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Short Communication 

Pollen-Specific Expression of the Gene for an Allergen, Cry j 1, in 
Cryptomeria japonica 

Yunqiu Wang,1 Yuzuru Mukai, 2 Mitsue Fukui, Norihiro Futamura, Akinori Nagao, 
and Kenji Shinohara 3 
Forestry and Forest Products Research Institute, Inashiki-gun, Ibaraki 305-8687, Japan. 

A eDNA fragment for an allergen, Cry j 1 in sugi (Cryptomeriajaponica D. Don) was generated by the reverse transcriptase-poly- 
merase chain reaction. Using this eDNA fragment, we determined the number of copies of the Cryj I gene in the sugi genome and 
the organ-specific expression of the Cryj I gene in sugi trees. The Cryj I genes formed a small multigene family within the sugi 
genome, with a stoichiometry of approximately five to eight copies of the Cryj i gene per diploid genome. The Cryj I gene was 
expressed exclusively in male reproductive tissues, particularly in mature pollen. 
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Sugi, Cryptomeriajaponica D. Don (Taxodiaceae) is one of 
the commercially most important conifers in Japan. Howev- 
er, sugi pollinosis is the most serious allergic disease in 
Japan. Two major allergens, the Cry j 1 and Cry j 2 proteins, 
have been identified in sugi pollen (Yasueda et al., 1983; 
Sakaguchi et al., 1990). Cloning of cDNAs for the two pro- 
teins has been reported (Sone et al., 1994; Namba et al., 
1994), and it has been demonstrated that Cry j 1 and Cry j 2 
proteins have pectate lyase activity and polymethytgalactu- 
ronase activity, respectively (Taniguchi et al., 1995; Ohtsuki 
et al., 1995). Previous studies have been limited to analyses 
of the structure and function of the Cry j 1 and Cry j 2 pro- 
teins. The patterns of expression of the C r y j  1 and C r y j  2 
genes, and the structure and genomic organization of these 
genes in sugi have not been characterized. In this study, we 
determined the number of copies of the Cry j 1 gene in the 
sugi genome and the organ-specific expression of the Cry j  1 
gene in sugi trees. 

Materials and Methods 
1 Plant materials 

'Boka-sugi' (Nagao et al., 1989)and 'Kumotooshi' (Mukai 
et al., 1995), two local cultivars of C. japonica that had been 
propagated by cutting, were used for the experiments. One- 
year-old saplings of Boka-sugi were harvested in March and 
divided into leaves, stems and roots. Flowering of Boka-sugi 
(2-year-old) was induced by gibberellin treatment (50 ppm 
GA3, 3 times; Nagao et al., 1989), and male and female stro- 
bili were harvested. Mature pollen was collected in March. 
The various organs were stored at -- 80°C prior to analysis. 
2 Isolation of RNA and DNA 

Total RNA was isolated from pollen as described by Sone 
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et al. (1994), and separately from other organs by extrac- 
tion with hexadecyltrimethylammonium bromide and chlo- 
roform (Shinohara and Murakami, 1996). Genomic DNA was 
extracted from young needle buds of individual specimens as 
described elsewhere (Mukai et al., 1995). 
3 Preparation of a fragment of Cryj 1 eDNA by the reverse 

transcriptase-polymerase chain reaction (RT-PCR) 
The oligonucleotide primers used for RT-PCR were 5'- 

ACTCAAACTGGGCACAAAAC-3' (forward) and 5'-AG- 
TTGCATTCCCATTCTCAAC-Y (reverse). These sequences 
correspond to portions of the nucleotide sequence of pCCI-2- 
2 (Sone et al., 1994). Pollen RNA was reverse transcribed in 
50 ~tl of a reaction mixture that contained 20 ~g of the pollen 
RNA, 1 ~tM reverse primer, and 300 units of superscript II RT 
(Gibco BRL, Gaithersburg, MD) at 37°C for 1 h. PCR was 
performed in a 509tl reaction mixture that contained 10 p_l of 
reaction mixture after reverse transcription, 1 #M each primer, 
and 2 units of Ampli Taq DNA polymerase (Perkin-Elmer, 
Foster City, CA). Conditions for amplification were incuba- 
tion at 95°C for 5 min followed by 30 cycles of 96°C for 30 s, 
55°C for 30 s, and 72°C for 120 s. The amplified fragment of 
eDNA was cloned directly into the BSII TSK vector (Ichihara 
and Kurosawa, 1993). The sequences of both strands of the 
eDNA fragment were determined by the dideoxynucleotide 
chain-termination method with an automated DNA sequencer 
(ABI PRISM 377; Perkin-Elmer) and cycle sequencing kits 
(ABI PRISM DNA Sequencing kits; Perkin-Elmer) according 
to the protocol provided by the manufacturer. 
4 Southern and Northern blot analyses 

Southern and Northern blot analyses were performed as 
described previously (Mukai et al., 1995; Shinohara and 
Murakami, 1996). The 32p-labeled eDNA fragment was 
used as the probe. 

Results and Discussion 
We determined the nucleotide sequence of the eDNA frag- 

ment (974 bp) that had been generated by RT-PCR. Com- 
parison of the sequence with that encoded by pCCI-2-2 (Sone 
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I' A•T•AAA•T•••CACAAAA•A•AAT•AA•CTCGCAGATT6TG•AGT•GGCTTC•GAA6cTCCACCAT••GAG•cAA•G•A•GA•ATCTTT 

152" AcTCAAAcT~GGCACAAAACAGAATGAAGCTCGCAGATTGTGCA~TG~CTTcG~AAGCTcCACCAT~G~A~GCAAGGGAGGAGATCTTT 

91' ATAC•GT•A•GAA•T•AGATGAC•A••CTGTGAATCCTG•A•CAGGAACTCTGCGCTATGGAGCAAccCGAGATAGGCCCCTGTGGATAA 
* * * ~  * * ~ * ~  ~ * * * * * * * * * ~ *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

242" ATACAGTCACAAACTCAGATGACGATCCTGTGAATCCTGCACCA6GAACTCTGCGCTATGGAGCAACCCGAGATAGGCCCCT•TGGATAA 

181' TTTT•A•T••GAATAT•AATATAAA•CT•AAAAT•CCTAT•TACATT•CTG••TATAA•ACTTTT•ATG•CA•••GA•CACAA•TTTATA 

332" TT.•-•-CAGTGGGAATATGAATATAAA•CTCAAAAT•CCTATGTACATTGCTG••TATAAGAcTTTTGATGGCAGGGGAGCAcAAGTTTATA 

271' TTG~CAATG~C~T~T~T~T~TTTAT~AA~A~AGTTAG~AATGTTATCATACACGGTTT(~TGTAcGG~TGTAGTAcTAGTGTTT 

422" TTG~CAAT~TC~CTGT~TGTTTAT~AA~AGAGTGAGCAATGTTATCATACAcGGT-~-F~isT~T~cGGCTGTAGTAcTAGTGTTT 

361' T•G••AATGT-•-rTGATAAA•GA•A•TTTTG•••T••AGcCTG-•-•-CATCCTCA••AT•GCGATGcTCTTACTCT•CGcAcTGCTACAAATA 

51Z" T••••AATGTTTT•ATAAA•GA•A•T1-rT••••TGGAGCCTG-•-rCATCCTCAGGATGGCGATGcTCTTAcTCTGcGcACTGCTACAAATA 

451' TTT~GA~-rGATCATAATT~TTTcTC~AATTCTTCTGAT~T~TGGT~GATGTCACTCT~C~ACTGGAGTTACTATTTCAAACAATC 

602" TTT~ATT~ATCATAATTCTTT~TCC.~TTCTTCTGATGGTCTGGTCGAT6TCACTCsT~eCCGACTGGAGTTAcTAT-~-rCCAACAATC 

541' TTTTTTTCAACCATCATAAA•TGAT•'•-r•TTA•GG•ATGATGATGCATATAGTGATGA•AAATCCATGAA•GTGACAGTGGCGTTCAATC 

692" TT-rTrTTCAAcCATCATAAAGT•ATGTTGTTAGGGCATGATGATGCATATAGTGATGAcAAATCCAT•AAGGTGACAGTGGCGT-rCAATC 

631' AA.•-rTGGA•CTAACTGT•GACAAA•AAT•CC•A•••CAC•ATATGGA•TTGTACATGTTGCAAA•AATAATTAT•ACC•ATGGACTATAT 

782" AA.•rT•GAccTAAcTGTGGAcAAA•AAT•CCCAGGGCACGATAT•GACTTGTAcATGTT•cAAAcAATAATTATGAcCCATGGAcTATAT 

721' AT•CAATTGGTGGGAGTTCAAATCCAACCA.1-TCTAAGTGAA•G•AATAGTTTCA•TGCACCAAATGAGAGCTACAAGAAGCAAGTAACCA 

872" ATGCAA.~r~GTGG~AGTTCAAAT~CAACCA.~-~.~TAAGTGAAG~GAATAGTTTCACTGCA~CAAATGA~AG~TA~AAGAAGCAAGTAACCA 

811' TACGTATT~GAT~AAAACAT~AT~ATCTTGTTCAAATTG~GTGTG~CAATCTA~ACAA~ATGTTTT.V~.ATAATGC~AGCTTATT~TGTAT 

962" TACGTATT••AT••AAAACATCATCAT•TT•TTCAAATT•GGT•T•GcAATCTA•ACAAGATG-•-rTT.•-rATAATGGA•C•-rATTTTGTAT 

901' 

1052" 

CATCAGGGAAATATGAAGGGGGTAATATATACACAAAGAAAGAAGCT'I-rCAATGTTGAGAATGGGAATGCAACT 

CATCAGGGAAATATGAAGGGGGTAATATATACACAAAGAAAGAAGCT'lq'CAATGTTGAGAATGGGAATGCAACT 

Fig. 1 Nucleotide sequence of the amplified fragment of cDNA for Cry j 1 protein. The top line indicates the nucleotide sequence of the amplified 
cDNA fragment. The bottom line is that of the original insert in pCCI-2-2 (Sone et al., 1994). Asterisks indicate identical nucleotides. Nucleotide 
differences at seven positions result in two amino acid exchanges. For details, see the text. 

et al., 1994) revealed differences at seven positions (Fig. 1). 
These differences resulted in changes in amino acids at posi- 
tions 122 (His to Tyr) and 181 (Ser to Thr) of the protein 
encoded by pCCI-2-2. The result indicated that the cDNA 
fragment had been derived from the transcript of the Cryj 1 
gene. Using this cDNA fragment, we performed Southern blot 
analysis to estimate the number of copies of the Cryj I gene 
in the sugi genome (Fig. 2). Boka-sugi and Kumotooshi 

gave very similar banding patterns with minor differences. A 
stoichiometry of approximately five to eight copies of the 
Cryj I gene per diploid genome was estimated by taking the 
4-kb plasmid DNA that included the cDNA fragment as the 
standard and assuming a haploid genome size of 10 pg (Price 
et al., 1974). Our results confirmed that the Cry j t protein is 
encoded by a small multigene family within the sugi genome, 
and seem to be consistent with the previous report by Yasueda 
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Fig. 2 Genomic Southern blot analysis of Cryj 1 genes in the genome 
of C. japonica. Genomic DNA (5 p.g), prepared from Boka-sugi and 
Kumotooshi was digested with EcoRI, EcoRV, HindlIl or BamHI, as 
indicated. Digested DNA was ffactionated by agarose gel electrophoresis. 
The positions of size markers are shown on the left in kilobase pairs. 

Fig. 3 Northern blot analysis of Cryj I transcripts from different organs 
of C. japonica. Ten micrograms of total RNA were used for the analysis 
in each case. The approximate size of the mRNA, as estimated from the 
mobilities of the 28S and 18S rRNAs of Saccharomyces cerevisiae 
and the 23S and 16S rRNAs of Escherichia coli, is indicated on the right. 

et al. (1983), who found four groups of  Cry j 1 proteins, 
which differ in both isoelectric point and molecular weight 
from one another. 

Cry j 1 protein has pectate lyase activity (Taniguchi et al., 
1995), and it is well known that pectic substances, namely, 
substrates for pectate lyase, are found in the cell walls of all 
plant tissues. Therefore, we performed Northern blot analy- 
sis to determine whether the Cry j  I gene is expressed in all 
plant tissues (Fig. 3). An intense signal was obtained only 
with the preparation of RNA from mature pollen. A faint sig- 
nal was also detected in case of male strobili after prolonged 
autoradiography (data not shown). In fact, the Cry j 1 tran- 
script was detected only at the late stage of the development 
of male strobili after induction by GA3 (Fukui et al., unpub- 
lished results). These results suggest that the Cryj  I gene is 
expressed exclusively in male reproductive tissues, in partic- 
ular, in mature pollen. Using immunocytochemical tech- 
niques, Miki-Hirosige et al. (1994) demonstrated the ultra- 
structural localization of  Cry j 1 protein at multiple sites in 
pollen grains and the accumulation of Cry j 1 protein during 
the maturation of pollen grains. We can speculate that the Cry 
j I gene is expressed only at the late stages of pollen devel- 
opment and that its late expression contributes to the growth 
of each pollen tube in the nucellar tissue via the depolymer- 
ization of  pectin in the mature pollen and in female strobili 
during pollination (cf. Mascarenhas, 1990). The degraded 
products of pectin in mature pollens can be probably used as 

energy source and osmotic pressure regulator during the elon- 
gation of the pollen tube. 

The information obtained in this study should allow isola- 
tion of a pollen-specific promoter that functions in gym- 
nosperms, as well as the genetic engineering of transgenic sugi 
with allergen-free and infertile pollen grains. 
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