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slo] A EIAIZ T 0]E 200X goll A 1587 D4R
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positive ©8-8- pTZ 19U plasmid 9] EcoRI siteol] cloning
&}o] southern hybridizations}$3 t}.

Southern blot hybridization

A g2 A3t genomic DNAZ electroblotting B
© % nylon membrane(Zeta Bind from Cuno Inc. Meriden.
Conn.)o)| transfer §+ T}-& membrane-2 prehybridization &
M(50% formamide, 0.9 M NaCl, 1% SDS, 50 mM sodium
phosphate, pH7.7, 5 mM EDTA, 0.1% bovine serium
albumin, 0.1% Ficoll 400, 0.1% polyvinylpyrrolidine 400)x}
Ao T 37CoA] 4~5A7r XS} Hybridization&
prehybridization -8-%8ol] probeZ @& ¥ 37°Col|A] 1647}
T Bl Probe= oW FE|3te] driMge] w3
Z PALS AR e A WA exonF-$ ] primerA(5'-
ATGGCATCATCAATCGTA-3)¢} P5/2(5-TCCATTACCC-
AATCACT-3)E A}E3le] PCRE ZZ3}1l(probel : 300
bp) 7 WA exong EcoRIC.Z A3 probe2(580 bp)gtH
S ARESHO (Fig. 1 &%) nick translation¥H 0 2 )| 2}s}

of AHg-stant.
a3 o nE

FA7A] A7l ErtES] PAL{ AR 550 24] ojn)
genomic A|ZrE A A L2 DAY BHES GUIMER
Aol delA] k" Tt} oF 60971¢] positived PAL
A} cloneS 3FF9] genomic DNA library 2 58 ¢do]
N zARR] B st selAA @ oF 100 kb o4
EcoRlI THo] Ald 270¢] clones <1819 cH(Table
1). o]& @2 Lee 5'"0] EcoRl 542 dAgsio] A&
genomic Southern blot hybridization A3} A} AF= =] &
ko clone % WX gich wheba] 2 Ao A
zo] ZAANH ol & f1x @& PAL X13 PAL X22
BHstal & 9 5A4E AFstuat 2 JR B st
St

Lee 5'"0] £t PALS f-4x}+9] 24 exond] F7HE

E E
E E
exoni intron exon2
Probe 1* Probe 2

Primer A Primer PS/2

Fig. 1. The location of probes in tomato PAL5 gene used for
analysis of PAL X1 and PAL X2 gene fragment. -Primer A: 5'-
ATGGCATCATCAATCGTA-3'. -Primer P5/2: 5-TCCATTACC-
CAATCACT-3"

Sloll slE3l= EcoRl T (probe2:580 bpye Algate]
genomic Southern blot hybridization2 A3t 23} Lee 5"
o] X113 PAL1oA PALS F-AA7HA] 5% o 2ol ol&
2o} 84 =277 2 271¢] ©@# o] hybridization -2 &9l
3t cHFig. 2). o|uf AlE3F genomic DNAE ErlES]
gozny Eeisle) EcoRl ARass dad sold.
Hybridization 278 BH 7|t g 27 Zo] Ald 22 &
o PAL5 §A=¢] EcoRI @9l probe =1 b2 713
7etA veRgth bl PAL29} PALARHARE PAL1F
PAL30| H]&}o] B4 k3t bandS VYERYRUTE o2 3 2
= olul= copy number] x}o] Z-L& sequence homology
o] zpolel| 7]Qlsk= A o2 Al EY

£ AFedA BolstA €21 PAL X137} PAL X2& 3t
S EvlEe] 49 PAL #AAE HAT TER ol
memberZ 7} gene familyE ©)F1 Yok B & glon
Table 101418} o] o4 %tk @AA cloned
HES Table 1614 2702 F¥3131S v PALL, 2, 3,
4, 5, X1, X20]glon o|F PAL59] full sequence:= ©]w]
Lee T'0] B3l o0, PAL13} PALAS] AAH7IM L

Table 1. Summary of cloned PAL gene fragments from tomato
(Lycopersicon esculentum)

5'-upstream, exonl exon2, 3'-un-

Name . .
intron translation

PAL 1 4.6 Kb 3.7 Kb

PAL 2 - 2.0 Kb

PAL 3 6.0 Kb 14 Kb

PAL 4 5.5 Kb 0.96 Kb+4.0 Kb

PAL 5 8.0 Kb 0.58 Kb+8.0 Kb
X1 © > 15.0 Kb > 15.0Kb
X2 > 9.0 Kb -

*Bach fragment was generated by EcoRI restriction endonuciease digestion.

Fig. 2. Genomic Southern blot hybridization of tomato PAL
genes. Genomic DNA was digested with EcoRI, fractionated on
a 0.8% agarose gel, electroblotted onto a nylon membrane and
hybridized with the labeled 580 bp EcoRI fragment encoding the
carboxyl end of a tomato PAL enzyme (PALS gene fragmeént).
The size of each fragment (in brackets) was determined using
known size markers..
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Fig. 3. Southern blot hybridization of PAL X1 and PAL X2
clones. Bacteriophage DNAs containing PAL X1 and PAL X2
genomic clones digested with EcoRI, fractionated on a 0.8%
agarose gel and hybridized with the labeled 300 bp fragment
(probel in Fig. 1) which is the exonl region of PALS gene.

Bl gith” PAL 2 o} exon 2 F-9IRHS el
9L 3135190, PAL3E full length clone 8H12.31%]
o} G71AE B4& oA 23 Fof Yot B ATelA &
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2 A43 genomic DNA library 2578 clone® 7lo|t}. PAL
X153} PAL X2 clone®] EcoRI'ZHE pTZ 19U plasmido|
subclonedto] AFEALE Hst AL A& FAT
Az} ¢F 15 kbe} 10 kboj] S5 EcoRl ol g .
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717} A& T} hybridization bandE <1 & 5 Yo,
PAL X2¢] 79X 3h)e] bandite] REA T FE L0 3t
of BelsI9ick(Fig. 3). T} PALSS ] cxon 20]
7FR.9]0| A EcoRI At E AR AL 580 bpol| s|Fsl= &
¥ (Fig. 4y& probe2 3}oA] E7-& hybridization 2 H-S 3}
3 A3} exon 194 2|3 @S probeE AME-3F 759
= uhh2 Jehdth Fig 4914 2 vk} o] PAL X1
Aor e ALY ATELE AU ¢ BAsHe
wr#gho| hybridization ¥1¢l. 01} PAL X2¢] 79 27]¢]
A o] hybridization €& & = UAth o] FT 2HE F
#sle] B PAL X1, X2 @ 25 2 copy o] ©Ho]
Mz wkEso] dBFo} 9ovA PAI Xi9) A9 ofokE
& copy?) exon 2 F-91& Sl THo] cloneH o,

vl 2 PAL X29] A9E exon 139E gojWd ALz
Atz g},
=== 0

mebA oleldl &L moh A FHs] sty
PAL X1 98-S Hindlllz} EcoRIE& FAo} g A,
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Fig. 4. Southern blot hybridization of PAL X1 and PAL X2
clones. Bacteriophage DNAs containing PAL X1 and PAL X2
genomic clones were treated as described in Fig. 3 and hybridized
with the labeled 580 bp fragment (probe2 in Fig. 1) which is the
exon? region of PALS gene.

M 1 2 3 4

Fig. 5. Subcloning of PAL X1 fragment (16.0 kb). EcoRl
fragment (16.0 kb) of PAL X1 clone was digested with several
restriction endonucleases and subcloned into a new plasmid vector
(PTZ19U). Lane M, 1 kb ladder; PAL X1 digested with EcoRlI;
lane2, A subcloned DNA digested with Hindlll/EcoRl; lane3 and 4,
A subcloned DNA digested with BamHI.

Ag)se] 2L 4 YR en BamHIO 2 A3
o 9 = 6.0, 3.0, 2.4 kbol e BHEL
2t} (Fig. 5). BamHLC 2 ATE THS] cloneo
71E 8L gdtarx} primere PALS Ao A HA
exon-9]¢] Z7ol|A] oA] 23 18 mer oligomerE AH&-3}
o] primer extensiondh-3-& 71 8)g A7} 6.0 kb g0l 44
5 clone} 3.0, 2.4 kb T o] TAol] AHJH clonedl A &
Aol primer extensiono] YojubA <F 200 bpe] F7)A =R
el & 4 o B3] MR7tel &4 B Ao F7I1M<E
o] zto]2 YEhllE PAL A sjgste @RI o}
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Structural Analysis of Repeated Tomato Phenylalanine Ammonia-Lyase Gene (PAL X1, PAL X2)
Yun-Soo Yeo* and Shin-Woo Lee(National Agricultural Sciences and Technology Institute, Department of
Bioresources, SuWeon, 441-707, Korea)

Abstract : We observed the structure of phenylalanine ammonia-lyase gene (PAL) which is one of the best
studied plant defense-related genes responding to pathogen infection by producing suberin, lignin, and phytoalexins.
In tomato, at least 5 different genetic loci have been identified by genomic southern blot hybridization and
nucleotide sequence analyses of partially cloned gene fragments (Lee et al. 1992). However, our results suggest
that two other isoforms designated as PAL X1 and PAL X2 are located on the chromosome in tomato plant.
Furthermore, the preliminary results obtained from southern blot hybridization analyses of subcloned fragment
digested with several restriction endonuclease indicated that PAL X1 and PAL X2 clones contain at least two
copies of PAL gene and partial nucleotide sequence analyses of each subcloned fragment with the same primer
taken from known nucleotide sequence of PALS5 gene indicated that they are located side by side on the same
chromosome.

Key words : phenylalanine ammonia-lyase gene, genetic loci, repeated structure, tomato.
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