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Abstract

Crop germplasm enhancement is the key factor for effective utilization of germplasm resource and
the basis for breeding project. During the past 50 years, crop germplasm enhancement had played
important role on agricultural cultivars renewal, crop yield increasing and food security etc. Common
soybean is the main source of vegetable oil and protein for human being, but its narrow genetic
background and longer cycle for germplasm enhancement was difficult to meet the requirement of
soybean breeding. In addition, gene patent protection affected the progress of soybean transgenic
breeding in our country. So, developing a new type of technique on soybean germplasm enhancement is
important to increase efficiency of soybean enhancement and meet the need of soybean breeding.

In this study, based on transgenic technique, a new type of soybean germplasm enhancement
technique was developed with synthesis of rice full-length cDNA, construction of effective expression
vector and optimization of Agrobacterium-mediated transformation system. Examining results of
his-chemical and molecular biology for transformed soybean plantlets showed that this technique
system was feasible on soybean germplasm enhancement. So, this technique developed provided us a
brand-new approach to break through gene patent protection and made excellent agronomic trait genes
exchange among different species and generas. The main research results were showed as following:

1.  Obtaining high quality rice full-length ¢cDNA. In this study, total RNA of rice varieties
Jingjing7, Hexil5, Zhenzhu4?2, liaoyan16, Handao277 and Handao502 expressed in different period
were isolated after treatment of drought, salt and cold stress, respectively. Rice full-length double strand
cDNAs were reverse transcripted from mRNA by SMART technique and were cloned by pGEM-T easy
vector. PCR results indicated that the size of insert cDNA fragments ranged from 0.3kb to 2kb with
average size of 900bp.

2. Construction of powerful expression vector with different size of rice full-length cDNA. Rice
full-length ¢cDNA were ligated to binary expression vectors through blunt-ended and T-A ligation
methods respectively, and then were transformed into Agrobacterium tumeficiens which was ready for
soybean gene transformation. Detect results showed that these two ligation strategies were feasible with
60% 75% ligation ratio, although the ligation efficiency was low.

3. Construction of Agrobacterium-mediated soybean transformation system. A new type of
explant was explored for the first time, which was composed of one embryonic tip and one cotyledon of
soybean using 3 cultivars of Zhongpin 661, Kennong 18 and Lv75. The regeneration efficiency was
more than 90% with Zhongpin661 95%, Kennong18 93% and Lv75 90%, which was higher than that of
cotyledonary-node (50%) and embryonic tip (70%). The results showed that the transformation
efficiency of Kennong 18 was 10%, and indicated that this new transformation system was a powerful
technical platform for soybean genomic study in Agrobacterium -mediated transformation and
construction of mutants libraries.

4.  Examination of new type of germplasm enhancement: different rice genes ligated to vector
were transferred into soybean by primarily constructed Agribacterium tumeficiens-mediated

il



transformation system and more than 500 transformed regenerated plantlets were obtained. The results
of histochemical (GUS) and molecular biology (PCR, Southern, etc.) indicated that rice genes had been
transferred into soybean genome and obtained rice gene integrated soybean plantlets. Thus the

germplasm enhancement technical system based on rice full-length cDNA was feasible.

5. Compared with traditional germplasm enhancement, this innovation technical system based on
rice full-length cDNA had its advantages. 1 no gene patent restriction genes used in this technique
were came from rice full-length ¢cDNA directly and no need to know their sequence; 2 breaking
through reproductive interspecific segregation furthest  this technique made germplasm enhancement
could not only happen between different familia and races but also between animal and plant, which
would broaden application domain of excellent genes 3 increasing efficiency of germplasm
enhancement  compared with previous plant transgenic method with one gene transformation every
transgenic event, this technical system transformed rice cDNA “gene pool”, and implemented high

throughput gene transfer. At the same time, this system no needed to do time-consuming gene cloning.

Key words: germplasm enhancement, full-length cDNA, rice [Oryza sativa (L.)], transgene, soybean

[Glycine max (L.) Merrill]
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Name Pedigree Spread area
1942 333
1817 1936 1960 8700
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1941 1950 4.67
1950 73.3
4 1948 < 86.7
8 1962 4 X 166.7
6028 1947 60>< 28 30.7
1951 < < 1960  6.67
x<
2419 1932 1958 1961 400
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10% 30%
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13 2 IR
14 80 70 1B/1IR
/ 1996 24 13.3 21



9 133 80% 1923 1992
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20 80
1.2.2
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X- DES EMS
Muller, 1930 Muller
1927 X-
1960
70
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50
1990; ,
1991
Favret 1963; Doll, 1969; Aastveit, 1968
Kar 1982 7
2001 “ ”
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Sharma, 1995; Riplevl et al,2003
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1-2
Table 1-2 Tradional techniques for germplasm enhancement

Sort Technical Method Charateristic

1.2.3

1983

35 120
Das et al,2002; Maximova et al,2003; Hu et al, 2002; Park et al,2000; Charity
et al, 2004; Maliga, 2003; Negrotto et al, 2000; Peng et al, 2000; Paola et al, 2001; Giovnna et al,
2002 1-1 1997
1100 1999 3,990 2000 4,420 2002 5,870
100

13 ”»

Organisation for Economic

Co-operation and Development, OECD 1986 2000 15 OECD 10,313
98.4% 0.1% 0.3% 0.2%
0.1% International Service for the Acquisition of Agri-Biotech
Applications, ISAAA 2005 80
2010 280



1.2.3.1

Global Area of Biotech Crops \ 7

Million Acres (1996 to 2005) ISAAA

" [ 21 Biotech Crop Countries  —&- Total
220 =={J= Industrial Countries
200 - ,j;-;._;r.;"" == Developing Countries
1“ "‘d'.
160 liilhll
140
120
100

80

60

40

20

0 - . N

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Increase of 11%, 22 million acres or 9.0 million hectares between 2004 and 2005.

1-1 (James C., 2005)
Fig.-1-1 Global area of transgenic plants area (James C., 2005)
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1-3

Table 1-3 Several main transgenic techniques

Transgene technique Technical principle Acceptor Perfects Defects
T DNA
DNA
PEG/ PEG/
DNA
DNA
DNA
1.2.3.1.1
Agrobacterium tumefaciens
Agrobacterium rhizogenes Stanton, 2003
Zaenen etal 1974
Tumor-inducing plasmid Ti
Chiltonetal 1977
DNA Ti DNA Transfer DNA T-DNA
Opine Ti Ri
Van et al, 1984; Watson et al, 1975
Ti >200K
Ti 50
50 T-DNA Vir-region
1-4 Ti Ri T-DNA Vir T-DNA



1-4 Gelvin, 2000
Table 1-4 Functions of virulence proteins in Agrobacterium Gelvin, 2000

Virulence protein

Function in Agrobacterium

Function in plant

Vir A Phenolic signal sensor
VirB1-11 Sythesis and assembly of T-pilus
VirCl1 Putative “overdrive” binding protein; enhancement
of T-DNA transfer
VirD1 Required forT DNA processing in vivo, and for
double strand T-DNA border nicking in vitro
virD2 T-DNA border-specific endonuclease; putative Nuclear targeting of the T-strand;
“pilot” protein that leads the T-strand through the Prorection of the T-strand from
transfer into plant cells 5’exonucleolytic degradation; T-strand
integration into the plant genome
VirEl Required for VirE2 export from Agrobacterium;
Chaperone for VirE2
virE2 Formation of a putative “T-complex” Formation of a putative “T-complex”
Protection of the T-strand from
nucleolytic degradation
Nuclear targeting of the T-strand
Synthesis of the second T-strand
VirF Host range factor
Possible interaction with Skp Inproteins
to regulate plant cell division cycle
VirG Phenolic signal response regulator to activate other
Vvir genes
VirH Putative cytochrome P450 enzyme
Vir] Putative T-strand binding protein
T-DNA Vir- 1-2  Zupan et al, 2000
Ti Vird
Vird VirG DNA VirB VirC VirD VirkE
VirH VirD T-DNA VirC T-DNA T
Virk T T- VirD2 Virk2 T-DNA T-DNA
LB RB T-DNA DNA
DNA Ti Ti
Ti
pBR322 T-DNA pBR
Ti T-DNA
T-DNA
T-DNA Ti

10



T-DNA
T-DNA Ti
T-DNA
T-DNA Ti Ti helper Ti
T-DNA Vir T-DNA

o

23

R

-
s,

Agrobactarium
cell wall Plant cell
1-2 T-DNA Zupan et al, 2000

Fig. 1-2 T-DNA transfer into the plant’s genome Zupan et al, 2000

Root-inducing plasmid  Ri Ti
T-DNA Vir T-DNA Ti Ri T-DNA
Ri
Ti Ri

1-5 Horsch etal 1985

Wenck et al, 1999; , 1999; Schlappi et al, 1992; Paula et
al, 2003; Miguel et al,2004; Yan et al, 2000; Margie et al, 2005

11



1-5 Larry D, 2004
Table 1-5 Agrobacterium strains Larry D, 2004

Hosr Plasmid Opine GALLS gene* vieE2 vie[)2b Sourca/motes

Ad (no. 100) pRiA4 Agropine + - 1 S. Farrand
Ad (no. 117) pRiA4 Agropine + - + F. White via 5. Farrand
All6 None None - - - E. Nester
All6 (R1000) pRiA4 Agropine + - + E. Nester
Al36 (A34B) pTiAf Octopine - + + E. Nester
A136 (ABSH) pliAglal A vifis - + + E. Nester
Al3s (MX243) pTiA6: Tn3 Octopine - + + E. Nester/(virB{::TnJ)
Ald6 (MX228) pTiA6:Tnd Octopine - + T E. Nester/(virlM:: Tnd)
Alde (MX358) phiA6:Tnd Octopine - Tn3 + E. Nester/(virE2:TnJ)
Ald6 (MX368) pliA6:Tnd Octopine - + + E. Nester/(virBI0::Tnd)
ATCC 15834 pRi15834 Agropine + - + F. White via S. Farrand
C58C1 pRilT24:kam Mikimopine + - + N. Tanaka wia 5. Farrand
C58C1 pRiAd Agropine + - + Y. Dessaux via 3. Farrand
C58CIRS pArAda None - - - Y. Dessaux via 5. Farrand
C38C1RS PﬂjmlUS Aslupihr + - + A, Kerr via S, Farrand
ICPB-TRT pRITRT Mannopine - + + A. Kerr via 5. Farrand
NCIBE196 pRJ'HIUh Hanmpiﬂt = + + A Kerr via §. Farrand
NCPPB1855 pRil&55 Agropine + - + 5. Farrand
NCPPB2655 pRi2655 Cucumopine + - + A. Kerr via S, Farrand
NCPPB265T pRi265T Cucumopine + - + A. Kerr via 5. Farrand
NCPPB26359 (K5%9) pRiKS99 Cucumopine + - + A. Kerr via §. Farrand
NT1 Pﬂjﬁw Cucumupi.nc + - + S. Farrand
Al36 (WR000) pTiAbAvirE2 Octopine - AvirE2 + W. Ream/({Avirk 2:mptll)

* Alternate strain names (or isolate numbers ) are indicated in parentheses.

® ¢, present; —, absent.

1.2.3.1.2

particle bombardment
DNA
DNA DNA
DNA
Gun powder
Sanford etal 1988 1990 PDS-1000
328 656/s
gaspowder Bio-RAD PDS-100He
Sanford etal 1991
Electric discharge
Stewart et al, 1996; Frangoise et al, 2003 Paul et al,

1995; Shou et al, 2004
12



DNA

1.2.3.1.3 PEG/
PEG/ Polyethlene/electropration PEG/
DNA
PEG DNA PEG DNA
8.4nm 200ns 0.5nm
PEG PEG
PEG PEG pH
Linetal 1987 PEG/ NPTIl CAT
G418 CAT CAT
Dhir et al 1992 GUS HPT
40ug/L B Southern blot
GUS HPT 1998 PEG
Bt 4 3
PCR Southern Bt
1.2.3.1.4
Pollen-tube pathway
DNA 70 (
, 1978)
DNA Hess 1980
DNA
Ohtaetal 1986 DNA
DNA
1978 DNA 1991
DNA
Luo et al 1988 DNA
Southern 1998
GUS 2000
Lietal 2002 5,000

13



Sonicstion-assissted Agrobacterium-mediated

1.2.3.1.5
SAAT
(
DNA ,
3d
Kohler etal 1989
20Jm’ )
) 3 7
Microinjection
DNA
1.2.3.1.6

Santarem et al 1998

DNA

Trick et al 1998

Meurer et al 1998

2s GUS
Bidney etal 1992
) 100
Benediksson 10 15GY X
(
Liposome
DNA
DNA
0.5nm
DNA

14

Chee etal 1989



0.07% Bechtold et al

1993 0.5% 0.05%

0.5% 1989

Atrazine
1.2.3.2
1.2.3.2.1

DNA
Steward et al 1958
1988 Jugalansregia L.

NPTII Dandekar et al, 1989; Mc Granahan et al, 1990 ,
2004 , 2005; Xia et al, 1999; ,2001; , 2001

2004; Komatsuda et al, 1985; Parrott et al, 1989; Bailey et al, 1993; Deng et al, 2000; Hartweck et al,

1998; Lee et al, 1990 Das, 2002
Park et al, 2000

Mazur et al, 1999

bar

1.2.3.2.2

Maximova et al,2003 Hu et al, 2002

4 kg/h

15

]

90% 30%

GUS GFP Charity etal 2004



Chengetal 1980
6-BA 10 50uM BS

Karthaetal 1981 Barwale et al 1986
MS 4xMS BS5 3mg/L BA 0.04mg/L
NAA 1.5mg/L Bl 140mg/L Wright etal 1986; 1987
McCabe et al 1988 Kimetal 1990
BA 1.5 3mg/L
B5 MS
6-BA
Hinchee et al 1988 100
Pecking
Di et al, 1996; Zhang et al, 1999,
Clemente et al, 2000; Olhoft et al, 2001 Hinchee Santarem etal 1998
Donldson et al 2000 12
92
Olhoft et al 2003 L-
1
3 4 2
3
1.2.3.2.3
60 Cocking et al 1963

Kaoetal 1970
Miller etal 1971
Wei et al, 1988
Schwenk et al, 1981; Xu et al, 1982 ,
Wei et al 1988
3 Smm 2
3mm 1 2mg/L24-D 0.1 0.5mg/L BA MSB

16



0.1 03mg/LNAA BA KT ZT 0.3 0.5mg/L 500mg/L CH MSB

15d 34.6% 3 4cm 1/2MS+0.2mg/L
IBA 1990
L.
2.
CH
3.
1994 13 Gellan Cum
0.1 02mg/L 2,4-D 0.5 1mg/L BA MS
3d 0.3mg/L 2,4-D 0.5mg/L BA
MSB 5mg/L NAA 0.5mg/L BA 0.5mg/L KT
3 MS 1.0mg/L NAA 0.5mg/L KT MSB
1998; 2000 Bt PEG PLO
1.2.3.24
50 60
30
Guha  Maheshwar Gubha et al, 1964;1966;1967
Datura innoxia , Bourgin

Nitsch 1967 Nakata Tanaka 1968

30

28 68 170 Maheshwari et al, 1980

1996 10 24 34 250 , 1996
50
Loo et al, 1986 1972
, 1997

Iversetal 1974

1982 B5

1986 B5 KMS&P

17



MB MKMSP

Kadlecetal 1991 Zhuang etal 1991

1997
1.2.3.3
1.2.3.3.1 - GUS
Jefferson etal 1987 §
GUS
GUS
GUS GUS GUS
B- B-Glucuronidase GUS B-
5- -4 3 -B-D X-GluC
GUS GluC GUS
GUS GUS
GUS
Gfp Davis et al, 1998; , 2000; Vain et al, 1998
1.2.3.3.2 PCR
PCR DNA
DNA GUS
PCR DNA
PCR PCR
DNA DNA PCR
1.2.3.3.3
DNA RNA

Southern

18



DNA

PCR-Southern PCR
PCR-Southern
DNA Souhtern
1.2.3.34 PCR
1 2
Southern
, Rearrange

Quantitative Real-time PCR

Quantitative Real-time PCR PCR

Tagman p robes, molecularbeacons, FRET probes SYBR Green

PCR
Quantitative Real-time PCR
Giovanna etal 2002 Real-time PCR 1 Apx
TSWV2N NPT Quantitative Real-time PCR Swy
2N Npt T-DNA
transformation cassette
Southren

1.2.3.3.5
@

Enzyme-linked immunosorbent assy ELISA
(2

Immunofluorescence
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1.3

Glycine max L. Merrill
Gary et al, 2004; Nadim et al, 2004 1949 1999 ,

1949 1,277.8 hm? 1400.6 t 1999
7,205.2 hm? 15,7744 t 5.6 11.3 , 2004
20 50
, 2003
1.3.1
1956 1979 1981
2,2637
3000 2156
, 1998:
Lightfoot et al, 2005; , 2004
-18 57
50 ,1998 1927
1949 20 80
17 7
80
10,000
4,000 1973 1995  AVRDC
13,618 1986
AVRDC ,
AVRDC
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45

nes , SCN

, 1998 SSR

, 2000

RAPD

Soybean mosaic virus, SMV

, 2002; Hayes et al, 2000;

, 2003

Crop Science

40

20

, 2000

Heterodera glyci
, 1999
RAPD

2005

Shannon et al, 2005; Mebrahtu et al, 2005; Helms et al, 2005;Graef et al; Edme et al, 2005

100

, 2006
1138-2
F3

1.3.2

1923

, 2003 1996-1997
493-1 Wayne SRF400 Clark63 Williams Fl1
, 2006
2000
“ 332~ 1995 651
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2
1-6
2004 I 2 3
35 40
1-6 1961-2004 kg/hm*
Table1-6 Comparasion of soybean yield among major producing countries during 1961-2004 kg/hm’
Year
Country 1961 1971 1981 1991 2001 2004
China 626 1108 1164 1738 1720 1840
Brazil 1127 1210 1765 2375 2710 2230
Argentina 977 1624 2005 2388 2600 2710
United States 1690 1852 2033 2452 2560 2860
Average 1129 1437 1753 2170 2290
1984 Deblock et al, 1984
GUS Chee &
Hu, 2000 1-7 Clemente, 2000; Falco

et al, 1995; Mazur et al, 1999; Cahoon et al, 1999; Cahoon et al, 2000
Recalcitrant Trick et al, 1998
Hinchee et al 1988 Mccabe et al 1988
Komatsuda et al, 1992; Tae-Seok Ko et al, 2004; Donldson et al, 2000;
Clemente et al, 2000; Olhoft et al, 2001; Li et al, 2002; Olhoft et al, 2003; Frangoise et al, 2003
Hiei et al, 1994; Ishida et al, 1996; Zhao et al, 2001; Frame et al, 2002

GUS
NPT Hpt NOS Christous et al, 1988; Danaldson et al, 2000
Bt Stewart et al, 1996
Narayanan et al, 1999 BPMV-CP Dietal, 1996 Ipt
, 1999 Barnase , 2001 Ac
CP4 Atrazine Imazapyr Bar Padgette et al, 1995; Clemente et al, 2000
Aragao et al, 2000; Margie et al, 2004 Zein Yan et al, 2000 Pep

22



Maughan et al, 1999

, 1999

1-7

Table 1-7 The main achievements of soybean transformation

varieties explants Foreign genes Methods Results References
T-DNA , 1984
Ferrest SSU Facciotti, 1985
Soybean cv. Wye nptll CAT PEG/ Lin N, 1987
MaplePresto nptll, GUS,Glyphosate
P P P Hinchee, 1988
Peking Dolnat
Glycine max nptll Christou, 1988
Glycine max nptll Mccabe, 1988
Glycine max nptll Chee, 1989
8311T Atrazine , 1989
Williams 82 T-DNA Savaka, 1990
26, 32, 34, 35 DNA , 1991
5 GUS PEG , 1992
Fayetle GUS Sato, 1993
nptll , 1995
36 GUS-ipt-NOS , 1996
25 nptll , 1996
Chapman GUS SAAT Trick, 1998
Jack GUS SAAT Santarem, 1998
Glyxhine max (L) GFP Ponappa, 1999
4 Bt. GUS , 1999
35,37 Bt. GUS; nptII , 2000
Cmatarty group GUS; nptll Donalilson, 2000
Cmatarty group GUS Simononds, 2000
AC Colibri 2f-2.8 Donalilson, 2001
Williams 82, Macon,
bar Li, 2002
Clark 63 and Iroquois
Bert nptlLhpt Olhoft,2003
Hefeng 35 nptl,GUS Liu, 2004
1999
3,992 hm’ 2,160 hm®  54.12%
2001 63 2001
7,200hm’ 46 2002
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1.4

1983
120

430Mb

cDNA
cDNA
cDNA Southern

cDNA
cDNA
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cDNA

PCR

50
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2.1
2.1.1
3 661 18 75
3 2-1
2-1
Table 2-1 Soybean cultivars
Name Source Character
18 2001 18-20g 35.23% 23.17%
( 87-5603X 7 )
661 1992 18-20g 41.25% 21.93%
75 90 35
n 75!'
2.1.2
6
2-2
2-2
Table 2-1 Rice with stress tolerance

Code Name Origin Stress tolerance and other characters

04-203 7

04-198 15 94 24.8

04-865 42

04-033 16 95.9 26.3

04-110 277 100 27

04-112 502 150 30
2.2

2-3

27



2-3

Table 2-3 Reagents, enzymes and Kits

Reagent Name

Company Name

Reagent Name

Company Name

Pyrobest DNA Polymerase Takara Bam H New England Lab
Taq Promega Not New England Lab
dATP Promega Sma New England Lab
dCTP Promega Alkaline Phosphatase, Calf New Englad Lab
Intestinal(CIP)
dGTP Promega T4 DNA Polymerase New England Lab
dTTP Promega 1 Kb DNA Ladder New England Lab
T4 DNA ligase New England Lab Sac New England Lab
EcoR New England Lab Klenow Fragment New England Lab
Hind New England Lab EcoR New England Lab
BD SMART™ PCR BD Clontech Trizol Invitrogen
cDNA Synthesis Kit
PolyATract mRNA Promega pGEM-T Easy Vector Promega
Isolation kit
RNase Promega Agrose Amresco
Bacto tryptone OXOID Bacto yeast extraction OXOID
IPTG Promega X-Gal Promega
a-[**P] dCTP Amersham Biosciences Proteinase K Sigma
gelatin Sigma FicoU-400 Sigma
PVP-360 Sigma PIPES Sigma
Kanamycin Sigma MOPS Sigma
Cefotaxime Sigma Formamide Sigma
Glycerol Sigma Gel extraction kit Omega
Plasmid mini kit Omega Ampicillin Sigma
2.3
2.3.1
B5
MSB5
23141
1.
B5 2 sucrose 0.6 agar 1 BSvitamin Img/L BA pHS5.8
2.
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B5+3% sucrose 0.8 agar | BSvitamin Img/L BA 200uM acetosyringone pHS5.4
3.
B5+2% sucrose 1 BSvitamin 0.75% agar 1.5mg/L BA 500mg/L cefotaxime 500mg/L

carbenicillin, pH5.8
4.
B5+2%sucrose 1 BSvitamin 0.75% agar 1.5mg/L BA 500mg/L cefotaxime 500mg/L

carbenicillin  50mg/L kanamycin, pH5.8
5.
B5 +2% sucrose 1 BSvitamin 0.2mg/L BA 500ug/L gibberellin - 50mg/LAsp 50mg/L Glu

300pg/LIAA  500mg/L cefotaxime 500mg/L carbenicillin, pHS.8
6.

B5+2%sucrose 1 BSvitamin 1.5mg/LIBA 10mg/L Asp 10mg/L Glu 300mg/L IAA, pH5.8
2.3.1.1.2

1.

MS 3 sucrose 0.6 Agar 1 B Svitamin 3.5mg/L BA pHS5.8

2.

2/3 MS+3% sucrose 0.8 agar 1 BS5 6mg/LBA 200uM acetosyringone pHS5.4

3.

2/3 MS+3% sucrose 1 BSvitamin 0.75%agar 2mg/L BA 500mg/L cefotaxime 500mg/L

carbenicillin pHS5.8
4.
2/3 MS+3% I B5S 0.75% 2mg/L BA 500mg/L cefotaxime 500mg/L carbenicillin

50mg/Lkanamycin pH5.8
5.
2/3 MS+3% 1  BSvitamin 0.2mg/L BA 500pg/L gibberellin  50mg/L Asp 50mg/L Glu

300mg/L IAA  500mg/L cefotaxime 500mg/L carbenicillin, pH5.8
6.
2/3 MS+3%sucrose 1 BS5vitamin 1.5mg/L IBA 10mg/L Asp 10mg/L Glu 300mg/L IAA,

pH5.8
2.3.2

1. YEP Medium (A.tumeficience): 1 liter

Ingredient Amount Final Concentration
Bacto tryptone 10g 1%

Bacto yeast extraction 5g 0.5%

NaCl 5g 0.5%

H,O to 1 liter
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Agar(for plate) 15g 1.5%

Adjustment: Adjust pH to 7.0 and autoclave.

2. LB Medium (E. coli): 1 liter

Ingredient Amount Final Concentration
Bacto tryptone 10g 1%

Bacto yeast extraction Sg 0.5%

NaCl 10g 1%

H,O to 1 liter

Agar(for plate) 15g 1.5%

Adjustment: Adjust pH to 7.0 and autoclave.

3. Lysozy me solution (Solution ): 100ml

Ingredient Amount Final Concentration
Glucose 0.9¢ 50mM
EDTA(pHS.0) 2 ml of 0.5M stock 10mM
Tris-HCI(pHS.0) 25ml of 1M stock 25mM

H,O to 100ml

Adjustment : Adjust volume to 100ml with pure water and autoclave. Store at 4

4. NaOH-SDS stock (Solution )

Ingredient Amount Final Concentration
NaOH 1/2 volume of 0.4N stock 0.2N
SDS 1/2 volume of 2% stock 1%

Adjustment : Mix NaOH and SDS stocks just prior to use.

5. Potassium acetate stock (Solution ): 100ml

Ingredient Amount Final concentration
Potassium acetate 60ml of 5SM KOAc 3M

Glacial Acetic Acid 28.5ml

H,O 11.5ml
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6. 50<TAE (Elactrophoresis buffer):1 liter

Ingredient Amount Final Concentration
Trisma Base 242¢g M

Glacial Acetic Acid 57.1ml

EDTA 100ml of 0.5M EDTA(pHS8.0)  50mM

Dilute 50 fold with pure autoclaved water.

7. 10xFA gel Buffer

Ingredient Final concentration
MOPS(free acid) 200mM

Sodium acetate 50mM

EDTA 10mM

Adjustment : pH to 7 with NaOH.

8. 1xFA gel Buffer : 1 liter

Ingredient Final Concentration
10xFA buffer 100ml

37%(12.3M) formaldehyde 20ml

Rnase-free water to 1 liter

9. 5<RNA Loading Buffer : 10ml

Ingredient Amount
Saturated aqueous bromophenol blue solution 1 16l
500mM EDTA,pHS.0 80pl
37%(12.3M) formaldehyde 720ul
100% glycerol 2ml
formamide 3.084ml
10>< FA buffer 4ml
Rnase-free water to 10ml
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10. 1.2% FA Agrose Gel 100ml

Ingredient Amount
agrose 1.2¢g
10><FA gel buffer 10ml
Rnase-free water To 100ml

11. EDTA (0.5M, pH8.0) : 1 liter

Ingredient Amount Final Concentration
EDTA-disodium salt 186.1g 0.5M

NaOH 40g

H,O to 1 liter

Adjustment : pH to 8.0 with NaOH. Autoclave.

12. Tris-HCI (pHS8.0) : 1 liter

Ingredient Amount Final concentration
Trisma Base 121.1g M

HCI 42ml

H,O t 1 liter

Adjustment : pH to 8.0 with HCI and adjust volume to 1 liter.Autoclave.

13.20><SSC
Ingredient Amount
NaCl 877g
Naj.citrate 441
H,O to 5 liter

14. Denhardt's I11: 100ml

Ingredient Amount
gelatin 2g
FicoU-400 2g
PVP-360 2g

SDS 10g
sodium pyrophospate S5g

H,O to 100ml

Dissolve at 65 , and store on warm plate.

32



wm b W

15. 5><HSB:

1 liter

Ingredient Amount
NaCl 1753 g
PIPES 303¢g
Na, EDTA.2H,0 745¢
H,0O To 1 liter

Adjustment: Adjust to pH 6.8 with 4 M NaOH, make up to 1L with H,O. Autoclave.

2.4

24.1

o) N R N 8

6h 8h

242

0.2ml

3%

10min

RNA

50 48h
50 9cm
20 min 3
10 ml 30 2d 3d
Smm 20 30 ,
3 a 1.5%NaCl
2h 4h 6h 8h 12h 16h 20h 24h b
6 2h 4h 6h 8h 12h 16h 20h 24h
c 16 PEG8000 2h 4h
12h  16h 20h 24h
RNA
RNA RNA
RNA 0.1% DEPC
; RNA
0.1% DEPC
100mg
1.0ml Trizol ~ 1.5ml 15s 20 30 10m
15s 2min 4 12000rpm  15min
1.5ml 0.5ml 10min 4 12000rp
Iml 75 10min DEPC
A260nm  A280nm A260/A2
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RNA

RNA 1.2%
RNA
0.4M NaOH DEPC
2.4.3 mRNA
(@) SSC
1.2ml 0.5>SSC RNA 1.5ml 30p120<SSC 1.17ml  RNase
1.4ml 0.5><SSC RNA 1.5ml 7ul20><SSC  1.393ml  Rnase
@)) oligo dT mRNA poly A
DEPC 1.5ml RNA RNase
500ul 65 10min 3ul oligo dT
13ul 20<SSC 3
€)) SA-PMPS  streptavidin-paramegnetic particles
0.5
><SSC 3 300ul 100ul 0.5
><SSC
@) streptavidin
2 SA-PMPS 10min
SA-PMPS 0.1><SSC
3 300ul
(5) mRNA
100ul  Rnase SA-PMPS
mRNA Rnase 150ul  Rnase
mRNA 250ul
(6) mRNA
1/10 25ul 3M pHS5.2 1 250ul -20
12000rpm 10min Iml 75
Rnase -70
(7) mRNA RNA
2.4.4
2.4.4.1 pBI121 DNA

pBI121

34

LB Kan' peptone 10g/L, yeast extraction 5g/L, NaCl 5g/L,



pH7.0, Agar 15g/L 50mg/L kanamycin  20ml YEP

peptone, 10g/L, yeast extraction 5g/L, NaCl 5g/L, pH7.0 37
1 2ml
2 12000 rpm 60s
3 200pl
4 400ul 5 min
5 300ul 10 min
6 12000 rpm 10 min
7 12000 rpm 10 min 20 min 10 min
8 75 DNA
9 RNase 1><TE DNA
2.4.4.2
1 200ul lul pBI121 DNA 30min
2 2min 37 Smin 2min
3 800ul LB 28 3 4h

4 5000 rpm Smin

5 25mg/ml Rifampicin ~ 50mg/ml Kanamycin 28 2 3d
2443
1 YEP Rif® Kan"  peptone,10g/L, yeast extraction 5g/L, NaCL5g/L, pH7.0, Agar
15g/L pBI121 GV3101 50mg/L
Rifampicin = 50mg/L Kanamycin 20ml YEP (peptone, 10g/L, yeast extraction

5g/L, NaCL5g/L, pH7.0)

2 28 200 rpm 1/100 1/20 3500 rpm
4 10min
2.4.5 DNA
CTAB
1 1 2
1.5ml 700ul 65 DNA
2%CTAB, 0.1mol/L Tris-HCI, 0.Imol/L EDTA, 81.8g/L NaCl, 0.2% V/V
B-mercaptoethanol 65 1 1.5h
DNA

2 10 12000 rpm 16 10min
35



3 1.5ml Tris -

V/v=1:1 12000 rpm 10min
4 1.5ml 12000rpm
10min 1.5ml
5 0.6 DNA 4 30min

10000rpm 10min

6 DNA 0.7ml IXTE pHS8.0 10pl RNase A
DNA 37 1h

7 Tris - V/V =1:1 4000rpm 4 10min
1.5ml

8 4000rpm 4 10min 1.5ml

9 0.1 3M NaAC pHS5.2 2 -20
15min DNA 1=<TE pH8.0 4

10 BECKMAN DU 640 DNA OD;60/OD;g
1.8 2.0 0.8 DNA
11 DNA 300ng/ul

2.4.6 PCR

PCR 25ul

Components Volume
Buffer 2.5ul
Primer F  10uM 1.25u
Primer R 10uM 1.25u
dNTP 2.5mM 2ul
DNA lug
Taq DNA 2U
ddH,0 to 25ul

PCR
Step1 95 Smin
Step2 94 Imin
Step3 58 Imin
Step4 72 Imin 30sec
go to step 2 29times
Step5 72 10 min
Step6 10 Keeping

PCR
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PCR 1oul 8 ul loading buffer 98  formamide, 10 mM EDTA pH 8.0 ,0.5
(w/v  bromophenol blue, 0.5 w/v  xylene cyanol PCR 1%
PCR

2.4.7 Southern

1
1
2 3ul 1 pg/ul DNA
3 0.6 M NaOH Smin
4 0.5M Tris-HCl PH7.5 3min
5 ddH,O 3min
6 Imin -20
2
1 10pg DNA EcoR Hind EcoR
0.25M HC1 15min
2 HCl 0.4M NaOH
3 600ml 0.4M NaOH
4 3 0.4M NaOH 0.4M NaOH
5 0.4M NaOH
6 0.4M NaOH
7 500g
8 16 24h DNA 2><SSC  3min NaOH
Imin -20
3
1 20min *°P
2 25ng( cDNA) 0.5ml 15ul 7min
10min
3 5ulOLB  2ul BSA  2ul Klenow 2ul*?p 37
2h
4 I><TE 50ul
5 Sul 1/10 NaOH 3M 7min
4

1 50ml ddH,O 5><HSB Denhart’s
37



65

1 2 3 6 7 10
Components
ddH,O 6ml 12ml 18ml
5xHSB 2ml 4ml 6ml
Denhart’sIII  1ml 2ml 3ml
DNA DNA 7min

100pl  10ml 200ul  20ml 300ul

2>=SSC

6h

65

65 Wash

15min

65
I

DNA

BIO-RAD

38

30ml

wash

65

65

15min



cDNA

CDNA

cDNA
cDNA
3.1 CcDNA
3.1.1 RNA
24.1 RNA
242
3.1.2 mRNA
Oligo dT mRNA 3’polyA
Promega polyAtract mRNA isolation system IV
RNA mRNA 243
RNA
5'Wr|m|\'ﬁl 3
18] 'r
5 " BD SMART™
BDO SMART 1™ A& CDS primer Il &
Dligonucleatide Firet-airand
¥ symhesis by RT
566 ¢ pobvA
’ Single
dC tailing by RT sep
¥
. 5 wrurunununununununus palyA
5 i ol
Template switching
and axtension by RT
Y
WAL ol
5 -:;a&% Co— |
Amplify cDNA by LD PCR
with PCR primer
Double-stranded cOMNA
— —

3-1 SMART

Fig.3-1 Flow chart of BD SMART technology
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cDNA

3.1.3

cDNA
Clontech ~ SMART™PCR ¢DNA Synthesis Kit
1 c¢DNA

1 72 DEPC
Components
mRNA
3'BD SMART CDS Primer IA 12 uM
BD SMART II A Oligonucleotide 12 uM
Deionized H,O
Total volume

2 72 2min

3 2min

4
Components
5><First-Strand Buffer
DTT 20 mM
dNTP Mix 10 mM of each ANTP
BD PowerScript Reverse Transcriptase

5

6 42 1h

7

2 cDNA

1 PCR 95

2 0.5ml

3

4 95 PCR

5 95 1min

40

95

Volume
0.025

1 pl
1l

x ul
Sul

Volume
2 ul
1 pl
1l
1l

15 sec 65

3-1

lpg

30 sec 68

6min 2lcycles



cDNA

Components

first strand cDNA

Deionized H,O

10><BD Advantage 2 PCR Buffer
50><dNTP Mix 10 mM of each ANTP
PCR Primer 1A 12 uM

50><BD Advantage 2 Polymerase mix

Total volume

3 c¢DNA
1 cDNA
2
3
4 cDNA
3.1.4 ds cDNA
ds cDNA
easy vector 3-2 DHI10p
cDNA PCR

T7 primer: 5'-TAATACGACTCACTATAGGG-3'
SP6primer: 5'-GATTTAGGTGACACTATAG-3’

Krman | 2009 __5""'---- —— 3
-
Sca | 1890 -_;,./ - 3 -""-\.N
s
o / o
i i
|III ]
|I |II||"|ITI._,'1|"
| ] pGEM™-T Easy
[ | Vector
| | {3015bg)

on

3-2 pGEM-T easy

Volume
2 ul

80 pul
10 pl

2 ul

4 ul

2 ul
100 pl

cDNA
cDNA

ds cDNA

i Aarll 20
Sph i 26
BsiZ n
Neal a7
frior | 43
Aot | 43
Sacll 48
| Ecolt| 52
Spa | Bl
coRt | a
\ Not | 7
\ Bz | b
1 Patl BB
! Sall 80
| et | BT
Sac| 108
\ | Bak1 |18
\ [ sl |27
\ 141

‘ T sps

Fig 3-2 Structure of pGEM-T easy vector

41
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cDNA

1 10ml LB 37
100ml LB 37 4 6h 0DO0.3
2 50ml 30min 4  4000rpm 10min
0.1M CaCl, 20min 4  4000rpm 10min
3 5ml 0.1M CaCl, 4 4000rpm 10min
4 2ml 0.1M CaCl, 200ul / 1.5ml
4

2 dscDNA pGEM-T Easy vector

3 0.5ml
Components Standard Positive Background
Reaction Control Control
2>Rapid Ligation Buffer, T4 DNA  5Sul Sul Sul
Ligase
pGEM-T Easy Tl 1ul 1ul
PCR product Xl
Control Insert DNA 2ul
T, DNA Ligase Tl 1ul 1ul
Deionized water to a final volume of  10ul 10ul 10ul
25 lh
3
1 -70
20ul
2 30min
3 42 90 100sec 2min
4 800ul LB 37 1.5h
5 1000rpm 10min 200ul
6 37 PCR
4 PCR
1 DHI10pB 10ml LB 37 ODgpo=1.5
2 95ul ddH,0 Sul 95 10min

PCR
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3.1.5

Genebank

3.1.6

cycles

Components
Deionized water
10><buffer

dANTP  25mM each
T7 primer 10uM
SP6primer 10uM
Tag 5SU/ul
Template DNA
Total volume

PCR
72

94

3min 10

cDNA

DNAStar Seqman

Blastn

ds cDNA

Components

cDNA

T4 polymerase buffer
dNTP 2.5mM

T4 polymerase

BSA

Deionized water

LD PCR
ds cDNA
ds cDNA

ds cDNA

Blastp

Volume
16.2ul
2.0ul
0.2pl
0.2ul
0.2ul
0.2ul
Tul
20ul
3min 94 Imin 52
50 Iml

Volume

40l

Sul

1.2ul

Il

0.8ul

to 50ul

3’ A

T4 Polymerase NEB

43

LB

cDNA

Imin 72 2min 32

1.5ml

ds cDNA



cDNA

3.2
3.2.1
pBI121 NPT GUS
NOS 3-3 pGreen35S Kanamycin
GUS 6kb
Kanamycin 11kb
GV3101
HotI(14662)
Pal{12854)
DaAT{3010]
pEIL21
Spal (3903
Clal4537)
HinATl (4250
Dt {4066
BT (9148) Scal (5174)
Smal [5828)
Hhal(5815)
EroRI(T222)
Hmal (5826
BamHI (5821)
3-3 DNA pBI121
Fig- 3-3 The single restrictive site map of pBl121
Ti
cDNA cDNA

44
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cDNA

3.2.2
Ti NPT 11 GUS
DNA Sma
T T
1 DNA
1 200ml LB 37 200 rpm
2 Sml 250ul
3 Sml 250ul
4 Sml 350ul 10000 rpm
10min
5 HiBind 10000 rpm Imin 500ul buffer
HB 10000 rpm Imin
6 700ul Wash buffer 10000 rpm Imin 1
7 HiBind 50 10 min
8 HiBind 50 100pl 70 Elution buffer
2min 10000 rpm 1 min
9 0.8% DNA
2
pBI121
Smal  Sacl Smal  Sacl Smal, 25
; Sacl, 37 Smal 25ul
Components Volume
10><NEB buffer4 2.5u
DNA =2ug
100><BSA 0.5ul
Smal 1wl
Deionized water 25ul
25 3h 0.5ul 10><NEB buffer4 1ul Sacl
30ul 37 3h
3 Sma

Sma



NEB

3.3

3.3.1

AN L AW

cDNA

T
DNA
Binding buffer 65
DNA/ HiBind 10000 rpm Imin
300ul Binding buffer 10000 rpm Imin
700ul SPW buffer 2 3min 10000 rpm
DNA
T
DNA T A
5
5
Alkaline Phosphatase, Calf Intestinal CIP
Components Volume
1><NEB buffer 3 Sul
vector 40ul
CIP 2ul
Deionized water to 50ul
37 60min
DNA
ds cDNA
T-A 3-4

46
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cDNA

1 2 3
Components Tl T2 T3
dscDNA 0.5ul 1.0ul 2.0ul
DNA 1.0ud 1.0l 1.0ul
10><ligation buffer  1.0ul 1.0ul 1.0ul
T4 DNA ligase 0.5ul 0.5ul 0.5ul
Deionized H,O 7.0ul 6.5ul 5.5ul
Final Volum pl 10ul 10ul 10l
16
I s it = .
SOENBAEE R Toul RNA | ——— 5 B mRNA
E#E pGEM-Teasv
R DA 1 o loston FH DHIOR [y o raRT SR ABARES K cDNA
RIS (i S ETE S1E I T
l cDNA i
BH¥HimRA) ds cDNA
Smal SEI4UN DNATHSTRM | | MM T |
l SR IR AR
TimiEss
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Fig. 3-4 Flowchart of expression vector construction
3.3.2
1 -70
2 10l 200pl
30min
3 2 min 37 Smin 2min
4 800ul YEP 28 3 4h
5 5000rpm Smin 800ul

25pg/ml 50ug/ml
28 2 3d
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cDNA

3.3.3 PCR

PCR 2.4.4
Forward primer: 5’-CGTTATTTATGAGATGGGTT-3’
Reverse rimer: 5’-CGAGAAAGGAAGGGAAGA-3’

334
3 4h 20ml LB
6 8h
100ml LB OD
2443
3.4
3.4.1 RNA  mRNA
RNA cDNA
Invitrogen Trizol
Dnase DNA Sul  RNA 100
A260/A280 1.86 RNA 3ul RNA 1.5ml  RNase
1ul RNA Loading buffer Sul 65 15min 1><FA
RNA 3-5 1.2 rRNA
288 RNA mRNA
Promega PolyAtract mRNA Isolation System IV mRNA
25 A260/A280 2.0 1.2%FA 28S  18S
mRNA cDNA
1 2 3 4

288

18S
288

18S

3-5 RNA  mRNA

1 2 3 RNA; 4  mRNA

Fig 3-5 Testing of rice total RNA and mRNA after electrophoresis in denatured agrose gel

Lane 1, lane 2 and lane 3 indicating total RNA; Lane 4 indicating mRNA
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cDNA

8kb 0.5kb

8kb —P

0.5kb —p

ds cDNA 3-6 cDNA

3-6 CDNA

Fig. 3-6 Electroporesis check of rice cDNA

3kb pGEM-Teasy DH10B
40 PCR 0.3

3-7

Fig. 3-7 blue and white LacZ selection
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cDNA

3-8 PCR 1kb
Fig. 3-8 Single clone PCR result Arrow indicating the fragment with 1kb length

344 cDNA
50 DNAStar  Seqman
12 c¢DNA
NCBI Blastn 12 ¢cDNA Genebank nr
cDNA cDNA SET
C05_0706079-28-T7 NM _001064798cDNA 100
cDNA
3.4.5
10kb
pBI121 Sma +Sac
1.8kb GUS
1.8kb DNA 3-9 pBI121
2kb  —p

3-9 pB1121 (1.8kb )
Fig. 3-9 The result of plasmid pBI121 by double diges (The 1.8kb length is the target fragment)

3.4.6

ds cDNA
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cDNA

pBI121 DNA
DNA pBI121 PCR 3-10
pBI121 DNA 1kb-0.3kb

DNA

3-10 pBl121 PCR ( 1kb)
Fig. 3-10 The result of single clone PCR of recombinated plasmid DNA pBI121 (Arrow indicating the fragment
with 1kb length)

3.4.7 T-A
LD PCR cDNA ¥ A T
DNA DNA pBI121
EcoR 3-11  2736bp 2421bp 1800bp
Sma EcoR
2736bp  2421bp
cDNA

G e - 0

- o v =" 2421

e e 1800

3-11 pBI121
Fig.3-11 The result of recombinated plasmid DNA pBl121 digested

3.5

RNA ds cDNA ds cDNA
DNA ds

cDNA T-A
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cDNA

PCR ds cDNA
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cDNA

Deblock et al, 1984;
Horsch et al 1984; Chee & Hu, 2000; Clemente, 2000; Falco et al, 1995; Mazur et al, 1999; Cahoon etal,
1999; Cahoon et al, 2000; Komatsuda et al, 1992; Tae-Seok Ko et al, 2004; Christou et al, 1987; Parrot
et al, 1989; Dhir SK, et al 1992; Di et al, 1996; Reichert et al, 1998; Komatsuda et al, 1985; Bailey et al,
1993; Deng et al, 2000; Hartweck et al, 1998; Lee et al, 1990; Zhang et al, 1999; Olhoft et al, 2001;
Donldson et al,2000; Olhoft et al, 2003; Kadlec et al,1991; Zhuang et al, 1991; Francoise et al, 2003; Li
et al, 2002; Aragao et al, 2000; Margie et al, 2004

Margie et al, 2004

4.1
(Cheng et al,1980; Liu et al, 2004
4.1.1
2.4.6
4.1.2
400 500 50ml 2ml
HCl 4 6h , 2002
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4.1.3

4.1.3.1

2 25 28 / 16h/8h
3 5 7

4.1.3.2

2 25 28
3 24h

4.1.4

24h
30 60 min
30 60min

24h
OD600:1 .0 25

4.1.5

4.1.6

AW

10d 1

3 4mm

/ 16h/8h

25 28

OD600:1 .0

21h

6 8mm
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4.1.7

2 3cm
1 2cm
4.1.8
4 6cm 2 3cm
4.1.9
4.1.10 6-
3 661 18 75
0.0mg/L  0.2mg/LL. 0.5mg/L  0.8mg/L 1.5mg/L.  6- 3 5d
4.1.2 4.1.3
4.1.11
18
6- 0.1lmg/L  0.15mg/L 0.2mg/L 0.3mg/L 0.1mg/L

0.15mg/L  0.2mg/L 0.3mg/L Img/L 1.5mg/L 2mg/L 2.5mg/L. 3mg/L 3.5mg/L

3
2.0mg/L.  3.0mg/L

4.1.12

75
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Omg/L  1.0mg/L



4.2

4.2.1
244
422
412
423
1 25
16h/8h
2 24h
3 24h
4.2.4
OD600=1.0 25 21h
4.2.5
4.1.5
4.2.6
3 4
4.2.7
661 18 75
4133 4.14
4.1.5 4.1.9
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4.3

4.3.1
4.3.1.1 6-
4-1 6-
Table 4-1 Optimization of 6-BA in GM medium for soybean cotyledonary node
6-BA mg/L /
Genotype Concentration of 6-BA in Germination ratio % Growth state Not  have roots
GM mg/L
661 0 90
0.2 90
0.5 95
0.8 98
1.0 98
1.5 96
18 0 91
0.2 94
0.5 95
0.8 94
1.0 100
1.5 95
75 0 90
0.2 92
0.5 97
0.8 100
1.0 100
1.5 93
661 18 75
6-BA 6- 6-BA
4-1  6-
6-
6-
4.3.1.2
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42

4-2
Table 4-2 Effect of co-cultivation condition on transformation efficiency
PCR %
Co-cultivation cndition  No. of explants infected No. of PCR positive explants  Transformation efficiency %
dark 150 3 5
. L 155 8 2
illumination
4.3.1.3
200ml/L 300mg/L 400mg/L  500mg/L 600mg/L
700mg/L 10 15d
4-3
500mg/L 600mg/L
500mg/L
4-3
Table 4-3 Optimization of Cef concentration in induction medium
% %
mg/L Number of explants Number of multiple shoots Differentiation Contamination
Cefotaxime efficiency % efficiency %
200 150 300 80.5 90
300 120 209 78 80
400 130 100 70 50
500 200 105 70 0
600 200 56 30 0
700 150 0 0 0
4.3.14
MS BS

(1) 6-
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4-4 6-

Table 4-4 Optimization of 6-BA in induction medium

T1 T2 T3 T4 TS5 T6 T7 T8

T9 T10

6-BA mg/L 0.1 0.15 0.2 0.3 1 1.5 2 2.5

40% 45% 50% 50% 50%

10% 12% 12% 13% 20% 30% 41% 50% 65% 60%
2
IBA Omg/L 1.0mg/L 20mg/L 3.0mg/L MS 5
15d 4-5
IBA 1.0mg/L 10 9 IBA 2.0mg/L
IBA IBA
4-1
4-2
4-5
Table 4-5 Optimization of I1-BA in induction medium
1 2 3 4
T1 T2 T3 T4
IBA Omg/L 1.0mg/L 2.0mg/L 3.0mg/L
9 10 60 70
0 8 40 60
15d 10d 7d 7d
20d 10d 10d
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4-1
Fig 4-1 Rooting induction of soybean
explants
432
4-2
4.3.2.1
4-6
40 50 70
2% 2.83%
3 4

18

18
10

60

4-2
Fig 4-2 Regenerated plantlet of soybean

90
10%



Table 4-7 Comprehensive comparasion among 3 transformation systems

4-6

Explant Type Number of Regeneration  Transformation Average Period of
explant efficiency efficiency transformation transformation
efficiency and regeneration day
75 150 40 1
18 120 50 3 2 120 150
661 130 38 2
75 150 65 2
18 100 70 3.5 2.83 80 120
661 130 75 3
75 150 90 6
18 120 93 10 6.67 30 45
661 130 95 4
4.3.2.2
3 661 18 75
4-7
Somers et al, 2003 18 10
75 6 661 4
4-7
Table 4-5 Transformation efficiency of 3 soybean cultivars
PCR % %
Cultivars Number of Number of explants Transformation Regeneration
explants infected regenerated to PCR positive efficiency % efficiency %
661
200 8 4 95
Zhongpin661
18
100 10 10 93
Kennong18
75
Lv75 200 12 6 90

61



cDNA

cDNA

5.1 cDNA

cDNA 18

5-1
1: 2: 3: 4:To 5:Tx
Fig.5-1 Regenerated plants of this system

1: co-cultivated explants that transferred to sterilized soil; 2: Florescence of regenerated plants;
3: Pods of mature transformed plants; 4: Mature transformant of T, plants; 5:T. plants of transformants.

5.2

53 GUS

Jefferson et al 1987
X-gluc EDTA 10 mM, 0.1 M NaPO,
pH7.0 , potassium ferrocyanide 0.5mM, potassium ferricyanide 0.5mM, 20% methanol v/v 0.1%
5-bromo-4-chloro-3-indolyl-b-D-glucuronide (X-gluc) 37 95
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cDNA

54
5.4.1 PCR
30 50mg DNA
PCR 710bp
54.1.1 DNA
245
54.1.2 PCR
pBI121 Nptll PCR
5’-TGCGCTGCGAATCGGGAGCG-3’ 5’-GAGGCTATTCGGCTATG
ACT-3’ 2.4.6
5.4.2 RT-PCR
GUS PCR RT-PCR
Invitrogen Trizol RNA
24.2 Clontech cDNA cDNA cDNA
RT-PCR PCR 2.4.6
5.4.3 Southern
Southern
Southern 247

5.5

5.5.1

552

5.5.2.1 GUS
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cDNA

pBI121 GV3101
GUS Ti

T-DNA GUS

5-2 GUS
1. ( )2.6US 3 GUS 4 GUS
Fig.5-2 GUS test of transformants

5-2

1. negative; 2.GUS expression on vein; 3.GUS expression on petiole; 4. GUS expression in shoot

5.5.2.2 PCR

1 DNA

5-3 DNA
Fig.5-3 Genome DNA quality in ransgenic soybean

2 NPT PCR
CTAB GUS DNA PCR
GUS
PCR 1 5-4
710bp NPT
PCR NPT

64

NPT



cDNA

12 3 4 56 78 9 1011 M 1213 1415 1617 1819 20 2122 2324 2526CK

5-4 NPT PCR
CK: 26: DNA 1 47 9 12 14 16 23:
Fig.5-4 Transgenic soybean PCR detecting of NPT
CK: positive control amplified from plasmid pB1121 genomic DNA; 26: Negative control, amplified from
non-transformed soybean genomic DNA; 1 4, 7, 9 12, 14, 16 23: positive transformed plantlets

5.5.2.3 NPT RT-PCR

PCR GUS RT-PCR
5-5 NPT

5-5 NPT RT-PCR
CK: ( ) a,b,d,e: c:
Fig. 5-5 Transgenic soybean RT-PCR screening of NPT

CK: positive control; a,b,d.e: positive transformed plantlets; c: negative control

5.5.2.4 Southern

Southern
Southern cDNA DNA
5-6 5-7
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cDNA

5-6 Southern 5-7 Southern
ECoR DNA CcDNA NPT PCR CKy: pBl121
M 1kb ladder 1 CK.: 18 DNA) 1-8
pBI121 2 10~13: 9:
18 3, 4,5 Fig. 5-7 Dot-Southern blotting

Fig. 5-6 Southern blotting PCR of NPT  as probes; CK:: Positive control  plasmid

Digesed soybean genomic DNA, rice cDNA as pBI121); CK.: Negative control non-transformed soybean

probes; M 1kb ladder;1: positive control genomic DNA from Kennong 18 ; 1~8 and 10~13: Positive

pBI121 plasmid ; 2:negative control generated plants; 9: Negative generated plant.
untransformed Kennong 18 ;3,4,5:transformed
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6.1 cDNA
cDNA cDNA
cDNA
cDNA
RNA
cDNA
1 2
cDNA“* 77
6.1.1 cDNA
cDNA cDNA
cDNA
mRNA RNA cDNA
Oligo dT mRNA 3’polyA Promega polyAtract
mRNA isolation system [V
RNA mRNA 1.2%
28S 18S mRNA
cDNA SMART Switching
Mechanism at 5’ end of RNA Transcript cDNA Racine
et al, 1993; Kato et al, 1994 mRNA 5’
3 C SMART IV Oligo 3’
G cDNA mRNA SMART IV Oligo
LD-PCR cDNA CDS III Primer
SMART IV Oligo PCR mRNA
SMART IV Oligo cDNA ds cDNA
cDNA SMART IV Oligo
cDNA cDNA
8kb 0.5kb
cDNA pGEM-T PCR 30 cDNA
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900bp

6.1.2
GUS
( NPT ) 35S NOS
pBI121
NPT GUS
35S
cDNA
DNA
T A
dscDNA T-A
DNA cDNA“*
DNA DNA
DNA
pBI121DNA DNA pBI121DNA
DNA DNA
6 8:1 DNA
PCR T-A
ds cDNA 60% 80%,
6.1.3
cDNA
Hinchee et

al, 1988; Liu et al, 2004; Hazel et al, 1998; Maughan et al, 1999; Simononds et al, 2000; Droste et al,
2002; Li et al, 2002
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6.1.3.1

Hinchee et al, 1988; Liu et al, 2004
Hazel et al, 1998; Maughan et al, 1999; Simononds et al, 2000; Droste et al, 2002
Lietal, 2002 PEG/ Lin et al, 1987; , 1998
, 1989
PEG

Zhang et al, 2001
Ti

T-DNA

6.1.3.2

cDNA

Cheng etal 1980 Liu et al, 2004

69



10 20d

T, 500

75 90%
47

6.1.3.3

1.
8% 10% 6%

et al, 1994

2001

75

pBI121 GV3101 540 Ty
90% 661 95% 18 93%
50% 70%
10% 18
Larkin et al, 1981
75 18 661
Delzer etal 1990
Mauro et al, 1995; Bailey
Zhang et al,
Liu et al, 2004; Miguel et al, 2004
3 5d
24  36h
3
661
18

70

661 18



6.2 cDNA

GUS
Ti
GUS Ti cDNA
DNA
cDNA Southern
5-5 DNA
5
CDNA‘ = 9
GUS cDNA
DNA Southern
cDNA
6.3
RT-PCR cDNA cDNA
cDNA
cDNA
6.3.1 cDNA
cDNA““ ”” ¢DNA cDNA

cDNA  — cDNA
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cDNA
cDNA

6.3.2 cDNA

cDNA

cDNA

0.5 3kb cDNA

cDNA

6.3.3 cDNA*“* 77

20ul

cDNA

6kb

cDNA

6.4

cDNA

6.4.1

cDNA

Open reading frame, ORF

PCR
cDNA
PCR
14kb
cDNA““ i
cDNA
cDNA

cDNA
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cDNA 900bp

cDNA
<500bp cDNA

cDNA
cDNA
cDNA
500 cDNA

cDNA



cDNA cDNA
cDNA
cDNA 1
cDNA cDNA

cDNA bar

6.4.2

cDNA
cDNA
RNA
cDNA

DNA PCR
cDNA
cDNA Ti
Ti
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cDNA

cDNA
1. cDNA 7 15 42 16
277 277 502
RNA Promega polyAtract mRNA isolation system [V mRNA
Clontech ~ SMART™PCR c¢DNA Synthesis Kit cDNA pGEM-T easy
vector DH10p PCR ds cDNA 900bp
0.3 2kb
2. cDNA T-A
DNA
PCR ds cDNA
3.
1
90 661 95% 18 93% 75 90% 50
70 10% 18
4. cDNA

cDNA

cDNA

CDNA“ EE]
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Vigna radiate L.  Wilczek 70 110
Lawn, 1979; Lawn, 1979; Lawn, 1983 Lawn, 1985
Callosobruchus chinensis
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Young et al, 1992 Callosobruchus chinesis L. C. maculates
F. C. phaseoli G. Lambrides et al, 2000
Talekar et al, 1988 302 55.7 Gujar et al,
1978
AVRDC Vigna zublobata TC1966
Fujii et al, 1989 TC1966
Yang et al, 1996; Srinives et al, 1993
2003; 2004

AFLP amplified fragment length polimorphism Zabeau Vos
1993 Keygene AFLP RFLP PCR
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AFLP
AFLP 50 100 AFLP
William et al, 2003; Shan et al, 1998 Takayoshi et

Miyashita et al, 1999; Turpeinen et al, 2003

Young et al 1992 RFLP

Chen KC et al,

AFLP TC1966  AFLP
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1 3 VC6089-10 VC6089(22-4)-2
TC1966 1
TC1966
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x<P2
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F3,4,5...8<P2
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2.2
2.2.1
50 6¢cm lcm
66cm*x44cmx18cm
8 1 3
27+2 45d
5-1 ,1998
1
Table 1 lIdentification criteria of resistance to mungbean bruchid
%
0 0 Immune
1 0.1-10.0 HR
3 10.1-35.0 R
5 35.1-65.0 MR
7 65.1-90.0 S
9 >90 HS
>90% HS
2.2.2 AFLP
2.2.2.1 DNA
2004 7 1 25 30 7 15d
5 0.1 0.2g DNA
1)
1.5ml 700ul 65
““S”” 100mM Tris-HCl pH8.5  100mM NaCl 50mM EDTA pHS8.0
2% SDS 65 1 1.5h
DNA
2) 10000rpm 16 10min
3) 1.5ml Tris -
V/iV=1l 1 4000rpm 10min
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4) 1.5ml 4000 rpm
10 min 1.5ml
5) 0.6>< DNA
6) DNA 0.7ml TE pHS8.0 10ul RNase A
DNA 37
7) Tris - V/iV=1 1 4000rpm 4 10min
1.5ml
8) 4000rpm 4 10min
1.5ml

9) 0.1><3M NaAc pH5.2 2% -20

15min DNA I><TE pHS8.0 4
10) BECKMAN DU640 DNA OD760/ODssy

1.8 20 0.8 DNA

Talekar,1988
11) DNA 150ng/pl
2.2.2.2 AFLP
Zabeau 1995 1997 AFLP AFLP
Pst Mse T4 New England Biolabs NEB AFLP
PCR Taq DNA dNTP Promega
(€)) DNA

DNA

Components Volume

DNA 200ng/pl 1.25ul

Mse 3U
Pst 3U
Buffer 2ul
BSA 0.2ul
ddH,O 20ul 37
2 DNA

DNA 10ul
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2 94

3 56

4 72

5 72

Keygene

PCR

Smin

30sec

1 min

Smin

93

30sec 30

Volume

1.0u
1.0ul
1.8ul
0.5ul
0.5u
0.2l

Volume
0.6ul
0.6pd
2.0ul
0.1l
0.2ul
14.5ul

http:\\www_keygene.com

1.5%

AFLP



4 AFLP
Sul

95

D

2)
3)

Components
Mse
Pst

15ul

Moo
Py

dNTP 25mM

Taq DNA

10xPCR Buffer

ddH,O

PCR

1.5

10min

60pl

TEMED

2min

30sec

30sec

1 min

30sec

30sec

1 min

5 min

50ng/ul
50ng/ul

sU/ul

11

22

94

Volume
0.6ul
0.6ul

0.1

8l

0.18ul
2.0ul

11.

-0.7

1ul

Cycle

0.5

120pl

Binding Silance

10

1.5h




6 PAGE

IXxTBE 80W
30min DNA 2.5h
7
1) 1L 10% 900ml 100ml
30min
2) 1L Smin
3) 1g AgNO; 1L 1.5ml 37%
15min
4) 10 sec
5) 30g NaCO; 1.5ml37%
200ul
6) 10% Smin
Smin
7)
2.2.3 DNA
0.2ml
50ul 4 90 30min 5000rpm
2min 15ul DNA 45ul
Components Volume
Mse 50ng/ul 2.4ul
Pst 50ng/ul 2.4ul
dNTP 25mM 0.54ul
Taq DNA 50/ul 0.54ul
10xPCR Buffer 6.0ul
ddH,O 33.12ul
Pst Mse AFLP PCR AFLP

PCR 10ul PCR

95



PCR 50ul

2.2.4
NCBI BLASTN
3
3.1
5 2-5 1 >90
HS TC1966 <10 HR
TC1966
2-5
Table 2-5 Resistance identification results of 5 mungbean materials
%
TC1966 0 Immune
1 90 High Susceptible
VC6089-10 0 Immune
VC6089 22-4 -2 0 Immune
VC6089-4 0 Immune
3.2 AFLP
TC1966
VC6089-10 VC6089(22-4)-2 VC6089-4 830 AFLP
100
AFLP
3.2.1 AFLP DNA
AFLP DNA PCR
DNA
DNA ADNA 0.8
DNA 150ng/ul 51
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DNA

1 AFLP DNA

Fig-1 Dilution of mungbean genome DNA used for AFLP analysis

3.2.2 AFLP
AFLP DNA
3.2.2.1 AFLP
DNA 150ng/ul 5U  Mse S5U  Pst 37
2 3h Mse Pst 16
4ul 1.2% 5 2
DNA
Mse Pst

2 AFLP

Fig. 2 Ckeck result of digest-ligated products for AFLP

3.2.2.2 AFLP

DNA 5 PCR oul
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1pl 1.2% 120 V 1h
5 3 100 1000bp

M 1 2 3 4 5

—

3 AFLP

Fig.3 Check result of pre-amplified products for AFLP

3.2.2.3 AFLP
10 PCR 6ul
Ll 1.2% 120V 1h
5-4 100  800bp DNA
1 2 3 4 5
4
Fig.4 Check result of selected amplified products
3.2.2.4 AFLP
470 Mb AFLP
AFLP AFLP
830 5-5

98



AFLP 53 AFLP

4-6

5 AFLP

Fig.5 AFLP primer screening

B

6 7
Fig.6 Characterized bands of Fig.7 Characterized bands of resistant
susceptive varieties varieties
3 AFLP

Table 3 Polymorphic AFLP combinations related to bruchid resistance

Polymorphic Numbers of Numbers of
AFLP combinations AFLP combinations Polymorphic bands
bands polymorphic loci polymorphic loci
M11-P79 4 1 MR&3-P51 5 2
M48-P23 1 1 M65-P26 1 1
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Polymorphic Numbers of Numbers of
AFLP combinations AFLP combinations Polymorphic bands
bands polymorphic loci polymorphic loci
MS51-P23 5 2 ME88-P46 5 2
M52-P23 4 1 M90-P46 20 5
MS55-P23 4 1 MS82-P44 1
MS56-P24 3 3 M83-P45 4 1
M53-P24 3 3 MS86-P51 40 10
M55-P24 2 2 M87-P51 9 3
M56-P24 3 3 Mg&7-P56 4 1
M60-P24 2 2 M47-P24 4 1
M54-P26 2 2 MS86-P44 1 1
M59-P25 4 1 M82-P53 4 1
M64-P25 8 2 M86-P49 6 3
M49-P25 4 1 M87-P49 18 9
M50-P25 4 1 M88-P49 8 2
M52-P25 4 1 M89-P49 10 4
M82-P42 4 1 MO91-P49 4 1
M87-P42 8 2 MS81-P49 2
MS88-P65 1 1 M82-P49 12 3
M85-P61 1 1 M83-P49 2
M83-P57 8 2 Mg84-P49 8 2
M85-P61 1 1 M85-P49 13 4
MS81-P50 12 4 MS80-P48 5 2
M82-P50 18 9 MS81-P48 9 3
MS83-P50 11 5 M84-P48 8 2
M88-P58 1 Mg&7-P42 8 2
MS80-P54 1 MS88-P54 4 1
M81-P54 1 M54-P25 4 1
M86-P50 19 5 MS55-P25 1 1
MS87-P50 21 6 M84-P45 1 1
M89-P50 9 3 M89-P45 4 1
M90-P50 1 M88-P57 1 1
Mg86-P54 4 1 M90-P56 5 2
M86-P51 28 7 M48-P24 4 1
MS87-P51 9 3 MS53-P24 2 2
MS80-P51 1 1 M54-P24 4 1
MS81-P51 4 1 MS58-P26 2 2
M82-P51 4 1 M83-P45 4 1
Mg86-P72 4 1 M81-P67 4 1
M87-P72 4 1 M85-P67 8 2
M90-P72 1 1 MS81-P84 20 5
M72-P71 1 1 M84-P84 8 2
MS86-P71 8 2 MS88-P75 1 1
M88-P71 8 2 Mg86-P78 5 2
M91-P71 4 1 Mg&7-P78 2 2
M80-P72 25 8 MS88-P78 3 3
MS88-P65 1 1 M82-P80 1 1
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Polymorphic Numbers of Numbers of

AFLP combinations bands polymorphic loci AFLP combinations Polymorphic bands polymorphic loci
M89-P65 4 1 MS85-PR0O 1 1
M77-P68 4 1 M82-P73 4 1

3.3 AFLP DNA
DNA 170 AFLP
SCAR DNA
PCR 5 8
PCR Premier Primer 5.0
SCAR

8

Fig-8 Agrose gel of reamplified products

3.4 AFLP DNA

PCR
AFLP M87-P51
AGCACAAACCTTGACGTTGAGAGAATAGAGGACGATTTCCCCAGTTGTGGTAACGTTTAGGTGCAAGATTGTGAGACGCATGC
CATGCAAACTAGATACTATTTTCAAGAGCTGCTTTGGTCGTTTCTTGGATCTTATTTTGAGATTTGCATGGCTCTCTACCATT
GTCACTTCTATGTCAGCAATGCCAGACTGAACCTCGCCCTTTTGGTCGCTCATGGCTGCATGTACGCAGCTCAA

4

4.1 AFLP

AFLP 830 64265 AFLP AFLP
77.4 100 176
AFLP 12 AFLP AFLP 2.37
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AFLP DNA
SCAR SCAR
DNA
DNA
PCR 50
AFLP PCR PCR
2004 NCBI
4.2
Young etal 1992 RFLP

AFLP
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AFLP

Pst

Pst primers

Mse

Mse primers

P23
P24
P25
P26
P31
P32
P33
P34
P37
P39
P40
P41
P42
P43
P44
P45
P46
P47
P48
P54
P55
P56
P57
P58
P59
P60
P61
P62
P63
P64
P65
P66
P67
P68
P69
P70
P71
P72
P73
P74
P75
P76
P77
P78

5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG
5-GACTGCGTACATGCAG

AG-3'
AT-3'
CA-3'
cC-3'
AAA-3'
AAC-3'
AAG-3'
AAT-3'
ACG-3'
AGA-3'
AGC-3'
AGG-3'
AGT-3'
ATA-3'
ATC-3'
ATG-3'
ATT-3'
CAA-3'
CAC-3'
CCT-3'
CGA-3'
CGC-3'
CGG-3'
CGT-3'
CTA-3'
CTC-3'
CTG-3'
CTT-3'
GAA-3'
GAC-3'
GAG-3'
GAT-3'
GCA-3'
GCC-3'
GCG-3'
GCT-3'
GGA-3'
GGC-3'
GGG-3'
GGT-3'
GTA-3'
GTC-3'
GTG-3'
GTT-3'

M1l
M47
M48
M49
M50
Ms1
M52
MS53
M54
M55
M56
Ms57
M58
M59
M60
M61
M62
Meé63
M64
Mé65
M66
M69
M70
M71
M72
M76
M77
M79
M&80
Ms81
MS82
M83
Mg4
M85
M86
M87
M88
M89
M90
M91
M92
M93
M94

5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA
5'-GATGAGTCCTGAGTAA

AA-3'
CAA-3'
CAC-3'
CAG-3'
CAT-3'
CCA-3'
CCC-3'
CCG-3'
CCT-3'
CGA-3'
CGC-3'
CGG-3'
CGT-3'
CTA-3'
CTC-3'
CTA-3'
CTT-3'
GAA-3'
GAC-3'
GAG-3'
GAT-3'
GCG-3'
GCT-3'
GGA-3'
GGC-3'
GTC-3'
GTG-3'
TAA-3'
TAC-3'
TAG-3'
TAT-3'
TCA-3'
TCC-3'
TCG-3'
TCT-3'
TGA-3'
TGC-3'
TGG-3'
TGT-3'
TTA-3'
TTC-3'
TTG-3'
TTT-3'
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P79
P8O

P81
P82
P83
P84

5'-GACTGCGTACATGCAG
5'-GACTGCGTACATGCAG

5'-GACTGCGTACATGCAG
5'-GACTGCGTACATGCAG
5'-GACTGCGTACATGCAG
5'-GACTGCGTACATGCAG

TAA-3'
TAC-3'
TAG-3'
TAT-3'

TCA-3'
TCC-3'
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1976 9 16

2003.9 2006.8

cDNA
2000.9 2003.6
AFLP
1995.9 1999.6
, 2006
( )
TC1966 AFLP . , 2005,
5:629 633
,2004, 5(3): 262 267
, 2001,3:53 57
. (HI) : , 1999,

4:15 18
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