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Abstract

Maize is the second largest crop for food and feed in China. Forage quality and yield of maize are
greatly affected by digestibility and drought stress. Conventional maize breeding has played an
important role in improving forage quality and drought tolerance, but it is time-consuming and labor
intensive. The rapid progress in molecular biology and genomics has provided an opportunity in

accelerating forage improvement and dissecting mechanism of drought tolerance.

In the present study, the laccase genes in ryegrass and maize were cloned and compared, while the
gene expression of four maize inbred lines under water stress were analyzed, based on gene homology
sequence cloning, cDNA-AFLP and bioinformation techniques. This work may provide theoretical and
practical guides for accelerating and facilitating breeding for good forage quality and drought tolerance
in maize and thus contribute to the structural adjustment of agricultural production and sustainable

agriculture in China. The main results are as follows:

1. A comprehensive phylogenetic analysis of 64 laccase genes from monocots, dicots and gymnosperm
was conducted to identify putative orthologues and paralogues within the multiple-gene family. By
multisequence alignments, a wide range of conserved domains and motifs were found in most members.
Phylogenetic analysis indicated that plant laccase genes are a highly divergent multigene family.
Duplication of laccase genes has been a continuous process occurring before and after the seed plants

diverged into gymnosperms, monocots, and dicots.

2. Plant laccases from different plant species, and in some cases, even within the same species, had a
relatively low level of sequence homology. Both extracelluar and intracellular plant laccases were
found.The range of pl values of plant laccase, substrate specificity, and numbers of N-glycosylation site
varied greatly. Furthermore, plant laccase genes were confirmed to be of tissue-specific expression,

inferring that this enzyme group is likely to carry out diverse functions in the plant.

3. A total of 27 and 17 laccase genes from two model plants, rice and Arabidopsis, respectively, were
used to construct frame maps. Of the 27 laccase genes from rice, nine were located on chromosome 1
and 6 on chromosome 11, indicatingthat more than half of the members concentrated on two
chromosomes. Laccase genes mapped on rice chromosome 1 were dispersed into three regions that
spanned 21Mb estimated from GRLC26 to GRLC1. GRLC1 was located around region 1
(15371897-15374072 bp) whereas GRLC6 was located around region 2 (25214631- 25216628 bp).
Region 3 ranged from GRLC5 to GRLC1 (1.3 Mb), which spanned between C126435 and C15960
according to the published data on chromosome 1. On chromosome 11, the laccase genes also were
divided into three regions. Four of them were located at the distal region of short arm. Comparing with
the published map of chromosome 11 based on a doubled haploid population, it was found that
GRLC11, 12 and 15 were close to a gene cloned from rice, designated as a MYB transcription factor. Of

the 17 Arabidopsis laccase genes, only AtLC1 and AtLC7 were dispersed on chromosomes 1 and 4,
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respectively. As segmentally duplicated regions in the Arabidopsis genome have been reported
previously, it was found in the present study that the duplicated segments between AtLC7 on

chromosome 3 and AtLC8, 9 10, 11, 12 on chromosome 5.

4. Using the Affymetrix probesets, 16 Arabidopsis laccase genes (except AtLC9) in seven different
tissues were compared by digital Northern analysis. Notably, most genes were strongly expressed in
stem and root. Peculiarly, AtLC2 and AtLC17 exhibiting a similar expression pattern, which was
strongly expressed in stem, were very similar in sequence. A similar case was the pair of AtLC7 and

AtLC8, which was strongly expressed in root.

5. Three ryegrass laccases fragments were cloned using two parents derived from a ryegrass mapping
population. Homology search results indicate that all of them were highly homology to the plant

laccases that have been cloned and conserved

6. In total, 168 maize laccase fragments were coned and sequenced. One putative domain was found
from NCBI.

7. Alaccase gene “Zmp7” was mapped on the fourth chromosome of maize, which was located between
the nc004 (bin 4.03) and phi026 (bin 4.05) using H21><Mo17 mapping population.

8. By using cDNA-AFLP technique, the differential gene expression was compared in different periods
under PEG stress and soil water stress. More than 380 cDNA bands were excised and finally, 42
available sequences were obtained Homology search of the 42 cDNA sequences suggested that 15 were
highly homologous to maize clones whose function were unknown. For the homologous sequences,
some were functional genes that are involved in stress response, while some are transcription factors,

which play an important role in plant drought tolerance.

9. MYB transcription factor was found in both a maize laccase gene fragment and a transcription
derived fragment induced by soil water stress. Hereby, we speculate that laccases could also be related

to plant response to water stress.

Key words: Maize; Laccase; Ryegrass; Molecular evolution; Gene cloning; cDNA-AFLP;

Water stress; Gene expression
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1-1

Table 1-1. Composition of lignin in various higher plants.

( Plant species) H (%) G (%) S (%)
( Pteridopthyta)

Psilotum triquetrum® 7 91

Lycopodium clavatum? 4 94

Selaginella martensii® 22 34 43
Equisetum sylvaticum® 15 75 10
Dryopterus filix-mas® 1 98 1
Pteridium aquilinum® 11 88 1

(Gymnospermae )

Cycas revoluta® 2 98

Ginkgo biloba® 6 93 1
Picea abies® 2 98 tr
Metasequoia glyptostraboides® 5 94 1
Juniperus communis® 3 96 1
Araucaria araucana® 3 96 1
Taxus baccata® 4 95 1
Pinus sylvestris® 2 98 tr
Pinus pinaster® 2 98 tr
Pinus pinaster (comoression wood)” 18 82 tr
Ephedra equisetina® 3 66 31
Gnetum gnemon?* - 49 51
Podocarpus macrophyllus® 9 88 4

( Dicotyledonae)
Medicago sativa® - 64 36
Acer platanoides® - 42 58
Fagus sylvatica® - 35 65
Populus euramericana® - 39 61
Populus trichocarpa® - 41 59
Populus tremula >P. alba® - 32 68
Populus tremula ><P. alba® - 37 63
Nothofagus dombey® - 14 86
Laurelia phillipania® - 66 44
Robinia pseudoacacia® - 37 63
Betula verucosa® - 24 76
Quercus robur® - 32 68
(Monocotyledonae)

Lilium cisitatissium® - 30 20
Juncus effusus® 11 54 35
Zea mays” 4 35 61
Oryza sativa® 15 45 40
Secalotriticum® 3 42 55
Secale cereale” 2 44 54

Note: *° ¢ ¢ ¢indicates Data published by Gross (1980), Lapierre (1993), Monties (1994), Van Doorsselaere et al. (1995a), Baucher et al. (1996),

respectively. -, not detected.
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Fig. 1-2 Phenylpropanoid and monolignol biosynthetic pathways (from Boerjan et al., 2003).

CAD, cinnamyl alcohol dehydrogenase; 4CL, 4-coumarate: CoA ligase; C3H, p-coumarate 3-hydroxylase; C4H, cinnamate 4-hydroxylase;
CCoAOMT, caffeoyl-CoA O-methyltransferase; CCR, cinnamoyl-CoA reductase; COMT, caffeic acid O-methyltransferase; HCT,
p-hydroxycinnamoyl-CoA: quinate shikimate p-hydroxycinnamoyltransferase; F5H, ferulate 5-hydroxylase; PAL, phenylalanine
ammonia-lyase; SAD, sinapyl alcohol dehydrogenase. ?, conversion demonstrated; ??, direct conversion not convincingly demonstrated;

4CL??, some species have 4CL activity ; CCR? And FSH?, substrate not tested.
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1-3 T1
B CTI T2 T3

>

H109 HEb6

H451 H399
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@Cu—i
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C

-( Suresh Kumar et al., 2003) . A:

Fig. 1-3. View of the ligands at T1 copper and trinuclear copper centers in C. cinereus laccase. (from

Suresh Kumar et al., 2003).

A: Three-dimensional structure of C. cinereus laccase showing all the copper ions at T1 and T3 copper centers. B and

C: Amino acid ligands in the vicinity of the T1 copper center and the trinuclear copper center with T2 and T3 copper.



1-5.
Claus, 2004

Fig.1-5. Copper centers of the laccase (CotA)
from B. subtilis. (from Claus, 2004).
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i Zoppellaro et al., 2001; Torres et al., 2002
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( Suresh Kumar et al., 2003).
Figure 3. Overview of the multiple sequence alignment for laccases. Eighty percent consensus sequence obtained after multiple sequence alignment of (A) 64 fungal laccase
sequences; (B) 40 plant laccase sequences; (C) consensus sequence from (A) and (B). The conserved regions are shaded if the length of the sub-sequence is greater than 7 residues. The
starting residue number for a given region is shown with reference to C. cinerius laccase in (A) and (C) and with reference P. taeda laccase in (B). Sequence logos (Schneider et al.,
1990b) are shown for selected regions, L1-L4, which represent the frequency of occurrence of each amino acid at a particular position in the ungapped region of the aligned protein

sequences. Height of a letter in the logo represents the information content at that location. (from Suresh Kumar et al., 2003)
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Fig. 1-5 Gene expression pathways in drought tolerance
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ABA 2 3 56 8 5
QTLs Agrama and Moussa (1996)  SD34><SD35 70 RFLP
QTL 1 3 5 6 8 5
QTLs 50% Ribaut (1996)
ASI( ) QTL 1 25 6 8 10 6
Tuberosa 1998 80 Fs4 ABA
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QTL

QTLs

QTLs

1-2 QTL

ASI QTLs
F2;3 RILs 4 5
Ribaut 1996; 1997 QTL
CIMMYT QTL
Ac7643><Ac7729/TZSRW
RIL RIL
DNA
MAS marker-assisted selection
ABA QTL
QTLs QTLs
2004

Table 1-2 Quantitative trait loci (QTLs) for drought tolerance in maize (adapted from Li et al., 2004

Trait

Mapping Population

Type and size of population

Reference

Roots traits and yield

Flowering
drought, ASI
Plant height, ear number, yield

parameters

Leaf ABA concentration, yield

Earlength ear weight ASI
Leaf ABA concentration
Vacuolar invertase activity
ABA concentration, ASI
Parameters of root
ASI,plant height
ASI,plant height

ASI, grain yield

L0964 X Lo1016

under Ac7643 X Ac7729/TZSRW

SD34 XSD35

0Os420 XABO78

B73xH99

A662%XB73

F2 % I,

Polj17xF-,

Ac7643 X Ac7729/TZSRW
K64xH16

K64xH16
CML444xSC-Malawi
Jaliscox LPC21

171 F5
236 RILs

120 F, 5

80 F,

142 RILs
151 F3

100 RILs

81 F,
236 RILs

280 F; topcross families
170 F, families

234 F; families

200 BC;5F,

Sanguineti et al. 1996
Ribaut et al. 1996

Agrama & Moussa 1996

Sanguineti et al. 1999

Tuberosa et al. 1998
Sari-Gorla et al. 1999

Tuberosa et al. 1998
Pelleschi et al. 1999
Lebreton et al. 1995
Ribaut et al., 2002
Ribaut et al., 2002
Ribaut et al., 2002
Ribaut et al., 2002
Ribaut et al., 2002

(*) RIL= Recombinant inbred lines; BC=Backcross.
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30 Goldberg, 2001 Northern
S1
(Donson
etal., 2002)
3.1
EST Sequencing serial analysis of
gene expression, SAGE Massively Parallel Signature Sequencing MPSS
Differential Display, DD  ¢cDNA-AFLP  GeneCalling
3.1.1 EST Sequencing
EST (Expressed Sequence Tag) 300-500bp cDNA EST mRNA
cDNA cDNA cDNA
5 3
Hatey et al., 1998
Ewing et al., 1999  EST
cDNA mRNA EST
cDNA
2% mRNA
cDNA Adams 1991
EST cDNA EST ESTs
“ ”” expression bias ESTs c¢DNA mRNA
mRNA mRNA 3 EST
EST cDNA

EST
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3.1.2 serial analysis of gene expression, SAGE

Velculescu 1995 EST
Serial analysis of gene expression, SAGE 1997
SAGE
9—10bp SAGE
SAGE
SAGE
10 14bp
Caron  (2001) SAGE
(Transcriptome)
SAGE
3.1.3 Massively Parallel Signature Sequencing MPSS
Massively Parallel Signature Sequencing MPSS EST
microbeads Flow cell
Beads Array Microbeads cDNA Adaptor
100 cDNA 5 16 20 DNA
DNA 16 20 DNA Signature
MPSS
mRNA Jongeneel 2003
10,000 15,000 60 MPSS
MPSS
SAGE
MPSS
3.1.4 GeneCalling
3 PCR 2
cDNA cDNA
cDNA
mRNAs 1/100,000 PCR
(Shimkets et al., 1999)
3.15 Differential Display, DD
1992  Liang  Pardee Welsh DD Differential Display =~ RAP-PCR (RNA
arbitrarily primed PCR) 2 mRNAs

4 mRNA cDNA cDNA
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cDNA PCR

PCR
cDNA PCR
Matz and Lukyanov, 1998
(Sompayrac et al., 1995; Martin and Pardee, 1999)

3.1.6 cDNA-AFLP
cDNA-AFLP Northern
Bachem et al., 1998; Durrant et al., 2000
RT-PCR AFLP Vosetal., 1995 mRNA
RNA mRNA cDNA 2 6bp  4bp
( EcoRI HindIIl Pstl Taql Msel )
3 13
100-1000bp (Bachem et al.,
1998 ) 1-6
cDNA-AFLP : cDNA PCR
PCR 95% (Bachem et al., 1996;1998)
2002 Mg*
15-20 52-56 Mg*
2.0-2.5mmol/L
PCR
2001 cDNA-AFLP
6-bp cDNA 1 4-bp
GenBank cDNAs Durrant
2000 Apol-Msel 30,000 cDNA 290 (~1%)
50 mRNAs 76% Apol-Msel
cDNA-AFLP
cDNA-AFLP Jone 2000 64
EcoRI/Msel Qin 2000
cDNA ESTs
cDNA-AFLP 4,000 Gao 2001
cDNA-AFLP highly disease-resistant, HDR susceptible, S

Bipolaris maydis mRNA 5 HDR
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284

HDR10 cDNA Keygene N.V. Ceres, Inc cDNA-AFLP
(Donson et al., 2002)
RNA cDNA-AFLP
2/3
cDNA-AFLP
cDNA-AFLP

(Cho et al., 2001)

Paly-A+ RMA isclation
U OO BAB R APARD,

l TTTTETT T IE“:EH dT
cOMA synthesis rimer
T Tty
M"'UWMPMM ®
ds cOMNA synihesis l )
| ]- ®
v Restriction
Diigyess R l anIymes
N v Y = Y~ B
Ligation * 3 ‘ Anchors
" 5]
Preamplification l T .
r— Frimeers

‘ Privnary lermglabe = |

Salective lragment .
i -*—-NI'-J Selective
ampt ':m":'H'N' l [T P primers
Secondary lemplade i

I

Fingerprint

1-6 cDNA-AFLP
Fig.1-6 Diagram of the cDNA-AFLP procedure

READS TOGA Prashar
and Weissman, 1996; Sutcliffe et al., 2000
3.2
mRNA cDNA Nothern
Southern GeneChips c¢DNA microarray Nothern Southern
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cDNA microarray GeneChips
(Schena et al., 1995; Lockhart et al., 1996)

3.2.1 cDNA microarrys

cDNA microarrys cDNA PCR
cDNA L-
cy3 cys
30,000 mRNA 10
3.2.2 GeneChips
GeneChips Affymetrix photography
, (Lipshutz
et al.,1995)
, 92%-94% 30nt
, (Southern Blotting ~ Northern Blotting )
(Arabidopsis
thaliana) (saccharomyces cerevisiae) ,
3.3
mRNA
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Bruce 2000 GeneCalling CRC P
6
19 000 cDNA cDNA 600 8000
nothern 2001 Bruce GeneCalling
8 12
13500 cDNA 229 325 cDNA 2 69
2 2 P450
McGonigle 2000 microarray
42 ESTs Lee 2002 DNA microarray
mRNA
-B73, 600
cDNA DNA
Sun 2000 cDNA microarray
3 1 mRNA 2
mRNA 3 mRNA
B-
Zinselmeier 2002 Amersham microarray ~ Affymrtrix
GeneChip
microarray 384 236 61.5
13%
1 2
5 26
GeneChip
1502 179 11.9
118
Fernandes 2002 EST microarray RNA
73,000 ESTs 22,000
Tentative Unique Genes, TUGs 9 2
4 20 ESTs 26 EST contigs 9 EST

cDNA
cDNA
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“ RNA~~ cDNA
10-14
5534 ESTs 4844 ESTs 2800 2500
EST  microarray microarray
(De Vienne et
al.,1999)  Damerval 1998 2-D PAGE 7
opaque-2 Chang 2000
DNA
4
(bioinformatics)
1
2 A3)
4.1
Nucleic
Acids Research
500
411
DNA 3 (European
Molecular Biology Laboratory, EMBL) GenBank (
, National Center for Biotechnology Information, NCBI) DNA (DNA
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Databank of Japan, DDBJ) 3 3

Public Sequence Database 3 DNA

( http://www.arabidopsis.org/) (http://www.staff.or.jp) 2
SWISS-PORT PIR SWISS-PROT PDB
PDB
X (NMR) NRL-3D PDB
412
BLAST FASTA

BLAST (basic local alignment search tool ) BLASTn BLASTP

TBLASTN TBLASTX BLASTX

4.2
421
4.2.2
( 1300 ©bp) 6
60% 2 (1) EST Unigene

(ftp://ncbi.nlm.nih.gov/pub/schuler/unigene) Merck-Gene index

(http://genome.wustl.edu/est/esthmpg.html)  GenExpress-index ( http://www..cshl.org )

2) DNA
(Open-Reading Frame, ORF) NCBI OREF Finder (http://www.ncbi.nlm.nih.gov/ ORF Finder)
cDNA ORF BLAST NCBI
4.2.3
cDNA , DNA
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http://www.staff.or.jp/
ftp://ncbi.nlm.nih.gov/pub/schuler/unigene
http://genome.wustl.edu/est/esthmpg.html
http://www..cshl.org/
http://www.ncbi.nlm.nih.gov/
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Table 1-3 Bioinformatic databases and websites

Databases websites

GenBank http://www.ncbi.nlm.nih.gov

EMBL http://www.ebi.ac.uk

GDB http://gdbwww.gdb.org

PDB http://www.pdb.bnl.gov

PIR http://www.bis.med.jhmi.edu/Dan/proteins/pir.html

ExPASy Molecular Biology

Genome Sequence Database (GSDB)
Nucleic Acid Database (NDB)

DNA Data Bank of Japan (DDBJ)

Structural Classification of Proteins (SCoP)
Unversity of Michigan Human Genome Center

Baylor College of Medicine Human Genome Center

Cooperative Human Linkage Center (CHLC)

Los Alamos National Laboratory Biosciences (LANL)

Resource for Molecular Cytogenetics (UCSF/LBL)

Stanford Human Genome Center

The Institute for Genomic Research (TIGR)

Washington University Center for Genetics in Medicine

Yale University, Albert Einstein Center

Sanger Centre (UK)

Genethon (Frace)

HGMP Resource Centre (UK)

C.elegans Genome Database (ACeDB)

Drosophila FlyBase (Harvard)

Mouse Genome Database (MGD)

Cattle Cytogenetic Map (Japan

Arabidopsis Genome Database (AAtDB)

Maize Genome Database

Rice Genome Research Program (Japan)
Agricultural Genome (National Agricultural Library)
Mycobacterium Genome Database (MycDB)

HIV Sequence Database (Los Alamos)

BioSCAN

Swiss Federal Institute of Technology

Johns Hopkins University Bioinformatics

QUEST Protein Database Center (CSHL)
Weizmann Institute Biological Computing Devision
NCI Laboratory of Mathematical Biology

Bionet News Group Archives

http://expasy.hcuge.ch

http://www.ncgr.org: 80/gsdb
http://ndbserver.rutgers.edu

http://www.nig.ac.jp

http://www.prosci.uci.edu/scop
http://www.hgp.med.umich.edu/Home.html

http://gc.bem.tme.edu:8088/home.html
http://www.chlc.org

http://www-1s.lanl.gov/LSwelcome.html
http://rmc www.lbl.gov

http://shgc.stanford.edu
http://www.tigr.org
http://ibc.wustl.edu:70/1/CGM
http://paella.med.yale.edu
http://www.sanger.ac.uk
http://www.genethon.fr/genethon_en.html
http://www.hgmp.mrc.ac.uk
http://moulon.inra.fr/acedb/acedb.html
http://morgan.harvard.edu
http://www.informatics.jax.org/mgd.html
http://ws4.niai.affrc.go.jp/dbsearch2/cmap/cmap.html
http://weeds.mgh.harvard.edu
http://teosinte.agron.missouri.edu/top.html
http://www.staff.or.jp
http://probe.nalusda.gov
http://kiev.physchem.kth.se/MycDB.html
http://hiv-web.lanl.gov
http://genome.cs.unc.edu
http://cbrg.inf.ethz.ch
http://www.gdb.org/hopkins.html
http://siva.cshl.org
http://dapsasl.weizmann.ac.il
http://www-lmmb.ncifcrf.gov

http://www.bio.net
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) (macrosynteny) )

(microcolinearity ~ microsynteny) ( , 2000)
424
3
@
CLUSTAL )
PHYLIP MEGA (©)
(70% )
Bootstrap
4.25
?
DNA
5
(Molecular Phylogeny)
DNA RNA
5.1
phylogenetic tree
( ) (species or population tree) (Gene tree)
( )
7 ( )
( )
( ) . 2

5.2

52.1

character data

distance data similarity data
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5.2.2

(distance matrix method)

discrete-character based methods

Unweight Pair-Group Method using an arithmetic Average, UPGMA
Neighbor-Joining method, NJ

NJ Saitou Nei
NJ

(maximum parsimony) (maximum likelihood)

bayesian method

NJ ML MP
53
¢ 1-9
54
1 DNA
BLAST FASTA
2
CLUSTALX  CLUSTALW Windows
DOS
gap
3)

31



PHYLIP MEGA

70

Bootstrap

1-4

Table.1-4 Softwares and websites of molecular evolutionary analysis

Software

Web site

Specificity

PHYLIP

PAUP

Tree of life

MEGA

MOLPHY

PAML

TreeView

PUZZLE

phylogeny

ClustalW

BioEdit

http://evolution.genetic.washington.edu/phylip/software.html

Scavotto@sinauer.com or ftp://onyx.si.edu/paup

http://phylogeny.arizona.edu/tree/program/program.html

http://bioinfo.weizmann.ac.il/databases/info/mega.sof

ftp:/ftpsunmh.ism.ac.jp/pub/molphy

http://abacus.gene.ucl.ac.uk/software/paml.html
http://taxonomy.zoology.gla.ac.uk/rod/treeview.html

ftp://fx.zi.biologie.uni-muenchen.de/pub/puzzle

http://www.ebi.ac.uk.biocat/phylogeny.html

http://www.ebi.ac.uk/clustalw/

http://www.mbio.ncsu.edu/BioEdit/bioedit.html

Felsenstein

simthsonion institute

Arizona

Mashatoshi
Nei DNA mRNA

University college London

Glasgow

quarter puzzling

EBI

5.5
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2) (motif) 3) (Clusters of Orthologous
Groups, COQG)

(motif)
COG
6
80% 20%
70% 56%
60%
1950 260
458 176 2000
(Heisey and

Edmeades, 1999; 2002)

cDNA-AFLP

cDNA-AFLP 4 PEG
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http://www.ncbi.nlm.nih.gov/COG/
http://www.ncbi.nlm.nih.gov/COG/

(Arabidopsis Genome Initiative, 2000; Goff et al., 2002; Yu et al., 2002)

64 (Arabidopsis thaliana) Oryza
sativa L. (Gossypium arboreum) (Lolium perenne L.) (Pinus taeda)
(Populus balsamifera subsp. trichocarpa) (Liriodendron tulipifera) (Nicotiana
tabacum L.) (Acer pseudoplatanus L.)

1
1.1
TAIR (The Arabidopsis Information Resource ) ( http://www.arabidopsis.org/)
17 (NP_56588) GRAMENE(A
Comparative Mapping Resource for Grains) (http://www.gramene.org/db/searches/blast) Rice_
japonica_Genemodel_Proteins E 1><10™"° 41
64 2-1

1.2

ClustalwW (Thompson et al., 1994) phylip

PHYLIP 3.6 Felsenstein, 1989
1.3
TargetPV1.0 (http://www.cbs.dtu.dk/services/TargetP/) iPSORT

(http://psort.nibb.ac.jp/ )

mitochondrion targeting peptide, mTP (chloroplast transit peptide, cTP)

secretory pathway signal peptide, SP 3 (Emanuelsson et al., 2000) 2-2
14
NASCArrays (Liu et al., 2003) 17
( http://affymetrix.arabidopsis.info/narrays/spothistory.pl)
15
GeneBank 17 27

34


http://www.arabidopsis.org/
http://www.gramene.org/db/searches/blast
http://www.cbs.dtu.dk/services/TargetP/
http://psort.nibb.ac.jp/
http://affymetrix.arabidopsis.info/narrays/spothistory.pl

2-1

Table 2-1 Proteins of the LC gene family analyzed in this study

Name  Accession No. Gene ID Chromosome/ |Name Accession No. Gene ID ~ Chromosome/
Location (Mb) Location (Mb)
Rice (Oryza sativa L.) Arabidopsis Thaliana
GRLC1 - GRMP00000160993 1/36.4 AtLC1 NP_173252 At1g18140 1/6.2
GRLC2 - GRMP00000160992 1/36.3 AtLC2 NP_180477 At2g29130 2/12.5
GRLC3 - GRMP00000084962 12/8.8 AtLC3 NP_180580 At2g30210 2/12.9
GRLC4 - GRMP00000160994 1/36.4 AtLC4 NP_565881 At2g38080 2/15.9
GRLC5 - GRMP00000156089 1/35.1 AtLC5 NP_181568 At2g40370 2/16.9
GRLC6 - GRMP00000159289 11/25.2 AtLC6 NP_182180 At2g46570 2/19.1
GRLC7 - GRMP00000150816 3/10.4 AtLC7 NP_187533 At3g09220 3/2.8
GRLC8 - GRMP00000090356 11/24.8 AtLC8 NP_195724  At5g01040 5/0.015
GRLC9 - GRMP00000057784 9/10.7 AtLC9 NP_195725 At5g01050 5/0.02
GRLC10 - GRMP00000110554 11/8.0 AtLC10 NP_195739 At5g01190 5/0.07
GRLC11 - GRMP00000074187 11/21.4 AtLC11 NP_195946 At5g03260 5/0.8
GRLC12 - GRMP00000074185 11/21.4 AtLC12 NP_196158 At5g05390 5/1.6
GRLC13 - GRMP00000037843 2/31.1 AtLC13 NP_196330 At5g07130 5/2.2
GRLC14 - GRMP00000155325 1/36 AtLC14 NP_196498 At5g09360 5/2.9
GRLC15 - GRMP00000071872 11/24.4 AtLC15 NP_199621 At5g48100 5/19.5
GRLC16 - GRMP00000066958 12/9.0 AtLC16 NP_200699 At5g58910 5/23.8
GRLC17 - GRMP00000101560 11/0.39 AtLC17 NP_200810 At5g60020 5/24.2
GRLC18 - GRMP00000101437 12/0.436 Loblolly pine (Pinus taeda)
GRLC19 - GRMP00000135543 7/0.06 AAK1 AAK37823  Lacl -
GRLC20 - GRMP00000155293 11/35.9 AAK?2 AAK37824 Lac2 -
GRLC21 - GRMP00000141832 5/21.3 AAK3 AAK37825 Lac3 -
GRLC22 - GRMP00000155292 1/35.9 AAK4 AAK37826 Lac4 -
GRLC23 - GRMP00000023807 10/14.9 AAKS AAK37827 Lac5 -
GRLC24 - GRMP00000151479 3/9.1 AAKG AAK37828 Lac6 -
GRLC25 - GRMP00000141826 5/21.3 AAK7 AAK37829 Lac7 -
GRLC26 - GRMP00000155334 1/15.4 AAKS AAK37830 Lac8 -
GRLC27 - GRMP00000038242 10/9.8 Poplar (Populus balsamifera subsp. Trichocarpa)
Cotton (Gossypium arboreum) CAAl CAAT74104 Lac90 -
AAR1  AAR83118 GaLAC1 - CAA2 CAAT4105 Lacl10 -
Yellow-poplar (Liriodendron tulipifera) Tobacco (Nicotiana tabacum L.)
AABl1 AAB17191 Ltlac2.1 - JCLC1 JC5229 JC5229 -
AAB2 AAB17192 Ltlac2.2 - Ryegrass (Lolium perenne L.)
AAB3 AAB17193 Ltlac2.3 - AAL1L AAL73968 LAC5-6 -
AAB4 AAB17194 Ltlac2.4 - AAL2 AAL73969 LAC2-1 -
Sycamore maple (Acer pseudoplatanus L.) AAL3 AAL73970 LAC5-4 -

AAB5 AAB09228
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2-2
Table 2-2 Characteristics of translated polypeptides from plant laccase cDNAs

Amino N-glycosyl MW Mature TargetP Ipsort|Laccase Amino N-glycosyl MW Mature TargetP Ipsort

Laccase acids sites (kDa) pl acids sites (kDa) pl
AAL1 579 13 61 9 S S GRLC13 579 ? 64 64 S S
AAL2 578 9 62 58 S S GRLC14 547 ? 60 9.1 M M
AAL3 610 14 5 5 - CP |GRLC15 583 ? 65 6.9 S S
AAB1 570 18 61 9.3 S CP |GRLC16 658 ? 73 88 - -
AAB2 585 19 61 9.3 S S GRLC17 567 ? 62 6.4 S S
AAB3 586 18 61 93 S S GRLC18 567 ? 62 66 S S
AAB4 585 17 61 95 S S GRLC19 583 ? 63 95 S S
AABS5 565 16 63 ? S S GRLC20 577 ? 63 7.9 S S
JCLC1 557 12 62 10 S S GRLC21 549 ? 59 6.9 S S
AAR1 566 23 ? ? S S GRLC22 577 ? 63 76 S S
AAK1 586 21 65 9.7 S S GRLC23 467 ? 52 54 M S
AAK2 576 9 60 85 S CP |GRLC24 580 ? 63 82 S S
AAK3 574 17 60 9.6 S M GRLC25 513 ? 56 9.5 - M
AAK4 570 8 60 7.3 S S GRLC26 530 ? 59 6.8 S S
AAKS 591 21 61 95 M S GRLC27 531 ? 58 6.9 S S
AAKBE 578 20 61 9.9 S S AtLC1 581 ? 65 9.3 - -
AAKT7 555 12 59 89 S S AtLC2 573 ? 64 99 S S
AAKS 577 10 60 7.7 S CP JALLC3 570 ? 64 9.9 S S
CAAl 574 7 90 9.2 S S AtLC4 558 ? 62 9.6 S S
CAA2 580 ? 110 95 S S AtLC5 580 ? 64 9 S S
GRLC1 692 ? 72 97 - - |AtLC6 569 ? 64 9 S S
GRLC2 580 ? 63 6.1 S S AtLC7 567 ? 62 9.2 S S
GRLC3 537 ? 59 6.1 S S AtLC8 584 ? 65 8.1 S S
GRLC4 551 ? 60 6.4 S S AtLC9 586 ? 66 7.6 S S
GRLC5 599 ? 66 6.5 S S AtLC10 553 ? 61 99 S S
GRLC6 562 ? 61 75 S S AtLC11 557 ? 62 91 S S
GRLC7 681 ? 73 83 S S AtLC12 565 ? 63 9.6 S S
GRLCS8 564 ? 62 9 S S AtLC13 484 ? 53 7 S S
GRLC9 577 ? 63 7.7 S S AtLC14 569 ? 65 10 S S
GRLC10 595 ? 66 6.7 S S AtLC15 565 ? 64 75 S CcpP
GRLC11 590 ? 66 7 S S AtLC16 523 ? 57 88 - M
GRLC12 580 ? 65 6.8 S S AtLC17 577 ? 64 9.6 S

M CP S

Note: M: mitochondrion targeting peptide; CP: chloroplast transit peptide; S: secretory pathway signal peptide

36



2.1
3 T1 T2 T3
4 (Cul Cu2 Cu3a Cu3b) 4 Electric
Paramagnetic Resonance, EPR (Valderrama et al., 2003) Cu3a  Cu3b
T3 EPR Cul Cu2
EPR Cul , T2 T3
(Clause, 2004) 4 8
8  His-X-His motif
Ducros et al., 1998; 2001; Enguita et al., 2003
64
T1 T2 T3 N-
S1-S4 ( 21) (motif)
-HWHG HLHG S1 S3 Mann et al., 1988; Messerschmidt and
Huber, 1990; Ouzounis and Sander, 1991; Askwith et al., 1994 Tl
21 G-X-[FYW]-X- [LIVMFYW]-X- [CST]-X8-G- [LM]-X3- [LIVMVYW]
Suresh (2003) 64 40
C 21 -G-V-W-(FLI)-(FML)-H- C-H- (FMLI) -(DE)-X-H-
X2-W-G-L-X-M- X-(WF) S4 T1
21 GVWFMHCHLE--H--WGL-M-F
T1
T2 T3 3
(Messerschmidt and Huber, 1990;
Mayer and Staples, 2002)
2.2
( 22
I 3 (GRLC20 GRLC21 GRLC22) (AAL1Y)
N
lla 3 12 2
TargetP iPORT AAL3
GRLC1 N
(LaFayette et al., 1999)

AAL3
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S1 103 S2 263 S3 504 CHO S4 542
AAB2 NITLHWHGVRQLRSGW ~ FSIANHTLTIVDVDAVYVK  HPLHLHGFNFFVVGQGFGN SWVAIRFQADNPGVWFMHCHLE-VHT SWGLKMAW
AAB4 NITLHWHGVRQLRSGW  FSIANHTLTIVDVDAIYVK  HPLHLHGFNFFVVGQGFGN GWVAIRFQTDNPGVWFMHCHLE-VHTSWGLKMAW
AAB3 NVTLHWHGVRQLRSGW ~ FSIANHTLTIVDVDAIYVK  HPLHLHGYNFFVIGQGFGN GWVAIRFQADNPGVWFMHCHLE-VHT SWGLKMAW
AAB1 NVTVHWHGIRQLONGW ~ FGIASHTITVVEVDATYVK  HLLHLHGYNFFVVGQGFGN GWAAIRFRADNPGVWFMHCHFD-VHTSWGLKMAW
AtLC17 NISLHWHGIRQLRSGW ~ FSIANHTVTVVEADAIYVK  HPLHLHGFNFFVVGQGFGN GWAA IRFLADNPGVWFMHCHLE-VHT SWGLKMAW
CAA2 NITIHWHGVRQLTTGW  FSIANHTLTVVEADAVYVK  HPLHLHGFNFFVVGQGFGN GWIAIRFLADNPGVWFMHCHLD-VHTSWGLKMAW
AtLC2 NISIHWHGIRQLRSGW ~ FTIANHTLTVVEADACYVK  HPIHLHGFNFYVVGQGFGN GWVAIRFLADNPGVWLMHCH I E- IHLSWGLTMAW
GRLC24 NITIHWHGVRQMRTGW ~ FSVANHTLTVVDVDASYVK ~ HPLHLHGFDFFVVGQGTGN GWVAIRFFADNPGVWFMHCHLE-VHTTWGLKMAW
GRLC20 NMSIHWHGIRQLRSGW ~ FSIAGHTLTVVDVDAVYVK  HPFHLHGFNFFVVGQGFGN GWVAIRFLVDNPGVWFMHCHLE-VHVSWGLKMAW
GRLC21 NMSTHWHGIRQLLSGW ~ FSIANHTLTVVDVDALYVK ~ HPLHLHGFNFFVVGQGFGN GWVAIRFHADNPGMYSEPHRFP-CDSTFAPT---
GRLC22 NISLHWHGVRQVRTGW ~ FAVANHTLTVVEVDAVYVK  HPLHLHGFNFFVIGQGFGN GWVAIRFLADNPGVWFMHCHLE-AHTTWGLRMAW
AAL1 NMSTHWHGIRQLTTGW ~ FSVANHTLTVVEVDAVYVK ~ HPLHLHGYNFFVVGQGFGN GWVAIRFLADNPSVWFMHCHLE-VHTTWGLRMAW
GRLC14 NVSFHWHGILQLRNGW ~ FGIANHTLTVVEADANYVK ~ HPLHMHGFNFFVVGQGFGN GWVAVRFLADNPGVWLMHCHFD-VHLSWGLSMAW
GRLC25 NVTFHWHGIRQVRSGW ~ FGVANHTLMVVQADASYVK  HPLHLHGYDFYVVGTGFGN GWVAIRFVADNPG-WLPALYLY-LHLKR----EF
AAKS NVTIHWHGIRQLRSGW ~ LATANHSMTVVEVDAVYVK  HPVHLHGFNFFVVGQGVGN GWAA IRFRADNPGVWFMHCHLE-VHT SWGLKMAW
AAKG NVTIHWHGVRQLRSGW ~ LAIANHSLTVVEVDAVYVK  HPFHLHGFNFFVVGQGVGN GWMA IRFRADNPGVWFMHCHLE - IHKSWGLKMAW
AAK1 NVSIHWHGIRQLRSGW IATANHTMTVVEADAVYTK ~ HPVHLHGFNFFIVGQGFGN GWVALRFRADNPGVWFMHCHLE-VHT SWGLKMAW
AAK3 NVTIHWHGIRQIRSAW ~ FAIANHTVTVVEIDALYVK  HPLHLHGYDFFVVGQGTGN GWVAIRFRADNPGVWFMHCHLE-VHTSWGLKMAW
AtLC4 NVSIHWHGVRQVRTGW ~ FKVAGHIFTVVEVDAVYVK  HPVHLHGFNFFEVGRGLGN GWVV IRFRADNPGVWFMHCHLE-VHT TWGLKMAF
JCLC1 NLSTHWHGIRQLRTGW ~ FKIAGHKMTVVEVDATYIK  HPIHLHGFNFFLVGKGIGN GWVAIRFRADNPGVWFMHCHLE- IHTTWGLKMAW
AtLC10 NVSIH-HGIRQLRTGW  FKIAGHRFTVVEVDAVYVK  HPIHLHGFNFFVVGLGTGN GWAAIRFRADNPGVWFMHCHLE-VHTTWGLKMAF
AtLC16 NVSIH------- WTGW  FKIAGHVLTVVEVDAVYTK  HPFHLHGFNFFEVGRGLGN GWTAIRF IADNPGVWFMHCHLE-LHTTWGLKMAF
GRLC8 NVTIHWHGVRQIRTGW ~ FKVAGHELTVVEVDAVYTK  HPIHLHGFNFFVVGKGVGN GWTAIRFRSDNPGVWFMHCHFE-VHT SWGLKMAF
AAK7 NVSTHWHGIRQLRTGW ~ FGVANHHLTVVEVDAVYTK  HPVHLHGFNFFIVGRGFGN GWTVIRFRADNPGVWFMHCHLE-VHTTWGLKMAF
AAK8 NVSIHWHGVRQLRTGW ~ FEVANHLVKVVEVDAVYTK  HPIHLHGFNFFIVGRGFGN GWTVIRFRADNPGVWFMHCHLE-VHT TWGLKMAF
AtLC11 NMSTHWHGLKQYRNGW  FGIAGHNMTVVEIDAVYTK ~ HPFHLHGYNFFVVGTGVGN GWAAIRFRADNPGVWFMHCHLE-VHTMWGLKMAF
GRLC6 NMT IHWHGLKQRRNGW ~ FSTAGHNMTVVEIDATYTK ~ HPFHLHGYNFFVVGRGVGN GWTAIRFRADNPGVWFLHCHLE-VHTSWGLKMAF
AtLC1 NTTIHWHGLRQYRTGW  VAVANHTLTVVEVDAVYTK  HPLHVHGHNFFVVGRGFGN GWAAIR INADNPGVWF IHCHLE-QHTSWGLAMGF
AtLC3 NISIHWHGIRQLRNPW  FSVANHQFTVVETDSAYTK  HPMHLHGYQFYVVGSGFGN GWVAIRFVADNPGAWFMHCH I D- SHLGWGLAMVF
AtLC13 NISLHWG-TRQMRNPW  FGVANHKLTVVAADASYTK  HPMHLHGYEFYWWGTGYGN GWVAIRFVANNPGAWLMHCH I D-SHIFWGLAMVF
AtLC5 NITIHWHGVRQMRTGW ~ FTVANHKLTVVGADASYLK  HPIHLHGYDFY I IAEGFGN GWAV IRF IADNPGVWIMHCHLD-AH I SWGLAMAF
AtLC12 NITIHWHGVRQIRTGW ~ FTVANHKLTVVGADASYLK  HPIHLHGYDFY IVGEGFGN GWAV IRFVADNPGVWLMHCHLD-VHIKWGLAMAF
CAAL NVTIHWHGIRQMRTGW ~ FTIANHKFTVVGADASYLK  HPIHLHGYDFY I IAEGFGN GWAV IRFVADNPGVWLMHCHLD-VHITWGLAMAF
GRLC17 NMTLHWHGVRQMRTGW ~ VSLAGHNMTVVAADASYTK  HP IHLHGYDFY ILAEGLGN GWAV IRFVADNPGVWLMHCHLD-VHITWGLAMAF
GRLC18 NVTLHWHGVRQMRTGW ~ VSLAGHNMTVVAADASYTK  HPIHLHGYDFY ILAEGLGN GWAV IRFVADNPGVWLMHCHLD-VHITWGLAMAF
GRLC5 NVTIHWHGIRQFRTGW  VSIAQHKMTVVGVDASYTK  HPIHIHGYDFY ILAEGFGN GWAV IRFVADNPGVWLMHCHLD-VHITWGLAMAF
GRLC7 NVTLHWHGLRQLRNGW ~ VSLAGHKMTVVAADAMYTK ~ HPMHIHGYHFYVLATGFGN GWAVVRFVADNPGVWLVHCH I D-AHLTGGLGMAL
AAK2 NATIHWHGVRQFRTGW ~ FSIGSHTMTVVAVDALYTK  HPIHLHGYDFY IVGAGFGN GWAAIRFVADNPGAWVMHCHLD-VHITWGLAMVF
AAK4 NATIHWHGVRQFRTGW ~ FTVGGHTMTVVAVDALYTK  HPIHLHGYDFY IVGSGFGN GWAA IRFVADNPGAWVMHCHLD-VHITWGLAMVF
AtLC6 NTTIHWHGIKQKRSCW  FTIANHRLTIVEVDGEYTK ~ HPIHLHGHSFYVIGYGTGN GWAAIRFVANNPGLWLLHCHFD- IHQTWGMSTMF
AtLC14 NITLHWHGARQIRNPW  FAIANHTLTVVAKDGFYLK  HPIHLHGYNFYVVGSGFGN GWTAVRFVANNPGVWLLHCH I E-RHATWGMNTVF
AtLC15 NITMHWHGE-QPRNPW ~ FAIANHSLTVVSADGHYIK  HPMHLHGFSFYVVGVGFGN GWIAIRFVADNPGVWFMHCHLD-RHQTWGMNVVF
GRLC13 NITIHWHGVDQPRNPW ~ FATAGHRLTVVGIDARYTK ~ HPMHLHGFAFYVVGRGNGT GWAA IRFRADNPGVWFMHCHFD-RHVVWGMDTVF
GRLC26 NITIHWHGVDQPRNPW  FAIAGHRLTVVGIDARYTK ~ HPMHLHGFTFYVVGRGSGT SWAAIRFRADNPGVWFMHCHFD-RHVVWGMDTMF
GRLC23 ILLWHRHGVDQPRNPW ~ FAVAGHCLTVVSIDARYTK  HPMHLHGFAFYVVGRGSGT SWAAIRFRADNPGVWFMHCHFD-RHVVWGMDTVF
GRLC15 NITIHWHGVDQPRNPW  FAVSGHRLTVVGIDARYTK ~ HPMHLHGFAFYVVGLGSGK GWAAIRFRADNPGVWFMHCHFD-RHMVWGMNTVF
AAR1 GFTIHWHGVKQPRNPW ~ FTIANHTLTVVAQDASYVR ~ HPIHLHGSSFYWVGTGFGN RWVAIRFFATNPGVWFMHCHLE-RHSSWGMDTVL
AABS GITIHWHGVKMPRNPW ~ FGIAQHNLRVVGTDGFYTK ~ HPMHLHGFSFYLVGTGLGN GWAAIRFVADNPGVWFLHCHFE-RHTTWGMAVAI
GRLC9 NVAIHWHGIRQIGTPW ~ FEIEGHEMTVVEADGHYVK ~ HPWHLHGHDFWVLGHGAGR GWTALRFRADNPGVWAFHCH I E-AHFFMGMG I VF
AtLC8 NVTITHWHGVFQLKSVW  FKIANHNVTVVAVDAVYST  HPMHLHGFNFYVLGYGFGN GWVVLRF IANNPGVWLFHCHMD-AHLPYG IMSAF
AtLC9 NVT IHWHGVFQLKSVW  FKIANHNVTVVAVDAVYTT ~ HPMHLHGFNFYVLGYGFGN GWVVLRF IANNPG IWLFHCHMD-AHLPLG IMMAF
AtLC7 NITIHWHGIFHKLTVW  FKIANHRLTVVAADAVYTA  HPMHLHGFNFHVLAQGFGN GWAV IRFTANNPGAWIFHCH I D-VHLPFGLGMIF
GRLC1 NLTIHWY----VTNPC ~ FKVAGHAFTVVAVDACYTA  HPIHLHGFNFFVLAQGLGN GWAV IRFVANNPGGNAPREAGD-ARAATAVSTQR
AAL3 NLTIHWHGIMQLRTPW  FKVAGHNFTVVAVDACYTA  HPIHLHGFNFFVLAQGLGT GWVV IRFLANNPGYWFFHCHLD-AHVPMGLGMVF
GRLC4 PLSLHWHGVYQLRSGW ~ FKVAGHTFTVVAADASYTK  HPIHLHGFDFYLLAQGLGR GWAVIRFMANNPG---------- EPAALNLFLPY
GRLC3 NMTITHWHGIFQRGTPW ~ FKVANHSFNVVAADACYTK ~ HPMHLHGFNFFVLAQGFGN GWAVIRFVADNPD--==-——————— === ——————
GRLC16 SMTLHWHGVLQRGTPW ~ FKVAKHRLTVVGADACYTK  HPMHIHGFNFFILAQGFGN GWAV IRFVADNPGMWYMHCHFD-AHI SLGLAMVL
GRLC2 NVTVHWHGVFQRGTPW ~ FKVAGHTFTVVAADASYTE =~ HPMHLHGFNFFVVAQGFGN GWAV IRFVADNPGMWAMHCH I D-SHFAIGLAMVF
GRLC19 NITIHWHGVLQRLSAW  FKVAAHNFTVVAVDACYTD  HPLHLHGFNFYVLAQGTGN GWAV IRFTADNPGVWLMHCHLE-AHLPFGLAMAF
GRLC11 GLTIHWHGVRQMRSCW ~ FRVAGHTFTVVGADGNYLT =~ NPMHLHGYDVFLLAQGLGN GWAAIRFVTDNPGMWYLHCHFE-FHI IMGMATAF
GRLC12 GLTIHWHGVRQLRSCW ~ FKVAGHTFTVVGADGNYLT ~ NPMHLHGYDVFLLAQGLGS GWAAVRF I TDNPGMWYLHCHFE-FH I IMGMATAF
GRLC10 GLTIHWHGVRQMRSCW ~ FKVAGHTFTVVGADGNYLT ~ NPMHLHGYDVFVLAQGLGN GWAAVRFLADNPGMWYLHCHFE-FH 1 IMGMATAF
GRLC27 NLTIHWHGVYQLLNCW  LKIAGHRFTVVASDANYLT =~ NPMHLHGHDVFLLAQGIGI GWAAVRFVADNPGAYRS---------- IGFSCAH
AAL2 GVTIHWHGVKQRLTCW ~ FKVAGHRLTVVGSDANYLR ~ NPMHLHGHDFFVLAQGIGN GWAAVRFVADNPGNWFLHCHYE-FHMGMGMATVF
CIEICEEE SCR) - - % -k * * - *=k%k - * * * =k *%

Consensus N;fIHWI:IGV—QR———V-V
23

2-164

F-VA-H--TW--DA-Y-K
1

HP-HLHGF-FF-L-QG-GN
1 23

GW—AIRF-ADNPGVWFMHCHLE--H--WGL-M-F
313 1

CHO 1 2 3 .
Fig. 2-1 Four selected sections (S1-S4) from the multiple sequence alignments of 64 palnt laccases. The highly conserved
copper-binding sites to which each of the ligand residues is bound are highlighted in dark gray background and conserved potential
N-linked glycosylation sites are designated by CHO. The numbers 1, 2, and 3 mark the amino acid residues that are involved in type 1, 2,
and 3 copper coordinations, respectively.
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Fig. 2-2 Phylogenetic relationships between LCs from plants.The tree was constructed using Phylip 3.6.
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b 3 (AtLC7 AtLCS8 AtLC9) AtLC8

AtLC9 5 pl AtLC7
NASCArrays (Nottingham Arabidopsis Stock Centre's microarray database)
AtLC7 AtLCS8 AtLC9
llc 31

GRLC23 GRLC15 GRLC26 GRLC13 GRLC5 GRLC7 GRLC17
GRLC18 AAK2 AAK4  AAK7Y AAKS
Sato (2001)

(Ranocha et al., 1999;
Gavnholt et al., 2002)
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N TargetP (Emanuelsson et al., 2000)
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(Sato et al., 2001) 8

Northern

(Ranocha et al., 1999; LaFayette et al., 1999)
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NASCArrays (Nottingham Arabidopsis Stock Centre's microarray database)
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(Ranocha et al., 1999)
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17-19 N (pl) 9.3-95
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25
125Mb 430Mb 2500Mb  4000Mb
( 1-3) 36
( )
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Fig. 2-3 Correlation between plant genome size and laccase numbers
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Fig. 2-4 Distribution of rice laccase genes on chromosomes

10

15

20

25

30

AtLC1

2-5

AtLC2
AtLC3

AtLC4
AtLC5
AtLC6

AtLC7

AtLC1
AtLC1
AtLC13

v ALLCS,
ALLCY,
AtLC10
AtLC14

AtLC15

AtLC16
AtLC17
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2.4

2-3
Genechip Spot Histories

Affymetrix probesets 16 (AtLC9 ) 7

Northern ( 2-4)
AtLC2 AtLC17
AtLC7 AtLC8

(Gavnholt et al., 2002; LaFayette et al., 1999; Sato et al., 2001)

(Ranocha et
al., 2002)
(8-23  5-10)
2
2-4

Table2-4 Laccases Gene Expression in Tissue-specific of Arabidopsis

Tissue ~ Whole plant ~ Seedlings  Cell suspension  Leaf Root Stem Bud
AtLC1 + + + + ++ + +
AtLC2 + + + + + 4+ +
AttLC3 ++ ++ + 4+ + +
AtLC4 + + ++ +++ ++ ++++++ +++
AtLC5 ++ + +H+++ + ++ ++ +
AtLC6 + + + + + + +
AtLC7 ++ +++++ + + +H++++ + +
AtLC8 +++ ++++ +++ + ++++++ + +
AtLC10 + + + + + + +
AtLC11 ++ + + + ++ ++ +
AtLC12 + + + ++ + ++++ +
AtLC13 + + + + ++ + +
AtLC14 + + + + + + +
AtLC15 + + + + + +
AtLC16 + + + + + +
AtLC17 + + + + ++ +4+++ ++

Spot signal value + = 0-200; ++ = 201-400; +++ = 401-600; ++++ = 601-800; +++++ = 801-1000;

++++++ = >1001
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2-3

Table 2-3 Function annotations of Arabidopsis laccase genes

/

Putative functions Gene Descriptions of laccase characters Evidence  Code/Evidence  Description

/Reference
copper ion binding, laccase AT2G46570.1 laccase family protein / diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/ none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G03260.1 laccase family protein diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Kiefer-Meyer, et al. (1996)
copper ion binding, laccase AT3G09220.1 laccase family protein diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G01190.1 laccase family protein diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Kiefer-Meyer, et al. (1996)
copper ion binding, laccase AT5G01040.1 laccase family protein diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G01050.1 laccase family protein diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G05390.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin  biosynthesis, putative, similarity/none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G58910.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin biosynthesis putative, similarity/none

Kiefer-Meyer, et al. (1996)
copper ion binding, laccase AT5G48100.1 laccase family protein / diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G60020.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin  biosynthesis, putative, similarity-none
endomembrane system LaFayette, et al. (1999)
membrane, copper ion binding, AT5G07130.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
laccase activity, lignin putative, similarity/none
biosynthesis, endomembrane Ranocha, et al. (1999)
system
copper ion binding, laccase AT2G40370.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin  biosynthesis, putative, similarity/none:
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT5G09360.1 laccase family protein / diphenol inferred from sequence or structural
activity, lignin  biosynthesis, oxidase family protein similarity/none
endomembrane system Ranocha, et al. (1999)
copper ion binding, laccase AT2G29130.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin  biosynthesis, putative, similarity/none
endomembrane system LaFayette, et al. (1999)
copper ion binding, laccase AT2G38080.1 laccase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin  biosynthesis, putative, similarity/none:
endomembrane system Kiefer-Meyer, et al. (1996)
copper ion binding, laccase AT1G18140.1 laccase family protein / diphenol inferred from sequence or structural
activity, lignin biosynthesis oxidase family protein similarity/none

Ranocha, et al. (1999)
copper ion binding, laccase AT2G30210.1 accase, putative / diphenol oxidase, inferred from sequence or structural
activity, lignin  biosynthesis, putative, similarity/none

endomembrane system

Ranocha, et al. (1999)

44


http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683203
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683203
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683203
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683103
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683103
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683203
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237
http://www.arabidopsis.org/servlets/TairObject?type=publication&id=501683237

64 motifs
HWHG HLHG

17 25
125 Mb, 430 Mb, 2500 Mb 4000 Mb

45



( 2003)

VRNA
1
1.1
2 F#30  F#39
1.2
1.2.1 DNA
DNA
1 1.0-2.0¢g 1-2cm 50ml
9
60s
2 4ml DNA 10-20s
3 dml  / / (25:24:1) 12ml
4 15-30min
4 6250 Xg 4 10mins
dml / / (25:24:1) 4
15-30min 2000xg 4 10mins
5 12ml 400 ul 3M (pH 4.8) 4ml
6 DNA, 70% 2mi DNA 2 min 10000rpm
2 min,
7 250ul  R40 DNA 2hrs 4
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8 DNA 1.0% DNA

DNA extraction buffer For 1 litre

1% sarkosyl 10 g sarkosyl

100 mM Tris-HCI 12.1 g Trizma base
100 mM NaCl 5.8 g NaCl

10 mM EDTA 3.2 g Na2ZEDTA
2% PVPP 20g PVPP

(Polyvinyl-polypyrrolidone, insoluble)
R40
40 pg/ml RNase A in TE buffer

3M Sodium acetate pH 4.8

100ml:  40.8¢g 80 ml pH 4.8 100
ml
1 X TE buffer _pH 8.0
10 mM Tris-HCI
1 mM EDTA

0.5M EDTA (pH 8.0)

186.1 g Na,EDTA.2H,0
800 ml H,0
Adjust pH to 8.0 with NaOH.

1.2.2

9 Knud Larsen GenBank
TAS ( 3-1)
3-1

Table 3-1. Gene-specific primers for ryegrass used in this study.

(5"-37)
Primers primer sequences
LpLac6-2F CACGCGACGCCGTCCCTTAC
LpLac6-2R CGACGGCCGAGGGGAGC
LpLac6-8F CCGACCCCTACACCACTGATG
LpLac6-8R GGTTCTCCGTGCCAACTTTGC
LpLac8F CTAGCTCTTGCTCCTCGCAC
LpLac8R ACCAGGGAGACGTTGTTGACG
LpLaclOF CCTCGCCTTCCTCCTCGC
LpLaclOR CAGGGAAGCCGTTGAAGGTGT
LpLacllF ATCAGCTAGCTTCGGACATCG

LpLacllR TCGCCTGCCTGACCAAC
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1.2.3 PCR

DNA 100ng/ul 10pmol/ul Tm (GandC=4
Aand T=2 ) PCR BIOMETRA PCR
PCR Fermentas PCR PTC-200 MJ Research.Inc.
PCR 25mM MgCl, dNTPs Taq polymerase (5U/ul)
Fermentas
PCR
DNA (100ng/ul) 1.0ul
10 x PCR buffer 5.0l
25 mM MgCl, 5.0ul
Forward primer (10pmol/ul) 1.0ul
Reverse primer (10pmol/ pl) 1.0l
dNTPs (10mM) 1.0l
Taq polymerase (5U/ ul) 1.0l
ddH,0 35ul
Total volume 50ul
PCR
Step 1 95 5 min
Step 2 95 1 min
Step 3 X 1 min
Step 4 72 1 min
Step 5 Go to step2 34 times
Step 6 4 hold
Step 7 End
X
1.24 PCR
QIAGEN PCR QIAquick PCR Purification Kit
QIAquick Gel Extraction kit
PCR
1 5 BufferPB 1 PCR
2 QIAquick 2ml
3 13000rpm 1min
4 2ml
5 750ul PE Buffer 1min
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6 13000rpm Imin
7 1.5ml 50ul ddH,0O Imin
8 13000rpm 30sec PCR

QIlAquick Gel Extraction

1 DNA 1.5ml
2 3 QG Buffer (100mg~100pl)
3 50 10 min 2-3 min
4 QIAquick 2ml
5 13000rpm Imin
6 2ml
7 750ul PE Buffer Imin
8 13000rpm Imin
9 1.5ml 50ul ddH,0O Imin
10) 13000rpm 30sec
1.25
Invitrogen pCR®2.1-TOPO® vector 3-1
Y s ort et s s

CRG GAAL ACR GCT ATG ACC ATG ATT ACG CCA AGC TTG GTA COG AGC TOG GAT CCA CTA
GTC CIT TGT CGh TAC TG TAC TAA TEC &GT TCOG AARC CAT GGC TCG AGC CTA GGT GAT

Bax | EcoRt| EcoR |
GTh ACG GO0 GOC AGT GTGCTG GRA TTC GO0 CTTRN VBRI s GO G!Pu'\ TTC TGO
CAT TEC CGG CGE TCA CAC GAC CTT AWG CGG GhEN ITC COG CIT RAG ACG

El:\:llH W lerx I .-.\:l-r I XE.\D | H&'II .T(DE I .ﬁpla |
AGR TAT CCR TCR CRC TGG CGG CCG CTC GAG CAT GCA TCT AGR GGG CCC AAT TOG [OCC TAT
TCT ATA GGT AGT GTG ACC GOC GGC GG CTC GTA COGT AGR TCT COCC GGG TTA AGC |GGG ATR

3

T7 Promater K113 Forward {-20) Primer
AGT GAG TCG TAT TAC RAT TCA(CTG GCC GTC GTT TTA MR CGT OGT GAC TGG GRA RAC
TCA CIC AGC ATA A TTA AST [GAC CEG CAG CAA AAT HTT GCA GCA CTG ACC CTT TTG

3-1 pCR®2.1-TOPO® vector
Fig. 3-1 Map of pCR®2.1-TOPO® vector

500 ml LB agar 50 500 pl 100 mg/ml ampicillin
250 pl 50 mg/ml X-gal LB agar 20
1)
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PCR products 4.0 pul
Salt solution 1.0l
pCR®2.1-TOPO® vector 1.0 pl
ddH,0 1.0ul
Total volume 7.0l
2) 10 min
1.2.6 PCR
1 LB
LB 1000 ml
Ampicillin (50mg/ml) 1000 pl
X-gal (50mg/ml) 500l
2) SOC
SOB 1ml
MgSO4/MgCl, 10 pl (2M stock)
Glucose 10 pl (2M stock)

2M MgCl; stock

3)
a)
b)
c)
d)
e)
f)
9)
h)

)

1.2.7

)]

42

2ul
30min

2M Glucose stock

SOoC
E.coli
-20

42 30sec 2min

250 pl
37  200rpm

37 16-18hrs
3ml LB 37

PCR
LB

PCR

95ul ddH,0O 5ul

2)

PCR

DNA

SOC

lhr
50pl

200rpm

100 10 min

1.0ul

50

14-16hrs



10 X PCR buffer 1.5pl
MgCl; (25mM) 1.1ul
M13 Forward primer (10pmol/pl) 1.5ul
M13 Reverse primer (10pmol/ul) 1.5ul
dNTPs (10mM) 0.38ul
Taq polymerase (5U/ul) 1.0ul
ddH,0 7.1ul
Total volume 15ul
3) PCR
Stepl 94 Imin
Step2 50 1min
Step3 72 Imin
Step4 Go to stepl 34 times
Step5 72 5min
Step6 4 hold
Step7 end
1.2.8 DNA
Promega Wizad Plus System
1) 2ml 10000xg 2min
2) 200 pl 4
3) 200 pl 4
4) 200 pl 4
5) 10000x%g 5min
6) 1ml 5
7)
8) 2ml 30sec
9) 1.5ml 10000xg 2min
10) 1.5ml 30 pl ddH,0
11) 10000%g 20sec DNA
1.2.9 PCR
Megabace 1000 DYEnamic ET Terminator Kits
Biosciences M13
1)
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2)

3)

4) PCR

5)

37

6)

M13 Forward primer

M13 Reverse primer

5 -TGTAAAACGACGGCCAGT-3
5-CAGGAAACAGCTATGAC-3

PCR
Plasmid DNA 1l
10 X PCR buffer 2ul
M13 Forward primer 2ul
M13 Reverse primer 2ul
MgClI; (25mM) 1.5ul
dNTPs (2 mM) 3ul
Taq polymerase (5U/ul) 0.1pl
ddH,0 8.4ul
Total volume 20pl
PCR
Cycles Temperature Time
1 96 3min
30 96 30sec
50 30sec
72 2min
1 72 5min
4

I (Exonuclease I, Exol )

(Shrimp Alkaline Phosphatase, SAP )

52

PCR
Exo | (20U/ul) 0.05pl
SAP 1.0pl
ddH,0 3.45pl
PCR products 5.0pul
Total volume 9.5 ul
15 min 80 15min
Purified PCR products 2ul
M13 (10mM) 0.5yl
DYEnamic ET terminator reagent mix 8ul
ddH,0 9.5ul
Total volume 20ul
PCR



Step 1 95 30sec

Step 2 50 15sec
Step3 60 3min
Step 4 Go to step 1 39times
Step 5 4 hold
Step 6 end
7) Amersham 1.5ml  Eppendorf
8) MegBACE 1000
1.2.10
DNASTAR DNAMAN
1)
2) PCR
3) M13
4) DNAMAN
2.
2.1 DNA
DNA DNA DNA
( 32
3-2F#30 F#39 DNA
Table 3-2 Measurement results of genomic DNA
F#30 F#39
A260 0.456  0.455
A280 0.238  0.242

A260/ A280 1.92 1.88
(ng/ul) 355 381

3-2 DNA
Fig.3-2 Detection of genomic DNA of F#30, F#39 by 1% agarose gel

1% TAE ( 32)
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2.2

PCR ( 3-3)
M 59 59.259.9 61 62.263.4 64.6658 67 68.168.8

M=100bp LpLac10 F#39 Tm=64
M 59 592599 61 622 634 64.6 658 67 68.168.8

M=100bp LpLac6-2 F#39 Tm=64
M 59 592 599 61 622 63.4 646 658 67 68.1 68.8

M=100bp LpLac6-8 F#30 Tm=64
M 55 552 559 575582 594 606 618 63 641 64.8

M=100bp LpLac8 F#30 Tm=60

3-3 PCR
Fig.3-3 Gradient PCR products amplified by gene-specific primers for ryegrass laccase.
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2.3

2.4

PCR ( 34) 1%
( 39

M: 100bp marker
Lanel: LpLacl0 F#30
Lane2: LpLacl0 F#39
Lane3: LpLacll F#30
Lane4: LpLacll F#39
Lane5: LpLac6-8 F#30
Lane6: LpLac6-8 F#39
Lane7: LpLac6-2 F#30
Lane8: LpLac6-2 F#39 500bp
Lane9: LpLac8 F#30
Lanel0: LpLac8 F#39

3-4

Fig. 3-4 PCR amplification of ryegrass laccases

Lanel:Lplac6-2 F#30
Lane2:Lplac6-2 F#39
Lane3:Lplac6-8 F#30
Lane4:Lplac6-8 F#39
Lane5:Lplac8 F#30
Lane6:Lplac8 F#39
Lane7:Lplacl0  F#30
Lane8:Lplacl0  F#39
Lane9:Lplacll  F#30
LanelO:Lplacll F#39

3-5 PCR
Fig.3-5 Gel extraction of PCR products

LpLacl0 F#30 500bp Lacl0-1
MegBACE 1000 GenBank BLASTX 200
(3-3) Lac10-1
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(HwH [HAH ) 3 N-

69% 3-6

LpLAC11 F#30 DNA 600bp Lac11-2

GenBank BLASTX 30 (3-4)
LpLAC11 41%

37% 3-7

LpLac8 F#39 1500bp (Lac8-5)
GenBank BLASTX 130 (3-5)

LpLAC5-6 285 405 78%
4 N- 3-8
3-3 Lacl0-1  GeneBank (BLASTX)

Table 3-3The similarity of Lac10-1 (BLASTX) to the function identified genes in GeneBank

Putative gene products by category  Organism Percentage ID  Score
Laccase Liriodendron tulipifera 95/136 (69%) 215
94/136 (69%) 212
Putative laccase Arabidopsis thaliana 91/136 (66%) 212
Putative laccase Oryza sativa 93/137 (67%) 212
Putative laccase Arabidopsis thaliana 87/136 (63%) 212
Putative laccase Oryza sativa 89/117 (76%) 211
Laccase Liriodendron tulipifera 93/136 (68%) 211
putative high-pl laccase Oryza sativa 90/136 (66%) 209
Putative laccase Oryza sativa 91/136 (66%) 208
Laccase Pinus taeda 90/136 (66%) 206
Laccase Pinus taed 87/136 (63%) 203
Laccase Populus balsamifera subsp. 87/136 (63%) 202
trichocarpa
Laccase Liriodendron tulipifera 87/136 (63%) 201
3-4 Lacll-2 GeneBank (BLASTX)

Table 3-4 The similarity of Lac11-2 (BLASTX) to the function identified genes in GeneBank

Putative gene products by category Organism Percentage ID  Score
Laccase Pinus taeda 38/97 (39%) 48.1
laccase LAC11 Lolium perenne 39/95 (41%) 48.1
24164 (37%) 32
Laccase Oryza sativa 39/95 (41%) 44.7
17/40 (42%) 31.2
Putative high-pl laccase Oryza sativa 39/95 (41%) 44.7
17/40 (42%) 31.2
Putative laccase Oryza sativa 39/95 (41%) 44.3

19/44 (43%) 33.1
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3-5 Lac8-5 GeneBank (BLASTX)
Table 3-5 The similarity of Lac8-5 (BLASTX) to the function identified genes in GeneBank

Putative gene products by category Organism Percentage ID  Score
Laccase Oryza sativa 96/122 (78%), 198
Putative high-pl laccase Oryza sativa 96/122 (78%), 198
Laccase LAC5-6 Lolium perenne 96/123 (78%) 190
Putative laccase Oryza sativa 82/122 (67%) 166
Laccase Liriodendron tulipifera 82/123 (66%) 157
Laccase Liriodendron tulipifera 79/123 (64%) 152
Putative laccase Oryza sativa 76/122 (62%) 149
Laccase Liriodendron tulipifera 74/123 (60%) 146
Laccase Populus balsamifera subsp. trichocarpa  72/122 (59%) 142
Putative laccase Arabidopsis thaliana 75/127 (59%) 137
Laccase Pinus taeda 74/122 (60%) 136
Putative laccase Arabidopsis thaliana 69/122 (56%) 135
Laccase Liriodendron tulipifera 66/122 (54%) 131

cDNA 1 Query: 9 EGDRLXXXXXXXXXXXXXFHWHGVIQQRRSAWADGPAY I TQCPMRPGQSYVYRFTIVGQRG 188
2 Sbjct: 74 EGDRVVVKVVNHVANNVTLHWHGVRQLRSGWADGPAYVTQCPIQTGQSFVYNFT IVGQRG 133

CHO
1 Query: 189 TLWWHAHFSWLRATLYGPIVILPPRGVAYPFPKPYREVPVMLGEWFNADPEAVIKQALQT 368
2 Shjct: 134 TLFWHAH{ISWLRSTLYGPIVILPKRGVPYPFAKPYKSVPI IFGEWFNVDPEATITQALQT 193
CHO CHO
1 Query: 369 GGGPNVSDAYTFNGFP 416
2 Sbjct: 194 GAGPNVSDAFTINGLP 209

3-6 Lacl0-1

Fig. 3-6  Alignment of the conserved region of Liriodendron tulipifera laccase
Conserved blue copper oxidase signatures are red color within boxes; Potential N-glycosylation sites are underlined in

red color and designated by CHO. 1-Lac10-1; 2- Liriodendron tulipifera laccase amino acid sequence.

cDNA 1Query: 18 RQLRSGGPIGSGVTITQCPMQTGQSYLYKLLPSAGLARLRLVARATSHGCAAQRVSAPSW 197
2 Sbjct: 92 RQLRSGWADGPAY-1TQCPMQTGQSYLYNFTITGQRGTLWWHAHIS---WLRATVYGAII 147

Query: 198 SSPSGGRALPVRRAGYKEVPQ*SCGEWWKADTDEV 302
Sbjct: 148 VLPKHGVPYPF-TAPHKEVPM-IFGEWWRADTEKL 180

Query: 121 G*RGYVWWHALHLMAARRSAFRRHHGPPQAAGVPYPFAGPATRRCPSDLAASGGRQTRTK 300
Sbjct: 124 GQRGTLWWHAI-HISWLRATVYGAI IVLPKH-GVPYPFTAP-HKEVPM-1FGEWWRADTEK 179

Query: 301 LVRQ 312
Sbjct: 180 LVRQ 183

3-7 Lacl1-2 LpLAC11
Fig3-7 Alignment of LpLAC11 from Lolium perenne. Conserved blue copper oxidase signatures are red color

within boxes.
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CHO CHO
1 Query: 40 ANFYMSAAPYSVIRPGTFDNTTVAGILEYQKPGGAPSVSSFDKYLPLFKPTLPRFNDTGF 219
2 Shjct: 285 ANFYMAAAPYSVIRPGTYDNTTVAGILEYHKPG-SPSTPGLDKTLPLFKPTLPFFNDTKF 343
CHO CHO
1 Query: 220 IANFTSKLRSLATPQYPAAVPQSVDKRFFFTVGLGTLPCPVNATCQGPTNTTQFAAAVNN 399
2 Shjct: 344 VTSFTTKLLSLASKQYPAAVAQSVDRRFFFTIGLGTLPSPKNMTCQGP-NGTQFAAAVNN 402

1 Query: 400 VSL 408
2 Sbhjct: 403 VSL 405

3-8 Lac8-5 LpLAC5-6 . N-
Fig. 3-8  Alignment of LpLACS5-6 from Lolium perenne. Potential N-glycosylation sites are underlined in red

color and designated by CHO. 1-Lac8-5; 2- Lolium perenne laccase; LpLAC5-6 amino acid sequence.

O' Malley 1993

(LaFayette et al., 1995) (Kiefer-Meyer et al., 1996) (Ranocha et al.,
1999) (LaFayette et al., 1999)
3
Lacll-2 LpLAC11 85% 258/301 Lac10-1 Lac8-5
LpLAC5-6 82% LpLAC11 LpLAC5-6
579 cDNA 13 N- (Gavnholt et
al., 2002) Gavnholt 2002 25 3
5
3
markers
3
PCR
D
PCR (Gradient PCR)
Tm=4 x (G+C)+2 x (A+T) 4
PCR 10 PCR

Smear 5
PCR
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2) PCR

PCR 5% (DMSO) GC
3) Advantage 2 PCR
DNA PCR 1.5kb Taq
Polymerase ( feremenats ) PCR
Advantage2 BD Biosciences
3
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R AR e i IR ORI S R S AT

KE IR, B2 AR A& & 72 1 < BE (Driouich et al., 1992; Bao et al., 1993;
Ranocha et al., 1999; Boerjan et al., 2003). A5t 3= AU S5 A H & R AEY) FARGE IR LA X, W
Je—ZANE Rl = LA B OR T Z3E  i AL AR A, AR AR Kok R a R AR A
IR EAAE N 1) — R AV B S)HOR A R, SHYINPUR . B, B b A s
—E WA o R, AR ER A IE AR 2 By Gl TR bR A b R 5 35 0 5 ST AR (31
THEEFE FEM B R AR K I Y

AHIE T RIS DR [R50 9 0 Ry PR 1 T TR RIS AR 52 5 [, I RK B A RAER AL
DNAH 3™ 38475 2 B DR R P41, 0T 43 B9 10 B g e R A0 v Tl 5 R PR R B 231 1k 4K,
HURIREAT T 2047 R FRATT 5256 2 A 2 1 — > KR B RFAH21 X Mo17, BT T Y A1 0 e 4l

1 eSS FE
1.1 #4%

143 Rk A2 & 10940 Al 8 frAS R 41 1K HAS & (AS06. ASO7. AS08. AS09. AS11. AS17.
AS29 FIIAS30) HEEEKWSA H§Eft. —MIE 120 MMFa K RIH21 X Mo17 TR AE B4
1.2 FiE
1.2.1 DNA $2E

KM CTAB 7% (Murray and Thompson, 1980) $£H{ DNA:

1) RE-76°CUKFETRAF I KA BRI S TSI B 1R A s

2) KRR E] 15ml (B0, RS IANZ M) Tml, 78504

3) KELOEET 65C K 1.5-2h, AR REIRAT LK,

4)  HUH B0, BRI E AR E - (ViV=24:1) R, R HERS) 30min J5 e
>, 8000rpm, 20min;

5) IR /NG FISHEBEA S —EOE T, ISR RE-2IKEE (ViV=24:1),
R )5 250 8000rpm,  20min;

6) ¥ BIHEBBATS —BOE T, AT K R AR, BEIRA, Sk Barh), R
Jei F 335 2]t DNA,  JFH 70%11 LR bk 2-3 1

7)  aJH DNA, EUE RN TR R SRR, T 1XTE 500pl (1) 1.5ml 2.0,
A\ 6ul RNase % fE 37 CE A T ORI 1h;

8) BEEINNSARFR GG -F R (ViV=24:1), #3IE4], 8000 rpm, 5.0 20min;

9) W LB, IMANSARFRE A - (ViV=24:1), BAIEA) )G, 8000 rpm, 5.0 20min;

10) H LisR, N 1/10 (AR 3M BETREN, RAIG, A 2 fEARTA K O/ (5
95% 1 );

11) BREEAE )L (BUSCE T-20°C), HBMAENCL A H DNA, H 70% Bt 2-3
i, AP RIS RG

s
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12) fR¥E4E DNA EINAGE R 1XTE %fi# DNA;

13) HZERAM FIEEETHRI DNA IR BERIZENE, B AR 7E 1.0% Agarose [l 2 DNA
) I 5
1.2.2 EHF4 PCR FrHEIW

A GeneBank i/ CAA 1K) 7 N (AR BRI, A8 KRS RS 5
AT RIS 2R, P Fhttp://www.ebi.ac.uk/clustalw/ B I T B0 1452 (1 Br G TSI 3ET 2 5 91 L)

o, ERAACGRIERIPS, N HIDNAstar BrE st 514 . AW K 51 h FH 22 TAS 2w
A LR AP A A SR (R 4-1).

R A-1 AW 51

Table 4-1. Gene-specific primers for maize used in this study.

F\ars SIS (539 S\ars 51YRS (53D

Primers Sequences (from 5' to 37) Primers Sequences (from 5' to 3%)
ZmP1F CTCCCCGCGCTCAACGACAC ZmP12F CACGTGTTCACGGTGGTCGCC
ZmP1R GAAGCCTTGGCCGACGACGAA | ZmP12R GAACACGTGGCCGGCGATCCT
ZmP2F CGTTCAACTACACGGGGACGC | ZmP14F CACTGCTGCTGTCTTCGTTCT
ZmP2R AGGAAGAGTCTAATCAACATT | ZmP14R GAGTCGTCGTCGGCGCGTCGT
ZmP3F GAAGCTGGTCGTGCGGGAAGG | ZmP15F GCACAGCACAGCAGAGCACGG
ZmP3R TGAAGGTGTAGGCATCGGAGA | ZmP15R ATTCTGACGCTAAGCCACTAC
ZmP4F GAAGCTGGTCGTGCGGGAAGG | ZmP17F TACAGGCATGGCGTAAAGCAG
ZmP4R ATTGTCTCTGGATCCGCGTTG ZmP17R CATGGCCGGAAAATGTTGG
ZmP5F TTCAAAGCGCAAACACACAAG | ZmP18F GCGCCAGGAGCGACAGCGACG
ZmP5R GTGCCGCGCTGCCCCGTGACG ZmP18R CTGAGCGTGACGAGCATGTGG
ZmP6F TTGCCTGATCGGTCGGTGTGT ZmP19F ATCAACTGCTCCTCCAACAAC
ZmP6R CTCTGCGCCTCCCGGATGACG ZmP19R AGTTGAGCGACGCCTTGATCC
ZmP7F TCATCAACAACTCGCCCTACA ZmP20F TCCGTCGCCAACCACTCGCTC
ZmP7R GATGATCCGAGCAGGTACGTC ZmP20R AAGTTGCCGACGAAGCTGGTG
ZmP8F TCATCGTCGATCACTTTTGGT ZmP22F CCGTCCAAGTTCAACCTCGTC
ZmP8R GCCAGCTTGAAGAAGAGGTG ZmP22R GGTCAGCTAGGAACGGAACGG
ZmP9F GCTTGCATTCAGGCGAGTGGT ZmP23F GGTCATCAACGCCGCGCTCAA
ZmP9R AAGGAGGCGTTGTTCATGCTG ZmP23R GCTCCTGATCCCGGCGGCGAA
ZmP10F GAAGCAGTACAACCTCGTCAA | ZmP24F CTACCCATTCGCCAAGCCCTC
ZmP10R AGAGCACATAGTCCTAAACCA | ZmP24R GAGGTGGTGAAGGGCTTGGTG
ZmP11F ATTGATACAAAGTAATATCAT

ZmP11R GAATACAGAGAGCCAATAAAC
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1.2.3 FFAH PCR & M K @2 BB M et A1 20 e fr

BE 5 1 A By AR, B84 10D 33pg ddH,O J572%, I ANddH 0% . #2% 3-4min,
R BO)E, TAE-20° CURMHIALRAE » AR5 A 75 ZEHOE AR 42 10uMAE-20°C £ H

F BT (5 1 0 48 L KWS 23wl A1) 8 1 AT FA RFEEA T ¥ Il 5 DR 1) vt e (1238 7 T AR
FHERFBIGAEYEY R 52 ) . G THEE PCR, ik tEMIE KIESE (BIOMETRA 4 mlkifE
PCR 1. PCR FT 1 i 732K H 37 % Fermentas /A . PCR 1% PTC-200 (MJ Research.Inc.).

FAE B BRI PIAN S A BT 5 1A T i ik, A APESR AR IR Z R 511, ST AP X &R
HEATPCRY 1Y HEL KA . PCRAT A Aok H AL 5 i E AE W) H AR A ) . PCRY™ 144§ HIPTC-100
PHFEIRAL (MJ Research.Inc.).

PCR [V A4 % :

JL X 2 DNA (100ng/pl) 1.0l
10 x PCR buffer (Fermentas) 5.0 ul
25 mM MgCl, (Fermentas) 5.0 ul
Forward primer (10pmol/ul) 1.0l
Reverse primer (10pmol/ pul) 1.0l
dNTPs (10mM) (Fermentas) 1.0ul
Taq polymerase (5U/ pl) (Fermentas) 1.0l
ddH,0 35ul
Total volume 50ul

HIFHE DRV ks I [ PCRR WA A -

JL X 21 DNA (10ng/ul) 5.0 ul
10 X PCR buffer (4 [E A ) 5.0 ul
25 mM MgCl, (4 2 #]) 5.0 ul
Forward primer (10pmol/ul) 1.0l
Reverse primer (10pmol/ pul) 1.0l
dNTPs (10mM) (54 1 A7) 1.0l
Taq polymerase (2.5U/ pl) (4 E A #]) 2.0 ul
ddH,0 30ul
I35 4

Total volume 50ul

PCR ¥ J¥F¢)7:

Step 1 95C 5 min
Step 2 95C 1 min
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R R AR M R i B0 ORGRPLI S . E G T T

Step 3 XC 1 min
Step 4 72°C 1 min
Step 5 Go to step2 34 times

Step 6 4°C Hold
Step 7 End

TE: XC AURRAERIE KL

HLIKCR T 6% P S I IR e e r ik, AR ASVE AR o

HL PR )T :
D BEBURNEDE: HZKIG Eukik RIS SR e, PR B, . Hph—3h
PeEAR IR I 2% Repel Silane, 73—t PR ¥ 0.5%(1) Binding Silane. #/Ei#2
o, B IR PRI ARG Gy, R S AT B AR A
2) WEE: TR I 50ml 6%PA i, AR5 N 120pl 10%i fii B2 ¥4 F1 60MITEMED. 4
AYJG, ANOBENERR T, BRI, RSN BIRES, BEMANR T, #EEK
P
3D WhARL T, BRI AR F Y [, B X TBE 1000ml B 21 F kAt o
4) FiHYk: fHIIR T (80~100W) Hiyk 20min;
5) Aptt. FHEEES TN 8ul loading buffer, JE4A, 95°C FASME: Smin J& 37 BI#E & pkits
I
6) FREAE, N0, A eul AEdh, fHI)ET (80~100W) Hiyk 40~50 min
(KL DNA 7 BeR/IN B 222 St BRI m R 5 8 5 P kI 1) D
7) HIKEEHG, N0 RPN, s B TR T Binding Silane 3R Lo
RGP
D e Bk E, BN 1 THEECHI 10060KEER, AR RES) 20min SR AT (h;
2) Mk HZBZKIT IR 2 X, BER 8min;
3) et N (1LHL0 in 1.5ml 37% FH Al 1g AgNO3), 4% 5)Ye{f 30min;
4) ik KM R AN 5s;
5) Wi SEERNTA M B (F50K 309 T/KBRENAEN 1L KHPE T 4°C, FHRN
1.5ml HEFT 200ul FACHRER Y (10mg/mi)) 1, % DNA 4 it
6) RS BIHRES, TN 10%UKESER T, E4E 3min;
7) e HIZEEAK PRI 2min;
8) M =L T AR T
SRR 5K

MR H21 AIFIACN 1, 15 Mol7 MIRRE 2, 24t h 3.
1.2.4 PCR =¥t F B g v i [E]

ZHHE =5 (1.2.4).
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1.2.5 PCR FEHIH &M

ZWE =% (1.25 F11.2.6).
1.2.6 JFkhi DNA FIIREBU I F

X JfDirectPrep 96 Miniprep Kit (5 QIAGEN 7] ) #{T:

1) PRELBHPE ERE, R4 1.25ml LB A5 IR L) 96 fLAHMuss Fetlch, 37°C, 220rpm i
7% 16-24hrs;

2) 1500 x g #L» 5min, FF i ;

3) “hE A HhPREE ;) DirectPrep 96 fLEKIEEASFLH I A100uIDPA Buffer AN L%
B, WEIFEES, {ibuffer @i,

4) JH150pl buffer PLEVF LI ;

5) MIA150 pl ffibuffer P2, %, HAREIF6IK, wIEEFE3min;

6) MIA150 pl f¥buffer DP3, JH i4%4), BHH:61X;

7) N300 plir) 5w A g, BHEIR 200

8) H1iE &) A\ DirectPrep 96 FLE Y, ELASHhAR,

9) MIAT750 pl fjbuffer PE, B0 il

10) EH-step9 —IX

11) Buffer PE 4 5, 15 LA KR 4k 8 B 2 il 10min;

12) BEASSLIATS plitBuffer EB, ¥ fi#DNA:
WP [ W A Megabace 1000 54X F, &H] DYEnamic ET Terminator Kits (#:[E Amersham
Biosciences A ) LAKAMI3 5 IHELT XU A0 5E o

127 RIS T

FIFIDNAMAN. ClustalW LLJPHYLIP 3.6 B4 45 AT 741 1 5 2 )8 51 et
1) LBR#EATA;
2) EIGIWITA, HTPCR PR NS B Ik, A BRI A AT 1 R
MR
3) AFIFIML3 IE S mras A, AT, ARG TPHE;
4) FIHIDNAMAN HEF HHAH R (1 2 LR 741«
5) F|HClustal W #EAT £ 51 EL 55T 5
W2yt g5 51, HEN T PHYLIP 3.6 SIS RS EW.

1.2.8 BEFgEL P I Lo fd e fir

M. FI MAPMAKER/EXP Version 3.0 (Lander et al. 1987; Khairallah et al.,1998) # {144 g ist 45 1%
B, S5/ GROUP dir &I AT ERVIEBURE, X5 H] COMPARE Al TRY dir & X FridfFF, #
FH (Kosambi) pf H0Ks B 20 R L e P BE 07 (eMD o AR BR g 18] (19 25 25 Rk iy, H R
2Bt AE ST T T K Genemap B A2 il P 3

Ei
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AR B2 e il 418 5 o1 L A o 73 2 PN O N = A L SR 1

2 RS0
2.1 FH:PKZH DNAK I 45 5
JH 1.0% [SIEREBA I FTHEIN K DNA JFiht (K 4-1). Krillgi 50, DNA sedebbits.

M  AS06 ASO7 ASO8AS09 AS11AS17 AS29 AS30 M M17 H21
; T~ L3 —

K 4-1 HE[N4] DNA BUIRBHE A ZE R M: 1Kb ladder
Fig.4-1 Detection results of genomic DNA using 1.0% agrose gel
2.2 1B
HEA— N EOR HACAR M B 10940 R, MR Tm=4'Cx (G+C)+2°Cx (A+T) 55141
KIREE, PN Z: 4°Co DR EEEA TR PCR, B EEJEHIEREAE 10°C, XIANFE W54 &1k
ATBEEE PCR S, Ak fefE IR kil 2 (K] 4-2) .

M 51 512 519 53 542 554 566 578 59 60.1

M:100bp ladder Primer: ZmP2  #10940
M 59 59.2  59.9 61 62.2 634 646 658 67

M:100bp ladder Primer: ZmP3  #10940

4-2 TOKILKZHBEIE PCR 4521
Fig.4-2 Gradient PCR products amplified by gene-specific primer of maize laccase.
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AR B2 e il 418 5 o1 L A o 73 2 PN O N = A L SR 1

2.3 BB H I A B 54ifb
DAPEAC IR K BE AT H 0 R Bedr 3, AR5 AT SRR I, I 1% b s it (1] 4-3) o
A B

M AS06 ASO7 AS08 AS09 AS11 AS17 AS29 AS30 AS06 ASO7 AS08 AS09 AS11 AS17 AS29 AS30
E ke . . x

\

C D E
M AS06 » AS30  AS06 P AS30  AS06 » AS30

4-3 FIHHF 55100 AS A EK HAS R AL OG54 AF 1~ AJIEAT PCR &I 45 3.

A. B. C. D. E 23 FH Zmp3 . Zmp7. Zmpl. Zmp6 Al Zmpl5 5|4#1T PCR
FIF 45 5, M: 100bp ladder.

Fig.4-3. Amplification results of genomic DNAs from eight AS set maize inbreds under optimized
PCR condition. Fig A, B, C, D and E are PCR amplifications by Zmp3 . Zmp7. Zmpl. Zmp6
F1 Zmp15 primers ,respectively. M: 100 bp ladder.

2.4 Uk DNA RI3RER . 4ith 5EEE)% &

FITFIFHQIAGEN 2w ffjDirectPrep 96 Miniprep KitE2HUFURDNA, EcoRI fig)) % &, #H
EHTFPETHHMABE (E4-4A. B) .
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K 4-4A  ZmP3 JFkialifk g R A
M123456 7 8 91011121314151617181920

M 2y 1kb ladder

0

1. 3. 5. 7. 9. 11, 13, 15, 17. 19 Jy AS06;
2. 4, 6. 8. 10. 12. 14, 16. 18. 20 Jy ASO7;
50

1. 3. 5. 7. 9. 11, 13, 15, 17, 19 & AS08
2. 4. 6. 8. 10, 12, 14, 16. 18. 20 Jy AS09 f
500 He: ot o i s ok i i

1. 3. 5. 7. 9. 11, 13, 15, 17, 19 S Asi1 ! !E“"E'"‘E“BEH“”'”“""‘
2. 4. 6. 8. 10, 12, 14, 16. 18. 20 4y AS17
AV HE:

1. 3. 5. 7. 9. 11, 13, 15, 17, 19 4 AS29
2. 4. 6. 8. 10, 12, 14, 16. 18. 20 4 AS30
Fig.4-4 Miniprep plasmid DNA of Zmp3.
No. 1. 3. 5. 7. 9. 11. 13. 15. 17. 19 of each row
from top to the bottom are the results of Miniprep - of AS06.
AS08. AS11and AS29 plamid DNA, respectively, while no.
2.4.6.8.10. 12, 14, 16. 18. 20are the results of digestion
of ASO7. AS09. AS17 and AS30 plasmid DNA,

respectively..

-
I e

o g e b el el
1 !HLIHHEHEEHH--_—--_-

IV - — - - - - - - -

N e

Kl 4-4B TR EcoRI D) %5 i 45
Fig.4-4 B Digestion of plasmid DNA using EcoRI.

M: 1 kb ladder. I
No. 1. 3. 5. 7. 9. 11, 13. 15. 17. 19 of each row
from top to the bottom are the results of digestion of AS06.

AS08. AS11and AS29 plamid DNA, respectively, while no.
2.4.6.8.10. 12, 14, 16. 18. 20are the resullts of digestion 111
of ASO7. AS09. ASI17 and AS30 plamid DNA,

respectively.
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2.5 FRBEEF K 751 73 H7

PR B 168 A TOKEERE IR DNA SErh T AN FLIR F (Core plate) , 5 N AE
Megabace 1000 /5% L, K DYEnamic ET Terminator Kits (%% Amersham Biosciences 24
Al BLA M3 ST XA R AN E o KNP R S GeneBank Huds FEREAT L0 AT, IR

TERTIGE K 336 NP4, 47 81 AN by LA AL FAT RIS e, o P2 24%. KL
— Ok ZmP3 Gy e AR K BR BUOR A 5, xR L &I e A1 BE AT EE O AN P
( http://www.ncbi.nlm.nih.gov/blast/bl2seq/bl2.html), 3K7F 8 4~ 600bpZeA7 [KJAS Z 41 K Bl i [K]
Jr Bt (AS06 4 608bp; AS07 4 627bp; AS08 2 605bp; AS09 % 607bp; AS11 >y 603bp; AS17
607bp; AS29 4y 614bp; AS30 4 610bp). S5GeneBank #diZEUE TBLASTXELE:, 5437E 100 43 LA
FMEERSNT TR (4-2) o il ERILASO8 X RIT 4 & 3 MM REMHFGEHE (ORF)
Hgmts 8 A 5K RGN E T (NP_915458) [AlJE1E 4374 76%. 96% F1 96% (& 4-5A) .

XFLA—XF ZmP7 5 i 45 58, AT HHERAS 3 MK RES) oA 623bp (ZmP7-AS07) | 623bp
(ZmP7-AS29) . 616bp (ZmP7-AS30) , £ GeneBank ¥ifi/# b, KIL ZmP7-AS07 1R
JP 55 KNG Wis94-443 laccase 1 HLAT 90% 1) [AIUA T (18] 4-5B). ZmP7-AS30 #1741 55
- HOE I LpLACS-6 (1) [RIYEME 23 51 4 88% - 91%F1 88% (P& 4-5C). 7E )3 &) 7 X 44— MYBST1
s BRI S5 S A7 R 2 A CAAT FHIEP 4o JE— P AT S A i — R &5 ot KN,
P E A ATRER) 3 MIFBGAE (ORF), iR T 2 AL i 5 5 741 L A 3 4™ N-
ARu A 45 507 10 (& 4-5D).

¥ H FHIDNAMAN AR A4k T H 1K) 8 ANERIEHE DR B 1) 24 KR ) 411 /ENCBI (National Center for
Biotechnology Information) AT [RIYEMEIEER, Bk TAS06 MIASO7 b, HoAx 6 MEMEEERIILE
NCBI Conserved Domain Search™'##|— ANyl (& 4-6) . 1%k~ X I COG2132, Sufl, J& T
RN KR, EES HIRPACH I AE & 1 Faz DL AR . ARl DB i)
BB USRS R, AR R 3 AN RIS A 4 M T (Cul. Cu2. Cu3a FiCu3b) fIfifL
7R (T, T2, T3, XU m BEORSF 1) 3X 4 N 251 I F G SL 4R (Electric Paramagnetic
Resonance, EPR) {55 {7/ % . Cu3a MICusbili# M/E—i, 454 TT3 M, HEPRE SN
B 57 it o 1iCul ACu2 HAT s XU i WA, RS R BIEPRIS 5o Cul ¥l 530
WO JR R . X 4 MBS AR AL AL, 3L 8 AN 2R Y G it DY A4 ) LTy 28 . PRk, A
AR ST X 388 %2 7] LA 8 MHis-X-His#i ot (motif) o AHWFFT A FHClustal W #cd %) 4k S 1) 22 e 1
JFHAT R LENS s R T AR IIH-A-H JETCRINA il AR 5 (& 4-7) , 35 DT 4R IE
FHWI4 (Mayer and Staples, 2002; Suresh kumar et al., 2003) .

2.6 HHYIEREEE R FIVR LB K o AL 0 A

LEPUFE I HER % Chttp://www.arabidopsis.org/servlets/Search) H R TR R, 53] 17 ME
BRI, 1AM TS 1S3k, 1AM T58 3 S tafh, 5 M T3 2 S fafk, Hap 10 MY
PEF5 5 TPk, /EGRAMENESE A (hitp://www.gramene.org/) TFRETHER, LIPS
SRR 27 AN HEEA SR, Hoh 9 MY 1 Stk b, 6 AT 11 Sk b, Hg
12 Mo Ie 7 &5k 1 G840 6. 8 SRtk FEA1XMERD. 7EGeneBank HHEEIE &
KAHDC BRI Ry B 36 A, AR N4r P4 o 3 SCRRIRTE 7E FR A R D2 I 2R /> 25 Mg
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#* 4-2 5 GeneBank U AnFERFFVELLE (BLASTX) &5

Table42 The similarity results from comparing with the function identified genes in GeneBank

B v [ Gt/ BeEK L
Putative gene products by category Organism Percentage ID  Score
Putative laccase (NP_915458) Oryza sativa 79/103 (76%) 173
28/29 (96%)  63.5
25/26 (96%)  58.5
Putative laccase (AAC33238) Arabidopsis thaliana 62/82 (75%) 153
24/34 (70%) 70
13/26 (50%) 37
Laccase (BAB08370) Oryza sativa 61/82 (74%) 142
26/35 (74%)  59.7
13/26 (50%)  36.6
Laccase (CAA74105) Populus balsamifera  subsp. 60/82 (73%) 146
trichocarpa 26/35 (74%) 58.5
14/26 (53%)  38.1
Laccase (AAK37823) Pinus taeda 58/82 (70%) 141
22/35 (62%)  53.1
17/26 (65%)  45.4
Putative laccase (NP_915445) Oryza sativa 62/82 (75%) 148
24/35 (68%)  53.9
13/22 (59%)  34.7
Laccase (AAK37827) Pinus taeda 57/82 (69%) 142
26/35 (74%)  58.5
10/25 (40%)  33.1
Laccase LAC11 (AAN59949) Lolium perenne 62/106 (58%) 146
18/35 (51%)  47.8
12/25 (48%)  34.7
laccase (EC 1.10.3.2) precursor Common tobacco 54/80 (67%) 128
18/29 (62%)  45.8
14/25 (56%)  38.5
Laccase(AAK37825) Pinus taeda 56/82 (68%) 142
22/30 (73%)  53.1
13/25 (52%)  37.7
Laccase (AAK37830) Pinus taed 59/83 (71%) 134
24/35 (68%)  57.4
15/22 (68%) 404
Laccase Liriodendron tulipifera 65/106 (61%) 150
25/35 (71%)  57.8
16/26 (61%) 41.2
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Bk, (HHE 34N 4K %) (Gavnholt et al., 2002). FRAITREK F B FrFAsY . XU rHAE 4 LA
KARTHIYI 29 AN EEEERIBEAT Z IO, TR TR (3R 4-3 . K 4-8). )@
XA, WYERI S B AT DR A B T 45 500 a0, DRIHOX S8l Re kil TR —HH5E . R
GRBEW AT CUR H, AEFRCRER 8 NEMEE F BUERAE T — . SRR TR TR 6 AR
ML IRAE T 2 ANRBET . R TR CAAT4104 A CAATA105 LUK [R] & T 28 27 By
AALT73968. AAL73969 1 AAL73970 WIZp it T-ANF )2 . Ranocha %5 (1999) #F5T &I,

CAAT74104 Fll CAAT74105 )7 [RIJEMEI N 50%, ARG B /0T 45 R B e 10 B T AR
R - Gavnholt 25 (2002) #3H , 3 /M4 1) B 22 B g FE Xl — AAL 73968, AAL73969 H1 AAL73970
AL AL (KX 9.04 5.8 F115.00 FlI N R sl B4 AL si8 (KUK 13 9 Fl 14D ZERIAR K. 1
24/ 55 (lsoeletric points, pl) AHIE ) AAL73969 Fl AAL73970 1) [A]— iz KT AAL73968.
U, HED pl {5t nT A2 A e R D BEAOFRAR 2 — . 1% pl (EAHNE, N AEG AL 5 80 H 2 K
AAK37823. AAK37825. AAK37827. AKK37828. AKK37829 il AKK37830 (434l 21, 17.

21, 20, 12 A1100, WIHIL T N Rumbr s H AR, RIAT 4 MRS 2 A0 al)E T 2 AN )
R, X5 Sato 4% (2001) MURIETEA 5. M TR TR 5 S Yk L 4 MERE Rt
BARE . RN, FATEATLIER-WNE H, EREE, Br YRR RYE B AT TE
B SIS, T R AT SR A AT . EHAENT, R R ) S e AN RS R, RO Fp
THIY AR TR ST AR L AR TR T S, TR A T 3R S A

A
il B Zmp3-AS08

[FJ5 741 (Sbict) : NP_915458
Query: 144 GRRLITRVIQYR—————— GVRQLRNGWADGPSYITQCPIQGGQSYVYDFTVTGQRGT 299
Sbjct: 75 GDRLVVKVHNHMNYNVSFHWHIGILQLRNGWADGPSYITQCPIQGGGSYVYDFTVTGQRGT 134

Query: 300 L’WHAHFSWLRVHLYGPLVILPKRGEGYPFPRPYKEV*PVLFG 425
Sbject: 135 LWWHAHFSWLRVHLYGPLVILPKRGEGFPFPRPYKELPPIMFG 177

Query: 514 GEWFNADTEAVINQALQTGAGPNVSDAYT 600
Sbjct: 177 GEWFNADTEAVINQALQTGAGPNISDAYT 205

Query: 2 KLVVREGDRLVVKVHNHINYNVSFH 79
Sbjct: 69  KLVVREGDRLVVKVHNHMNYNVSFHW 94
B

% FrBt: ZmP7-AS07
[AJ5 741 (Sbjct) : gi|39547185|gb|AY464051. 1| Zea mays genotype Wis94-443 laccase 1 (Lacl)
gene, partial cds Length =812 Identities = 138/153 (90%)

Query: 179 caggcacggcgtccggecagetgegecaacgggtgggeggacgggecgtegtacatcacgea 238

Sbjct: 594 caggcacggegtccggeagetgegeagegggtgggeggacgggeegtectacatcacgea 653
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Query: 239 gtgcccgatccagggegggcagagetacgtgtac—acttcaccgtcacggggcagegegg 297

Sbjct: 654 gtgcccgatccggeccggecagagetacgectacgacttecgecategtggggecagegegg 713

Query: 298 cacgctgtggtggcacgegecacttcetectgget 330

Sbjct: 714 cacgctctggtggcacgegecacttetectgget 746

C

vobEFBL: ZmP7-AS30

Y5741 (Sbjct) : gi|18483216|gb|AF465468.1 Lolium perenne laccase LAC5-6 mRNA, complete
cds  Length =2036

Identities = 150/169 (88%), Gaps = 3/169 (1%b)

Query: 171 tcgagagccacccgctgecacctgeacggettcaacttcattegtggtcggecaagggtac 230

Sbjct: 1487 tcgagagccaccccctgecaccttcacggetacaactte—ttegtggteggecaagggtte 1545

Query: 231 ggcaactacgaccccgtcaacgacccgeccaagttcaacctegatcgacecegtegageg 290

Sbjct: 1546 ggcaactatgaccccacgaacgacccggecaagttcaaccteg—teggeccggtegageg 1604
MYBST1
Query: 291 caacaccgtcggctgtgceggecggeggataggtggecateegetteet 339

Sbjct: 1605 gaacaccgtcgge—gtgeeggeeggegggtgggtggetattegetteet 1652

Identities = 52/57 (91%)
Query: 475 tggttcatgcattgccatttggaggegcacacaacatggggectecaggatggeatgg 531

Sbjct: 1672 tggttcatgcattgccatttggaggtgcacacaacctgggggetgagaatggecatgg 1728

Identities = 39/44 (88%), Gaps = 1/44 (2%)
Query: 41  ttcaactacacggggacgcctgcccaacaacaccaacgtggeca 84

Sbjct: 1369 ttcaactacaccgggacgcc—gecgaacaacacgecacgtggeca 1411

D

b Be: ZmP7-AS30

[FYE 741 (Sbjct) : gi|34908192 | ref [NP_915443. 1|laccase [Oryza sativa (japonica cultivar-group)]
Length = 577

Identities = 31/42 (73%), Positives = 33/42 (78%)

Query: 475 WEMHCHLEAHTTWGLRMAWLVLDGSLPHHEAAPASRPTLPKC 600
Sbjct: 537 WFMHCHLEAHTTWGLRMAWLVLDGSHPNQKLLPPP-SDLPKC 577

Identities = 27/50 (54%), Positives = 32/50 (64%0), Gaps = 1/50 (2%0)
Query: 210 FVVGQGYGNYDPVNDPPKFNLDRPRRAQHRRLCRPADGWPSAS—SADNPG 356
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Sbjct: 488 FVIGQGFGNYDAVNDPAKFNLVDP——VERNTVGVPAGGWVAIRFLADNPG 535

Identities = 34/104 (32%0), Positives = 37/104 (35%0)

Query: 41 FNYTGTPAQQHQRGQRGXXXXXXXXXXXXXXXXTAGHQHSSDGVESHPLHLHGENFIXXX 220
Sbjct: 436 FNYTGTPPNN-———TNVKTGTKLLVLRYNTSVELVMQDTSILGIESHPLHLHGFNFF-VI 490

P 4-5 M S BRI L

Fig 4-5 Homology search results for some maize laccase fragments

okt

Zmp3-AS set08

1 20 40 10 &0 100 1zn 140 160167

SufT

anl|CDD|11840, COG2132, Sufl, Putative multicopper oxidases [Secondary metabolites biosynthesis,
transport, and catabolism]

Query: 32  GWADGPSYITQCPIQGGQSYVYDETVTGQRGTLWWHAH-FSWLRVHLYGPLVILPKRGEG 90

Sbjet: 97  GEMDGVPPLTQIPPGPGETPTYTFTQD-VPGTYWYHPHTHGQVYDGLAGALIIEDEN-— 152

Query: 91  YPFPRPYKEVPVLF 104
Sbjct: 153 -SEPLGVDDEPVIL 165

Zmp3-AS Set09

1 25 0 |

75 1om 125 150 175 200 225 246

SufT

anl|CDD|11840, COG2132, Sufl, Putative multicopper oxidases [Secondary metabolites biosynthesis,
transport, and catabolism]

Query: 155 GWADGPSYITQCPIQGGQSYVYDFTVTGQRGTLWWHAH-FSWLRVHLYGPLVILPKRGEG 213

Sbjet: 97  GEMDGVPPLTQIPPGPGETPTYTFTQD-VPGTYWYHPHTHGQVYDGLAGALIIEDEN-— 152

Query: 214 YPFPRPYKEVPILF 227
Sbjct: 153 -SEPLGVDDEPVIL 165

Zmp3-AS Set 11

1 20 40 B0 a0 100 120 140 160 173
——— ' 1 E—— E—
| Suf 1 -

anl|CDD|11840, COG2132, Sufl, Putative multicopper oxidases [Secondary metabolites biosynthesis,
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transport, and catabolism]
Query: 51  AVPDPGGQSYVYDFTVTGQRGTLWWHAH-FSWLRVHLYGPLVILPKRSEGYPFPRPYKEV 109
Sbjet: 107 QIPPGPGETPTYTFTQD-VPGTYWYHPHTHGQVYDGLAGALITEDENSE-———PLGVDDE 161

Query: 110 PILF 113
Sbjet: 162 PVIL 165

Zmp3-AS setl7

1 20 4 & & 100 120 140 165
SufT

agnl|CDDI11840, COG2132, Sufl, Putative multicopper oxidases [Secondary metabolites biosynthesis,
transport, and catabolism]

Query: 32  GWADGPSYITQCPIQGGQSYVYDFTVTGQRGTLWWHAH 69

Sbjct: 97  GEMDGVPPLTQIPPGPGETPTYTFTQD-VPGTYWYHPH 133

Zmp3-AS set 29

1 25 =] 75 lom 128 150 175 200 221
i * I | *
Sufl

anl|CDD|11840, COG2132, Sufl, Putative multicopper oxidases [Secondary metabolites biosynthesis,
transport, and catabolism]

Query: 88  GWADGPSYITQCPIQGGQSYVYDFTVTGQRGTLWWHAH 125
Sbjet: 97  GEMDGVPPLTQIPPGPGETPTYTFTQD-VPGTYWYHPH 133

Zmp3-AS set 30

1 20 40 &0 & 100 123
: SufT :

anl|CDDI11840, COG2132, Sufl, Putative multicopper oxidases [Secondary metabolites biosynthesis,
transport, and catabolism]

Query: 32  GWADGPSYITQCPIQGGQSYVYDFTVTGQRGTLWWHAH-FSWLRVHLYGPLVILPKRGEG 90

Sbjct: 97  GEMDGVPPLTQIPPGPGETPTYTFTQD-VPGTYWYHPHTHGQVYDGLAGALITEDEN-— 152

Query: 91  YPFPRPYKEVPILF 104
Sbjet: 153 —SEPLGVDDEPVIL 165

Kl4-6  NCBI FF R3] ) — A AT BE DR~ S I
Fig. 4-6 One putative domain found from NCBI
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LR Rl
Name of inbred Sequence of amino acids
< >
CHO
AS08 ———RAAVLPSLCQAGRRLITRVIQYR———HGVRQLRNGWAD——GPSYITQCPIQG—GQSY 51
AS17 ———RAAVLPSLCQAGRRLITRVIQYR---HGVRQLRNGWAD——GPSYITQCPIQG—GQSY 51
AS09 SIARAAVLPSLCQAGRRLITRVIQYR———HGVRQLRNGWAD——GPSYITQCPIQG—GQSY 174
AS30 ———RAAVLPSLCQAGRRLITRVIQYR———HGVRQLRNGWAD——GPSYITQCPIQG—GQSY 51
AS11 ———RRVAISLPSRPASHHPRHTIQAR---RPAAAQRVGGR————AVVHHAVPDPG—GQSY 60
ASQ7 ———RAAVLPSLCQAGRRLITRVIQYR———HGVRQLRNGWAD——GPSYITQCPIQGRAELR 52
AS06 ——FFGPKVRDRGGSFNSTP——AVRFNQQGHGVPACSNGWSGTGPVVQSTQCPIQG—GQSY 79
AS29 RVWSYNTIQYNTIQYNTIQYNTIQYN-TGTAYRQLRNGWAD-GPS-YITQCPIQG-GQSY 107
: s * *o* o
AS08 VYDFTVTGQRGTLWW—[}{]FSWLRVH——LYGPLVILPKRGEGYPFPRPYKEVPVLFG—TT 107
AS17 VYDFTVTGQRGTLWW—[}{]FSWLRWH——RLRPARHPPQARRGYPFPRPYKEVPVLFG—TT 107
AS09 VYDFTVTGQRGTLWW—[}{JFSWLRVH——LYGPLVILPKRGEGYPFPRPYKEVPILFGTTT 231
AS30 VYDFTVTGQRGTLWW—[}{]FSWLRVH——LYGPLVILPKRGEGYPFPRPYKEVPILFGTTT 108
AS11 VYDFTVTGQRGTLWW—[}{]FSWLRWH——LYGPLVILPKRSEGYPFPRPYKEVPILFGTTT 117
ASO7 VRTSPFTGQRGTLVVGH%EFFWAAAMHLLRGRFGSFSPSARRPTVPVPLTRSGRSLPLRT 112
AS06 VYDFTITGSRH%WMH—CALLLAARAPYGPLSHPPQVAARVTRSRAPTRRCPSSSVQRRLP 138
AS29 VYDFTVTGQRGTLWW—[}{]FSWLRWHLTARSSSSPSAARATRSRAPTRRCPSSSVQR—LP 165

* ** * - * - *

Kl4-7. TR By (ZmP3-AS Set 241D {551 X G L B2 7 41 (1) HE X 23 B
T HE R 5 JEE AR AT AR B T 45 S a5, R NSRS 5, FFfr % MCHO. 2 5 8o sE A IR AT 15k
B, B RREBERTIORE, AU RORMI I RTIX, SRR B X A Bk

Fig. 4-7 ClustalW alignment of laccase fragments from maize

The highly conserved copper-binding sites for each of the ligand residues is bound are highlighted within boxes.
Conserved potential N-linked glycosylation sites are designated by CHO. “*”indicates positions which have a single,
fully conserved residue; *“:”indicates positions which have a strongly conserved residue; “.”indicates positions

which belong to a weaker conserved group; dashes within a sequence indicate gaps inserted to optimize alignment.
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K 4-3 MBI O A DX IRy 51 Lo 20 #r
T HE BRI 2 v DR ST RO 125 1 5 5 i
Table 4-3 ClustalW alignment of plant laccases.

The highly conserved copper-binding sites to which each of the ligand residues is bound are highlighted within boxes.

/| i ¥ 515 KR AIHERIT Y
Plant species Accession no. or origin Sequence of amino acids
Liriodendron tulipifera  AAB17192 FTII-GQTGTLFW-HA 146
L. tulipifera AAB17194 FRII-SQRGTLFW-HA 146
:: :3::&:‘;2 AAB17193 FTTV-GQRGTLFW-HA 147
P. trichocarpa AAB17191 FTIV-GQRGTLFW-HA 136
Oryza sativa CAAT4105 FTIT-GQRGTLLV-HA 145
Lolium perenne BAB86452 YTIT-GQRGTLWW-HA 139
giﬁﬁts“tlge i AAL73968 FTVT-GQRGTLIW-HA 140
P taeda NP_ 915458 FTVT-GQRGTLIW-HA 147
P taeda AAK37827 FTIT-GQRGTLWW-HA 154
P. taeda AAK37828 FTIT-GQRGTLWW-HA 144
P. taeda AAK37823 FTVT-GQRGTLWW-HA 143
P.taeda AAK37825 FTIT-GQRGTLWW-HA 140
Arabidopsis thaliana H
A thaliana AAK37829 FTIT-GARGTLFW-HA 135
Popu|us balsamifera AAK37830 FTVT—GQRGTLWW—EA 151
A. thaliana At5g09360 IDLK-VEEGTIWW~IA 145
A. thaliana At5g48100 VIFS-TEDTTVWW-HA 130
5 gg:gzgg CAAT4104 FTTEGTRRNTLGW-HA 143
Zea mays At5g01040 FDIT-GQEGTLLY-HA 147
Z. mays At5g01050 FDIT-GQEGTLLW-HA 147
Z. mays AAL73969 FDVV-GQEGTLWW-HA 133
Z. mays AAL73970 FNVT-GQEGTLWW-HA 149
s oy ASI1 FTVT-GQRGTLWN-HA 85
7. mays ASO8 FTVT-GQRGTLWW-HA 76
Z. mays AS17 FTVT-GQRGTLWW-HA 76
AS09 FTVT-GQRGTLWW-HA 199
AS30 FTVT-GQRGTLWW-HA 76
ASO7 SPFT-GQRGTLVVGHA 78
AS06 FTIT-GSRHAWNH-CALLLAARAP 104
AS29 FTVT-GQRGTLWW-HAHFSWLRVH 132

75



AR B2 e -1 S S TOREEMERCDN Y e e e fr A BT

CAATAL04

P. balsamifera
AS29
ASD9
AS06

Z. mays
AS530

AS07
AS17
| AS03

AS1L

AALT3969 L. perenne
| AALTIOT0

At5g0L050 .
A. thaliana
[ | At5g0L040

[ . At5g43100

] I—AthOOBéO

I—AAKJ?SJO

- AAK3T829 P. taeda

AAK3T825

AAK3T823

AAK3T828

AAK3T782T

[ AALT3968 L. perenn
L paBsess I 0. sativa

I—NP 915458
L caszai0s P -Trichocarpa

AABL7191
aaBL7193 | L. tulipifera

AABLT194

AABLT7192

4-8 HIVEE IR GURA AT

Fig. 4-8 Phylogenetic relationships among laccases from different plant species.
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FEAA R H R e A TG Rk i) — e X o HARMERIE R 0 10 H AT R B A — 2RI
Michelmore %5(1991) ! (1) B BEAR 2 4150 H1ik(bulked segregant analysis, fiiFXBSA) %)k
SEREF2 o3 BORAA T FU H AR PERARSE LR AL (o« JB00) 70 P AL, A5 P HRR I DNA TR
GRIG HERRIEITRAPD 34T, 24 O e B TAR L . — BRI H AR S R e
PEAERE— Y tidh b, SnT e HUOE Ytk EASIRINT s Mbid, BHE T, IXARAR DL ] 2
SR o FhRid. ARk, &% FZRAEY) EIA V2 HZ 0 SR R EE R bnd . wnukAE b
PR SEIN . JRFTIEIN . NZZE LT ORI JE R 45

FHH21 X Mo171E BB, ZmPT5 1 WX AT etk @ AL IIRIE i b (1814-9). 53K
TRAZ B 8 7 T 554 5 e (0 AR J5 7% (Inc004 (Bin 4.03) Flphi026 (Bin 4.05) #rid 2 [a] ([&4-10).
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Fig.4-9 Chromosome mapping of maize laccase using H21 X Mo17 mapping population and ZmP7 primers
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A7, PEAET R RER TOKER R R RAL Ao ve BRI B R T O~ IR W 0 A 5 7 41 LA
Al AEMIN-R S AL 45 A AL ZAF IR 41 5 Ranocha%: (1999) 145 A & . thZmP3 514 F
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COG2132, Sufl, J& T 2N EE, FEHS 5 RGP AED A Feis UL A
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B Z R Ihae A g #3k (x58 4%, 2000b; Jin and Cathie, 1999). H¥IMYBHE 55— &4
AN RO, WRNZR (PAL) S ZRRADIA o 4Nl i dvig R4 i 5 3 045 . 41 i
AP 22 1 R A A T 42 DL S R 1 Tk Y 2545 (Meissner et al., 1999; Petroni et al., 2002; Rubio
et al., 2001; Stracke et al., 2001; Winkel-Shirley, 2001; Zimmermann et al., 2004). A1 35—
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A B IR E

SRIM, KRR, EREEE R AR SR AL o 2 i 03 ORATAE 1 e AT S Bt A AH
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CDNA-AFLP

cDNA-AFLP
cDNA-AFLP
Fragments TDFs
QTL
1
1.1
A188 CN165 CN129 178
A188 CN165 PEG
178

PEG
12h 24h 36h 48h

-0.5Mpa 14

0.5h 1h 3h 6h

55%-60%

30%-35%

2 21 80%
11

3 5 7 9

24h  72h 5-2

1.2

121 PEG

Transcript Derived

CN129

0.5h 1h 3h 6h
5-1
70%-80%

CN129 178
10
20
0 1
6h
PEG6000 CK -0.25Mpa -0.50 Mpa -0.75Mpa -1.0
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Mpa -0.5 Mpa
PEG6000
Bar =-(1.18><10%)C- 1.18x%<10" C?* 2.67>=<10* CT+ 8.39%<10’ CT
C=g/kg H,O T 1ba=1Mpa
20  -0.5Mpa PEG6000 192.6g/kg H,0

<4— -0.5MPa PEG

44— -0.5MPa PEG —mmp> Re-water

16 days 0 05 1 3 6 12 24 48 05 1 3 6 12 (hr)

5-1 PEG
Fig.5-1 Sampling strategy of early seedling of maize in PEG stress.

Rewater

L___L4aﬁ4_4;22m“ | |

-24(day) 24 72 (hr)

5-2
Fig 5-2 Sampling strategy of early seedling of maize in soil-drought stress.
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122 RNA
1221 Invitrogen Trizol RNA
1) RNA 0.1% DEPC
160 RNase
2) 0.1-0.2 g 1.5 ml  DEPC
Eppendorf
3) 1 ml Trizol 15-30 5min
4) 0.2 ml 15 2-3min
5) 2-8 12 000><g 15min 3 RNA
6) 0.5ml RNA 10min 2-8 12,000
><g 10min  RNA
7) 1 ml 75% RNA
8) 2-8 7500><g 5min
9) RNA
10) 30-50 uI  RNase 55-60 10min RNA
11) RNA RNA
1.22.2 RNA
1249 10ml 10><FA buffer RNA 100 ml
65 1.8 ml 37% EB
1xFA gel buffer 30 min RNA
5%xRNA loading Buffer 65 3-5min 5-7Vicm 1
1.2.3 cDNA
PEG cDNA AMV Reverse Transcriptase cDNA
SuperScript 111 Promega cDNA Universal
RiboClone®
A. cDNA
1 0.2ml
Total RNA  0.5ug/ul 4ul
Primer Olio(dT);s  0.5pg/pl 2ul
_ Nuclease-free H,O ul
Total volume 15ul
2 72 5-10 min
3 5min
4
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1)
2)

3
4
5
6
7
8

15ul
5% First-Strand Buffer 5ul
RNasin® Ribonuclease Inhibitor  40U/pl 1ul
42 5 min
5
Sodium Pyrophosphate ~ 40mM 2.5ul
AMV Reverse Transcriptase 1.5l
Total volume 25ul
6 42 1h cDNA
cDNA
First-Strand sample reaction 20pl
2.5 x First-Strand Buffer 40ul
Acetylated BSA  1mg/ml 5ul
DNA Polymerase  9U/ul 2.5ul
RNase H  0.5U/ul 1.6ul
Nuclease-free H,O 31l
Total volume 100pl
14 2hrs
70 10min
T, DNA Polymerase  2U/ul 2pl 37 10min
10ul 200mM EDTA
cDNA
25 24 1
12000rpm 10min
0.1 2.5M NaAc pH5.2
2 -20 100% -70 30min
10min
0.5 mi -20 70%
10-50pul  TE -20
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CDNA-AFLP

1.2.4 cDNA-AFLP

Bachem 1998 Msel Pstl
Msel adaptor  Pstl adaptor M00  POO

Msel 3 Pstl 2

1.24.1
10 xBSA 0.25ul
Pstl 20U/ul 0.15pl
Msel 10U/ul 0.30ul
Pstl adaptor 5 pmol/pl 1.0ul
Msel adaptor  50pmol/pl 1.0ul
T,-ligase  10U/ul 0.4ul
T,-ligase buffer 10mMATP 2.5ul
ddH,0 17.4ul
DNA 200ng/ul 2ul
Total volume 25ul

37

1.2.4.2
MO0 50ng/ul 0.6pl
P00  50ng/ul 0.6pl
10x PCR buffer Mg 2.0l
dNTPs 10mM 0.4ul
Taq polymerase 2U/ul 0.3ul
ddH,0 14.1pl

- 2.0ul
Total volume 20pl
PCR
Step 1 94 2min
Step 2 94 30sec
Step 3 56 30sec
Step 4 72 1min
Step 5 gotostep2 34 cycles
Step 6 72 5min
Step7 4 Hold
Step8 End
Sul 20
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CDNA-AFLP

1.243
4ul 16pl
Mse | primer  50ng/ul 0.8ul
Pst I primer 50ng/ul 0.8ul
10x PCR buffer Mgt 2.0l
dNTPs 10mM 0.45pl
Taq polymerase 2U/ul 0.35pl
ddH,O 11.6pl
Total volume 16pl
PCR

Step 1 94 2min
Step 2 94 35sec
Step 3 56 35sec 0.7
Step 4 72 Imin
Step 5 Gotostep2 12 cycles
Step 6 94 35sec
Step7 56 35sec
Step8 72 1min
Step9 Gotostep6 30 cycles
Stepl10 72 5min
Step 11 4 Hold
Stepl2 End

1.25

1.2.3

1.2.6

1

2 DNA 0.5ml 50ul ddH,O 100

3 2ul PCR

100ul ddH,0O 100 5min 37
2 DNA 10ul ddH,0
PCR cDNA-AFLP
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CDNA-AFLP

5-1 cDNA-AFLP
Fig. 5-1 Primers used for cDNA-AFLP amplification

/

Adaptors/primers Primer no. Primer sequence
Mse | adaptor 5-GACGATGAGTCCTGAG-3'
3-TACTCAGGACTCAT-5'
Pst | adaptor 5-CTCGTAGACTGCGTACATGCA-3'
3-CATCTGACGCATGT-5'

MO0 5-GATGAGTCCTGAGTAA-3'
P00 5-GACTGCGTACATGCAG-3'
Mse | +3 primers M31 MOO+AAA

M32 MO00+AAC

M33 MO0+AAG

M34 MOO0+AAT

M35 MO0+ACA

M36 MO0+ACC

M37 MO0+ACG

M38 MOO0+ACT

M39 MO0+AGA

M40 MO0+AGC

M41 MO0+AGG

M42 MOO0+AGT

M43 MOO+ATA

M50 MOO0+CAT

M51 MO00+CCA

M52 MO00+CCC

M55 MO00+CGA

M61 MO0+CTG

M62 MOO+CTT

M86 MOO0+TCT
Pst | +2 primers P11 POO+AA

P12 POO+AC

P13 POO+AG

P14 POO+AT

P15 PO0+CA

P16 PO0O+CC

P17 P00+CG

P18 PO0+CT

P19 POO+GA

P20 P00+GG

P21 PO0+GG

P22 POO+GT

P23 POO+TA

P24 PO0+TC

P25 POO+TG

P26 POO+TT
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127 PCR
Promega PCR Wizard PCR Preps
1 1.5ml 30-300ul PCR 100ul PCR
2 Iml Imin
3 Iml
4 1ml 80
5 1.5ml 12000rpm 20sec
6 1.5ml 50ul ddH,O Imin 12000rpm
30sec PCR
1.2.8
PCR GeneBank
BLAST
2
2.1 RNA
1.2% RNA 5-3 DU-600 BECHMAN
RNA 5-2
CN165 A188 52 RNA
Table 5-2 Detection of total RNA
Sample 260/280 Conc. ug/mi
285 —» CN165 2.130 21.69
188 I A188 2.146 24.58
5-3 RNA

Fig.5-3 Total RNA identified by formaldehyde denatured agarose gel
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2.2 cDNA
cDNA 0.5-1.6 Kb 5-4

5-4 cDNA
Fig. 5-4 Identified results of ds cDNA by agarose gel

2.3 cDNA-AFLP

5-1 60  Msel/Pstl 500
cDNA PEG
380 2
PCR PCR 42 5-2
cDNA-AFLP 5-5A 5-5B 5-5C 5-5D
231 PCR
PCR AFLP

M C79 CBO CB1 AGB A69 ATO AT1 AT2 Wi (120 4hCI21 C122 C123 95 A% 497 498 49 [ C76 C77 C78 A66 A67 M

M SN33 C111 C112 A91 ASZ AB3 AD4

5-6 M=1 kb Plus ladder
Fig 5-6. The second PCR amplification identified by agarose gel
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CDNA-AFLP

M12345678 9101 12345678 910.11 M: pBR322 marker
bp 111 CN129
622
507 1-11 178
Sc35-M42 1 8 2 3456
7 01365
404
7 9
9 10 11 6 24
72h
Sc38-M42
309
Sn31-M4 CK: lane land lane 8
No2 3 4 5 6 7aregene
expression induced by moderate
soil-drought stress after 0, 1, 3,
5, 7 and 9 days, while no. 9 10
11 are gene exprssion induced
:l,__,-._........-.......:.: ] -ﬁ__ by re-water after 6, 24and 72
g hrs, respectively
5-5A CN129 178 cDNA-AFLP P25/M42

Fig. 5-5A cDNA-AFLP amplification of CN129and Nongda 178 using primer-paired P25/M42 treated by soil-drought

M 1 2 3 456 7 8 910 11121314

bp M: pBR322 marker
404 No.1
2,3,4,56,7,8,9 05h
1h 3h 6h 12h 24h
A9L-MSL 36h  48h
309
10, 11, 12, 13, 14
0.5h 1h 3h 6h 12h
A92-M51
Ck: Lane 1
A93-M No. 2, 3,4,5,6,7,8,9are
gene expression induced by
YR PEG stress after 0.5h  1h
24 Mol 3h 6h 12h 24h 36h
48h, while no. 10, 11, 12,
13, 14 are gene expression
induced by re-water after
0.5h 1h 3h 6hand 12h,
respectively.
5-5B A188 PEG cDNA-AFLP P21/M51

Fig. 5-5B cDNA-AFLP amplification of A188 using primer-paired P21/M51 treated by PEG stress
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M 12 34 5 67 89 10 11 M

Sc106-P11

309
5-5C  CN129 cDNA-AFLP P11/M52
Fig. 5-5C cDNA-AFLP amplification of CN129 using primer-paired P11/M52 treated by soil-drought.
1 8 2 3 45 6 7 01357 9 9 10 11
6 24 72h

CK: lane land lane 8
No2 3 4 5 6 7aregene expression induced by moderate soil-drought stress after 0, 1, 3, 5, 7 and 9 days, while

no.9 10 11 are gene exprssion induced by re-water after 6, 24and 72 hrs, respectively

1 2 3 45 6 7 8 9 1011 121314 M

5-5D Al188 PEG cDNA-AFLP P21/M50
Fig. 5-5D cDNA-AFLP amplification of A188 using primer-paired P21/M50 treated by PEG stress

M: pBR322 marker

No.1 02,3,4,5,6,7,8,9 05h 1h 3h 6h 12h 24h 36h 48h 10, 11, 12,
13,14 15 0.5h 1h 3h 6h 12h

Ck: Lane 1 No. 2, 3,4, 5, 6, 7, 8, 9 are gene expression induced by PEG stress after 0.5h 1h 3h 6h 12h 24h
36h  48h, while no. 10, 11, 12, 13, 14 are gene expression induced by re-water after 0.5h 1h 3h 6h and 12h,

respectively
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bp M 123456789 10 11121314 123 456 7 8 91011121314
527
404
C131-M61 "A110-M61
320
5-5E CN165 AI188 PEG CDNA-AFLP P25/M61

Fig. 5-5E cDNA-AFLP amplification of CN165 and A188 using primer-paired P25/M61 treated by PEG stress
CN165 A188

M: pBR322 marker.No.1

2,3,4,56,7,8,9 05h 1h 3h 6h 12h 24h 36h 48h

10, 11, 12, 13, 14 0.5h 1h 3h 6h 12h

Ck: Lane 1. No. 2, 3, 4,5, 6, 7, 8, 9 are gene expression induced by PEG stress after 0.5h 1h 3h 6h 12h 24h

36h 48h, while no. 10, 11, 12, 13, 14 are gene expression induced by re-water after 0.5h  1h 3h 6h and 12h,

respectively.
2.3.2

5-2 SC43-P25
2 Sc62-M31  Sc110-P11
15 cDNA C120-M55 C147-M62 Al118-M51 Sc38-M42 Al11-P25 A113-P25 C75-M50
C136-M61 Scl16-P26 Sc105-P11 Sn31-M42 Al130-P19 A94-M51 SC30-M51 C119-M55

C06-M42 C domain XM_465295
82% 216/263 5-6A
Scl106-P11 OsCOC1
MYB Xiong and Yang 2003 52 59
5-6B
A91-M51 BRI1-KD interacting protein 108 90% 236/262
2 WRKY  TGAI 5-6C
A96-M55 nphl 98% 218/222
/ EC2.7.1 5-6D  Zacherl et al.,
1998 MAPK
Lee 1999
Dbf2 AtDBF2 /
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5-2 cDNA
Table 5-2 BLAST results of TDFs
GeneBank

TDFs Treatment Primer Size (bp)  Homology sequence Accession no.  ldentity

C06-M42 PEG P26/M42 290 Protein kinase C XM_465295 216/263 (82%)
conserved region 2(CalB)  Oryza sativa.

C120-M55 PEG P22/M55 338 Zea mays PC0102084 AY105723 311/314 (99%)

C77-P23 PEG P23/M50 307 Putative gag-pol AE017093 112/123 (91%)
polyprotein Oryza sativa

C75-M50 PEG P23/M50 297 Zea mays CL3259_2 AY109334 131/148 (88%),

C136-M61 PEG P25/M61 250 Zea mays PC0O108332 AY105057 217/217 (100%)

C147-M62 PEG P12/M62 305 Zea mays CL3404_-2 AY111346 236/253 (93%)

C119-M55 PEG P12/M38 347 Zea mays PCO068796 AY108004 317/338 (93%)

C80-M50 PEG P21/M50 276 Contains similarity to NM_196466 186/212 (87%)
40S ribosomal protein  Oryza sativa
S17

C149-P12 PEG P12/M62 276 Oryza sativa (japonica AK105941 92/105 (87%)
cultivar-group) cDNA
clone:001-205-B12

C122-P22 PEG P22/M55 262 Pseudomonas fluorescens AY232443 205/227 (90%)
PhhR-like protein and
PhaC (phaC) genes

C131-M61 PEG P25/M61 366 Putative  zinc  finger AF532781 315/332(94%)
protein Zea mays

A93-M51 PEG P21/M51 235 Putative  mitochondrial AF503433, 173/200 (86%)
carrier protein Sorghum

A92-M51 PEG pP21/M51 277 geranyl-geranyl reductase ~ XM_467759 160/171 (93%)

Oryza sativa.

A95-P22 PEG P22/M55 354 Type 1 effector AE016858 283/322 (87%)
HopPtoH Tomato

Al110-M61 PEG P25/M61 290 Putative  zinc  finger AF532781, 185/207 (89%)
protein Zea mays

A68-M50 PEG P21/M50 375 cytosolic glyceroldehyde ZMU45855 338/342 (98%)
-3-phosphate Zea mays
dehydrogenase GAPC2

AT74-P25 PEG P25/M42 184 Putative RNA helicase AP003301 95/108 (87%)
(japonica cultivar-group)  Oryza sativa

A69-M50 PEG P21/M50 363 Zea mays CL2022 2 AY109359 324/328 (98%)
glyceraldehyde-3-phosph ~ ZMU45855 323/328 (98%)
ate dehydrogenase  Zea mays
GAPC2 (gpc2)

A96-M55 PEG P22/M55 240 Zeamays CL1834 1 AY109754 2181222 (98%)
Zea mays nonphototropic  AF033263 218/222 (98%)
hypocotyl 1 (nphl)
signal transduction for
phototropism

continued
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continued
GeneBank
TDFs Treatment Primer Size (bp)  Homology sequence Accession no.  ldentity
A73-P25 PEG P25/M42 245 cytochrome ¢ oxidase NP_944665 18/41 (43%)
subunit 11 Oryza sativa
AT72-P21 PEG P21/M50 201 Putative RAB7A protein NM_191744 36/38 (94%)
(GTP-binding protein) Oryza sativa.
Al111-P25 PEG P25/M61 310 Zea mays PCO125270 AY105875 142/158 (89%)
Al113-P25 PEG P25/M61 258 PC0O108332 mMRNA  AY105057 192/206 (93%)
sequence Zea mays
A91-M51 PEG P21/M51 350 BRI1-KD interacting AB117995 236/262 (90%)
protein 108 Oryza sativa
Al118-M51 PEG P22/M51 341 CL19330_1 mMRNA  AY111793 285/295 (96%)
sequence Zea mays
A130-P19  PEG P19/M42 344 Zea mays PCO130312 AY 105902 314/325 (96%)
A94-M51 PEG P21/M51 191 Zea mays CL27324 1 AY 109875 147/159 (92%)
A63-P21 PEG P21/M34 256 OSJN00203 AL663003 52/59 (88%)
Oryza sativa
Sc106-P11 P11/M52 326 circadian oscillator  AY103618 292/305 (95%),
component  (COCL1) Zea mays
MY B transcription factor
SC30-M51 P13/M51 273 Zea mays PCO133236 AY 104494 198/204 (97%)
SC43-P25 P25/M43 360 No match
Sc38-M42 P25/M42 350 PC0O102084 MRNA AY105723 291/291 (100%)
sequence Zea mays
Sc108-P11 P11/M52 338 Putative  geranylgeranyl XM_467759,  156/172 (90%),
reductase Oryza sativa
Sc35-M42 P25/M42 311 triose phosphate/ 226595 257/275 (93%)
phosphate translocator Zea mays
Sc110-P11 P25/M52 259 Unknown protein XM_468026, 174/200 (87%)
Oryza sativa
Sc28-M51 P13/M51 391 OSJNBa0032F06.20 AK121846 185/229 (80%)
Oryza sativa.
Sc62-M31 P14/M31 237 Unknown protein XM_468026,  180/206 (87%)
Oryza sativa
Sc115-P26 P26/M42 317 Light Grown 1 (LG1) AW286524 245/275 (89%)
Sorghum
Scl116-P26 P26/M42 273 Zea mays PCO115768 AY 105023 62/65 (95%)
Sc105-P11 P11/M52 318 Zea mays PC0O118792 AY103618 266/271 (98%)
Sn31-M42 P25/M42 299 Zea mays PCO116159 AY 103868 165/185 (89%
Sn23-M51 P13/M51 314 Oryza sativa cDNA clone AKO070134 266/290 (91%)
J023043B05
A Al188 PEG ESTs C CN165 PEG ESTs
Sc CN129 ESTs Sn 178 ESTs

Note: A, C indicate that A188 and CN165 TDF fragments induced by PEG stress, while Sc, Sn indicate
that CN129 and Nongda 178 TDF fragments induced by soil-drought stress.
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A92-M51  C131-M61 C131-M61
2 75 (98%) 37 (94%) 5-6E
AB69-M50  A68-M50 3- 323/328 (98%)
G-box. 5-6F
A
cDNA Query  C06-M42
Shjct  gi|51964021|ref|XM_506794.1 PREDICTED Oryza sativa (japonica cultivar-group),

P0476C12.36 mMRNA Length = 1059 Identities = 216/263 (82%), Gaps = 3/263 (1%)

Query: 3
Shjct: 432
Query: 62
Shjct: 491
Query: 122
Shjct: 551

Query: 182

Shjct: 611

Query: 242

Shjct: 670

B
cDNA

1

(japonica cultivar-group)] Length = 603

gatgatgcaatgggtaacgcg-aggtggacatccecgeccgttagtcgagattgtgaagat

FECEERERREREer oe tee o teeeeeeee veek oe 0 vee eeel Feet
gatgatgcaatgggcaatgcggagctggacatcc-geccattggtggaggttgtcaagat

gaagctccagggtgtcgctgacaaaacggtggtaaagaagctggtgcccaacagacagaa

FEeE 0 Peeeeer eeeerent teeer v eeeer reer teeer peeereen
gaagattgagggtgttgctgacaacacggttgtgaagaaagtggtacccaatagacagaa

ctgcctagccgaggagagctecatatacatatcggaggggaaggtgaagcaagacctggt

FEORERERE 0 teeere eeeee o 0r teneee e ee e e e e ee e 1t
ctgcctagctgaagagagcacgatatatatctctgaggggaaggtgaagcaagacgtggt

cgtacggctaaggaacgtagagtgccggcgaaatcaagctccaacttcagtgggtccace

e e ee e eee reeer tenene eeeeeer e
tctcagactaagggatgtggaatg-cggggaaattgagetccagettcagtgggtegaca

tccctggcetctaagggtgtatga 264

FEEE 0 TEREEEERreen
tcccaggttctaagggtgtatga 692

Query Scl106-P11

Shjct
Identities = 52/88 (59%)

61

490

121

550

181

610

241

669

gi]38455772|gb]AAR20887 circadian oscillator component [Oryza sativa

Query: 29 EDVKVISDQEMERLNGIQIRSKCEHSHEGYLDISTQQMKLMPKSVETTYVDEQTARASHT 208

+D K I1+DQEMERLNGI 1 SK +HSHE LD S+QQ K SVETTYVD

A+ASH

Sbjct: 212 KDAKDINDQEMERLNGIHISSKPDHSHENCLDTSSQQFKPKSNSVETTYVDWSAAKASHY 271
Query: 209 LAESNGTASVPVTVPEGTHPDQTSDQVG 292

+ NG T EG+HPDQTSDQ+G

Sbjct: 272 QMDRNGVTGFQATGTEGSHPDQTSDQMG 299
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CDNA-AFLP

2 Qi]50941323|ref|XP_480189 putative LHY protein [Oryza sativa (japonica
cultivar-group)] Length = 725 Ildentities = 52/88 (59%), Positives = 60/88 (68%)

Query: 298 EDVKVISDQEMERLNGIQIRSKCEHSHEGYLDISTQQMKLMPKSVETTYVDEQTARASHT 119
+D K I1+DQEMERLNGI 1 SK +HSHE LD S+QQ K SVETTYVD  A+ASH
Sbjct: 218 KDAKDINDQEMERLNGIHISSKPDHSHENCLDTSSQQFKPKSNSVETTYVDWSAAKASHY 277

Query: 118 LAESNGTASVPVTVPEGTHPDQTSDQVG 35
+ NG T EG+HPDQTSDQ+G
Sbjct: 278 QMDRNGVTGFQATGTEGSHPDQTSDQMG 305

C

cDNA Query  A91-M51
Shjct  gi|42733477|dbj|AB117995 Oryza sativa (japonica cultivar-group) bip108 mRNA for
BRI1-KD interacting protein 108, complete cds Length =669 Identities = 236/262 (90%)

Query: 15 tgcaggggcgcatcaaggtcgecggeggcaaggetggcaacctcggegactecgtcacca 74

FECEEE TRREERRE R e ee e teeeeeet eeeeee e e eee e Feeeenee
Shjct: 210 tgcaggagcgcatcaaggtcgecggaggcaaggecggcaaccteggegagtecgtcaccg 269

TGAL
Query: 75 tctctcgcgagaagaccaaggtcaccgtcacctcgacccttctccaagaggtacc 134

FEEE TREEE FEEERE e e e e e e e e e teeer tene e e e e e e
Shjct: 270 tctcccgcgacaagaccaaggtcaccgtcacctecgacgggeccttcteccaagaggtace 329

WRKY

Query: 135 tgaagtaccaagaagtacttgaagaagcacaacgtgcgggattggctacgcgtgg 194
FCERRERLERRER e veeee e e eee e teeee 0o Peeeenet 1l

Sbjct: 330 tgaagtaccaagaagtacctgaagaagcacaatgtgcgtgactggctacgggtga 389

Query: 195 ttgctgccaacaaggaccgaaacgtctatgagctccgctacttcaacattgctgagaacg 254

P TERREEREEener veeer o teeeee e Teeeeeee e e 1t
Shjct: 390 ttgcatccaacaaggaccgcaacgtgtacgagctccggtacttcaacatcgeccgagaacg 449

Query: 255 agggggaggaagaagattagat 276

PO TREEE TF TRRERTT
Shjct: 450 agggcgaggaggaggattagat 471

D

cDNA Query  A96-M55

Shjct  gi]2687357]|gh]AF033263.1]AF033263 Zea mays nonphototropic hypocotyl 1
(nphl) mRNA, complete cds  Length =3330 Identities = 218/222 (98%)
Query: 14  tgcaggttttttcaaggacctgaaactgaccgtggggcagtaaagaagataagagatgcc 73
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CDNA-AFLP

FECEREEEE TERRE R e e e e e e e e e ee e Peee e e e e e e el
Shjct: 1726 tgcaggtttcttcaaggacctgaaactgaccgtgggacagtaaagaagataagagatgcc 1785

Query: 74  atagataacccaacagaagttactgttcagctgataaattatacaaagagcggtaagaaa 133

FECEREEEEE TR R e e e e e e e e e e e e e e e e e e e e e e e el
Shjct: 1786 atagataaccaaacagaagttactgttcagctgataaattatacaaagagcggtaagaaa 1845

Query: 134 ttctggaacctctttcacttgcagcctatgcgtgatcagaagggtgatgttcaatacttc 193

FECEREEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e el
Shjct: 1846 ttctggaacctctttcacttgcagcctatgcgtgatcagaagggtgatgttcaatacttc 1905

Query: 194 attggggttcaattggatggaactgagagtgttcgagaggct 235

FECEREEERE R R e e e feee e e
Shjct: 1906 attggggttcaattggatggaactgagcgtgttcgagagget 1947

E

cDNA Query  C131-M61

1 Shjct  gi|34911328|ref|[NP_917011.1|putative zinc finger protein [Oryza sativa (japonica
cultivar-group)] 0i|18844905|dbj|BAB85374.1|putative zinc finger protein [Oryza sativa (japonica
cultivar-group)] Length = 1063 Identities = 75/76 (98%),

Query: 15  TNCPICCDFLFTSSAAVRALPCGHFMHSACFQAYTWSHYTCPICCKSLGDMAVYFGMLDA 194
TNCP1CCDFLFTSSAAVRALPCGHFMHSACFQAYT SHYTCP ICCKSLGDMAVYFGMLDA
Sbjct: 944 TNCPICCDFLFTSSAAVRALPCGHFMHSACFQAYTCSHYTCP ICCKSLGDMAVYFGMLDA 1003

Query: 195 LLAAEELPEEYRDRCQ 242
LLAAEELPEEYRDRCQ
Sbjct: 1004 LLAAEELPEEYRDRCQ 1019

Identities = 37/39 (94%), Positives = 38/39 (97%)

Query: 241 KDILCNDCERKGRCRFHWLYHKCGSCGSYNTRVIKTDTA 357
+DILCNDCERKGR RFHWLYHKCGSCGSYNTRVIKTDTA
Sbjct: 1019 QDILCNDCERKGRSRFHWLYHKCGSCGSYNTRVIKTDTA 1057

2 Sbjct  gi]22347790|gb]AAM95976. 1] putative zinc finger protein [Zea mays]
Length =400 Identities = 74/76 (97%)
Query: 15 TNCPICCDFLFTSSAAVRALPCGHFMHSACFQAYTWSHYTCPICCKSLGDMAVYFGMLDA 194
TNCPICCDFLFTSSAAVRALPCGH MHSACFQAYT SHYTCPICCKSLGDMAVYFGMLDA
Sbjct: 281 TNCPICCDFLFTSSAAVRALPCGHSMHSACFQAYTCSHYTCPICCKSLGDMAVYFGMLDA 340
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CDNA-AFLP

Query: 195 LLAAEELPEEYRDRCQ 242
LLAAEELPEEYRDRCQ
Sbjct: 341 LLAAEELPEEYRDRCQ 356

Identities = 37/39 (94%)

Query: 241 KDILCNDCERKGRCRFHWLYHKCGSCGSYNTRVIKTDTA 357
+DILCNDCERKGRCRFHWLYHKCGSCGSYNTRVIKT TA
Sbjct: 356 QDILCNDCERKGRCRFHWLYHKCGSCGSYNTRVIKTATA 394

F

cDNA Query  A69-P21
1 Shjct  gi|1184771|gbh|U45855.1|ZMU45855 Zea mays glyceraldehyde-3-phosphate
dehydrogenase GAPC2 (gpc2) mRNA, complete cds  Length = 1307 Identities = 323/328 (98%),

Query: 23 tcaccacggattacatgacctacatgttcaagtacgacacccgacgcaatggaag 82

FECEREEERET R e eeee e e e e e e e e e e ee e e e e e
Shjct: 179 tcaccacggattacatgacgtacatgttcaagtacgacacc—gacgcaatggaag 237

Query: 83 cacgacatccctcaaggactccaagacttctcttcggagacggtcacc 142

FECEREEE R R e e e e e e e e e e e e e e e e e e e eee e e e
Shjct: 238 cacgacatccctcaaggactccaagacttctcttcggagacggtcacc 297

Query: 143 gtctttggcatcaggaaccccgaggagatcccgtggggtgagtggtgctgagtatgtc 202

FECEREEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e el
Shjct: 298 gtctttggcatcaggaaccccgaggagatcccgtggggtgagtggtgctgagtatgtc 357

Query: 203 gtggagtccacaggtgtcttcactgacaaggacaagacatctgaagggtggt 262

FEEEEREeeer eeeer et e e e e e e e e e e e e e e e e e e e e e e e
Shjct: 358 gtggagtccaccggtgtcttcactgacaaggacaaggctgctgcacatctgaagggtygt 417

Query: 263 gccaagaaggttgttatctcaaaagaccatgtttgttgttggtgtc 322
FEEREEEEER R e e e e e e e e e e eee e e e e e e e e
Shjct: 418 gccaagaaggttgttatctctigceechaychaagatiydacceatgtttgttgttggtyte 477

Query: 323 aacgaggacaagtacacctccgatgtta 350

R ARRRARRRRRRRn
Shjct: 478 aatgaggacaagtacacctccgatgtta 505

5-6

Fig 5-6 Homology search results of some cloned maize laccase sequences.
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Parniske 2000 cDNA-AFLP RT-PCR  AFLP
Vos et al., 1995 cDNA
Durrant et al., 2000 Qin et al., 2000 Van der Biezen et al., 2000
Breyne et al., 2002 2003 Reijansetal., 2003 Yang et al., 2003

4
500 42 PCR
cDNA-AFLP TDFs PCR
cDNA
PEG
-0.5Mpa 48h
24h
PEG
cDNA-AFLP TDFs
42  cDNA 2 Sc110-P11  Sc62-M31
15 4 2
Sc115-P26 A93-M51 1
Type I HopPtoH 1 PhhR-like
90% 205/227
9 2 (A92-M51 PEG Sc108-P11
) C06-M42 CalB
2000a
Sc106-P11 OsCOC1
MYB Xiong and Yang 2003 MYB
DNA 52 DNA MYB DNA
MYB
( 2000b Jin and Cathie, 1999; Meissner et al., 1999;
Petroni et al., 2002; Stracke et al., 2001; Zimmermann et al., 2004) MYB

Goff et al., 1992; Grotewold et al., 1994; 2000; Rabinowicz et al., 1999
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CDNA-AFLP

A91-M51 BRI1-KD 108 90% (Hirabayashi et al., 2004)
2 WRKY  TGAI WRKY
Eulgem et al., 2000; Maleck et al., 2000; Robatzek and
Somssich, 2001; Chen et al., 2002 TGAl G-box-like TGACGTGG.

Schindler et al. 1992 bZIP

7 A96-M55

nphl 98% / EC27.1 Zacherletal,
1998 /

PRK1 /
2000 Lee 1999 Dbf2 AtDBF2

/

A92-M51 C131-M61

His/Cys DNA G-rich Sugano 2003
ZPT2-3
Cys,/His;
AB69-M50  A68-M50 3- GAPC2 GAPC2  Manjunath
1996 adhl
adh G-box GC motifs Sc35-M42
93% 257/275 A69-M50  A68-M50 -0.5Mpa  PEG
TDFs ESTs Manjunath
1996 GAPC2
3
cDNA-AFLP PCR
42 TDFs
TDFs

Northern
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64
N-
(8-23 5-10)
2
F#30 F#39 DNA 5
3 Lacl10-1 Lacl0-1 Lacll-2
3 168 4
GeneBank 7
http://www.ebi.ac.uk/clustalw/
24 PCR 21 8 AS
DNA 21 M13
81 24% cDNA
C0OG2132 Sufl
motif
ZmP7 H21><Mol7 4 nc004 Bin 4.03
phi026 Bin 4.05
4 TDFs
60 cDNA-AFLP Msel/Pstl 500
cDNA 380 GenaBank cDNA 42 1 cDNA

2 15 cDNA
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http://www.ebi.ac.uk/clustalw

4 cDNA 20

cDNA C06-M42 C
AT72-P21 GTP A96-M55 /
Al10-M61 C131-M61 Sc106-P11(circadian oscillator component MYB
) A92-M51 Scl08- P11 A68-M50 A69-M50
3- GAPC2 98% 323/328 Sc35-M42

93% 257/275

5 MYB

ZmP7-AS30 MYBST1
Sc106-P11
OsCOC1 MYB
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6.

7.

LB Medium (E. Coli): 1 liter

To 950 ml of deionized H,0, add:

Bacto-tryptone 10¢g
Bacto-yeast extract 509
NaCl 109
Agar (for plate) 15¢
5M NaOH (200 ul) pH 7.0 add H,0 tol liter
50 X TAE for 1 liter
Tris-HCI 242 g
Glacial acetic acid 57.1 ml
0.5 M EDTA (pH 8.0) 100 ml

Ethidium bromide (10 mg/ml)  for 100 ml

Ethidium bromide 1lg

ddH,O 100 ml
SOB Medium for 1 litre

Bacto Tryptone 209

Yeast extract 5¢g

NaCl 0.6¢g

KCI 0.19¢
SOC Medium

To 1 ml of SOB add 7 ul sterile glucose 50% (w/v)
X-gal (5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside) [2% w/v in DMF]

Make a stock solution by dissolving 0.2 g of X-gal in dimethyl formamide (DMF).

DNA
CTAB (Hexadecyltrimethyl-Ammonium Bromide) 2%
Tris.Cl 1M
NaCl 5M
EDTA 0.5M
PVPP/IL 109
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8. 100xTE for 1 litre

Tris
EDTANa,-2H,0

HCI pH 80 1000 ml

9. 3MNaAc pH5.2 for1 liter

NaAc.3H,0
pH 5.2 1000 mi

10. RNase
RNase 10mg/ml

11. 6% PA for 1 liter

Acrylamide ( )
Bis-Acry -
10=<TBE
Urea

1L

12. 10xTBE for 1 liter

Tris

Boric acid
EDTANa,-2H,0
Urea

13. Loading buffer

98% Formamide
10mM EDTA pH8.0
0.25% Brph Blue
0.25% X-Cynol

14. 10%

ddH,0
15 10x FA Gel Buffer

MOPS (free acid)
NaAc
EDTA
NaOH pH 7.0

121.1g
37.29

408.24g

20min

579

39
50ml
420.8g

108g
55¢
7.44g
420.8g

49ml

Iml 0.5M pH8.0
0.125g
0.125g

1g
Iml

200 mM
50 mM
10 mM
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16 5%RNA Loading Buffer

500mM EDTA pH 8.0
37%
100%

10xFA gel buffer
DEPC

16 pl

80 pl
720 pl
2ml
3.084 ml
4ml

10 ml

104



2

cDNA-AFLP

TDFs used in cDNA-AFLP analysis

TDFs TDFs
Primer No. (bp) | Fragment Primer No. (bp) | Fragment
Size (bp) | location Size (bp location
P25/M42 | SC34 550 CN3 P25/M43 | SC39 680 CN5
SC35 480 CN1 SC40 680 CN10
SC36 470 CN10 SC41 640 CN11
SC37 330 CN5 SC42 480 CN9
SC38 330 CN10 SC43 460 CN11
SN29 550 ND8 SC44 360 CN11
SN30 380- ND5 SN33 500 NDG6
SN31 330 ND11 P23/M61 | SC49 490 CN4
SN32 260 ND11 SC50 320 CN10
P21/M51 | C111 230 C12 SN37 380 ND4
C112 230 C2 SN38 340 ND6
A9l 390 A6 P19/M52 | C108 500 C10
A92 280 A9 C109 450 Cl4
A93 280 Al3 C110 330 C2
A94 225 Al A89 320 A5
P19/M41 | C113 280 Cl11 A90 310 A7
Cl14 260 C5 P18/M31 | SC17 480 CN9
C115 225 C14 SC18 340 CN11
C116 225 C6 SC19 390 CN10
P12/M38 | C117 330 C6 SN13 500 ND1
C118 280 C4 SN14 400 ND6
P22/M55 | C119 390 C6 SN15 380 ND8
C120 380 C11 SN16 340 ND8
Cl21 290 C12 SN17 260 ND3
C122 280 C10 SN18 205 ND6
C123 220 C9 P25/M62 | SC23 500 CN3
A95 380 Al2 SC24 410 CN10
A96 280 A2 SC25 330 CN11
A97 240 A4 SC26 310 CN7
A98 230 Al SC27 290 CN10
A99 165 Al2 SN21 390 ND5
P24/M61 | SC45 550 CN7 SN22 340 ND2
SC46 380 CN10 P13/M51 | SC28 430 CN10
SC47 290 CN7 SC29 380 CN10
SC48 270 CN11 SC30 320 CN11
SN34 380 ND9 SN23 360 ND5
SN35 290 ND4 SN24 200 ND3
SN36 230 ND4
P11/M42 | SC31 320 CN1 P25/M51 | C88 420 C12
SC32 238 CN3 C89 380 C1
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SC33 230 CN4 C90 340 C10
SN25 520 ND8 Cal 290 C10
SN26 320- ND1 C92 188 C9
SN27 320 ND9 ATT7 420 A2
SN28 290 ND10 AT8 350 A3
P23/M50 | C75 440 C10 P11/M34 | C93 550 C10
C76 350 C10 C94 360 C9
C77 300 C12 C95 330 C12
C78 225 C4 C96 320 C4
AG6 380 A3 C97 400 C1
AG7 300 A2 AT9 500 A3
P21/M50 | C79 680 C10 A80 480 All
C80 309 C10 P19/M51 | C106 250 C2
Cc8l 280 C12 C107 210 C5
AG8 400 A9 AB86 250 A2
AB9 400 Al0 A87 140 Al10
AT0 350 A5 AB88 125 Al
A7l 309 A2 P14/M34 | C67 280 C10
AT2 250 A3 C68 260 C12
P25/M42 | C82 560 C10 C69 190 C10
C83 460 C5 AS51 375 A8
C84 380 Cl11 AS52 370 Al0
AT73 340 A3 A53 280 Al10
AT4 290 A2 A54 260 Al0
P21/M86 | C85 650 C10 A55 240 A8
C86 460 C10 A56 380 A9
Cc87 380 C12 P26/M61 | C53 420 C10
AT5 640 A2 C54 340 C10
AT6 380 Al2 C55 320 C10
p22/41 C70 220 C6 C56 170 Cl1
C71 220 Cl11 A40 340 A2
AS57 560 C10 P25/M41 | SN11 350 ND3
A58 360 C10 SN12 280 ND2
A59 320 C10 SC15 380 CN4
ABO 180 Cl1 SC16 280 CN6
P23/M50 | C65 490 Cl1 P11/M40 | SC51 530 CN9
C66 410 C10 SC52 410 CN3
A4T 380 A2 SN39 450 ND4
A48 300 A4 SN40 380 ND5
A49 490 Al2 P25/M62 | C129 620 C10
P17/M41 | C124 480 C10 C130 500 C12
C125 380 C7 A106 550 Al4
C126 380 Cl11 P25/M62 | A107 380 Al2
A100 400 AT A108 360 Al4
Al101 290- A9 A109 290 Al4
P22/M43 | C127 400 ND9 P21/M34 | A63 290 Al0
C128 400 ND10 C57 340 C6
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A102 570 C10 C58 235 C4
A103 510 C10 C59 230 C12
A104 500 C12 C60 210 C9
A105 400 C4 C6l 450 C10
P18/M51 | SC53 350 CN1 C62 390 C6
SC54 350 CN10 C63 380 C10
SC55 280 CNG6 C64 340 Cl11
SC56 280 CN9 A4l 270 Al0
P14/M31 | SC57 600 CN1 A42 480 A2
SC58 560 CN8 AA43 450 Al
SC59 410 CN5 Ad4 450 Ad
SC60 410 CN10 A45 380 Al
SC61 290 CN3 A46 320 C10
SC62 250 CN10 A50 400 C12
SC63 200 CN3 A6l 280 C10
SN41 600 ND1 AB2 240 A8
SN42 410 ND2 P22/M55 | C72 350 C5
SN43 320 ND4 C73 280 C4
SN44 320 ND11 C74 250 C1
SN45 195 ND2 AB5 285 A6
P18/M50 | SC64 390 CN1 P21/M39 | SC75 320 CN5
SC65 390 CN9 SC76 320 CN10
SC66 380 CN10 SN53 320 ND4
SC67 280 CN11 SN59 290 ND5
SN46 480 ND6 SN60 280 ND9
SN47 380 ND9 SN61 260 ND80
SN48 360 ND6 SN62 210 ND10
SN49 280 ND7
P17/M62 | SC68 630 CN10 P18/M43 | SC77 360 CN10
SC69 460 CN5 SC78 290 CN11
SC70 460 CN10 SC79 260 CN9
SC71 410 CNG6 P11/M50 | SC80 320 CN9
SC72 430 CN9 SN54 320 ND10
SC73 410 CN10 SN55 280 ND5
SC74 340 CN5 SN56 225 ND10
SN50 460 ND4 P11/M31 | SC81 315 CN6
SN51 460 ND9 SC82 290 CN9
SN52 300 ND5 SN57 315 ND7
P11/M61 | SC83 390 CN10 SN58 90 ND7
SC84 238 CN10 P13/M51 | SC97 550 CN7
SC85 205 CN3 SC98 550 CN11
SC86 205 CN11 SC99 420 CN10
SC87 185 CN8 SNG65 550 ND4
P21/M51 | SC88 464 CN5S SN66 550 ND9
SC89 460 CN8 SN67 360 ND11
SC90 410 CN1 P11/M62 | SC100 520 CN10
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SCa1 350 CN4 SC101 330 CN7
SC92 340 CN1 SC102 310 CN10
SC93 310 CN7 SN68 290 ND5
SC94 310 CN11 SN69 280 ND11
SC95 240 CN8 SN70 225 ND11
SC96 210 CN10 P11/M52 | SC105 360 CNG6
SN64 460 ND4 SC106 360 CN11
SN63 330 ND6 SC107 510 CN5
P11/M51 | SC103 360 CN9 SC108 330 CN4
SC104 280 CN9 SC109 280 CNG6
SN71 630 ND8 SC110 280 CN10
SN72 260 ND10 SN74 500 ND4
SN73 250 ND8 P26/M42 | SC114 350 CNG6
P15/M31 | SC111 320 CN6 SC115 340 CN11
SC112 320 CN10 SC116 285 CN10
SC113 300 CN9 SN77 460 ND10
SN75 395 ND7 SN78 385 ND3
SN76 430 ND11 SN79 270 ND8
P25/M86 | C137 430 C7 P22/M51 | C143 390 C9
C138 380 C8 Cl44 315 C8
C139 370 C3 C145 208 C6
C140 480 C12 C146 185 C7
C141 380 C10 Al18 380 A7
C142 240 C6 Al19 208 A5
All4 390 A3 A120 185 A2
Al15 310 A5 Al21 170 Al2
All6 280 A9 P12/M61 | C150 520 C5
All7 260 AT C151 380 C9
P12/M62 | C147 320 C8 Al123 520 A2
C148 315 C10 Al24 350 A7
C149 290 C12 P19/M42 | C153 390 C9
Al122 415 A6 C154 390 Cl4
P21/M86 | C152 400 C10 Al129 490 A8
Al125 430 Al0 A130 390 All
Al126 330 A9 P23/M55 | C155 125 C3
Al27 260 Al0 Al31 185 A3
Al128 195 Al2 A132 185 Al3
P15/M62 | C156 550 C10 P17/M34 | C163 400 Cl1
C157 500 C12 Cl164 380 C12
A133 550 A4 C165 265 C2
Al34 500 A5 Al139 480 Al0
A135 380 Ad Al140 400 Ad
Al136 250 A9 Al4l 390 All
P15/M61 | C158 620 C10 Al472 235 A2
C159 380 C2 P16/M38 | C166 225 C9
C160 360 C8 C167 220 Cl11
Cl161 295 C4 C168 195 C10
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C162 295 C12 Al43 380 Al10
A137 495 A4 Al44 310 A5
Al138 410 All Al145 290 A9
P16/M34 | C169 500 C7 P25/M61 | C131 400 C8
C170 340 C4 C132 320 C6
Al46 460 Ad C133 260 C8
Al47 360 A9 C134 255 C10
Al48 360 Al2 C135 230 C10
Al149 320 A5 C136 280 C9
P26/M42 | C05 340 C5 Al110 4010 A5
C06 280 C8 Alll 380 Al3
A03 380 A5 All2 310 A2
A08 240 Ad Al13 280 A8
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