SRMELREY, RENBLES
REBCR; MHEA BT MR R AR AR, TRET R ERAMAR,
HEEARESIRERYEBE. $RL, JUR. A KRR YRR
HANEHNTLETER. AATRBRERRE, MEL 0.5 MG LR,
B, CRLRREET 1d, HELRREEY 2d, TESNRTEREY 4d.
EAK, BEFOMRANEEREE 08 UL, B, BTREESTARS
KBV BEILEHSEY, M2 R EEARGNEIKE, BIEF
ERARSRD, AHTHL. AT, BEABELE 15, RRMEEE
RREE 07 HEEE, Hit, SRAXHRERENASARTLBEEN, N
BE dZRER, EEXET. 1090 EENRLBUATEE 2d. 1dA
WA REARTHER NGRS, SUER—SRR. WA, NEREE
SRT-HASHE LR, BRGEEERANML, —HH, ARARDE B—F
T, MRFET AR, RIEE, FUREREMRASKL, ETEmEHRNHE,
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spREHO R R F—E AR

A B A — 2 R0 R R R E
4.3.4 BEEFRSERAZLDILIESR

R SRR S, 5 ERRFEIERN, HFEAFRLER
%M. BUEBENHFENEDAR -, FAAE2d BEFK, HFIAKN 6-24h ]
. EREEREHLRIE, BROFEN 20N, EXHRKli#Ea
R, Bk shieib, tRATRE T4 S KRN AEREELT. E—FNE
FARAGALAREFRRBITETX— M. TRREZZEARFEL2 ANE
SR, BRIEMASHAEEHERS 2d NEFAR (BL) MERRAEFE
2d AR (B4). BELBFHETHARE SHANESEIANTE.

W

A\ £, : /

ZEEZESET, HETSFARNHELRNTENERN, EALER
TR 2d 2/5. Bt 5RERFEHEINEFONBENAE 2d ZW. &0, M
RA—ENMRER, SUSEMN “BERER". Fim, HONAEEE, 6
FLEZEPE A AL BERFEN R ESCEENERN, BIFETHAHEN
s EHBESIRAR, RERFIE ORI ERHARGE: HAFEEFE O
B, WERAME. FELNREENTESE.

4.4 &

TR R A E R A MR R LA ENER, B 2R
SN FRES GIED >EEIHR> mB RG> REHE>FERE. ¥
BHERK. MEFSEERM e EHNENRRELS T, BEPEN
KIRDa Ak, BRANEERFAREVENH TR, WZRHMK. BE
I (] AR 4K, $EURE FT 2P 40 NS R b 2 i) 52 1 B AN IE BV 1 R T R IR IR B
TAEHE, KRR AT R E SRR R S5 A A RERALEBR Y
FHX.

TR ST R A R B e A B S P AR, A BT RIR TR A R
AR, B M RERE (LR TR R SRR T BRI M, RN, AR TTEIE
W AEY PR TE BT R AR B F R
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5 s IF B R IGR R AR

5 BT RFAREREARERE

ERFEFFRBIFARRFRERTTE, R0, BT eI 4 M e v
thy ARRANE, 23ESLRARUE, FHE KL FHENEIFE, BiF
MR EMRLTHERERTERE SRR TEE, ANTTE—ERE LS8 E
MR B A, TERA. REARE, ARSREED T,
WIEEE RIS GHALEIESRERME, ARFERN N, Tk, &
HETRIEOAR &G T, UEAEREREHREAREES FRE 7 BMEMGE
shsh, RBATEBRACHA R TE, EEESRAALLE, B 9 M BURE:
&, /MNEERRMNIBH, BAHETE. SKERTF(cryopreservation) g 4
KGR B FTBFR R AR RMY THROT B LUE 80K SR
WEPF R, RAESHEERER. SAZBERE(—196°C)aiF A ik
(—80CEHEMD, /LI PRe& EHeEmEs R, KFHEINAERT, X
AU E HEwmfe . REREF GRS HRE X —ENHRG, BERE R
HS58# KDNAZ T RAISREN . X—HEREEESEHEYTEN KLY F R
BRMRER R, THRIFAEERORTRENT. XX EMENTHE
—HERZBFHFTRURFREARNEERESR, P KREEAT REE
— BRI R ST B 4 AL M BRI M T

5.1 #&F0F*
5.1.1 #EIKiE

FRA RS HPMBERR S H 7 % LR F R AR K . MEitEn2FAm
hIZICER[196) 777 & B 2405 I EF 4 B Arabidopsis thaliana (Columbia) &7 4
HZR, EAB5+0.2mg/L NAAMIABE SR BRI SR, BEFR&MF: 23°C, 24htHR, 120
pm, CEH7d.

5.1.2 RTFEAE

RTFAT R AR 2dT BT A0 L . BB 2 IE F 2R 440 T 2R 40 fdiiE
ERKHRESHE, MREEE N, Bt FRETEORE, K13~-5IREMN.
B 1.5ml eppendorf & (EKH), HARIIHE, HRRIAENEMEETE
AN, AR EF180% H i (glycerol) fE UK #4771 (cryopretective agent,
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rEMWRERE—E 2R X

CPA), {EURAFILB AR Iml: 12 FAR W v FI PR AZFF 57 T — 80 CIRIR KA
30d AR, HRRREEFHREFE R, KR HEE.

5.1.3 B2 TTC EFMEME

TTCHEAS PIARUETE . M55 RE S, 6000 rpm, 5-10 min, B%E R
R AR FERSW, EBTKIEEIE. MA03ml 04%TTCHE, F/HR
ST RE T RM3-6h. B, EHFRIER3E, WBHITEMA3MIFIS%SL
B, BETHRHH EERRSHREOh. 12000 rpm F4 5-10 min, B ZBREH,
R MR b48SnmAb M e HA A, SaRBUEEE, ER3R. #F
U AR 7 2 R R F A TTCIE M ChilAnR 2z, BUEERRFIMAR
B RS, RAEHREPRBIE, TR TEART4L, FRARER. &
MERMAREELBFARHERE. %A EEHHEH Ccell viability) 14
FAE X TEE

MHEN=FODME X BB s /M e &
VT A0 B X =R T B A S A A B R 4

5.1.4 A&t

RIEA K ANARAIE LKA 4R, BEKGR AR,
BEREFAAERFANEEFTHR. SEHENKEDT:

[ KGHEPFEE (OmUG7ERF80% HmAE): 06, 04, 02ml, BIH
M (A=) EHEAETNRERE (WV) h48%, 32%, 16%.

. BREERF. O—480%: RIPFAGEGOMBEICEH TG, &
BT —S80CRRKF G @BLWER: RIPALEEPIMEKIRAE4LC. —20
CH#MT &KL, HET-80CKIRKAELT: OWREAK: RIFFLEFR
AHE (LN #Almin, STTEEHEE T —80CIREKEHZ.

1. R QBEAMR: HAERMIULEETER (23C) M4 THE:
OEEEE: HEERNEEETAS (4°C) Bk, OWREMEG: GirEmH
HEETRE G70) Bik.

ALY (3X4) ERRZHL EERFERAT, £ bE, BLEEFIX.
ER R REZHRTT:
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5 BT REARERERTFRR

Fo-1 AT RFMMBERRTL X4 EXAWRHR
Table 5-1 Arrangement for test of cryopreservation on Arabidopsis thaliana suspension cells

4ES | RS RAR/e] HEER WEEY 2H
1 0.6 — TR BRBEE 1
2 0.6 BB 2% 8803 2
3 0.6 HREAE HRIEMRIE 3
4 0.4 — B 3
5 0.4 BT RERR 1
6 0.4 HUEA R BRMBYE 2
7 0.2 — ik PUE TR 2
8 0.2 IS BAMRYR 3
9 0.2 PR BERK 1

5.2 BRE4

5.2.1 BB RIZARBIKERTFHELRY

WU )G B MG BV 4T B 40 B EE 1 250.278g/ml,  HiEHE 920.5382.  -80
CIRAE30dE TTCIE MM G AL S-1. SR FH, oM EEP{UEERTE RS
MRS, MIAEH 80,1054, BLATR, LEAE “02mitth (16%) + —8
Wk + POEARGR” SR AR T B RRRFREA KA. R, HARERE
i, HAEBELRERKIFEFR—MHNFE. XUER, BT RBRAAH
EZ24, NEHAETRAELBRARTENEEREET, HLEELER bii—
AL,

B 5-1 F AR TTC BHANERE

Fig.5-1 TTC viabilities of cryopreserved suspension cells

5.2.2 MEFRFARK NN BIRBRFHOE

M LREB FE R, - ATTCHEEMEZMR, HEAEREARDTR
EREERAER (MES-1H), BRARNARLEERELRARRE Kk
ER—ERAMNRASH. KR, AREAMEREURTEERW. AL,
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TR A A —— IR X

AR F A R /IR 40 0 IR s FE AN R A, T it — PR3, DU R
XN, 4 RES2. BPMNEBARKARENN. B HRIM3min
Mgyt CRBRTNIE). BAFARTE3IninAREE (MERESRE
apE), bR FETH B AE30d)E 40 U XI5 1 43 1 90,1264, 0.5738F010,
KU E MR R R GFEMTE, —RAI0MEELLT) AEEEFET
Trik.

B 52 AR EA m KRR

Fig.5-2 Influence of cell size on cryopreservation
5.2.3 MAEWMBBETRZARERRREFNZW

fE LR E, R T MR T E R R RS . ASCRBEE
Bk (ACCIRIBTEHECh) MEBLE (6%EEEFEDEER TRGh) 25
SEFEETR, UEFACEERT . TUACEATATA A RSER 1R (BRI RERA
ME, FRR BRI, BT MA0FFEEIEFRFE, 6000 rpmE.L25min,
FEEEW, R EFRE PERFEEFE. & RGBT EF30dE1
AR R S-3, EREH, ARTCENHMETSRARBRERFT
BEEEW, BRLEAKRSSEARENEERNERS, EY, DastH
HMRBLE .

& & ‘

B 53 mEFARAERERENP Y
Fig 5-3 Influence of pretreatments on cryopreservation
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5 PR BT ARSRERERR

5.2.4 YT RFARBREREFRLAE

AT H—SRAT BRI R, R IRE SRR E R RS
£, EFHTT EREZRK. S48 “hR+m 2t BEHEERE” Sk
Wit E AR, BERERE BB TE T 6% R R 4 CIER T #8 Feh, AN
BUHERR “—#0” A “BEWG” BETAF4CRE TR E NGRS E.
GRAF30d /G HIVE TR B 45 R IS4, 45 RRE, OMNMEEPLE7RIMHERERH
RIS, HxEdo 5100.8231, 0.7589, ALETRALISA L4514
“02miti (16%) + —H Tk + POEAMHRO2ml”, “Hith (16%) +& LT+
ARG, XU, SRENKRESF. RESE. BPEENER, B
BRI R A B IR R AF

B 5-4 ERRRARE TTC EHAMER
Fig.5-4 TTC viabilities after optimizing conditions of cryopreservation

5.3 it
5.3.1 FEFRAF

WERFRIRBFEFREREFOEEZHE T, Bl 28 HmkRR
P, RESTHEYE. EEEH S RAKEER, EEERREMESEm, A
BUKMESRERE, KERPFIER. B0, HWXEBERRPH, TL
BAZIAMRA, ERAEEIR S, BRGNS RE. R,
IR AR T A AN, ARAAEKEERES, —EBKLEAF
TRERROTIRRES  FEFE I LUE ik R P, B R FIEBBRRPA,
AREEAAE AR E. EETCE GRS T HRERBERNE, 8 T AR
Ko FEPEAEEEREE S, TR & T 4 EXHMEE RS . ABTRRARL
B, Kb EA SR A RABIKGERIPFINGEER, KR TRIRR
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C FERERE RS —E T Eh R

TR Besh, IRERIP AR R RFHEERW. ATRERE
B, 16%HREERN, M32%HMs4s% g AERN., FRWRETE, BA
HARATEEFFIRER, TREMARFERHAENEEESME, 5HA
B, REFAREESENER, ERRLREESFTERET. ARANGESTHRE
HERYPZHE —FER (DMSO) ZBICRAFHIRE RKERH, EHH
B AEH, HEFBTNARE —eHt.

5.3.2 KHER

RERFHESRAREFNEERWHET?, ARk, REAFF
BEAMEITRRARMERERT, XRS5 ARMERKGEIFILEETX.
FRBAMT, HEFBEARARR, 4KkEBR, RESSHRAEBAER
R B GVK, TR BVK s AR E, B H R BERERTH,
—iiA A, HEEERE. REFEREERERKOEWHE, WmiF. &8
%, FHAKRHE, —140— —10CRBEAKRBEMHKNBEHRREIE, —140C
AERRKGE. BEEBRENEBILE (vitification), &t E K
B, FZREETERK, R —SREmEKE (40%—60% W/V) KEFFH

(il DMSO. RS 1EABBILE, KD TRAREHERKE,
REHABHER, ARELTIRERETHRMGE. G, EHNLRRTE
RERMEKHRE, FERER A% (80%H h0.8ml+02mIE#) 1F
KGR, RERANREMZ REFHUET, BET —80CEARKYHFEERN
B, A—EEE TEHERNEE, BEHEA300-1000C/min. AHFRHE
REYKAX—FHE, FHFRARE 37C). 8F 4C). MAR 23C) B
HHR, HE-HEEERE. 34 FHAESARLES, TR EALTFX—
T XA, REAXHRR LAY, EXECHUR TR AMNEBELRE.

5.3.3 BEBERF

RGEFESEARFPHS A EEZHAT?, AFsEy, SR
GAEEHHFTRBARMNBEERE. EWARH, BRKIRPELSERKE
gk, HAERRKEN—50——10C. Bit b, HuliikasieEitx—xiE,
FRAKDYFRARFRERKEROTSME. AT, BHEEELR, HTh
SHTRRBKREN, HREZIEAT MBS kR, #h S RaRFEL.
ARFREHT, BA2S-37°CHEMMRURE R Z&E M.
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5 HSITRFARARERTRE

5.3.4 MifkAEE

MEBITR PRI LES, HEASEARNKS SEREBERERENEE
BRHET. BT UEETTHERATLESN, SEFRERIARA KNS
FHM. —BAA, AR TR SRR, RARRK, B,
AREKEMR. WRIAR, EEHRE 2d HFEUBEFBRARTEE KK
A, NE L, DUEAFEEMERGERN, ARG EARFERATEX—K.

gL, HETRRARTSHER, N2 KBEREEHTEK, BRAKS
SERE, RARERESMETIEPERARAIRKE, KEREEERX.
1990 £, HBEFHERARTXEBEERTE, MEAAECHNGEERIEHARE
HRYTRBEAREP. —HEHRARSENTERADREELUEITAR,
HRBC GRS RE MR UFA K. Bachir % (2000) #QMAGE
ERATHENRZARABEEREEY, AREESHEAEAPHEHTESTE &
BAREED, AWK BEEERABRYSE, SEARGFEEAR
34%PY, HEIES (2004) P T B ARR A KT HRBL K
BN, 268RNTERLAENRPALE, EESAGELE, SR
Mgk E AR, MEEKMARGBFEEEEES. HHESA (2006) 2T
RTREEREDBETBRRARBREREETHESTRER . XX ARRE
FEAREEE, —RNERERTHEE. AN, ERERPROMHIEMRLET
“h, SaARHREEAHERA.

5.4 &g

B —RINAR, A 0RB T AR ERRFNEETE. MU RWT:
ERAREANEFTRERAR, RIK, ARTTRERT ToXRREETE,
T4°CIRER T #afoh; WRYE A AR 2 B A0 4 LB BE (0.25~0.30g/mlD), MIA16%
(W) HilitE KGRI H, EEET -0 CHAKERAT: FANLIZTCR
ERE, BOBREREFA, RARTHZEFRGRREHTEERR, WrTRE
AEFREERBEFITREER. B EFEFI04E A RA EER08L
A, TR ERE—HHAH. DENEFAFEOFBEEERDE™, Bbl#
— i, B, BUCEETLLBEH R B RTTMEAE LN R EA R
SEHEBTLE, HEMAKGEERFHEERER FRS6h: TR TRES.

HEARTFNELEMNERBTHGME, AHROUNTTCEEERIZ A
MHAFNR, Fib LRAEY, ERLHFEHNREEARTEFSFEFREL—
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M S a s P . e LUA

PR A, —80CAMRER BB KRR HRE, MREAR R
BRARTFNZEAEROREZERE, MER (—196C). ACKAMHIE, B
BREZKHE, URRERARBLCEMRTRETEE, BF#—PHR.
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6 AIHTF RS —RITEOR LS HE

6 BRETTEIFMMEEEL—RITENRLSHE

 FIARIE R (plasmid) HARLIESME DNA BAE TR/ME A Hao
R P B B S LSS . B IR R 2 7, B TERBLA R SRk, B
t, FRER. BRHEMR T Bk, HE&EFENEEN TERITER#
EHANE ERY. T—HKYHERNEESURD ETEEEREREM. &~
NRRISMNERERTENR SR EEERY, 1HERRBLE AR
F Rk IR A E R AR5+ £ H i pBIB/GUS . pBIB/SARs. pBINm-gfp5-ER
/LA ARENEA SN ETREHITI .

6.1 #4%

FEMBYE PMBE BEHEZLREEBETTAR. ZERE Andrzej
Jerzmanowski R RH2H A7 #F, Agnieszka Sokét 1L HhBIEN LR,

6.1.1 BAEEELRE

RBARITE (Agrobacterium tumfacion) LBA4404 BBURRER (electro-
competent). XMG¥T# (Escherichia coli) DHSa, PMBE {#7F. FR#{RIE K&
HiFEEERLE 6-1.

% 6-1 Fi{EMMRAEE
Table 6-1 Plasmid vectors

BEEK REEE BETE ;4

pBIB nptll, hpt hyg ", kan" PMBE %%, 2 A LBA4404

pBIB/GUS | nptll, hpt, uidA hyg’, kan’, GUS PMBE &, 2% A LBA4404

pBIB/SARs | mptll hpt, uidd | hyg',kan',GUS | PMBE i, C¥A LBA4404

pBINm-gfp5-ER | nptll, gfo, ptp kan", tet’, GFP PMBE £, £¥{t

pAL4404 (R I) | Rif rf” LBA4404 Hif, PHH

6.1.2 FEXFHARARE

L RF A HEE Merck 2 Fl(Darmstadt, Germany), Roth 4 & (Karlsruhe,
Germany), Calbiochem % & (La Jolla, USA), Amersham 4 7] (Braunschweig,
Germany), Agfa 4 7 (Gaevert, Belgium), Sigma Aldrich 2% 7] (Deisenhofen,
Germany), Duchefa /A w](Haarlem, Netherland), Difco 22 &](USA), Feinbiochemika
A 7] (Heidelberg, Germany) R i = EH A H XA . K-

Taq DNA E-&#8F (Super pfu polymerase) PCR #1%4:4Li&k%: POLGEN 4
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R AR — e

7] (Poland, ¥ REMYITTLEYEZREMED.

PR b B R B A o A 4L K, Invitrogen 4 7], MBI Fermentas 4 &)

(Lithuania), Gibco BRL A7 (Germany).

RNase A B§: POLGEN A,

DNA Marker: ‘MBI Fermentas 2 7.

mEE (ka.namyéin,: hygromycin, rifampicine, tetracycline) ¥ 5 Sigma
Aldrich 7). . |

RNA/DNA Midi kit {Cat. No.14142): Qiagen /A% (Hilden, Germany).

DNA 4ift. &4 (Cat. #A1460 SV Minipreps): Promega 2 T (USA)

HAbdhig, 98, 44 ENENWE Qiagen AT, 4%5: Plasmid Isolation
Kits(midi, maxi preps). Gel extraction kit (Qiaex II). Nucleotide-Removal kit
PCR-Purification kit. QIAquick Gel Extraction kit. Dneasy Plant (DNA-Isolation kit)
%.

A3 ERERAEBE EhE) B

YEB ¥ 573 (38 /RATFH): Trypone Sg/L, BEHEEY) (Yeast extract ) 1g/L,
H S 5 gL, MgSO+7H:0 0493g/L, pH7.0 (EAEFEM 1.5%M50E) -

LB 3 (%58 KB 58): Tryptone 10g/L, BERHREUY Sg/L, NaCl 10g/L,
pH7.0 (E#FEFFEM 1.5%M3RR)

FAERMECE: 1% 100mg/L FIRETFERNEAE R, BTEEREKT,
0.22 um EET I, —20CHFF.

6X R (DNA BB EHE): 0.25%% 85 (Bromophenol blue), 0.25%
R RE FF(Xylene cyanol FF), 40%(W/V)EERE (sucrose)

0.5XTBE : 45mM Tris-#i#2(Tris-borate), 1mM EDTA

1XTE: 10mM Tris' HC! (pH8.0), 1mM EDTA

GTE: 25mM Tris'HCI (pH8.0), 50mM %% (glucose), 10mM EDTA

W (BB DNA A BIERD: 0.2M NaOH, 1%SDS

¥EWE T (BRB:A DNA DRIEED: 7.5M NH4Ac (ammonium acetate)

BRALZEEBCHFB(10me/L) : 1g BALZEEHET 100ml ZAKS, BAOH
PRBR SN, TYEMIRER 0.5 pg/ml.
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6 BT BREHRBEH L ——RITENRLSHE

6.1.4 TEMNFZEF

PCR {%: Mastercycler Personal (eppendorf 4], Germany). Mastercycler
Gragient (eppendorf)

B #£4k{X: Multiporator (eppendorf)

5 MEA{L: T2201 (Sigma)

BEREEOHl: SORVALL RC 5B Plus (Kendro 5565, USA)

- RSEEE{L: Bio Photometer (eppeendorf); Jasco J700 (Jasco, Japan)
BRI BB AH: centrifuge 5415R (eppendorf)
7K Feaik{¥: Biometra Agogel Mini
BioRad £3 S8 R4E: BioRad AF] (Germany)
FEEHL (Gel drier): Model 583 Gel Dryer (BioRad)

HEMH (0~100C): CL-65 (ELKON AF, Poland)
{5 : Thermoblock TB-941U (LECTRONIC), Thermomixer comfort

(eppendorf)

6.2 ik

6.2.1 BEIEFERIEFTE

£ 6-2 FiEANEFIERE
TABLE 6-2 SELECTION MEDIA FOR BACTERIA

i BRFE PN Ll ]
pAL4404 YEB +2.5mg/L rif LB
pBIB YEB+ 50mg/L kan+2.5mg/L rif LB+ 50mg/L kan
pBIB/GUS 1 YEB+ 50mg/L kan+2.5mg/L rif LB+ 50mg/L kan
pBIB/SARs YEB+ 50mg/L kan+2.5mg/L rif LB+ 50mg/L kan
pBINm-gfpS-ER | YEB+ 5mg/L tet+50mg/L kan+2.5mg/L | LB+ Smg/L tet+50mg/L kan

tif

RITERFHBFR A YEB BiikkHE, 28°C, 140rpm, BEHFE, 2d
RATE TR YEB BAERE, B, 28°C, W%, 21
KT RERIFE: LB WAERE, 37C, 230rpm, JEHEFE, 1d
KIGATEFHRIESE . LB BEERE, #n, 37C, xREE,




TR H R

6.2.2 BRI LMEH %

1) Sk B 40p) EEK T OFE B8 B (cuvette), B 40ul KL
©2) i 0.5ul i DNA (A8t 44k A Bk pBINm-gfpS-ER [¥] DNA 4i/% X4
278ng/ul) '
3) RAEEA B, ﬁ#Aﬁm%wﬁiﬁﬁﬁ’ﬁ (KR REEZEA
B AR, 2500V, Sms) -
4) BEGAN 1ml THE CRITHE 28°C, KHHFHE 37C) MEERE (8
BEBHRER
5 BE (RITE 28T, 2h ZEH; KBHE 37C, 1
6) TREX 10~100p ¥4L /5 iR FHUER GEFELLD)
7) W10 NMRTERES REF B 3-4m] AR FERFERE (NESHER)

6.2.3 WALV BIEERN DNA (Mini Prep)

1) B 1.5ml BRFHEFENER T eppendorf T (K, BFD

2) B0, 13.4mpm, 4°C, Ilmin

3) #%% (aspiration) BRZE#EFFE: (AMITETE—20C FRELEA)

4) EREMKRYIET 1ml 0.1M N-lauroyl sarcosine, 2-3min 531 L L 3min
(RATRAE, KEFEBT®ERT—5)

5) ERFMMITIET 100ul GTE ¥ #+51] RNase A(10mg/ml)

6) BIZIB3)ETHEE FET Smin

7) i 200p] FHEHMEE O, ELTERZRE 5 &k, REKLEEER
Smin(AE#E Smin)

8) I 150l Yk LA AMEE I, %298 10s, KEKLEME 10min

9) B 13.4rpm, 4°C, 15min

10) LEBRBEH—THRE, W %00yl —20CHEMH %% 28, HET
—20C#&# T £/ 20min

11) By, 13.4rpm, 4°C, 15min

12) EERRBBR OB E HEWH

13) B 1ml ZE—20CHIHK 70%Z B DNA i

14) RERFEEBEOWERE LK

15) DNA & Fa UEZSH AT 10min
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6 HETERFARREHL—RTaNELSHE

16> ¥&T 50ul TE (pH8.0), —20C&MHTFAIFEREAAEETEK

6.2.4 QIAGEN-tip 100 4R EURH DNA (Midi Prep)

FERA QIAGEN-tip 100 Bif#. BiESBEEAF G VAR QIAGEN
AR RATH) (Bench Guide) #47. TESBWT LUKHHTENH):

1) MBI 1/500-1/1000 HFLH T 25ml LB EFHEHRE, BEEF
12-16h

2) BOMEESIM, 6000Xg, 4C, 15min (AMETET—20CE&4TFHT
— LK)

3) EBFHRITET 4ml Pl £ (24 RNase A)

4) maml P2 ZEmiE, LT22E5) 5K, ZRTEHE Smin

5) M 4ml P3 i (4CTHH), ETFREHB) S K, K LBH 20min

6) B, 20000XgLlt, 4°C, 30min, FEBBTHER

7) Bin EBAL, 15min, EERABT A —HFAR

8) {ZIF QIAGEN-tip, M 4ml QBT 2, FHEEMEATAMRY

9) MARTRE L EET QIAGEN-tip

10) 2% 1H QIAGEN-tip i1 2X 10ml QC &

11) 5ml QF ZrP#i¥iR DNA

12) n 3.5ml R FFHE (isopropanol) {Z4HYEIRA DNA e, B5HL
BIEL, 15000Xg LA E, 4C, 30min, MOFEEEEH

13) RAHLA R TFKF 5-10min

14) ¥T 100ml TE (pH8.0), —20C&HTHFH

6.2.5 MR M

AWFFTER 5 R R HIREHHT B DI BONESY), HEUMHERmE 6-3.
¥ 6-3 Fi{ERMNIRGNE

TABLE 6-3 RESTRICTION ENDONUCLEASES

ok B BRRR Bk | MR &
Sal#+Sac1 | GYTCGAC+GAGCTYC | pBIB/GUS, 1+1 ~1900bp
pBIB/SARs :
EcoR GV AA*TTC pBINm-gfpS-ER | 2 ~840
Hind T+ BamH 1 | A*VAGCTT+GVGATCC | pBINm-gfpS-ER | 1+1 ~860bp




PR A — AR

RIEFTRA A R DNA WEHER A ENBRHE, —M& lng & U
W AL e, AELENERE): RIEENEEEEE LR
JEfnsE R R, BE 5 BEHEEMMAMN 37°C. 1h, KiEEREM
#1% 65°C. 20min; IR R &M 2A0R, XXEREIA CABIFF BRI 3E4T,
FEH % EE. LR Hind TR Bam H 3UE§] pBINm-gfps-ER 54, 5
EXRAMBIER.

R 53 8, Hind 42 F REact 2(10%, 50 NaCl)Z2 ¥, Bam H | {# ] REact
3 (10%, 100 NaC)Z& ¥, REact 3 3¥KE & T REact 2, MABERIBEEY]. i
BRI B E R Y.

E—RAKER CBEE 200D:

14.501 ZEF H;0 (mini q)
3ul K DNA (3p Ix278ng/p 1220.9 gDNA)
211 REact 2
0.5p 1 Hind TII (10U/u 1)
RE%&4E: 37°C, 1h
iR FH: 65°C, 20min
B_RNER (BEF20uD: _
17501 B— R[S ALY (salt-dialysis membrane) #7 & 43
15-20min]
2p 1 REact 3
0.5plBamHI (10U )
RRi%&f: 37°C, 1h
ik RN %4 65°C, 20min

6.2.6 PCR RLF7

% 64 FIfEME PRSI
TABLE 6-4 PRIMERS FOR PCR

REER S LB FHRBKE | 5I19%XR

uidA-U: 5’ -TGTGGGCATTCAGTCTGGAT
idd 9
“ uidA-L: S’ -TAATGCGAGGTACGGTAGGA | > OP POLGEN

SAR1-U: 5’ -TCGATTAAAAATCCCA ATTA

SARI
SARI-L: 5’ -TATTTTCAGAAGAAGTCCC

1166 bp POLGEN

HPT102: 5° -CAGCTTCGAGAGGAGGC

b IGMA
HPT603: 5’ -AGGACTTGTTCGAGCCGAA | ‘01 PP Sta

hpt
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6 PEFRRMRBEEL—RITENSLSHE

FEFF KA K PCR REARMNT:
H,0 (mini q): 13.5u1
PCR @il (10x): 2pl
dNTP BE# (10): 2ul
514 1: 05pl
5|1472: 0.5pl
FAR DNA: 1pl
Taq B§: 0.5u1
RNHSER: 200], T 02ml PCRIAE, Wit L#1T. BRIEY, Ret
L. HTHSEGHT PCRYE, WRHEENE, WRES YK, Bk DNA
FRFEELHEE. RNEHRET 4°C REF.

B 95°C 4’ 30"
TP 95°C 30"
Bk s55°C 40" }28 KHEER
M 72°C 40"
M 72°C 6' 00"
6.2.7 DNA Eik 47

0% AePE AR Rk, _LHEW 1xloading buffer, BLIKEMHK 0.5¥TBE, $:f
B ZE (ER, MFIMTRIKEME), BE~100Vt (5~10Vtlem B E), o
HHHYWER, BioRad BEELE RLIRAR.

6.2.8 Bt FHiIt54H

HURESHARNTR LK HEEIHAT . BARRK R —

H: UIRABHLENEKAE DNA BB, EREHE ARERERRG TS0
ARFPRE, EXEHATRFEXEEE. SRR LFREEY, B\
HEHAT R UL T BB LER, AXWT:

BT B =EREHRASH AR ER B AR / BB AR

HAUHE AL BTN DNA ¥ FHD =FLF B % / Bk DNA ITA E@g)

BEEARBHE="RAEES-RR AR ER AR / BRI EE AR

BEESERELHE=RLT LY/ BREERLH
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6.2.9 HREEMNESEKBRIE

BUE 4R B MRS T L AR, $HRETE ODg . TEEFE
BT, TH3 K. UTFH ODeo R EHMAE. 66— 5 1 BIBURERN R 40 a2t
K.

FH SPSS 120 Zit#M4AFKAEST “S” BRI KA A& KR (Logistic
A, Richards #%! . Chanter 74/ Gomportz H%), 35 F UM BUE BT Logistic
R AT HOAE R, BRI A0

ODgo=k/ (1+e*™)
_ R H: ODgoo——H L2 &

t—HE KA h)

a. b~

k——E KRR (REERE)

I SEC T G KR A (REERTHD, WS TR A INES S
(R AR FREEA REERRND,

WRVER T 54 8 SPSS 12.0 ZiiH A .

6.2.10 BHkFEGFSEL

B TFREFEZFIGSUARTEREGHMT HERE: 200p BHANT 800pl
EREK 80%H W (ARFEE 1.5ml eppendorf REF W), BASRERNE
A (LN, TR RREAFR —80°CHFAKE (ATIRE2E).

{8 o300 T TG4 2D B (4 10pl) —80°C FHEFHIENR, M T 3~4ml
BIR W A R R, TR NS &M T EAREBRELOEKH, E% ik
REBRNE RN BB, EXEETHSE 20 MRNEAEEONKE, tet
ODeoo {214 2 B, X RZEIMI T L% 2X 10%ellsml, MEAMMBZL (W77
BOAA L BRUEAS) REFR TR, Pt 8RR KE RS
A

6.3 BRESHIF
6.3.1 REHIEMEERRE SRS

pBIB/GUS # pBIB/SARs Fiki#h Rk K2 HegnE 6-1 fim.
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g
! T REaE: T H_ SAR
widA, .ww\mw‘fw” i

pAnos 355 Sal | Not | pAnos 358
Sac | pBIB CaMV Apa |
Kan'
FeoR 1%
T
pAgT7 HPT Pnos _ pAnos
¥ BamM 1*  Hind WSk LPsr Sef 152X 1*:Konl ®Sac 1 ¥
.Illlllll.l.ll
Ag?
\. B8 pBIB/SARs
HPT
kan'
— a“— -
wﬁwwi! uidA E SAR
pAnos M;mm Y _ pAnos 338
aMy . .
Sac | Sal | Nat | CaMV Apal

B 6-1 pBIB/GUS 1 pBIB/SARs FER R ¥ ws r ER
Fig.6-1 Maps of pBIB/GUS and pBIB/SARs

72



PRl BN 2R AR L

Jertr, pBIB Bk AEA A HPT BN R E L A sk 6-2 .

Sph 1
Sma I*

_
=
%]

Hind 111*
SstI*
EcoR I*

— Sall*

PAns |»—
B.

Pst 1
Kpn I*

Hba 1*

6-2 pBIB R ¥|#4& HPT £ B % - 5 F
Fig.6-2 Map of cloning sites of HPT gene inserted into pBIB/GUS and pBIB/SARs

pBINm-gfp5-ER R B K% A A WA 6-3 fim.

st ]

Hind I . bl RE
Ecolt| Sphl Sph
F 1"_‘—‘--.... Xbea | Pst ]

- m-gfp5-ER
nos term e NOS Prom

355 Nnos werm
ATG camy

B 6-3 pBINm-gfpS-ER MM BH R4 M f AR EH
Fig.6-3 Map of pBINm-gfp5-ER and its cloning sites
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6.3.2 pBIB/GUS #1 pBIB/SARs $6 L KT B |5 DNA #:31

pBIB/GUS 1 pBIB/SARs ¥ {k. LBA4044 i3, it Midi Prep JEIRELFR DNA.,

LRI PCR KN, Hik4s R 6.4 B,

& 6-4 pBIB/GUS # pBIB/SARs %4
— Y - DNA BB R

Fig.6-4 Agarose gel, confirming the

correct cloning of inserts into

pBIB/GUS and pBIB/SARs.

 —— 1.

2.

—
3
kb ™ -
& KU
L] 4
——— 5'
ey
6.
L¥ ) 7
R - .
0.85kbh —»
8.
9.
| 2 3 4 5 [ 7 8 9

Marker

pBIB/GUS LA Sal I 1 Sac 131
L 35 :

pBIB/GUS. PCR F R ™= #4 (3|
Y. uidd-U, uidd-L)
pBIB/GUS PCR R FEi=# (3i
#: SARI-U, SARI-L)
pBIB/SARs UL Sal IHl Sac 131
.37} ‘

pBIB/SARs PCR K Rif=4(3|
¥: widd-U, widd-L)
pBIB/SARs PCR R Fif=#(3!
¥: SAR1-U, SARIL)
pBIB/GUS PCR R R:7=H(P %
BI¥: widA-U, uidA-L)
pBIB/SARs PCR & Bip=#)(%
fEHUR DNA; §(#: SARI-U,

SAR1-L)

B 64 HRET, TRMYEN, TR PCR G5, BIHMHSEY. @
VEiRBA, Midi Prep $REUFMAL DNA Fi%, LLRRIH pBIB/GUS #1 pBIB/SARs i
KRR TR DNA SRR R, WRBRINN,

6.3.3 pBINm-gfp5-ER M iREXR TR NELRESH

R LA pBINm-gfpS-ER i AMRBRFTHE, EREBERE HkE
KEHMT (LB 65, LL1oop] BWISHE, BEECH 162 4.
RBET B8 2997 A, BILIRZE 2.152x10° Mg Jiki. HHETRETT.

LT 2 8=162x1x1850u] / 100u1=2997 4

HALSREE =2997 I/ (0.5u1x278ng/ul)
=21.52 4~/ng=2.152x10* Mug
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B 6-5 HFHIE ERFH Agrobacterium
tumfacion % L # %

Fig.6-5 Calli of Agrobacterium tumfacion on
selection medium

6.3.4 pBINm-gfp5-ER F# {LIRE RATH A DNA #2

o THis2 pBINm-gfp5-ER B EERINFEAMERTE, FMHAHITTT
RETER: 1) PE 10 MakE, BFERERREDORREUIR DNA, #
BT 2) MBARERITHIRE ik DNA. B DNA #E K%, MR E—
IEEU DNA LU B3N E. coli, HhERERFE LA TRERESR

(BN EURBE 6 1N E. coli LT, FIBE:DBIREURR DNA, ST 547
3) MEPATEETIKB A DNA. B DNA WEAME, MmKEHE, A
QIAGEN-tip 100 " B2 E. coli 4l DNA (Midi Prep), HB§EI4#7: 4) B¥E)
WIS, EFSERELERERTEERE, SEBFER, Kk TE
F—80°C T HIRT.

P EE—8 (RITFERRALRIEE) BHRE DNA &4 FS 2R
FETRAERTRE 9 S 10 M E coli B TFHRBEB AN (nE 6-6): 5l
AR MEREY], (MR AusmEs®s (i 6

- B 66 Mini Prep #£B# E.coli fi 6-7 Mini Prep &% E coli FiH

‘DNA (9 BRHEE®)) DNA By £ %
Fig6-6 Plasmid DNA of pBINm-gfpS-ER Fig.6-7 Plasmid DNA of pBINm-gfp5-ER from

isolated by Mini-Prep Mini-Prep digested by enzymes
T 1-2 YA5H 9. 10 BREEENY
_ 45K 9. 10 SRATH AR
4K A Midi Prep ¥5J5, ML E. coli FRINIKE Tk DNA (LA
6-8), #RILL EcoR 1 BEEYIM Hind [+ Bam H 1 X&), BikZERERHTM

&% (LK 6-9).
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A& 6-8 Mini Prep R IUE E.coli J ¥ DNA M 6-9 Midi Prep RBM £ coli M
Fig.6-8 Plasmid DNA of pBINm- gfp5 -ER isolated DNA By &R
by Mini-Prep Fig.6-9 Plasmid DNA of pBINm-gfpS-ER
24 % 9 SREMERE DR from Mini-Prep digested by enzymes
5-73M5 5N 10 SREEETRNER 2-3 EA5% 9. 10 SEEEET N
WREARE 1, 5 10p] 4-5HH 9. 10 SEEEHRERE

FRES BERIIELM E coli ARIRET ISR 10 S 2 M RITHATRE, 2
$ifr4 % LBA-gfp-09 F1 LBA-gfp-10. iFHAZERTER 10 MELEHIRFFEBR RS,
FEbiX 2 M E AT pBINm-gfpS-ER [Fhi.

63.5 RABEKREKER
6.3.5.1 pBIB ARFIMHAE K45
B a2 FR Bt pBIB R 5B ODeo . &R WE 6-10.

5T |
3
A 2,74
2.5 3135
e 9 ~a—pBIB
g s M1l75 —e—pBIB/GUS
<@ 1136 —=—pBIB/SARs
1 /X 0]88
0.5 048
0 —Hﬁg 23 ,
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

¥eFrat@E/h

H 6-10 pBIB/GUS. pBIB/SARs 4 pBIB Witk4£ K H ALt b3k
Fig.6-10 Compatison of growth among pBIB/GUS, pBIB/SARs and pBIB strains

¥ RS Sml BRI S | RMHEE.
1.0 ODiggo011x10° £ B/l

Ll pBIB ¥ J5 i) pBIB/GUS, pBIB/SARs, ¥1{k LBA4044 J5ZRILHHE LK
AR, E4KEL pBIB 5 — 22 EE(E. 29, pBIB/GUS & T pBIB/SARs.

76



AR RE—R LRI

3 MR PORAE KBS HITE 280 A, AKHATRE 32h 4.
Wi SPSS ik, A ODewk/ (1+*™) WARFEREREREK (B
B, HRLR 65,

~ #®6-5 pBIB RN EHEICEKBRNE KA

Table 6-5 Theoretic growth models and growth stages of Agrobacteria with pBIB strains

— - BERAW wmaRE K (h)
k a b (R) % i *H

pBIB 3.385 9322 | 0300 0.996 26.68 31.07 3547
pBIB/GUS | 3.125 10.074 0.306 0.995 28.61 32.92 37.23
pBIB/SARs | 2.893 12969 | 0419 0.99 27.81 30.95 34.10

TE: WIEHE k=5 a=2. b=0.2

MF 65 TN, AZMARETHRENIAME. 3 AENEERNERIGE
AKIEEIZE 27-29h, PHTE 31-33h, &K ODew 1 (k 1) pBB>pBIB/GUS> -
pBIB/SARs, ¥ 5LEMBLREAMR. —HBUH, LEIEEKMBORF
BHEAEERNES S, hEkaT i, B, 3 MR EERELE ENREE
FrEflE)% 32h 224 M 36h, BEAEHMAEAERM, FEHATER.

6.3.5.2 LBA—gfp-9. LBA-gfp-10 HEEREICIFIE

B5 4 AR B E pBIB RFIE N ODeo 18, 4R WHE 6-11.

611 §7, pBINm-gfpS-ER FRLF{L LBA404 5, AR LBA40KA
HIB AR EE. LBA-gfp-9 R LBA-gfp-10 Bbk I HE 4 K SIS 28h, {1
AR P HILIA 32-33h, 0 LBA4044 B LA G HN .

6. 00

5.00 g
g 4.00, P [ g |—LBA-efp-
€ 3.00 7 T —=—LBA-gfp-10
S 5 00 /! —4—LBA4404

1.00 >

0.00 = '

24 26 28 30 32 34 36 38 40 42 44 46 48
BB/ h

H 6-11 LBA-gfp-9. LBA-gfp-10 55 LBA4404 Wk & KA AL ey bt
Fig.6-11 Comparison of growth among LBA-gfp-9. LBA-gfp-10 5 LBA4404 strains

it SPSS %4, ] ODeo=k/ (14e*™) WAARREREHBLEE (FH)
HE, Z£RNE6-6.
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F 6-6 pBINm-gfp5-ER BN EHIEIC S BB A i)/

Table 6-6 Theoretic growth models and growth stages of Agrobacteria with pBINm-gfp5-ER

i S nH WaRE kKR (n

- k 2 b ®) %y ff | kM
LBA4044 | 5.142 | 9.548 | 0297 | 0.995 27.71 32.15 36.58
LBA-fgp9 | 3480 | 9.841 | 0304 0.985 28.04 32.37 36.70

LBA-fgp-10 { 3.290 | 9681 | 0.293 0.995 20.16 33.04 35.24

e P K=1. A=4. B=0.1 RIFHAM K=5. A=2. B=02

AE 66, AZEHRATRENUSKE. 3 MRRERNERRE
A ARATE 27-29h, PHATE 32-33h, K ODgpo 18 (k {8) LBA4044>LBA-gfp-9
>LBA-gip-10, MELFRMELEREAMA. Wst, S H, ODewEZF 2.0
R AT B FERT ()4 : LBA4044, 30.63h; LBA-gfp-9, 33.30h: LBA-gfp-10, 34.54h.
B, 3 FRSERE R LB ERMMEAR Y 32b £4: @i 36h, F
TATEM. |

BT LBA4044 R AT RBBEANF RS, 5 LBA-gH-9 & LBA-gp-10
BFEEERR, B, 4R BE2RAEKENEERGTEALT
pBINm-gfp5-ER JRAAIFEE, {8 LBA-gfp-9 £ KRR ERT LBA-glp-10, 5
SRR REREREL D, EH LBA-fp-9 BHENTEE.

6.3.5.3 EHRNEAKEKOIM
FASKH, BRBELRN, BHE (8 inl SHEEHE) MHEKE

HIEKE® (LA 6-12). 1 48h RMER ODe B, HEMERH, HAREE
X,

s.00 4 6933 4.3700

3. 9663 3, 8902

€300 | W3xl
O5u1
§2.oo F Hioul

pBIR pBIB/CUS  pBIB/SARs  pBiNe-gfos-
ER

He-12 ARERETERLE KRS

- - Fig.6-12 Comperison of bacterium growth among different inoculation quantitics
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6. 4.1
6.4.1 XTFRANHEE |

$ﬂ%ﬁ%£ﬁ&ﬁ&ﬁﬂﬁﬁﬁﬁ%iﬂﬁﬁ$4\7ﬂﬁE‘Jﬁ%ﬁﬁlo pBIB/GUS
- pBIB/SARs &8 nptll, hpt, uidA Z:H, pBINm-gfpS-ER &F nptll gfp, pip B
H, XEoRE, FAXSEARTEREN, B0F 3 £8BTHRERENLT,
Heh, AIRFRATLLET GUS AR R . J§ AT LB GFP %R
HENBREREWER, il uidd 1 gh HAMEER. HFEERE, TR
HEZHELTERER. SHIARANRRESMHEM, TIREESEANREAME
Bt BR, HEEFRLS, FUHES KR RIIELER XSRS 2 H %,
AR MR R EEEAEYARARE, BhlrEEEZ, SH T-DNA
REMKEEK, MESHEAEYARMERKECRERE. Ek, 5. FfE.
ARMREER, FREEBENERERS.

B pBIB/SARs 55 pBIB/GUS #H4 AFMiFERE, R%Eﬁ GUS %5
FIEHEF M43 E— B SkIE THEE R SAR B3 (XFE MAR FF51D), BEig Xt
FTRIREERAR., RSN ETEEEM. Spiker % (1996) HREAHW
BRERG, THEEEERERRE 4140 559, PMBE LUtk #e H MR EE
Wik, MBEHNF. BTATHETEREMLFREHLBINE, TakEE
BB |

pBINm-gfpS-EREX—RFIB RGBSR EE, HepERRATSHEN,
HBRT7 MR EgrZEPHAE TR, RS REeE T RAE e
Y, FEABNESHERRLFF, FHESRBPBE (solubility) B Eig
B, WS BRI, ER (estrogen receptor) £ A KIS E Z 4%, Bruce
F (20000 HEKRT UERAERNFEERZESRERE, ATFHUEETH
X, M-ELAEHERERS THREEEMRARP.,

REMVSHEBEREERATANEERE. RBESE, FHRE—{
AZ, Wa{BEARIMNEERFEEBANERE, BN, DHAXRAEHBPE
HE—RIIBE, BANEEEK. ARTFHERRG/LARRRENEER
EHRERER, BEREA, FRTHEENERREAN, 2EPHANR
HFEE.
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6.4.2 X THELME

PREANHE, BELHERELN, WL DNA RE. BLARNE
BRS, HAAASE, X, mAESEHERABISRERTRAEA
ikt DNA (13688, R CaCh 5 MCl, A BKIH MMM, RF5RHIR
B, AR ERFRA AT E MBS, CaCl 885 A i S KB FF B 4
FREIUHZA (M Mandel & A. Higa, 1970), 1§ MgCh AMYUAF S CaCl, 4818

WA, TR HHEE TN T4 DNA Wi EEEN AR, RZTXBF

B, RITEMORLLRER, B% LA “FSEARBE", “SFRATHY
BT RESRRNEARITEAR.

ATF BB RAFE BBURE (electro” competent), FAIRBMERIHE
¥ RR DNA B ARTEAR, &6 T 2997 MELT, HAsfik 2.152x10*
Mg R XFHEEHARY, BAMEXT DNA 4 THE, HEARANR
AW, BEXTHEENRERSE, REGH. RAGRE, BRFREATR
FrE s K R e . SRR, EEFEFEL, 100l KEFH
BALHIR, (FERB T H 1000 ] RIFEHUBBRRELHEHER. FEALRA
R B MCRATE PR EU Tk DNA BT T LR, ERR
BURFT# R DNA + 4 B3, B OaENZLRAERRE, Xt
KBTS R AR SR '

6.4.3 X T RH DNA 28

Ti FREF A ETHEES, Eit, HERETHARKES I SRATE.
R H R DNA FREEX— B, LZAEHRESH, K DNA RLES
RE, REBRECLERN, AREAEANEXTERNT. KBETEHERHFL
RITEFRIOEREE, Bk, ASRIEEIXREN. REH Mini Prep {18
HMUURE DNA 25, HE%A Midi Prep ANELER KB ERZR RPRNEA
R DNA. AT M 10 MRIFER L TBZE RS, B Mini Prep {2EU R DNA
BALKHITE, UF 2 AL THRE DNA BREAKRGITE, HEMEENE
PIFAEESE. H4& S MRBEARDBEURNRTEER, FHERAAERERT
FE LM BRI MR, EEXMATREEF RIS LH TR DNA,

A et E. coli BB Rk,
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644 XTFHEHEKEE

O ARRAERAEEARNAKEE, Hik, FEMEFERE, FREHENHRE
FELREMKER. —RIAN, ODeo R 2 A TFHEA KM, XthEHYMBE
RERPE BRSO IERE. AFREY, REHR LBA0 RITEH,
BREFHIRAR, FKEEHEA—H. Hit, ERESRAN, MZRER
(7 FORL B R BT AT B B MR R FR T i), DAME LR S Al TR BE DA B B
8. ) : | '
CABRERY, EHENRAKEAEERW. Fi, EUERYP, (U 0Dy
EHWHAEKRHREAERK . 1, RINEEED, BRE&G. NAE. &Y
W%, AREKRREFHELRGEHE. Bk, ERITHESRY, CEEET
BEMESRAMN. ASFERGUFER, Spl RARREN 3ml R, F¥
FAF TSR 32h, WNERGTREEKDY, ODeo B2 £, BEAHTH
WER#L. FFREENERELRRY, IRAX—FER.

6.5 £5it

B EYIR PCREWISER, EAARAF ERA LR EHRER,
AHEANARSER, 7T T EEQ IR AR LR . R L,
FRINHLK R DNA AR EMM, HE—RIRMLRPEBRE. BAN
JUBRRRRAEEARCMER SR N E KIS, TAEMEREHEES
%, MEEKBERKEW. RERIHE, RohbsE T THTFEDEESL
—R5 TRE%. o
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7 BT RIFARER LA S LA Rk

7.1 8

ﬁfﬁﬁ'ﬂﬁmﬂ PMBE #tHEZZRZEMETIRAL ., ZELKE Andrzej
Jerzmanowski ﬁﬁ%ﬁiﬁﬁ[ﬁﬁ, Agnieszka Sokét 1@+ thEh B SEN . '

7.1.1 Be4LHH

BRI IR AT I B L U AR [196) 4k R 4EARS BT 4R Arabidopsis
thaliana (Columbia) BFHME, PMBE #&. RERITE (Agrobacterium
tumfacion) % LBA4404 BIUBRER (electro competent).

TI2HHRE

B 4 REARZACEATRBRHBRBRATEEK, H+, pBIB.
pBINm-gfpS-ER Jfikij PMBE 5, pBIB/GUS. pBIB/SARs Jfiki % PMBE & .
AP E 4 F 2 pBIB/GUS Al pBIB/SARs.

B R B RO AR RATH LBA4404. XERITEMEALR MY
EEEEH. DER, UEHE “BHN" pAL4404 HIRER TR EBEX R,

x 71 FERANRRKE
Table 7-1 Plasmid vectors

REER wEER ERNE & B
pBIB nptli, hpt hyg ", kan" PMBE &M
pBIB/GUS nptll, hpt, uidA hyg", kan', GUS PMBE i¥i&
pBIB/SARs nptll, hpt, uidd hyg", kan", GUS PMBE i
pBINm-gfpS-ER | nptll gip, pip kan', tet", GFP PMBE %M
pAL4404 (M) | Rif nif LBA4404 B%, ZWRN

7.13 EEHFIRH
AN 2R B Merck 2 F(Darmstadt, Germany), Roth 4 &](Karlsruhe,

Germany), Calbiochem 7% & (La Jolla, USA), Amersham 4 7] (Braunschweig,
Germany), Agfa 4 7] (Gaevert, Belgium), Sigma Aldrich 4 %} (Deisenhofen,
Germany), Duchefa £ &} (Haarlem, Netherland), Difco 22 8](USA), Feinbiochemika
2 ] (Heidelberg, Germany) R = HANF XA . Hp:

BS 3% CBD: Sigma Aldrich 248

HAEFR (kanamycin, hygromycin, rifampicine, tetracycline, cefetaxine): Sigma
Aldrich 24 %], POLGEN A4l
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7.1.4 FENREE

HAP MR T2201 (Sigma)

’ﬁz‘iﬁﬁﬁ:um SORVALL RC 5B Plus (Kendro SR, USA)
A% J'ﬁﬁ{)( Blo Photometer (eppeendorf); Jasco J700 (Jasco, Japan)
ﬁi%ﬁ}%lum centrifuge 5415R (eppendorf)

EEHH (0~100C): CL-65 (ELKON A7, Poland)

AP Biometra Agogel Mini

Vortex {B5)28: WL-1 (#X)

1.2 5k
7.2.1 EERERAFAE

R 1-2 FERNRAERERRE
Table 7-2 Selection media for Agrobacterium tumfacion

LR RITE
pBIB (XH8 1) YEB+ 50mg/L kan+2.5mg/L rif
pBIB/GUS YEB+ 50mg/L kan+2.5mg/L rif
pBIB/SARs YEB+ 50mg/L kan+2.5mg/L rif
pBINm-gfpS-ER YEB+ 5mg/L tet+5S0mg/L kan+2.5mg/L rif
PALA404(%f  2) YEB +2.5mg/L. rif

YEB #iid#% 555, 28°C, 140pm, FEHESE, 2d.
YEB #5355 G2 RATED: Trypone 5g/L, BEEFRHUY ( Yeast extract ) 1g/L,
HHEE SgL, MgSO,TH00493g/L, pH7.0 (EAIEFREM 1.5%MFR)

HAETNEE: ¥ 100mg/L MWEHERTERSER, BTERABAY,

0.22 pm ¥BEGTYE, 20 CHREEH.
7.22 F{LMBIERIERAE

RERR B, SAERANELENNRERRERCETER. SHR
MAEREF TERENE 7-3.

R 1-3 AWRILERNBINERTIORE
Table 7-3 Working concerntrations of antibiotics for selection media of Arabidopsis

HAERME | BREEFNE SGAKESHE| SIFASSRNE | BRA%ARK

HEE | 25 mg/L- 25 mg/L 1.5 mg/L pBIB &3l

FERE 100mgL | 50mgl 25 mg/L pBINm-gfp5-ER

BEAHEIER. B5+0.2mg/L NAA+3%EERE, pHS.8.
BR&4: 23°C, 24h %R,
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L MEARIERERE ST 120 rpm R, B RIEEEEFEM 0.8%IEER
723 BUARREEESE
- .pBIB/GUS &, pBIB/SARs bL GUS AL F R BHTEN (S ER) UE.

©.. - ~pBINm-gfpS-ER fER4ME T M GFP K ttER.

- GUS AL A: A GUS BEHEY X-Glue (5- 7%-4 #-3- ﬂé'lﬂﬂk-ﬁ -D-#i

o fﬁ%_ﬁ&ﬁ“), EEEN A SR AT, BAMNEER. B 300u BEHAR

#T eppendorf &, {RERCUCEMM (2000rpm; Smin, RT), A 1ml GSS

T B (GUS Befa¥E) R 10p] X-Gluc ¥ (25mg/mi), 37CEYT 1h BitK.

- HRGASHRBSAE 96 LB ER, GUS RARTEREHENT, B
- AN X- Glue B3, BANUBHEYH. SHHNERSER, N
HygRe, UL 70% ZEREFFENRERGANIE GE: AMARRER
KiER). _
X- Ghic ##: FI N-N-ZHEBIEA R 25mg/ml B &8, —20°C RHEEH.
GSS buffer (GUS #E#): 10mmol/L EDTA-Naz, 1~5mmol/L Ks{Fe(CN)e]
(BB ALH), 1~5mmol/L K[Fe(CN)s] (FEERH), 0.001% (V/V) Triton-100.,

724 BUERX (FE) 5BF
EHFIGAR T 3 BREMSLTE.
7.2.4.1 #X0

_ ZERETHEE YB-2 BB IS5, B Agnieszka Sokd 184, &
LB F:

1) BRAMMAE: dpl DKE 20mM LB T FMNE (acetosyringone) F
4mi #ARJG 3d ORI TF B MM, Pl — ke R ek iT B R4 M 20
K.

2) G5RBRITELEEIE: 100 pl $EFEE 1~2d (ODen02.0) BHEHEE
AR CRNRANRERTEERET LRRIT RHNERARE, RMBSE
BT 28C. BELMTHERS 3.

3) RATEWHRE: BL10~15ml &% SO0mg/L kB R BS gt
W4 S K, 1000 pm, RT (E#), 5Smin, RAFEEET Sml Fl—FHE.

4) FUTFERE: B 1ml EREERESARE BEHTEEAERLAKRER
EEN BS BAEEERE, . XREHTESE.



PR A —E L RAIE

7242 R 1

%1, 2 % Ferando ZE[Plant Journal 2000, 22 (6), 553-560]8 7 4 4t )7
£. BASBOTF.
1) ERERITEIES: B BUAEFER L8R 3ml H5FE 1~2d
- (ODgoo02.0)EF A KPR L TR B Ak R R R A 3 B ¥R 2 K, 3000 1pm,
RT, 10min, A/EMT s0ml L EFLRABIEGIFRF AN, HHEHF 1~2h,
RIERGEFE 3d, 120pm, 23°C, K.
2) RITEER: LAF SoomgL LHEBRNK BS FEMAEFELOWERE 2
W, BRYEEE TRSGEFN LIRS EFF 30min.
3) WA ERETRAEHERNBS BEHE LREER, 120 pm,
23C, KM, 5~6d. ' :
4) B TFERE: MEEHEMKERERT EREBFERE, ERELH
TFHEEER 124, REW Iml FETEHEREEFEFHRIESR, 23C, R,

7.24.3 X1

EHRA B % Gallego (1999 P NN BIFHMEN T L, FHAMTRKA
A, AR TH#E, ENSEERNEZEKE 2d, Bk THEFH
MR REENN. EEERT, ALEFRIEULREKE, AF 40-60d. F4
SHRNT:

BUESRE 1~2d (ODg0o=2.0, 2x109cells/ml)R AT & F 7 DL BS 3 XM B 104
| -
B5 & Z0#% 2 X, 13000 pm, RT, 15s
)
e 1/250 AR (100pl to 25ml) KA HEFH T S HHEE (Sml EHE BT AEM
T 20miBS 5#E) ERE 24 HUHERN BT ER
}
¥8. AETREER 2
@ 40524
BS 35k R %0 2% 2 K, 1000 rpm. RT> 3 min
{
E&T T4 500mg/L L 1B K69 BS MR H#A, 16/8h B, 23£2 °C, 120 tpm,
2-3d
@ 12-3d
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7 7riﬂﬁ#&ﬁﬂﬂﬂﬂmf‘éﬁk—ﬁﬂﬁﬂSﬁ-ﬂ:ﬂMﬂﬁﬁ

CEORER LK (AR
}
%ﬂ$MEﬁﬁ#%%£'W%ﬁ$ 23:2°C, 12
@ | 7~154
ﬁ/l\%ﬂiﬁ‘iiﬁt(%éﬁ?n %ﬁ‘f Bs BRB R R E L REREF 12 A
o @ | 7~15d
ﬂ&#&mﬁﬁﬁtéﬁéﬂmﬁ #3317 GUS & PCREN, £ B RAE HHERK
' &Wﬂéﬁ (R BEREBEHK 12 A
® | 7~15d
VEBRYGHMAE®EH—F 9 THR (GUSassays, PCR, Southern blotting,
‘ Western blotting , etc.) '
}
E&AT BS MAAAKRERERER 1A
® | 7~15d
REHEEETERE

1.3 ER594F
7.3.1 BERNLER SR

ABFFTERE 3 RN FRLE 74

%14 3 MEFLERTRMLE o
Table 7-4 Comparison of procedures among three protocols of mformanon

B | FRpe | RaE Rk SRR MALE %N | Bk
‘ : ﬁi 3] HR riE | 3% ER
[ | #RE3d | w¥T+AS | 3d — | BO%%E | 5X5min | — —
I | #4855 od — | 1~2h 3d | Bkik+¥R% | 2X30min | 5~6d | 1-2d
o | 445 2d — 2d | 2~3d | MR | 2~3d — -

73.1.1 #X | L EROH

EHFROEIERARE I ZEHRTLELE, SRITEEFEERE
FHTHT G, AEBHTAFRRRAE, HAESRME. mEEE. X—
T RAERE BRI PR BIE 2 (AR, Agnieszka Sokd M-LH#RED.
BT EMTLBEY S EMNR & FAL D BIE T IR B 2 AN X T-DNA B
BB, KAERHEARER, H—LaTHREXEY, ZEBT FRUNARNA
ARDBER. ‘




PR E— IR F AR

B 7-1 Z3LEERE GUS AL RAER, W GUS BEABN XA, H
1 pBIB/SARs $#£1t J5 40 f 4L 5 BE R T pBIB/GUS ¥4k )5 41/, X119 SAR 7%
HE—EAEE FRR T GUS ZEMERER. B 7-2 %45 15d AR E41 KR,
AIERH (control) TEAM 4 NEEMAREREFRGAR, WHHHCEITL.

NS

-
' = -
> A\
B 7-1 BT H4LJE GUS Rt B 7-2 #4E 2R PRERR (154)
Fig.7-1 GUS staining of Protocol | Fig.7-2 Culture on plate after transformation ( 15d)

EREIF R AR T, X—ATRIEARNEMAR. FrEtiuEraE
MM, BTERAEIRERNBRIET. FEREW T MR HER IR 2R
%, ERIEMZRAK T, EXBFNEFHE, FETHE 3d, L¥A
BETCE AN T IREHAK, A REE £ 00T BEk & 5 TR R EILER,
HEFMmmEEER.

7312 BRI LERS

EHEMEERSETE—VERE (1~2h) FISESART AN T Tlsts
F (3d), WEMESEFL 24 30min) BHRAFFE, EREWE 1 5-6d (kK
HEFNE (AmER), BEMTHEASXA THEREE (1-2d.

ahs
e
wpxed s Hyxgd
" - 23

H7-3EANEEERERTHER B 7-43j3dfm8 a GUS RERR
Fig.7-3 Suspension station after co-cultivation Fig.7-4 GUS staining in 3d and 8d
by Protocol Il after transformation

B 7-3 REIWEEFRMEIF%EEHSEMRR, FLENSFHRTR
REFRRIR R, SRFEETRAETER, BT KEIFLARNIET T 2K
HERFMRRARHENFR. ZHER, 1-2d HMHTEFIER, I REHE
LR A
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7 BEIRIR AN SRR S R i B

B 7-4 4> Bl SELSG 3d (LB FRIE R E B RN 8d (ARSI ETR AT
i) GUS AAL¥E R tE . MHTTELE . pBIB/GUS #i pBIB/SARs #4L/5 1Y
RIS, T pBIB LG R E . Xk, GUS ERERF KT HRA
HIBRiN 3234 (transient expression). e, #{Lf5 3d, pBIB/SARs %5 pBIB/GUS
pmEikaiRE L g5, {8 8d &, pBIB/SARs LHRAREWUERT
pBIB/GUS. XM, AR #, SAR FIlRmHNHERRERNURALER.

BREAREEIERERERE L, 8 3 MIURMRARH B LG HRET
M, BIMOAS I ARRGAS, TiXERGEESHOBES GhELORE
SHEGALR, BUEBTHFERE, ZEHFREFRE, MNAKIERAIRES
NG FTED (B 7-5). i, —ENEE, XEaEALHRHE KRS B,
R B FHIEFE R EERION . RESRN T, SRR
H KRR EFENORAE, UEH RN RN ERITEB 2R E I

B 7-5 #ihE RS amARBERE LRGEARBFHA (150
Fig.7-5 Calli or cells died on selection media after transformation (15d)
¥ ZE¥ pBIB/GUS, EHTHME

/4

B 7-6 BRUALEGEHFLARNEHE (pBIB/GUS)
Fig.7-6 Growth of Agrobacterium after transferring Arabidopsis calli (pBIB/GUS)
#: AARKEEERES

BB RRBIER T LRHEN. R EA B AS BRI IEFEFE L
EFER, RGASRRAER, FERREHE ALK AR KT OaRH
HE%E (B 76), X—% RN, BEARTARRATENRTEFAERHAR
BERMEREHIR, T ERRBES k) FERTARTRR.
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FRREHE B R Y

DL bR, WalF RIS R, RSN K, %%
EHEN AT ESRENSS TN, BEX-TENSERNAHARSTRN
“EREMET, FARREEEMMEERELT.

7313 BRI LER S

HHENETERARA AR ENRELER QD RREILER
(2-3d), Fib PERRFERESERRFRS L RERATULRER

AR 2d, FES FEHAERARATE, AREFRERERRN B, TRENTH
A,

[ 71 MAIIBAL 76 GUS AR 8 7-8 BATRERHAR (BIB/SARS)

Fig.7-7 GUS staining in 7d by Protocol 1l Fig.7-8 Antibioticsresistance calli by Protocol 11
B 77 RRUHE GUS BEIAKBRFOEN£E. /678 &SR
R B AR AR P R, 18 7-8 1 B B
AT A SR P YR G B RSV AR, &

B “RRRIELE.

LAGRET, SR LA, (IR E i At

M. B, SRR, T pRIBSARs A S RIEERY LT,

7.3.2 BB MK
7321 RALIERHE

SHRE TRE °CHE 1D, BR G7°C KH 1D, BB Cols
BEREWES 1d). ASHES (& 20umolL ZEE T HEEFREMESH 14, R
(ERHE 5 HHHTRRAR, B3 K. DR BRENHERGALREY
K 100%, THEZGEEGASAR LR, BEEAGAREREGRE TR
o, HEERAEE. FREALES. BT79.

F 75 WA EX AT RRARERE TR
Table 7-5 Influence of pretreatments on transformation of Arabidopsis suspension cells

. HEMRYS | AR | KBNS | Heel | BEREE
HEBH /% HHAKRE | HARE /%
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7 MRS MR R — R SR LR

%8 28 50 28 9 68
Hilt 16 29 16 3 81
ERELIR 43 77 30 11 63
AS R 67 120 30 13 57
X PR (GGETRALE) 56 100 30 8 73
150
100 WAL
a2
HJJi: O EPRrER
0
& & gL
,g%% ¥
B9 RFLAERLRERE
Fig.7-9 Effect of pretreatments on transformation
x&7-5. B79%H, (LAS ESHEEREMNMNMEAGAS L ES T E,

HREARLL, HARRE 20%, AEMEERE: S8, KEAERIURDAF
T, RN AHGALRRE, SR ANEBY 27%. 50%H 77%. X 5ETA
KREte PR RA B, THRSAER P, ERafEEa k.

7322 BEXEFHRAERENTW

AR T 6. 12, 24, 36. 48h (X1B) MEILIEFMEILAE (BEEHE
2 EHEIEF), EE 3 K. S HiEwaimik. 482 0% 7-6. B 7-10.

76 BEHREFMREFRZAREELLNER
Table 7-6 Influence of co-cultivation without vibration on transformation of Arabidopsis
suspension cells

BELER | BUEAS | BANELE | HBHNA | HERs BRiEE
K /h ALK /% BESURE | HZRE /%
6 10 19 10 2 80
12 26 48 26 3 88
2 57 106 30 7 77
36 69 128 30 13 57
48 () 54 100 30 10 67




AR E— LR

150
100 W E

50 - - MEEER

Gh - 12h 24h  36h  48h
# B IR

B 7-10 TE # B E g ML RR
Fig,7-10 Effect of co-cultivation duration without vibration on transformation
#7-6. M 7-10 %8, HERERNENELIFETAREW, Ll 36h XK
B, BAMNRMLLGASRKE 48h GHR) 77 128%, T#FFE oh M 12h B4
W, RRTRITHEE, HER BRELER.

7323 tREER S HEEENONE

ERTEER SRR, i T REEFNEERELE, 455
B {REE% 2d. WAEEESE 2d. TIREEFELHEERE (B, BE 3 K.
gt HEmaiig. ERAER7-7. BH 711,
2 7-7 A SRR U R I B M R R

. Table 7-7 Influence of reviviscence culture and lquid-selection on Arabidopsis suspension cells
transformation

bom THat | MR | g850s | Rtk il
SR /% fHESRE | ASREK /%
PeE 55 ' 87 30 4 87
b 87 ' 138 30 14 53
g 63 100 30 12 60

160 ¢
140
120
100 -

® B |
B0
40

L EickagiaiA S
B BRIt

HEER Witk kL)

P T-11 ¢k MR 5 AR B R

Fig.7-11 Influence of reviviscence culture and liquid-selection on transformation

|




7 I B R e — SRR SR R

£7-7. B 7-11 £H, WERFLRELESHAAREHE . 5in 2d
WL, AOERLRIES 38%, TIEWBME 7 ERBEE, 80, KEEF
RILHRMER, BERRE, HBEERD. BEESFT, HFETFRERKD
HUTRERRAR-MTE, A8 TEL, siafTH TEE. M TEE.
WA BEARMF K. ARRBOTIIREER, —FOa TEFEHR rigHxE, #
PUTERFROEKEN: B—0W, SAERNEE, MHTIEHETRES
. TR IFRT, TRREAAARERETHRERTERLFREK
ZHAH, Fk, BUETRE, MERANEREEA.

733 TGS KLY R

TR 3 MBS, BT pBINmgSER (Gl-RIB RIS
FRR), AT RRAASRAMERT, XE% LBAMS,

% 7-8 FREANE NI EEGEERELNEN
Table 7-8 Influence of vectors on Arabidopsis suspension cells transformation

WO LTINS il ST SR 0] s 4 BrtEE
' A kRS HERK /%
pRIB 67 30 6 80
pBIB/GUS . 56 30 6 80
pBIB/SARs 73 30 11 63
pBINm—gfp5-FER 43 30 3 %0
LBA4404 (TR *+ 8 8 0 100

*LBAdAM BiPELEE, F RS pBINm-gfp5-ER IR FHEHT R, BIFHEREHE.

100 .
0 |

60
40
20
0

Ny it o heh it d

pRIR pBIB/GUS  pBIB/SARs pBINmgfp5-
ER

(W Fit At SRR W EREE

A 7-12 FRRAEERELRE

Fig.7-12 Effect of vectors on transformation

#* 7-8. B 7-12 B, 3 % pBIB RFIRBEANBEGHAFEFEABMHE
WHREBE —TER, Ll pBIB/SARs WA, pBINm-gfpsS-ER FkHEHEA
PR AN 8%T pBIB £5, WEHALEEL 9%, HERT pBIB R
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PRI R R FE—E MY

B, XE5AFFELE pBIB RAIER LR HHFXR. WHKBK 3 ke
pBINm-gfp5-ER FihJF = IREHE G Bt A A ST R ANE, R REBRNE
H.

AVE TRREAR (54 pAL4404 “ZFFURL”) I LBA4404 WM RG, RE
8 W “PLEMBEAGAL”, XU, REMHRDATRELFEEFELE
K, AR —EXmpESH, TRARARE M “RE” ERSHNER,
TEMRPRT AR, XAk REEESREHREZ—. A%
TR, XERAS ALK,

73.4 HUEBEHR

R LR, BAEERH T WRRRARE F &4, BIEERIE
RE L, 20pumol/L Z.BE T EEEFENEF 1d, BEILIESF 36h, WKRERSF
2d, U\ pBIB/SARs HJRKIEK, RAMEAGHMR, E5 1 K. SROTEHR
Re WEHRR, RAATERFUIE G ALTE G FH 17, 185, THEEH.
{BEEEETRANHEAGALREERRAE, 750083, 153, ALK
BREREL 82%, KBNS 17%. XHW. S&ERU ISR, 6

KRB, MR SRR,

i

S

B 7-13 B HARR
Fig 7-13 comparison of effects between optimization and non-optimization

7.4 {1ig

74.1 (F GUS EE RN RIA

SNERRES AR T RIEN T AR BIFRE (transient expression)
HRERIA (stable expression). BERTFIARIERAINEEFGIERN BN (N
B BRI BILRIE =Y, BILREREK T BRI, ERH KI5
BEERETR. IERANEEESASRE, KESRBRSIREALE, T
RUFERETE. BNRAERRREREF AP BB ZNH . FIIOPAR
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7 REFBRARR AR SRR R

;T METEEREEREDAERN, RER—erEs) 7RG ER
T, ZaYaR, TENRARTET RS EEARNTAT
R RS TIPS R R N ERRA DTN . ERREP, IFRERRETERS
PR LY, ABEREAASNEEFGERERBALT 0. 1o, o
RIFELM . HPHESHERFRRERERN, DEESEIREANEE
AL T, RRAMEERMBRN RS, S THXEE T EEERRERNE
[3: 252-253)

KB GUS EHRMBRN REEANAMELE W, HEFEEIT GUS 44
FERERE, 3 MARIEATES GUS BABREENRNRIE, EWHHF
R PRI & pBIB/GUS #1 pBIB/SARs Bt THIE A B A EEE k.
BARFHFARM GUS FHEEBE, HAREFER ETTLUEH, SAR FAIfE—
EREER&T GUS MERAR, LHENXFRIG 8d if, pBIB/SARs AhERL (.12
25T pBIB/GUS. iXBE7R, AR, SAR FIlREFHEERAZMNK
REER.

742 XTFHREFEZESRAMIRSR

ARARAN AT REBIHLTRAE R ESE S, RERE, W%
PR WIS. EENEREE X, SEREAYE, FREFEFRS. H—1EE
RHERR RS AR, B TRFARAL RARASH, EFEHEAat
B, AT HE ML MU R R (LA ML RUR B, TG R X AR ARy L
Bl. RmgEaf i RmEtER, GREDTREANEE, X&E8aE
LA U e S - M oy

Hid b, BREHAERIFRGEIEALRA &K, N3 & 4 i 2 B
R, JWENEREMERTRE, SR BFNEARTERSHET. B5
SAEN AR ERRE XK. REFEARTREEDHL, BERKEE
PR, IR BB RFCESE G AR OB, HREE T HEHAL.
HISERT L, o] B A P R R Ak T A AR K, R i %
AR — KBRS .

BAEEMT, BATFREKNEATRHERRER—NFE, BATEK,
SR REAK] T MAF FEHF, NARARTAERK. KRB R AEE,
—HERTERER T HFE R THRENEREMS: H—7H, LR
MFFTE, I T IR FRTSFA K. MRS SEFIRY, WikcBEA AR
FHUTHERTERLTOERZ RS, Hik, BAeETE, mRELEERL
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3’.[.0 .,,—xlr . o .
T T B R OE — T S I e . NB— M BRERE, AMELH
WHEFRRRAMAEANEHEE. RESHTAREREAZAES
Lt ETURS @ S R ERE R B M.
743 ETBGEESMELE
BRI TR B4 T A RS, RN R
R, MEERNERE PR, MTURFRRARERER, THALN
ORI DB, Hl, MAEENTRELRA, BRREE. B
YR SRS O B R A T AT S TR IR0 T 44 WA
T TR RN R B R A BT RS AR AT L R, R
A K BTSN SHBRETEINER . RIESRTRE, RGN

BK, WERETR EREARGAR. RAGRKRKA 20 MEEET %, 0L
wiTH.

7.5 &it

gL 3 MBSt R AR, LEFEHRE GUS MBNRE,
AN ST R B R AN. EEIERLE, #—P R T &4,
FW 20mol/L ZBt T EETULS 1d. HEIELH 36h. WKL 2d. DL
pBIB/SARs -4 A€k, ATLUAKKEEBRALE. MIRLERET, FHUEK
pBIB/GUS M pBIB/SARs 8] F§ TRy I8 & 4 i R4k

95



8 SRR — R 55 TN
8 MEFTRFHMEEELREERISHES S FHEN

8.1 ##

FrEFRSE PMBE REFCELREXHEFRE. ZLRE Andrze
Jerzmanowski ﬁ&ﬁ%ﬁtéﬁ&s‘zﬁ, Agnieszka Sokét 18-+ HEHEE 4 SE1e

8.1.1 #HEEELERE

TR I A AR PR 0 B K 452 SCHR[196) 77 ¥ % 5 46 A B9 BF A B Arabidopsis
thaliana (Columbia) BF41LAR, PMBEH|&. WERITE (Agrobacterium
tumfacion) ALBA4404FL RS R (electro’ competent). BT 4T R4k % .
pBIB. pBIB/GUS. pBIB/SARs. pBINm-gfp5-ER, 897 =2 {F H i & pBIB/GUS.
Bl R R i AR R AT .

8.12 FELLERH

R4 B B Merck 2 F](Darmstadt, Germany), Roth 4 & (Karlsruhe,
Germany), Calbiochem 2 & (La Jolla, USA), Amersham 7\ 7] (Braunschweig,
Germany), Agfa /A 7] (Gaevert, Belgium), Sigma Aldrich %2\ %] (Deisenhofen,
Germany), Duchefa /2 5] (Haarlem, Netherland), Difco 22 & (USA), Feinbiochemika
2> F](Heidelberg, Germany) R ¥ 2 HPFE X AT HF:

Taq DNA B A% (Super pfu polymerase) K PCR #E%44kik#: POLGEN
A7) (Poland, #PREEWH TFEPFLRBUHD.

DNA Marker (1kb): MBI Fermentas 24 & .

HE i Marker: Prestained protein molecular weight marker (Fermentas)

HiF (—3H0): Anti-phospho-Histone H3(Serl0). Anti-phospho(S10)-Acetyl
(K14)-Histone H3 (Upstate Biotechnology)

$ifs (ZHi): HRP(horseradish peroxidase). AP(Alkaline phosphatase)

[E#8E (PVDF): Wetran Clear Signal %1 FZ¥3CBi(BioSience)

3MM ¥E4K: whatman

8¢3$§&$&§

PCR {X: Mastercycler Personal (eppendorf A %], Germany). Mastercycler

Gragient (eppendorf)
RSB T2201 (Sigma)
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SRR R — RS

HBEEE B0HL: SORVALL RC 5B Plus (Kendro S23%, USA)

4 ¥ E . Bio Photometer (eppeendorf); Jasco J700 (Jasco, Japan)
- AR B HL: centrifuge 5415R (eppendorf) '

JKFrK{X: Biometra Agogel Mini :

RH Mk # 4 : - Amersham (Biosciences)

A)%#Hl: TKA LABORTECHNIK T25basic

MRS Bio-RAD POWER PAC 3000

HEMABEEB{Y: Bio-RAD SEMI-DRY TRANSFER CELL

BioRad £ R4E: BioRad A% (Germany)

TRl (Gel drier): Model 583 Gel Dryer (BioRad)

#2FK: BLOKADAKL-942 (%)
B (0~100C): CL-65 (ELKON A7, Poland)

B #{: Thermoblock TB-941U (LECTRONIC ), Thermomixer comfort

(eppendorf)
Vortex JRA1%%: WL-1 (#2)

8.2 Ak |
8.2.1 B{Lpn (M{HLEBR) GUS BAL¥LE v

S RPER — 28 kBRI NRGAR (B —RRERR T — B0
PCR ¥r#1%%), T 96 ALHERMER, BALWAL 100u GSS Bl (GUS H
B8 0 1pl X-Gluc HH (25mg/ml), BRBETH, 37CEFTIHE. KEAR
REFR. EMRHSESER, HEMEERA, R 70% ZREERAE
MBEFRAGAIE GF: AMFRKRRELEER).

X- Gluc %¥: F N-N-— FIEBIREAC AL 25mg/ml &3, —20°C REEH.

GSS buffer (GUS $E#): 10mmol/L. EDTA-Na,, 1~5mmol/L K3[Fe(CN)g}

CBREALE), 1~5Smmol/L Ky[Fe(CN)s] (EEE&4), 0.001% (V/V) Triton-100.

8.2.2 #EEFF EE4H DNA iR

GUS frfE AREMRGAR, K THH LB IHEEFE LA
7-10d, FRGAREFRKBEERNNG, BR—FEERDNA (B—R45RF
- PRNRERFREAHUBRARR). S5442 K PMBE REMER
4 DNA tE i 7k, BRSNS OREARER. #ASRUT:

D REARARERE, R 1ml BEAR (EHAREWELAHA 100mg)
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8 HimFRFARREEE—REERES TR

F eppendorf &, 1KEREE.L (13000rpm, Imin, 4°C), 4B E L#EHK.
AP H B 100mg 1 HHEI T,

2) AT/ (pestle) TBEE 15~20s (BIR4IfuEE).

3)50 4000 1 FhIRE MR, 7E Vortex 1R 5128 E 195 Ss(CBR A MBI DNA) .

4) 13000 rpm 0> 1min, BX 300p1 ¥ F 5 — eppendorf &.

5) Hm300u! FHEE (isopropanol) BEIRA 2 min (fff DNA JTHE).

6 13000rpm B0 Smin, 50011 70%Z.BE¥EE DNA T (VIR EIA247).

7 BEEHEOLER 1K, REBZLE, FHARKT.

8) ERE DNA F30u1 ZHTK, 4°C Ta{R% 1 £,

HIRE MW : 200mM Tris-HCl (pH7.5), 250mM NaCl, 25mM EDTA,
0.5%SDS. HEHFE (KA THABE SDS ).

8.2.3 DNA H k547 |

10%I fe R 3k, A 1xloading buffer, EIKZEMWHK 0.5xTBE, $f
TR Z 3 (ER, /DFMTFHEIXEHRED, HE~100Vt (5~10Vem E), &
BEHH{UWER, BioRad KRB RARAH.

6X LR (DNA #: ERE): 0.25%5 K} ¥ (Bromophenol blue), 0.25%
R %R FFXylene cyanol FF), 40%(W/V)iEH# (sucrose)

0.5XTBE : 45mM Tris-#fiB(Tris-borate), 1mM EDTA

1XTE: 10mM Tris'HCI (pH8.0), 1mM EDTA

BALZSEEB)EFFH(10mg/L): 1g 8L LEEE T 100ml ZiEBAKSD, BOHHH
BUHBUNT . TERORER 0.5 pg /ml.

8.2.4 PCR &

ATHFRA M PCR REAARIT:
H,O (mini ¢): 13.5pl
PCR & (10x): 2ul
dNTP JBEH (10x): 2ul
B4 1: 0.5ul
g4 2: 0.5u1
R DNA: 1ul
Taq B§: 0.5ul
REEH# AR 2001, 2T 02ml PCRRY, Mg LT, B#BS, R
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. FRHARHTOFE— AR

B HTHISHEHET PCR 171, MABRAE, WIRESIHIER. 24K DNA
RESHEELHE. RNERET 4°C RE.

e 95°C 4’ 30"
- & 95°C 30" :
- Bk 55°C 40" }28 KIEH
EH 72°C 40"
EM 72°C 6' 00"
8.2.5 ERRikiE

AFEARIZEESEE (core histones) T, B Agnieszka Sokd §t
Bt BRI S EARS R, AR
D HAEE (R 1) ABHKSE, BTHRES.
- 2) FEREPREEEERAR (EREAMTHRE), EA 15ml BoE
~3) im10ml HI 003K, 4°C TH IKA B3EHLE 20s.
4) B4, 12000xg, 15min, 4°C. ELXZIERE (Miracloth, CLAB BIOCHEM
475855 IR) ¥8 LlE R~ EMEOE.
5) B 100%TCA FEHBHEHLREN 20%~25%, #BIK L 4°C TEAHEIE
30min.
6) B4, 16000xg, 30min, 4°C, 1% Bk, YiiEAH —20°C A (acetone)
Tedk 2 K.
7) Bl 16000xg, Smin, 4°C, % LW, ARKTF.
8) EAVET 300u1 1xSDS HRErEH. LA, FANRES, MENRD
&, i 1u1 1M Tris-HCI (pHS.0).
HI Zrp#ifcHl: 10mM Tris-HCI, pH7.5
2mM EDTA, pHS.0
0.25M HCl
5mM B -3E: L8 (B -mercaptoethanol)
0.2mM PMSF
1xSDS FESEHH: 45 mM Tris HC), pH6.8
10%H# (glycerol)
1% SDS (sodium dodecyl sulfate)
0.01%#E}YiE (bromophenol blue)
50mM DTT (dithiothreitol, —HiFREER)
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8.2.6 EHR % —SDS-PAGE

SDS-PAGE £ «Curfent Protocols in Molecular Biology) Chapter 10 :
Analysis of proteins (R.K. Scopes and John A.Smith, 1998) #{EMHiE. FHEBH
BRI R 8%~20%, WREBE, FRLBNEARS TREMK. F3CKA
12%RITRBABAI A E, 17%RFABBEA T western 238, Bt T

@K monomery 6 ml (western blotting 7.5 ml)
1_.5 M Tris-HCI, pH8.8 3.6ml
10% SDS 150u 1
H»0 5.25ml (western blotting 3.75 ml)
10% APS 150pn 1
TEMED 15p1
VYA : monomery 0.65 ml
0.5 M Tris-HCI, pH6.8 1.2mi
10% SDS 120p 1
H0 3ml
10% APS 150p 1
TEMED 15u1
ABRATILBREWT:

D) HdbdES: W10 K 2001 sTARFEEA B, B0 0.5 5% 1u1p -k 2B, 95°C
BH Smin, FEEL 4min (4°C).

2) B WEHEH 25mA (320V, 30W), BB} KM T B T T e

3) AEERRE: FNSERE, BT Gomassie G-250 3%, #BHK LitE.

4) FE¥%: HAEMMHIA0% BR, 25% FEEY 15min ZRATH, BH
10% LS.

5) BERES S SHBREHTFRE, TRIOHEAHICRERR,
A Image J AR H I BREAREHESE. _

6) BE: HRETERE (7%F8, 7%E8B%, 1%H) PFERIR.

7 FH: RTHRELE, EREFREE, FTRILL 80°C £4TFK 2h,
B B AT B A

8.2.7 Western 233

AHRIGHTT 2 HARKEER Westem 243, 0% 8-1:
% 8-1 Western T RG
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Table 8-1 Two Western Blotting systems

D

P i —H BHHR B#E
I | B3 [Anti-phospho-Histone  [HRP(horseradish Amersham  [H3 Serine 10 B¥#24L]
B A H3(Ser10) peroxidase) detection kit
11| 4a$t [Anti-phospho(S10)- AP(A lkaline B RR A BEH3 Serine 10 BEER{Y)
© | - |Acetyl (K14)-Histone H3 [phosphatase) ¥ il lysine 14 Z. B4k

1) BEFSE: U LA SDS-PAGE B4 BHMRS B AR, FERLS,
DA Image J UM MTAEA H3 (17kDa) £WHE (RF), WEEEA RE
R, HEFRAXIENAES B3 TR, HAEEHNEEESRH
SDS-PAGE 48 1 K.

2) EAFEHE: BkEFRE, RER, #A TGM Zr#i+ R4 30min.
BJ—3k 8.5%8.0cm K/ GERBIR ) Wetran Clear Signal B E R B(0.45%m
L2 PVDF ), BERAUFEPEEEAFHE (methanol) 15s. ETEHE 4 54
MRS 3MM 3546 (TRSETZE TOM ZmhiliiE), A=Wk EEH, HRR
0, EFREBNL, SL&HK, AR, BE. HEARAE (% som K:
105mA, 60V, 7W, ZE/b 3h).

3) BB, HF: ZRELRK. TR, RERA Buffer I, 384, M Gomassie
REAREATERE. TEMERTE, BAHHE (Blocking solution), Eif
& 0.5h A,

4) FB—hERMN: MEHER, NAFAHER (Incubation solution) Wk
fI—$1, 4°C BHRIEH. _

5) BHIHRN: FET TBST ¥#¥# 3 &, 8K 10~15min, J0A 5 HHH,
BHmA—H, ZETRM2~3h. @BFETT TBST %% 3 &, MK 10~15min, R
R T B0 R

6) K. FW 2 MAXRERARFAMRETR, BAE0T:

FR 1. WIERRSERIY Y (Alkaline phosphatase detection). Z¥3CIEET
15ml BEERRESE 3 (Phosphatase developing solution). 5011 BNT 1 5041 BCIP

O RAW, REER, HISEMNE.

H 2: Amersham WRHEM . REBEZRTFEBE. BELEAEN
BEEAHBREER .
Western 2432 Fl I AH O ARG I F -
- TGM buffer: 1.514g Tris'HCI
7.207g HER
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100m! FEE

7K Z 500mi
Buffer | : & 7%HAc ] 40%F BE#K
Blocking solution: & 5%/ifE4 436 TBST
Incubation solution: &R (£75p1) $i4MT Blocking solution
TBST (Tris buffer saline with tween, B PR TNT):

IM Tris 22 mi

SMNaCl 33 mi

mH0 E IL

M 1ml Tween
TNT buffer: 10mmol/L Tris-HCI(pH8.0)

150mmol/L, NaCl

0.05%Tween-20
Phosphatase developing solution:

0.1M NaCl

0.01M MgS0,

0.1M Tris-HCI1 (pH9.5)
NBT (nitro blue tetrazolium) :

(dimethyloforamide)
BCIP (5-Bromo-4-Chloro-3-Indolyl Phosphate) : 4 50mg/ml BCIP
100%DMF |

8.3 HREHH
83.1 ZTIAFRMRIHELR GUS S HER

3= R B RN ARG AR GUS REFRINE 2. Es1.

% 8-2 pBIB RFIRMHEH L EHERGHRA cUs RS HT
Table 8-2 Result of GUS staining of calli induced on selection media

4 100mg/ml NBT f 70%DMF

| R BMRGHEALE | cus Bt GUS PHER/%
pBIB/GUS 71 35 45
pBIB/SARs 72 39 54
pBIB (RHK) 30 0 0
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ﬁ Hﬁ'~ ? h,:{'kq"w\fﬁ\i "ﬂ'\ﬁ AN 4"\“,*

T ""'t ¥ a-"fia»h“ s T s L W'
B 8-1 pBIB/GUS % fL.4ukE CUS R & 15 4

Fig 8-1 GUS staining of calli transferred by pBIB/GUS

82 R, “REESHDHESHAL T, pBIB/GUS M pBIB/SARs 7+
G T 45%M 54%(H GUS MR, FF U, A4 —Ehitapasces
GUS [, HRBRERE.

MFE 82 A UAN, S ZRkHEFREFES, GUS RPHIREL 50%H
HEAGALARIEHEME, BT ROBSHHALEFENEN, BEBRNRELZ
HERNAEE. B T8F9RE R T#D R AR E, &b
AR A RGP, SRR A AT U (L P A MR R pu i AR A 8RR
5, WMAFEHAERESRE LEKNEED.

8.3.2 #lEmItHiaA4E DNA iR

1£ GUS &Ml 5RE b, SEHL%ESE 10 4> GUS BH#E St 4145, di B4 DNA
#4T PCR #&W. HF 1-5 53k @ pBIB/SARs ¥ {L4HE, 6-10 53k A pBIB/GUS
AL, S5 RWE 82 B, (EFTERUN 10 MERT, 7 9 MR R RTHHEE
HH4 DNA.

Bl 8-2 10 #5140 4H0 DNA MR ER
Fig.8-2 result of DNA extraction of 16 transferred calli

8.3.3 GUS FEtE&4H40 PCR M M& R

Xf L3k 9 4 DNA B g Jr—A B34 AT PCR 408, #HBZEEY Apr, 5
ML FHIm T
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HPT102: 5-CAGCTTCGAGAGGAGGC
HPT603: 5 -AGGACTTGTTCGAGCCGAA
SV B SIGMA AH], T #r=9 s0ibp. &Rk 8-3 Fik.

B 8-3 9N H DNA Ao REF B PCR BMER
Fig.8-3 PCR of 9 transferred calli for Apr gene
B (MEBHY: 1% DNA Marker, 2-5 #% H pBIR/SARs ¥ K40,
6-10 383k 8 pBIB/GUS, 11 4P E (R #TH pBIB/GUS Fk DNA).

8-3 Al L, Fr A 9 MEMBREMIILR, ZRBHH MR T-DNA
CESAMMITHMREERMA. pRIB/SARs A MBI HHOLA YRR L
pBIB/GUS B H, RE7 pBIB/SARs ¥ b4 Mtk 35 (b B 3R IA B ¢t pBIB/GUS
MER, EAHRRER DNA BR—BUH KN TR, S RncRRE & 1 5582
f&, pBIB/GUS FRRLEMW & (& 84D,

B 8-4 FE B A E oBIB/GUS $: {480 hps A 1] PCR 3738 B Br
Fig.8-4 PCR of pBIB/GUS transformants for Apt gene with different template quantities
B (AZEGL 1SN DNA Marker, 2. 3884 20l BRI E. 4. 53E% 4 B &,

PSR GUS R SFHIRIT RN, HILiER, & 82 FBHm

74 ¥ GUS PHMEH a4, CokThsiih GUS &M, hirme, §iRit
{LEHA TR, BAMEIRIT ML R

834 HEFTRFHMESRMESHIRE
SFEMMK B R —EHEHE, 4 ERETTARER: (1) MR ) KA
ATE: 4°C , 20min; (3) HEALBE: 37°C, 20min; (4) FHEELE: 250mM, 20min.
REREAFGYITE o SR, BEXEMEBL Image J SHTHAE

(1 H3 X8, #&ERNFESE3:
#6-3 EERTSEHI ZEBREITER
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_Table §-3 Analysis of 1solution of hostine H3 by lmage J

BERS/4Em | mBATER BER W AR 0 1
1 74 ( 8163 1. 000000 180 |
2 & } 7164 1. 139447 20.5
3 A% } 8458 0. 965122 17,4
1 Bt } 7306 1117301 20, ¢

HERVYARGHAEEENSBEERAR, SRWE 85 Eyhal, A
Hr EE SRR ARECRESEESR: WARIHERNH3 £EEEA
—¥, WHT¥ESR Western 2448 .

- T T W
- S8 B
EEEE

— -
111 B
;:::I:
28 8 Y

B8-S EaRaEna

B = &
- - ? 13 _ Fig8-5 Isolution of core histones
: & : . 17kDa ERAE BR): il 4 ERER 14 SHa,
Ain 2 E R AREN R
f T8 8% e

sk, WEPR R, BFARSH AESREHFERANR, AEAH3 (B
EETHKAEE) AELANEFTH . R5SFEREENGRSEAL
8.3. 5 MEFFBIFMMH3 R

BT R4 Rk 8-6. 8 8-7. o-PSIOH3 AEIRBIAE A H3 4158 10
(Serinel0) W&k, ME 8-6 AT W, 4 FRCERSARHEERA, HhEEL
HHEBGENEEMNSTHE, MaEmaheB R e, SRtAsIK.
o-PS10AcK 14H3 R HIALEH H3 SR 10 BR{L R HER 14 28k ek
MWAR, EHERN—F N RBENOEOR (40kDa). E 8-7 Ex5HE 8-6 4l
HiE. Wbk, GEMET 13 HRASRZEIACE, BRI IR
TR — R
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H 8-6 ¢-PSI0H3 AJFH HXER B 87 0-PSI10ACK143 AR L R F LR

Fig 8-6 Immunoblotting by a-PS10H3 Fig.8-7 Immuncblotting by a-PS10AcK 143
e EOLHE, KR, BiR. RSl #: HERANE. KE. B, atihE
8.4 i}ig
8.4.1 XT PCR #&MAgiTie

PCR RATRANEER MY LA ERA AR AL . PCR KRR+
43 R, Pt DNA BURE{US 10ng B, 1 B AN DNA BT @I RAT
HIZHR . BT, tHiEfAT PCR R HRERBMMEH, & PCR BRL R R A8k
ABNE ST BA— LARSBERHERER TR, B4, Mk
2 PCR #riH. AB5E PCR KA RRY, FLEEZ GUS Bay L AL,
Byt B R B, EEIE GUS flEULFREH A TS WkIE £ Lk
BUEN. BEMEK GUS HERWREERFE I NEE, PELREYS
. X— AT LU NE FHARBR, 1§ GUS EH R T4
i AT .

842 XF REHFZ AL

HARBERT R EMNERFEAYERARENHE K7L, KBEE
ARBIRNE AN -SESE. —HUIRH R REMRZRRN T EREZ
—, AER2E AR, BN QPR BINFURmR 4 Gul B — e KRBT
—Hi AT LMEF & B 93RRI SAOE B R R R ST RS R B 2 4 Bk AR
MAE B H3 SRR Z B, Z5HAAEMEERR, BT K
FZER B B R R AT AT 4 SO0 (i 3T B P 4 R B R
. TEMBERE.
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8.43 X T H 3 BU5ayitie

TR LR R MR IO, R T Z A AL, 3T
ARG ZEBRSEALA TR MR 6 2 b, BRI e
HRABERARE b B SR EA R TS AR GRIERED,
BEAR KRS 52 FINX RN, BHFRNY, KAREANLH
W, R T REMRENS DNA MEE, BT BFmE s M
FRE. ATFPIEN PMBE %B%E, FRATAROBMHOAMENGT, Ext
BRI B KR,

8.5 it

£ DNA 1T PCR i, ZRFM: RE GUS BEHEHtaiERy
FHRHBMERAFB, PIPE, PFHEER 74 HHt At A5 STk,
&R Filh. Bt AN 4 FCEENSRMARMET RO MR, REREMHR
RNEARAST A NEARAFRAAR: AESREENTHTH, K
BLBHAFEEEEARS H3 SRR ZEBL, EREAERET#RL
B LA AT

107



BEIR

e Z P

(EFH. FEREY. bm: RFHRE, 2003
RPKERAE, ERH. YETHAR. L5t BEEdiR, 2003
31 EXWFEHEYERE TR I RIEELm2002
[4}Zambryske P. Ti plasmid vector for the introduction of DNA into plant cells without alteration
of their normal regulation capacity [J ]. EMBO, 1983, (2): 2143-2150
[SIE YA FAEYS. RS HE HRE, 2002
[6)Dale P ). HERBMHERVPHBEBHT ). EWERER, 1995,(1):4-6.
[7IKareiva , Peter. Transgenic plants on trait {J ]. Nature ,1993 ,363 (17) : 580 - 581.
BIEFF, FTHHFEREIERIRY). RUEDHEARER, 1998,(4):4-6
OIEER, Bl SRHERHGRBIRY. EWRRER, 1998, (6): 3031
[10]Parsons T J., Sinkar V P. And Stettler R F, et al. Transformation of Poplar by Agrobacterium
tumefaciens [J ). Biotechnology, 1986, 4 (6): 533-536
[11] %8t SRKE, RARS. HEEWATRERD. MLAEHT, 2003, 16 (1) 95-103
[12] k. RER HEREMNOEMESE. LFREHIRL, 45~53
[13] ZHRE. UHHERHEEAS RGEETRARARI]. FERS (B, 1993, (5): 481-488
[14] James C. Global Status of Commercialized Biotech'GM Crops: 2005,
http://www.isaaa.org/kc/CBTNews/press_release/briefs34/ESummary/Executive%20Summar
y%20(English).pdf ,2006.
[15] B4, ®W=#, ZHE HERBE RHEHEE. 2001
[16] James C. £RRERFEWHRMUERI | EYEABIR, 2000, 1): 45 - 46.
[17] SIS, KAH. BASMETHREREREAD ). ENTEER, 1998, 1865)5- 10,
[18] Veluthambi K., Gupta AK. and Sharma A. The current status of plant transformation
technoiogies[J]. Current Science. 2003, 84 (3) : 368-380
[19] Chan M T, chang H H, Ho S L, et al. Agrobacterium-mediated production of transgenic rice
plants expressing glucuronidase gene[J]. Plant Mol Biol, 1993,(22):491~506
[20]Bundock, P., den Dulk-Ras, A., Beijersbergen, A. and Hooykaas[3]. P. J. J., EMBO 1., 1995,
(14): 32063214
{21]Stanton B., Gelvin. Agrobacterium-Mediated Plant Transformation: the Biology
behind the “Gene-Jockeying” Tool [J]. MICROBIOLOGY AND MOLECULAR BIOLOGY
REVIEWS, 2003, 67 (1): 16-37

108



TR RIS — e

[22]de Groot, M. J. A, Bundock, P, Hooykaas, P. I. J. and Beijersbergen, A. G. M[J]. Nature
Biotechnol., 1998, (16): 839-842
- [23] Kunik, T., Tzfira, T., Kapuinik, Y., Gafni, Y., Dingwall, C. and Citovsky, V[J]. Proc. Natl.
Acad. Sci, USA, 2001, (98): 1871-1876
ROED, BN BE. RERFENSBERAFANE FHERD. Pyl
1#%,2000 45(8) :798~807
[25] Horsch RE., Fry J. and Hoffman N L., et al. A simple and general method for transferring
gene into plants[F]. Science, 1985, (227): 1229-1231
[26] Bechtold N, Ellis J et al. In Planta Agrobacterium-mediated gene transfer by infiltration of
aduit Arabidopsis thaliana plants{J]. C. R. Acad. Sci. 1993, (316):1194-1199
[28] Antonelli NM., and Stadle J. Genomic DNA can be used action methods for highly efficient
transformation of maize protoplasts[J). Theor. Appl. Genet., 1990, (80):395-399
[29] KM, @, HBNE, HERKBEEEERSE - THRE DNA WRIE[D]. vE
Rl (B4, 1992, (2) :149-155
(30] £&, HHEEAATRAENIERE LABREEAI ERHILFE,1997,17
(1) :32~34
[(31] EF4L FEXFEFEEEHY P IFEERNREET R MYEHR,1999,41(1): 1-5
[32] Sanford J. C. et al. ParticulatefJ]. Sci. Technol. 1987, (5): 27-37
[33] Klein TM., Wolf ED., and Wu R., et al. High-velocity microprojectilefor delivering nucleic
acid into living cells{J]. Nature, 1987, (327): 70-73
{34] Christou P. Strategies for variety-independent genetic transformation of important cereals,
legumes and woody species utilizing particle bombardment{J]. Euphytica, 1995,( 85): 13-27
[35] WH DX ERHCMBOERERD]. PUKEER ARREM1998, 3701):
§8-92
[36] 470 B 5 RS NN ERRERBALAE, TRNTRD, LRKLRE,
1999,(2): 5~8
37 E=H, BHERELFT AEEREMENRBEERS FATE. PERVHE,
1999,32
[38) Toriyama K. Transgenic rices plants after direct gene transfer into protoplasts[J].
Biotechnology, 1988, (6):1072-1074
39] BRE, RPE —FHEENBEFAEREXEPHNAD]. I FEHD,199, 18 (1):
51-53
[40) BT, HEHE, KU RUATERRIGERY] b5 pEARYRE AR, 1993

109



BE R

[41] KELF/MRLERF SRR, 5N F]. EPFIHR1998,24 (2) :248-256

[42] FHIE FHBRG FRAH TEEEFASNE DNA HIEFSIHIR.1996,23 (2 ) :127-131

[43) A% SHHE FABOEMRERESE GUs £E A ERARAHER AR

R B #,1998,(7) 1 57

[44] ZRX ZEMEBEFERIAE. ERRERE,1999,18,10

[45] |L%, HLH. HERERU]. BYHFER, 1992, 9)3-15

[46] EXH, HES. HPERTEEESEAR. bR BEHRA, 1998

[47] Gelvin SB. Agrobacterium and plant genes involved in T-DNA transfer and integration[J].

Annu, Rev Plant Physiol Plant MolBiol , 2000 ,51 : 223~256
[48] Paul J J , et al[J]. Plant Molecular Biology, 1992, (19): 15-38.
[49] Zambryski P A., Depicker A., and Kruger K, et al. Tumor introduction by Agrobacterium
Tumefaciens: Analysis' of  the Boundaries of T-DNA[J ] .Mof Appi Genet ,1982 ,
(1):361-3701
(50] Mg 339, FH. AWK TEWED]. EWERFEIN, 2002, 38 (6): 639-644
[51] Tira T. andCitovsky V. From host recognition to T-DNA integration: The function of
bacterial and plant genes in the Agrobacterium-plant cell interaction{J]. Mol Plant Pathol
2000. (1): 201-212

[52] Zhan YaGuang , Zeng FanSuc , Xin Ying. Progress on Molecular Mechanism of T-DNA
Transport and Integration[J). Acta Genetica S inica, 2005, 32 (6) : 655-665

[53] Ballas, N., and V. Citovsky. Nuclear localization signal binding protein from Arabidopsis
mediates nuclear import of Agrobacterium VirD2 protein. Proc. Natl. Acad. Sci. USA

1997,94:10723-10728

[54] Baron, C., N. Domke, M. Beinhofer, and S. Hapfelmeier. Elevated temperature differentially
affects virulence, VirB protein accumlation, and T-pilus formation in different
Agrobacterium tumefaciens and Agrobacterium vitis strains. J. Bacteriol.
2001,183:6852-6861

[55] Chen, C.-Y., 1. Wang, and S. C. Winans. Characterization of the supervirulentvirG gene of
the Agrobacterium tumefaciens plasmid pTiBo542. Mol. Gen. Genet. 1991,230:302-309

[56] Groot M J A , Bundock P, Hooykaas P J J , et al. Agrobacterium tumefaciens-mediated

transformation of filamentous fungi. Nat Bio techno., 1998, 916): 839—842.

[57] ZEL%. HUERTE N PR ILTT R AOE T HHRI). M FIE],2000,45(8): 799—800.

[58] Bevan, M., Nucleic Acids Res., 1984, 12, 8711-8721.

[59] Hood, E. E., Helmer, G. L., Fraley, R. T. and Chilton, M. D., J. Bacteriol., 1986, 168, 1291-1301.

110



FRHALR B AFE—Ig LI

[60] Hood, E. E., Gelvin, S. B., Melchers, L. S. and Hoekema, A., Transgenic Res., 1993, 2, 208-218.

[61] Rashid, H., Yokoi, S., Toriyama, K. and Hinata, K., Planf Cell Rep., 1996, 15, 727-730.

[62] Cheng, M. er al., Plant Physiol., 1997, 115, 971-930.

[63] Tingay, S., Mc Elroy,. D, Kalla, R, Fieg, S., Wang, M., Thornton, S. and Brettel, R., Plant J.,
1997, 11, 1369-1376.

[641 Torisky, R. S., Kovacs, L., Avdiushko, A., Newman, J. D., Hunt, A. G. and Collins, G. B.,
Plant Cell Rep., 1997, 17, 102-108. _

- [65] Hiei, Y., Ohta, S., Komari, T. and Kumashiro, T[J]. Plant J.,1994, 6,271-282.

[66] Ye, X., Al-Babili, S., Kloti, A., Zhang, J., Lucca, P., Beyer, P. and Potrykus, 1. Science, 2000,
287, 303-305.

[67] Mirkovitch J , Mirault M E , Laemmli U K, 1984, Organizantion of the higher-order chromarin

. loop : a specific DNA attachment sites on nuclear scafford[7]. Cell, 939) : 223~23

[68] Allen, G. C., G. E. Hall, L. C. Childs, A. K. Weissinger, S. Spiker, and W. F.Thompson.
1993. Scaffold attachment regions increase reporter gene expression in stably transformed
plant cells. Plant Cell 5:603-613

[69] Allen, G. C., G. E. Hall, 8. Michalowski, W, Newman, S. Spiker, A. K. Weissinger, and W. F.
Thompson. 1996. High-level transgene expression in plant cells; effects of a strong scaffold
attachment region from tobacco. Plant Cell 8:899-913, )

[70] Allen, G, C,, S. Spiker, and W. F. Thompson. Use of matrix attachment regions
{MARSs) to minimize transgene silencing, Plant Mol. Biol. 2000,43:361-376

[71] Allen, G. C., Hall, G., Michalowski, S., Newman, W., Spiker, S.,Weissinger, A. K. and
Thompson, W. F., Plant Ceil, 1996, 8, 899-913

[72] Endo S, Sugita K, Sakai M, Tanaka H, Ebinuma H. Single-step transformation for generating
marker-free transgenic rice using the ipt-type MAT vector system [J].Plant J, 2002,
30{1):115-122

(73] Ebinuma H, Sugita K, Matsunaga E, Yamakado M., Selection of marker-free transgenic plants
using the isopentenyl transferase gene{J). Proc Natl Acad Sci USA, 1997, 94 (6):2117-2121

[74] Gelvin SB. Agrobacterium and plant genes involved in T-DNA transfer and integration{J].
Annu Rev Plant Physiol Plant Mol Biol, 2000(,51):223~256

[75] Hiei Y. komari T, Kubo T, Transformation of rice mediated by Agrobacterium tumefaciens[J).
Plant Mol Biol.1997, (35): 205~218

(76] Nam J ,Matthysse AG, Gelvin SB. Differences in susceptibility of 4rabidopsis ecotypes to crown gall
disease may result from a deficiency in T2DNA integration. Plant Cell ,1997,9: 317~333

1



EH LR

[77} Gelvin SB. Agrobacterium and plant genes involved in T-DNA transfer and integration{J}.
Annu Rev Plant Physiol Plant Mol Biol, 2000,(51):223~256
[78] #1, &¥, BEFS5ERTEN FOREHETETHEDE FRASR FEE
PITHERE, 2003, 23 (12): 62-67
[79] B, i, . MET-DNA HHNE EEDERET, AW ER LR,
2004 ,B8(4) :521-5264
[80] Tzfira T, Citovsky V. From host.recognition to T-DNAinfegeration: the ﬁmcﬁon of bacterial
and plant genes in the Agrobacterium-plant cell interaction, Mol Plant Pathol,
2000,1:201~212
[81] Gelvin SB. Agrobacterium and plant genes involved in T-DNA transfer and integration.
Annu Rev Plant Physiol Plant Mol Biol, 2000,51:223~256 _
[82] Paulsson M, Wadstrom T. Vitronectin and type-I coliagen binding by Staphylococcus aureus
and coagulase-negative streptococci[J]. FEMS Microbiol Immunol, 1990,(65): 55~62
[83] Wagner VT, Matthysse AG. Involvement of vitronectin-like protein in attachment of
Agrobacterium  tumefaciens 10 carrot suspension culture cells[J). J Bacteriol,
1992,(174):5999~6003
[84] Swart S, Logman TJJ, Smit G et al. Purification and partial characterization of a glycoprotein
from pea(Pisum sativwm) with receptor activity for rhicadhesin an attachment protein of
Rhizobiaceae[J]. Plant Mol Biol, 1994, (24): 171~183
[85] Nam J, Mysore KS, Zheng C et al. Identification of T-DNA tagged Arabidopsis mutants that
are resistant to transformation by Agrobacterium(J}. Mol Gen Genet, 1999,(261):429~438
[86] Stachel SE, Messens E, Van Montagu M et al. Identification of the signai molecules produced
by wounded plant cell that activate T-DNA transfer in Agrobacterium tumefaciens{J]. Nature,
1986,(318):624~629
[87] Jin SG, Roitsch T, Ankenbauer RG et al. The Vir A protein of Agrobacteriim tumefaciens is
autophosphorylated and is essential for Fir gene regulation{J]. J Bacteriol,
1990,(172):525~530
[88] Cangelosi GA, Ankenbauer RG, Nester EW. Sugars induce the Agrobacterium virulence
genes through a periplasmic binding protein and a transmembrane signal protein(J]. Proc
Natl Acad Sci USA, 1990,(87):6708~6712
{89] Zhang J, Boone L, Kocz R et al. At the maize/dgrobacterium interface: natural factors
limiting host transformation[J]. Chem Biol, 2000,(7): 611~621

12



PRIt R R F— L e

[90] Howard EA, Citovsky V. The emerging structure of the Agrobacterium T-DNA transfer
complex[J]. Bioessays, 1990,(12):103~108
[91} Citovsky V, Warnick D, Zambryski P. Nuclear import of Agrobacterium Vir D2 and Vir E2
* proteins in'maize and tobacco[J].Proc Natl Acad Sci USA, 1994,(91):3210~3214
[92] Zupan 1, Citovsky V, Zambryski P. Agrobacterium Vir E2 protein mediates muclear uptake of
ssDNA in plant cells[J]., Proc Natl Acad Sci USA, 1996,(3):2392~2397
[93] Ballas N, Citovsky V. Nuclear localization signal binding protein from Arabidopsis mediates
nuclear import of Agrobacterium[J].Proc Natl Acad Sci USA, 1997,(94): 10723~10728
[94] Zhu Y; Nam J, Humara JM et al. Identification of Arabidopsis rat mutants[J]. Plant Physiol,
2003,(132):494-505
[95] Tzifira T, Citovsky V. VIP1, an Arabidopsis protein that interacts with Agrobacterium Vir E2,
is . involved in Fir E2 nuclear import and Agrobacterium infectivity. EMBO J,
2001,(20);3596~3607
[96] Ziemienowicz A, Tinland B, Bryant J et al. Plant enzymes but not Agrobacterium Vir D2
mediate T-DNA ligation in vitro[J]. Mol Cell Biol,2000,(20); 63176322
[97] Bravo-Angel AM, Gloeckler V, Hohn B et al. Bacterial conjugation protein MobA mediates
integration of complex DNA structures into plant cell[J). J Bacteriol, 1999, (I81):
5758~5765 -
[98] Villemont E, Dubois F, Sangwan RS et al. Role of the host cell cycle in the Agrobacterium
* mediated genetic transformation-of petunia; evidence of an S-phase control mechanism for
T-DNA transfer[]]. Planta, 1997,(201):160~172
[99] Gelvin SB. Agrobacterium and plant genes involved in T-DNA transfer and integration{J].
Annu Rev Plant Physiol Plant Mel Biol, 2000,(51):223~256
[100] Nam J, Matthysse AG, Gelvin SB. Difference in susceptibility of Arabidopsis ecotypes to
crown gall disease may resuit from a deficiecncy in T-DNA integration[J]. Plant Celi,
1997,(9): 317~333
[101] Nam J, Mysore KS, Zheng C et al. Identification of T-DNA tagged Arabidopsis mutants that
are resistant to transformation by Agrobacterium[J). Mol Gen Genet, 1999,(261):429~438
(102] Yi H, Mysore KS, Gelvin SB et al. Expression of the Arabidopsis histone H2A-1 gene
correlates - with susceptibility - to _4grobacterium transformation[J). Plant J, 2002,
(32):285~298

113



£XE 8

[103] Grevelding C, Fantes V, Kemper E et al. Single-copy T-DNA insertion in 4rabidopsis are
the predominant form of integration in root-derived transgenics whereas multiple insertions
are formed in leaf discs[J]. Plant Mol Biol, 1993,(23): 847~860

{104] Aldemita, R. R. and Hodges, T. K., Planta, 1996, 199, 612-617.
[105] Sarma, K. S., Sunilkumar, G., Balamani, V. and Veluthambi, K., Plant Mol. Biol. Rep., 1995,
13, 377-382.

[106] Sunilkumar, G., Vijayachandra, K. and Veluthambi, K., Plant Sei., 1999, 141, 51-58.
NONRTREFTEER (k. T 82 B AEHE, 1998
[108] Ebinuma H ,Sugita K,Yamakado M. Selection of Marker - free Transgenic Plants Using the

Isopentenyl Transferase Gene { J ] . Proc Natl Acad Sci USA ,1997 ,(94) :2117-2121
[109] Haldrup A ,Petersen SG,Okkels FT. Positive Selection :A Plant Selection Principle Based

on Xylose Isomerase , an Enzyme Used in the Food Industry[J ] . Plant Cell
Rep ,1998 ,(18 ):76-81

[110] Joersbo M,Donaldson I Kreiberg J ,et al . Analysis of Mannose Selection Used for
Transformation of Sugar Beet [J ]. Mol Breed ,1998 ,(4 ):111-117

[111] Reiner. Genes for Ribitoland D - arabitol Catabolism in Escherichia Coli :Their Loci in C
Strains and Absence in K- 12 and B Strains[J ] .Bacteriol ,1975 ,(123) :530-536

[112] La Fayette P R ,Parrott WA. A Non - antibiotic Marker for a Mplication of Plant
Transformation Vectors in E. coli [J }, Plant Cell Rep. 2001 ,(20) :338-342

[113] Gough KC , Hawes WS, Kilpatrick J ,et al . Cyanobacterial GR6 Glutamate - 1 - semialde a
Minotransferase : a Novel Enzyme-based selectable marker for plant transformation[J ] .
Plant Celi Rep ,2001 ,(20) :296-300 7

[114] Ebinuma H,, Sugita K., and Matsunaga E., et al. Selection of marker-free transgenic plants
using the isopentenyl transferase gene([J). Proc. Natl. Acad. Sci. USA, 1997, (94): 2117-2121

[115] Ende S., Kasahara T. and Sugita K., et al. The isopentenyl transferase gene is effective as a
selectable marker gene for plant transformation in tobacco (Nicotiana tabaccum C. V., Petite

Havana SRI) [J]. Plant Cell. Rep., 2001, (20): 60-66

[116] Okkels F T., Ward J., and Joersbo M. Synthesis of cytokinin glucuronides for the selection
of transgenic plant cells[J]. Phytochem., 1997,( 46): 801-804

[117] Yutaka Sato , Masanori Tamaoki , Taka Murakami , et at . Abnormal cell divisions in leaf
primordia caused by the expression of the rice homeobox gene osH1 lead to altered

morphology of leaves in transgenic tobacco[} ] . Molecular Genetics and Genomics ,
1996 ,251 (1) :13 -22.

114



R R B — g 3

.- [118] Pedersen C -, Zimny J ; Becker D , et al . Localization of introduced genes on the

- -chromosomes - of transgenic barley , wheat and triticale by fluorescemce in situ
hybridization[J] . Theoretical and Applied Genetics , 1997 ,94(6-7) :749 - 757.
[119] GiovnnaM, Paolo P, AnnaM V, et al. Estimating the number of integrations in transformed p
* " lants by quantitative real — time PCR[J]. BioMed Central Biotechndlogy, 2002, 2 (1): 20
[120] Prins M, Goldach R. RNA-mediated virus resistance in transgenic plants[J]. rch Virology ,
1996 (141) :2259-2276.
{121]-Stam. M,Mol J N M,Kooter J M. The silence of genes in transgenetic plants[J]. Annals of
Botany , 1997 ,79(1) :3-12.
[122) Ratcliff F GMacFarlane § A ,Baulcombe D C. Gene silencing without
- DNARNA2mediated cross2protection between viruses[J]. Plant Cell, 1999, (11):
1207-1215.
© [123] Waterhouse PM,Smith N A ,WangMB. Virus resistance and gene silencing: killing the
messenger{J]. Trends Plant Sci ,1998 (4) : 452-457.

(124] Inge lbrecht I L Irvine J E ,Mirlov T E. Posttranscriptional gene silencing in transgenic
sugarcane :dissecting of homology-dependent virus resistance in a monocot that has a
complex polyploid genome[J). Plant Physiol ,1998 (119) :1187-1188.

[125] Pinte YM,Kok R A ,Baulcombe D C. Resistance to rice yellow mottke virus(RYMV) in
cultivated ~ African rice varieties containing RYMV  transgenes[J]. Naf
Biotechnol ,1998 (17) :702-707.

(126] Heut H ,Mahendra S ,Wang J ef al . Near immunity to rice tungro spherical vitus achieved
in rice by a replicase-mediated resistance strategy[J]. Phytopathol ,1998 ,(89) :1022-1027.

[127] Baulcombe D C. Gene silencing :RNA makes RNA no protein[J.Cwrent Biology ,

1998 ,(9) :599-601.

[128] Voinnet O ,Vain P ,Angel S et af . Systemic spread of sequence2specific transgene RNA
degradation in plants is initiated by localized introduction of ectopic promoterless DNA[J),
Cell , 1998 ,(95) :177-187.

{129] Voinnet O ,Lederer C ,Baulcombe D C. A viral movement protein prevents spread of the

gene silencing signal in Nicotiana benthamiana[J]. Ceil, 2000, (103): 157-167.
.{130] Spencer TM, Gordon- Kamm WJ , Daines R J , Daines R J , Start W G, Lemaux P G.
Bialaphos selection of stable transformants from maize cell culture[J). Theor Appl Genet,
1990, (79) : 625-631

115



SE TR

[131] %#,KELBER. HEFREYPAFEERNBRNSNFRERD). £OUFESE
YT FE, 1999, 26 (2) : 102-104

[132] Yader J , Geldsbrough A P. Transformation systems for generation maker-free transgenic
plants{1). Bio/ Technol, 1994, (12) : 263-267

[133] Chistor P , Swain W F. Cotransformation frequencies of foregion gene in soybean cell

cultures[J]. Theor Appi Genet , 1990 ,( 79) : 337-347

[134] Schocher R ¥ , Shillito R D , Saul M W, Paszkowski J , Dotrykus I. Co-transformetion of
unlinked foreign genes into plants by direct gene transfer{J]. Bio Technology , 1986, (4) :
1093-1096

{135) Cooley J , Ford T , Christou P. Molecular and genetic characterization of elite transgenic
rice plants produced by electic-discharge particle acceleration[J]. Thero Appl Genet ,
1995,( 90 »:97-100

[136] Morel, J. B., Mourrain, P., Beclin, C. and Vaucheret, H., Curr. Biol., 2000, 10, 1591-1594.

{137] Fagard, M. and Vaucheret, H., Plant Mol. Biol., 2000, 43, 285--293.

[138] Bode J , Kohwi Y, Dikinson L , Jeh T , Klehr D , Mielle C , Kohwi-Shi G T. Biological
signficance of unwinding capability of nuclear matrix-associated DNA[J]. Science ,
1992 ,( 255 ): 195-197

{1391 Milynaroval , Loonen A , Heldens J , Jansen R C, Keizer P, Stre Kema WJ , Nap J P.
Reduced position effect in mature transgenic plants conferred by the chicken lysozyme
matrix-assiociated region[J]. Plart Cell, 1994 ,( 6} : 417-426

[140] %4, Targolli J , RIR,2H. AHERBEETTR/INEERBERRNRE)). £
WITRMEE, 1999, 19 (4):3-6

[141] Han K H, Stauss S H. Matrix attachment regions(MARs) enhance transformation frequency
and transgene expression in polar[J). Transgenic Res , 1997 ,( 6 }: 415~420

[142] Spiker § , Thompson W F..Nuclear matrix attachment regions and transgene expression in
plants[J]. Plant Physiol, 1996 ,( 110) : 15-21

[143] Lichtensten M, Kein G G, Cendar H. Beell specific demethlation :anovel role for the introni
¢ k chain enhance sequence[J}. Cell , 1994 (6) : 913-923

[144] Albert H , Dale £ C , Lee E , Oll D W, Site- specific integration of DNA into wildtype and
mutant lox sites placed in the plant genome[J]. Plant J, 1995, 7 (4) : 649-659

[145] Vergunst A C , Hooykass P J. Cre/ lox - mediated sitespecific integration of Agrobacterium
T-DNA in Arabidopsis thaliana by transient expression of cre[J). Plant Mol Biol, 1998,
(38 ): 393-406

116



R R KSR

[146] Finnegan J , McElroy D.. Transgene inactivation[J}. plant fight back. Bio Technology , 1994,
(12) : 883~888

[147] Matzke M A., Wette MF., and Matzke A J M. Transgenic silencing bye the host genome
defense: implications for the evolution of epigenetic control mechanisms in plants and
vertebrates{J]. Plant Mol. Biol., 2000, (43): 401~415

[148] Anandalakshmi R ,Pruss GJ,Ge X et al . A viral suppressor of gene silencing in plants. Proc
Natl Acad Sci USA ;1998 (95 ):13079~13084.

[149] Ding S W. RNA Silencing. Curr Opin Biofechnol 2000, 11 :152~156.

[150] Jan F J ,Fagoaga C ,Pang S Z et al . A single chimeric transgene derived from two distinct
virus confers multi-virus resistance in transgenic plants through homology-dependent gene
silencing{J). J Gen Virology ,2000 (81) :2102~2109

[151] Mikkelsen T R. The risk of crop transgene spread[J] . Nature, 1996 , 380(7) :31

(152] BEEFAE%E. REREYPIHERNRSERNT . SaRleE, 2002 , 1401):
14~16

[153] EF&ERR. HERNEYWPREEAGUS MREARLRSMTNTY ). £afE,
2000, 12 (5) :207-209 h

[154] Joersbo M,Donaldson I ,Kreiberg J ,et at . Analysis of Mannose Selection Used for

Transformation of Sugar Beet {J ] . Mol Breed ,1998 ,(4) :111-117 #

[155] La Fayette P R, Parrott WA. A Non - antibiotic Marker for a Mplication of Plant
Transformation Vectors in E. coli [J j . Plant Cell Rep. 2001 , (20):338-342

[156] Ebinuma H ,Sugita K, Matsunaga E ,et al . Selection of Marker — free Transgenic Plants
Using the Oncogenes ( IPT ,ROLA ,B ,C)of 4grobacterium as Selectable
Markers{J ] .Molecular Biology of Woody Plants. (2000):24-26

[157] Dale E C, Ow D W. Gene Transfer with Subsequent Removal of the Selection Gene from
the Host Genome [J }. Proc Natl Acad Sci USA , 1991 ,23 ,10558-10562

[158] B, MR FEEREYIFCERNMRIADERSH)FEWEM. 2004,
30 (2) ; 121-126

[159] Komari T, Hiei Y, Saito Y, Murai N, Kumashiro T. Vectors carrying two separate T-DNAs
for co-transformation of higher plants mediated by Agrobacterium tumefaciens and
segregation of transformants free from selection markers{J]. Plant J.1996, (10): 165-174

{160] Lu HJ, Zhou XR, Gong ZX, Upadhyaya NM. Generation of selectable marker-free
transgenic rice -using Houble right-border (DRB) binary vectors[J]. Aust J Plant Physiol,
2001, (28): 241-248

117




Ea P

[161] Zue J, Niu QW, Moiler SG, Chua NH. Chemical-regulated, site-specific DNA excision in
transgenic plants{J]. Biotechnol, 2001, 19(2):157-161

[162] Corneille S, Lutz K, Svab Z, Maliga P. Efficient elimination of selectable marker genes
from the plastid genome by the CRE-lox site-specific recombination system[J]. Plant J,
2001, 27(2):171-178 ‘

{163] W1ak HERBUNFEAGRELEHD]. £V ITHRER, 1997, 17(6) : 3742,

{164] Jorgenson R. Spontaneous hybridization between oilseed rape and weed Biassica

- campestris : arisk of growing genetically engineered modified oilseed rape[J ] . American
Journal of Botany ,1995 ,(81) :1620 - 1626,

[165) 33, HEEEVHENZLSENFED ). EWTRER, 199, 16(4):2-6.

{166] Donegan K K. Effects of transgenic plants on soil and plant microorganisms{J ] . Recent Res.
Dev. Microbiol ,1999 ,(3) :415 - 424.

[167] WHO. Health Aspects of Marker Genes in Genetically Modified Plants[R] . 1993. 1-32

[168] Zambryski P A ,Depicker A , Kruger K, et al . Tumor introduction by dgrobacterium
Tumefaciens : Analysis of the Boundaries of T-DNA[J} Mol Appl Genet ,1982 ,
(1) :361-370

[169] ZHE. HERGMRHZEERFHERY ). FaATk, 2001,(2):20-23.

[170] Koskella J . Microbial utilization of free and clay - bound insecticidal toxins fromBacillus
thuringiensis and their retention of insecticidal activity after incubation with microbesfJ ] .
Applied and Environmental Microbiology, 1997, 63(9) :3561 - 3568.

[171] Prykus L. Gene transfer to plants assessment of published approaches and results[J] .
Annual review of plant physiology and plant molecular biology, 1991, (12 ):205 - 225.

[172] Calgene, Inc. Request for advisory opinion - kan" gene; safety and use inthe production of
genetically engineered plants [Z] .FDA Docket Number 1990, 90A - 0416

(173] Fuchs R L. Safety Assessment of the Neomycin Phosphotransferase H (NPTH) protein[J] .
Bio Technology, 1993 ,(11) :1543 - 1547

[174] EHERMEFIR: HERT LA, 2004: D-O0, 4566

[175) Meyerowitz E M, and Pruit R E, Arabidopsis thaliana and plant molecular genetics[J}.
Science. 1985, (229):1214-1218

(176] 47sidk, @Bk, H@L. MWFNEKERAR, £RFE. 1994, 6 (4): 16718

(77] PEAZREHHRN. PERTEHREGEM . EFR-HFUHE, 1972

178y TAY, F¥E. PEUSHFEAYHARERLRBIF ). BRTFAFER

(ERBEFR , 2001, 5 (2) - 102-108

118



FRLRE R — i X

[179] David W. Meinke. Arabidopsis thaliana: A Model plant for Genome Analysis[J].
Science,1998,282 (5389): 662-682.
[180] FH &R, ARSI B A T AW ERIA. (J1845, 1995, 17 (HTD: 41-45
{181] Meinke D W,Cherry  M.Dean C , et al . A rabidopsis thaliana :A model plant for genome
analysis[J ] . Science ;1998 ,282 :662~682.
[820FRE. #ETT: @Y S TEDETANEAYH. HPFEMR, 1994 ,11 (1) :6~11
(18315, MRS TRAFTAMMT]. R4E,1992 ,14 B) :40~42
(184) 54, ZZHE. HMIFEEATIHRE. BEYEER, 2001, 28, (3);99~101
[185] Meyerowitz E M, and Pruit R E, Arabidopsis thaliana and plant molecular geneticsfJ].
Science. 1985, (229):1214-1218
[186]Pruitt R E, and Meyerowitz E M, Characterization of the genome of Arabidopsis thaliana
[7].Mol. Biol.,1986, (187):169-183
[187] Gibeaut D.M., Hulett J., and Cramer G.R. ¢t al. Maximal biomass of Arabidopsis thaliana
using a simple, low-maitenance hydroponic method and favorable environmental
conditions[J]. Plant Physiol. 1997, (115):317-319
{188] Weigel D and Glazebrook J. Arabidopsis-A Laboratory Manual. New York: Gold Spring
Harbor Laboratory, 2002
[1801FFEE, AR MEIFHFFLR AR, HYETEEIR, 1995, 31:436~438
(1901552, 4, GRE. BEITFENEAEY. HHEBEER, 1998, 34:401~406
(101) 2, RiEF, R ZEE. PBITEASFER. BYEER, 2004, 21(2) :201~204
(192] pi%d. PAFERHEARAESINEKEE AYEHZER, 1998, 34 (2): 122
[193] Andrew F. Bent. Arabidopsis in planta transformation. Use, mechanisms and prospects for
transformation of other species{J]. Plant Physiology, 2000, 10 (124): 1540-1547
[194]Hai Huang, Hong Ma. An improved procedure for transformation Arabidopsis thaliana
- (Landsberg erecta) root explant [J). Plant Molecular Biology Reporter, 1992, 10 (4): 372-383
(195138fK, B —5%, AHisk AR Aot G4 LM RS MK E £ R HR ).
ALt FH, 1994, 14 (2): 91-96
[196] Glab N, Labidi B, and Qin LX.et al. Olomoucine, an inhibitor of the cdc2/cdk2 kinases
activity, blocks plant cells at the G1 to S and G2 to M cell cycle transitions. FEBS Letters,
1994, (353) :207-211.
[197] TIRIE, Milner J J, AIEHR. HHFERSBHHE—REBAZMORR, HiLHE
YI¥R (711996. 16 (3) :277-283

119



B4R

{198] Clough S.J., and Bent A. Floral dip: A simplified method for Agrobacterium-mediated
transformation of Arabidopsis thaliana[l]. 1998, Plant-J. (16): 735-743 .
(199] #3%5, BEEL, DHES AWBELHAMFHE: Floral Dip. PEER, 2005 (3):
29-31
[200] Richard C, Granier C, and Inzé D et al. Analysis of cell division parameters and cell cycle
gene expression during the cultivation of Arabidopsis thaliana cell suspensions[J).Journal of
Experimental Botany, 2001, 52(361):1625-1633
[201] Forreiter C, kirschner M, and Nover L. Stable transformation of an Arabidopsis cell
suspension culture with firefly luciferase providing a cellular system for analysis of
chaperone activity in vivo[J].The Plant Cell, 1997, (9) :2171-2181
[202] BEWedF, BEAKFP. A RN ER wEFRNA. +EAEYTRERE, 2002, 22
(4) :66-69
[203] Walbot,V. Strategies for mutagenesis and gene cloning using transposon tagging and T
~DNA insertional mutagenesisfJ}. Annu. Rev. Plant Physiol, Plant Mol. Biol., 1992, (43):
49-82
[204] Bancroft 1. Developmint of an efficient two-element transposon tagging system in
Arabidopsis thalianaJ]. Mol.Gen.Genet., 1992, (233):449~461.167
{205]) Krysan PJ., Young J.C., and Sussman M.R. T-DNA as an insertional mutagen in
Arabidopsis|J). Plant Cell. 1999, (11): 2283-2290
[206] Weigel D and Glazebrook J. Arabidopsis-A Laboratory Manual. New York: Gold Spring
Harbor Laboratory, 2002
{207] Encina CL, Constantin M and Botella J . An Easy and Reliable Method for Establishment
and Maintenance of Leaf and Root Cell Cultures of Arabidopsis thaliana[J].Plant
Molecular Biology Reporter, 2001, (19) :245-248 -
{208] Baskin-J M, and Baskin C C. Ecological life cycle and physiological ecology of seed
germination of Arabidopsis thaliana{J}.Can. J. Bot. 50:353-363
[209]1keda-Iwai M, Satoh S, and Kamada H. Establishment of a reproducible tissue culture system
or the induction of Arabidapsis somatico embryos[J].Journal of Experimental Botany, 2002,
53:1575-1580
{210JFord K G. Plant regeneration from Arabidopsis thaliana protoplasts{}].Plant Celi Rep. 1990,8,
534-537
[211]Martinez-Zapater J M and Salinas J. Methods in Molecular Biology: Arabidopsis Protocols.
Totowa: Humana Press, 1998: 27-34

120



PRl R — Mg

[212].. Gleddie S.-Plant regencration from cell suspension cultures of Arabidopsis thaliana
Heynh{J}.Plant Cell Rep 1989, (8) : 1-5
[213]Forreiter C, kirschner M, and Nover L. Stable transformation of an Arabidopsis cell.
suspension culture with firefly luciferase providing a cellular system for analysis of
chaperone activity in vive[J):The Plant Cell, 1997,9:2171-2181
[213] Gibeaut D M, Hulett J, and Seemann J R. Maximal biomass of Arabidopsis thaliana using a
simple, .. low-maintenance  hydroponic method and favorable environmental
conditions[J].Plant Physiol, 1997, (115): 317-319
[214] King P J. Induction and maintenance of cell suspension cultures, In; Vasil I K. Cell Culture
and Sematic Cell Genetics of Plants(J]. New York: Academic Press, 1984:130-138.
[215] Martinez-Zapater J] M and Salinas J. Methods in Molecular Biology: Arabidopsis
Protocols[J]). Totowa: Humana Press, 1998: 27-34
{216]Richard C, Granier C, and Inz¢é D et al. Analysis of cell division parameters and cell cycle
gene expression during the cultivation of Arabidopsis thaliana cell suspensions{J3.Journal of
Experimental Botany, 2001, 52(361):1625-1633
[217] Ven den Elzen PIM, Townsend J, Lee KY, et al. A chimaeric hygromycin resistance gene as
a selectable marker in plant cells{J]. Plant Moi Biol, 1985,5:299-302
[218]Blochlinger K and Diggelmann H. Hygromycin B phosphotransferase as a selectable marker
for DNA transfer experiments with higher eukaryotic cells [J]. Mol Cel Biol, 1984, 4:
2929-2931
[219]REFE, WER, &K, % IEEERLPARRELMERERTRI]. &
ERRBHERELR (QRFERD, 2003, 1
(2201 /82548, AN, R¥FE, % GERN PPT ARECALITEN RO T]. thiy
RAFARZEERFR, 2003, 2
[221)EWZ, MEETF, XAM, ¥ BFHBRASKREAFESTRT). Lk,
1999, 4
222} 58, KEBE, KSR CNERRIM GG RERL ). BEEE,
2002, 4 . &
(223] RHER, BHE, AR HHBEAROERELANRET, RUEYEHRD),
1994, 3 (8): 281-288
[224]) WL, KITF, BEES RBEATREEHBLAR], LHFEE, 2001, (3):
34-36

121



BHM

[225] Tsong-Ann Yu, Shyi-Dong Yeh, and Jiu-Sherng Yeng. Effects of carbeniciilin and
cefotaxime on callus growth and somatic embryogenesis from adventitious roots of
papaya(J]. Bot. Bull. Acad. Sin. 2001, (42): 281-286

[226] BRE, P, HEE, 4MFUERNHEMEFEROEME]], AEmEReER

CERBEA) , 2003, 28 (6) : 987-990]
[227] &, £ B, RB, NERNKERERTHAGRRANGHEERRE0ZH],
T EmEERFER, 2003, 25 (1)
(228] /R, BN HREBEWE, MwREBRE, 1998
[229] Karen G.F. Plant regeneration from Arabidopsis thaliana protoptasts{J]. Plant .Celi Rep.
1990, 8, 534-537

[230] Ribeiro R.CS., Jekkel Z., Mulligan B.J., et.al. Regeneration of fertile plants from
cryopreserved cell suspensions of Arabidopsis thaliana (L.) Heynh. Plant Science. 1996,
115,115-121

[231] Bachiri Y, Bajon C., Sauvanet A., Gazeau C., and Morisset C. Effect of osmotic stress on
tolerance of air-drying and cryopreservation of Arabidopsis thaliana suspension:
Protoplasma, 2000: 227-243

(232] SAHAEE, EEE, MNFERARRORACEEERRT, AREYERE, 2004,
26 (1): 81-84

[233] #9A%E, WRTFEFAREERRERRFREMAFE SHIRET AT, ¥
LRFFEARIL, S EFME, 2006.6

{234] Spiker S. and Thompson W.F. Nuclear matrix attachment regions and transgene expression
in plants(J]. Plant Physiol., 1996, (100): 520-527

[235] Veluthambi K., Gupta A. K. and Sharma A. The current status of plant transformation
technologies[J]. CURRENT SCIENCE, 2003, 84 (3): 368-380

[236] Bruce W., Folkerts O. and Garnat C., et al. Expression profiling of the maize flavonoid
pathway genes controlled by estradiol-inducible transcription factors CRC and P[J]. Plant
cell, 2000, (12): 65-80

[237]} Gallego M E., Sirand-Pugnet P. and White C.I. Positive-negative selection and T-DNA
stability in Arabidopsis transformation. Plant Molecular Biology, 1999, 39:83-93

[238]Frederick M A. Arabidopsis Genome: A milestaone in plant biology [J]. Plant Physical, 2000,
124: 1451-1454

122



PR R E—E L E iR

Bl R

BiE A GUS BERIXEL S

ttagcttcat

ggagtcaaag
catacagagt
cgacacactt
tgagacttft
ctgtcacttt
cgataaagga
cccacccacg
ggattgatgt
agacccttce
c

. catggtagat

attcaaatag

ctcttacgac
gtctactcca
caacaaaggqg
attgtgaaga
aaggccatcg
aggagcatcg
gatatcteca

tctatataag

ctgactagtt

cgacggectg tgggcattca

aggacctaac
tcaatgacaa
aaaatatcaa
téétatccgg
tagtggaaaa
ttgaagatgc
tggaaaaaga
ctgacgtaag
gaagttcatt

tacgteectgt
gtetggatcg

agaactcgec
gaagagaatc
agatacagtc
aaacctccte
ggaaggtggc
ctectgecgac
agacgttcca
ggatgacgca
tcatttggag

agaaacccca
cgaaaactgt

gtaaagactg
ttcgtcaaca
tcagaagacc
ggattcecatt
tcctacaaat
agtggtccca
accacgtctt
caatcccact

agaacacggg

acccgtgaaa
ggaattgatc

gcgaacagtt
tygtggagca
aaagggcaat
gcccagetat
gccatcattg
aagatggacc
caaagcaagt

atccttegea

ggactcttga

tcaaaaaact

agegttggtg

gaaagcgcg ttacaagaaa geccgggcaat tgctgtgcececa ggeagtttta acgatcagtt

cgccgatgea
accgaaaggt
caaagtgtgg
agccgatgtce
caacgaactg
gaaaaagcag
- gctctacacc
agactgtaac
actgcgtgat
agtggtgaat
agccaaaagce
* agtgaagggc
tcatgaagat
cgcattaatg
agagatgctce
cggetttcag
cagcgaagag
gatagcgcegt
tacccgtecg
cgacccgacy
catcagcgat
cggcgatttg
actgcatcag
aatgtacacc

gatattcgta
tgggcaggce
gtcaataatc
acgccgtatg
aactggcaga
tcttacttec
acgccgaaca
cacgcgtetyg
gcggatcaac
ccgeacctet
cagacagagt
caacagttcc
gcggacttac
gactggattg
gactgggcag
ctgtctttag
gcagtcaacg
gacaaaaacc
caaggtgcac
cgtecgatca
ctetttgatg
gaaacggcag
ccgattatca
gacatgtgga

attatgcggg
agcgtategt
aggaagtgat
ttattgeccge
ctatcecgee
atgatttctt
cctgggtgga
ttgactggca
aggtggttge
ggcaacecggyg
gtgatatcta
tgattaacca
gtggcaaagg
gggccaacte

caacgtctgg
gctgegttte
ggagcatcag
gaaaagtgta
g99gaatggtg
taactatgce
cgatatcacce
ggtggtggce
aactggacaa
tgaaggttat
ccecgettege
caaaccgttce

attcgataac
ctaccgtace

tatcagcgcyg
gatgcggtca
ggcggctata
cgtatcaccg
attaccgacg
ggaatccatce
gtggtgacge
aatggtgatg
ggcactagceg
ctctatgaac
gtcggeatece
tactttactg
gtgctgatgg
tgggattécc

atgaacatgg
gcattggttt
gggaaactca
acccaagegrt
gggaatattt
cctgegtcaa
tgctgtgect
agaaggtact
tcaccgaata
gtgaagagta

catcgtggtyg
cgaagcgggc
gcaagcgcac
ggtgatgtgg
cgcgecactg
tgtaatgttc
gaaccgttat
ggaaaaagaa
cggcgtggat
tcagtgtgca
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attgatgaaa
aacaagccga
ttacaggcga
agtattgcca
gcggaagcaa
tgegacgete
tacggatggt
cttetggeet
acgttagccg
tggctggata

aagtctttat
ctcattacgg
cgccatttga
tttgtgtgaa
aaaacggcaa
gcagcgtaat
atgtcgegea
tcagcgttga
ggactttgeca
tgtgcgtcac
ggtcagtgge
getttggteg
tgcacgacca
cttacgectga
ctgctgetgt
aagaactgta
ttaaagagct
acgaaccgga
cgegtaaact
acaccgatac
atgtccaaag
ggcaggagaa
ggctgcactc
tgtatcaccg
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cgtetttgat
gacctcgcaa
caaaccgaag
aaaaccgcag
cccaattett
gggtgaaggt
actacctgtt
aagataccca
cgtgcaggag
caagtttgag
ggacggaaac
catggccgac
agacggcggce
tgtcetttta
cgaaaagaga
catggatgaa

cgcgteageg
ggcatattgce
tecggcggett
cagggaggca
gttgaattag
gatgcaacat
cegtggecaa
gatcatatga
aggaccatct
ggagacaccc
atccteggee
aagcaaaaga
gtgcaactcg
ccagacaacc
gaccacatgg
ctatacaaag

cecgtegtegy
gcgttggegg
ttetgetgea
aacaagctag
atggtgatgt
acggaaaact
cacttgteac
agcggcacga
tcttcaagga

tegtcaacag

acaagttgga
acggcatcaa
ctgatcatta
attacctgtce
tecticttga

ctagccacca

I TRIGAHEIR X FIHFF.

tgaacaggta
taacaagaaa
aaaacgctgyg
taaaggagaa
taatgggcac
tacccttaaa
tactttetet
cttcttcaag
cgacgggaac
gatcgagctt
atacaactac
agccaacttc
tcaacaaaat
cacacaatct
gtttgtaaca

ccaccaccac
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tggaatttcg
gggatcttca
actggcatga
gaacttttca
aaattttctg
tttatttgea
tatggtgtte
agcgccatge
tacaagacac
aagggaatcyg
aactcccaca
aagaccegec
actccaattg
gcectttega
gctgctggga
cacgtgtgaa

ccgattttge
cteocgegacceg
acttcggtaa
ctggagttgt
tcagtggaga
ctactggaaa
aatgetttte
ctgagggata
gtgctgaagt
atttcaagga
acgtatacat
acaacatcga
gcgatggece
aagatcccaa
ttacacatgg
ttggtgacca
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1 tegattaaaa atecccaatta tattitggtct

61 cgaaccaaac caaaatataa atatatagtt

121
- 181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021 tgacttggaa caaaagaaag tgatatattt
1081 aatggcagtt ttcotttgea tgtaactatt

gaattttett
taaatatgaa
atcaagtgtt

atcaaaattc

atagaacata

taactttgaa
tgtgttatta
aattaatttt
taatattcat
atccaaaceg
tttgcaccee
atatcctgga
cagctcgatg
ataatttctg

cataaagtga

taaaaaatat
gtgctcecatt
actaaaatgc
ttatatatct
tcattattta
agtgtacatc
agaaaattct
tactaacaca
ctaacaaaaa
atatagttgg
taatcataat
aattttgcaa
tggtggtaat
ctaggaagaa

ttgaagcteg

ctagaaatat
tttattaact
gtcaatctct
ttttcgaatt
ggtatcatat
aacgaaaaat
cctataagaa
tatatttact
aaazaccaga
tttggtttga
agcetttaata
aatgaatcaa
atgtaattta
ggttagctac

aaatatacga

1141 actattggga acttcttcoctg aaaatagt

T TRIZREED A5 DFF.
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aatttagttt
tttatatata
ttgcgactet
ttaaataatt
ttgttcttece
tgaagtgaaa
tgatttttat
tagtcaaacyg
tattttaata
tatcaaaaat
agatgctgaa
ttttgatata
tttcaagata
gectatatgyg
cttgattcta
gatttacagce
aggaacaaat
tttgttetta
atgctececett

ggtattgagt
tgcectttaag
tetggeatgt
ggttgtacga
atattcatat
tttcgataat
acttaattac
actaaaataa
gatcatatgt
ttgacaaagt
aaccceggeaa
aaccgaacca
ttattaagtt
ctgtaatatyg
aaaaaatatc
aaagccagaa
atttttaaaa
aacaagcatc

cgttacaaaa

aaaacaaatt
actttttata
aatatttegt
tecactttett
gtcaaaatct
ttaaaattaa
taagatttggt
ataaatatca
ttgtaaaaaa
aagattaaaa
aaccgaacca
actcggtcca
aacgttgtca
aatttaaaag
ccaagtatta
tacaaagaac
aaatacgcaa
ccctetaaag
attttggact
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