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Abstract. The nucleotide sequence of the 18S rDNA with antibacterial, antifungal, and immunosuppressive
coding gene in the ascomycetes parasitic funigasia  activity (Kneifel et al. 1977; Furuya et al. 1983; Fujita et
japonicacontains a group | intron with a length of 379 al. 1994). The classification dfordycepsspecies have
nucleotides. The identification of the DNA sequence as éeen proposed by Shimizu (1994) based mainly on mor-
group | intron is based on its sequence homology to othephological properties, color, shape, and host insect, but
fungal group | introns. Its group | intron contained the their phylogeny has not been established. Recently, in
highly conserved sequence elements P, Q, R, and e classification field, the analytical methods have dras-
found in other group | introns. Surprisingly, the intron tically changed from morphological to molecular genetic
sequence of. japonicais more similar to that ofJsti-  techniques. Among bacteria and eukaryotes, the com-
lago maydisthan to the one found iclerotinia sclero-  parison of ribosomal RNA (rDNA) sequences is the most
tiorum. This is in contrast to the sequence identity founduseful method for deducing the phylogenetic relation-
on the neighboring rDNA. This is an interesting finding ships (Woese 1987; Gutell 1993; Wilmotte et al. 1993).
and suggests a horizontal transfer of group I intron se-
qguences.

Method
Key words: 18S rDNA — Group | intron —Isaria
japonica— Fungal evolution For Cordycepsspecies this method has not been applied and their
phylogenetic relationship with other fungi is not known. For the pur-
pose of analyzing the DNA sequence, it is necessary to amplify it by
polymerase chain reaction (PCR) method because it can amplify any
Introduction particular DNA sequence region by use of a pair of primers (Boettger

1989; Medlin et al. 1988; Edwards et al. 1989). We designed new

d . hich itic f . . primers and analyzed the 18S rDNA of thr@rdycepsspecies,
Cordycepsspecies, which are parasitic fungi on II']S(':'Cts'(:ordyceps tuberculata, Isaria japonicand Hymenostilbe odonatae

belong to the order Hypocreales in Ascomyce@sidy-  (ito and Hirano 1996). Isaria species and Hymenostilbe species are
cepsspecies infect larva or imago of insects, kill them, anamorphs of Cordyceps species. The PCR product of the 18S rRNA
and then form a fruit body on the insect. The host selecgene froml. japonica only was found to be largerl@.1 kb) than
tivity is strict. SomeCordycepsspecies, including expected from its coding regioril{.8 kb), so we suspected that a

d . . d hi diti | di insertion was contained in the 18S rDNA bfjaponica. In order to
Cordyceps sinensiare used as Chinese traditional medi- determine the location of the proposed insertion, we designed five

cines in Japan and China. Further, it has been reporteglimers based on the nucleotide sequence of the 18S rDNA Sciet

that Cordycepsspecies produce bioactive compoundsrotinia sclerotirum,which belongs to Ascomycetes, the division con-
taining Cordycepsspecies. By these primers we identified the position
of the insertion in 18S rDNA of. japonica. Also the nucleotide se-
quence of the insertion was determined. The insertion sequence was
Correspondence toY. Ito; e-mail: yito@ccmail.nibh.go.jp shown to be a group | intron by DNA homology search. Introns can
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Ij 1:---AAACCGCTTCATGCAGCCGCAGTAGCTCTGCTCCAGAAAGCCGCCCGAAAGGTCGGT 57
Sclerotinia 1:C...--=----- ..A....TAA.TC.GCGC..AAAAGCAGCTCGTAAGA.TTG.TGGTAG 52
Pneumocystis carinii 1:----TTTTTA..GG.T.TT.T..... GC---GC.AAAG...GC.TTAG.AGCCT.AAA.G 53
Ustilago maydis 1:AAACTTT.A.AG--CTAGC.GCAGTGTCTCTGCTC.A.A..GC. -~~~ GCCT.AAA.G 52
Ij :GGTGTTCCTGTCGGCGCCTCGGCGGACGAAGTAACGTGCTAGTCTTCCCGGGAGCCACGC 117
Sclerotinia O e R T T...AATCA-- 78
Pneumocystis carinii :.TGTA..TCCG. .A------==—= CTAT..A...AAA.GGGA.T..AAAT.CTAGTCT.A 103
Ustilago maydis :.TC.G.G.GTGTTC---------~ CTATTT.A..TAATGGCTAG.CTGAT.CGAATCA.G 102
* *
P
Ij :TCCCGGGGGGCGACACCCTCAAATTGCGGGAAAICTCCTAAAGCCAGCGACACCAAGCCGG 177
Sclerotinia . e L TLT. T ) Ce e [P T..AAACT.A..TA.T.AA.CT 129
Pneumocystis carinii HY-V:V.V:V.V.V. WA, TTGC. e e vvieinens qrc....... ATTC-A..TA.T.AG.A. 162
Ustilago maydis . :CGA.ACAT----=----- L Y [ T.GAG.TCTAG.TA.CGCGGCC 152
KoK KK KKK KKK X * Kk K * *
Ij : CGCCGAAAGGGCGTCGGTGGCCAGGGCAATGACCCGGGGTACGGTAAAAGCGCGCTGGAT 237
Sclerotinia cAATTG. LALATTGT .. a el e CTA...---=.T..... AA. ... T.A..---.T..- 181
Pneumocystis carinii :.TTGTGG.AACACAGTTGT.G.C.A.TT.AT.G..CT..GTATAGT..CAATGTTGAATA 222
Ustilago maydis : .CATCGTGA.ATTAG. ...CAGCACCAGG.T.ATG.CCTCGG.TATGGTAAAAA.GCT.- 211
*
Q
Ij :GGTGC------——=-—~ AATGGACQGATCCGCAGCCAAGCC-TCGTCGCCGC-AGGC---A 280
Sclerotinia - AA L Teo.o.. AL ... T....-T.C..TAA.GTT.C.AA.---T 223
Pneumocystis carinii :T.ACTCTTAATTGAGGA. . ... (€3 1 PP .. .AT.C.AAGGA . ATTTTATTGTCT 282
Ustilago maydis - AA- e Teo.o.. SO P -..T....----_A.AAGT- 251
* * %k o K K kK Kk KPR kK kK * ok
R
Ij :CGGGGGA-GGTTCAGAGACTTGATGGGGGTGGGTGTGGCGCGCGTAA~ - - === === ===~ 326
Sclerotinia AT.LALLLAL o AAf.TA. .. A - AL LATTGC. .- —=—— == === = 267
Pneumocystis carinii AT, .ATGCA|..... C..G.CA. [...CAA..... A.CCTAGTG.G.TATATATATATGGA 342
Ustilago maydis te= L AAG-- Lo AAL .. TT. ... GCAGA. .GT.TCGCGAATGTATGAA 307
* Fok ok k Kk Xk ke % * ok
S
1j el CGCCTAAGATAAAGTCCGTCTACGCAGGAAA 357
Sclerotinia et e mmmmmm—m e m T e Too... A...CGAG.TT..C 296
Pneumocystis carinii R ettt Tl TG...GAG. . T.T.TC.... 373
Ustilago maydis : TCAATCATAAACACGTGAAGGAAGTCTGCT . . T.|. .. ... Teo... .AGCCACAG..... 367
¥ KpK K K K KK * Xk ¥ * %k
Ij :GTTTGTAGGGGTGACCTAAACG 379
Sclerotinia 1. C.CG. LAATAAT----. . Tt 323
Pneumocystis carinii :.AGA.G...TAGC....G 390
Ustilago maydis :CC...GGAATT.TGG.A.C.AACCGAAACAGATAAATAACATCG 411

* .

Fig. 1. Alignment of group | introns in 18S rDNA. The catalytic core regions (P, Q, R, S) are indiedtedethe sequences. The identical
nucleotides are shown liots,and alignment gaps byashesThe conserved nucleotides are indicatedabteriskslj, Isaria japonica;Sclerotinia,
Sclerotinia sclerotiorum.

catalyze their own excision from the rRNA precursor and rejoin the two|eri (Henn.) Y. Kobayasi were obtained from insects cap-
exons to produce the mature rRNA. Group | introns are characterizequred in Ibaraki Prefecture in Japa@ordyceps sinensis

by conserved RNA secondary structures essential for splicing and ar . . .
often capable of self-splicing or require protein factors for excision ?Berk') Sacc. was purChased as dried material at a Chi-

(Cech 1988). Group | introns have often been found in the nuclear and1€S€ drug store in Tokyd. japonicais an anamorph of
organellar genomes of fungi, green algae, and higher plants (BhatCordyceps takaomontanéakushiji et Kumazawa. The
:i;hs%ae resttggdlgi‘ggh:ezfi%g‘ ag‘?‘ ﬁitgbrl:ion "tfgfoupﬁ_ingotf_‘ls aredistribution is restricted mainly to Asidsaria felina
Inouyel | rni .
maydis,andS. sclerotio?unhave b);eh rep;rtezct{fczni:in | }ntrf)r::?r? ATCC 26680 andsaria SqlfreaATCC 22280 were O_b-
their 18S rDNA (Nishida et al. 1993; Sogin et al. 1989; De Wachter ett@ined from ATCC (American Type Culture Collection)
al. 1992; Wilmotte et al. 1993). So we compared the nucleotide se@nd cultivated in Sabouraud dextrose agar medium
guence of thd. japonicagroup | intron with that of other fungi, and (Difco Laboratories, Detroit, MI). We extracted DNAs
a;sessed the distribution of group I introns in 18S rRNA gene among om C. sinensis, |. japonica, H. odonatae, C. tubercu-
higher fungi lata, I. felina,andl. sulfurea(Jhingan 1992) and ampli-
fied them with several kinds of PCR primer sets. The
Results and Discussion nucleotide numbers of PCR primers are equivalent to
those in the primary structure d$. sclerotiorum
Isaria japonicaYasudaHymenostilbe odonata¥. Ko- MUCL11553 (Wilmotte et al. 1993). By primers F-2
bayasi, andCordyceps tuberculatéLeb.) Maire f. moel- (5'CGACTTCGGAAGGGGTGTATTTATTS3, corre-
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Table 1. Sequence homologies among the four féngi cystis carinii,and X69850 forSclerotinia sclerotiorum.
l. japonicais an anamorph o€ordyceps takaomontana
and belongs to the Hypocreales in AscomyceResca-
Strain 1 2 3 4 rinii belongs to the Pneumocystidales in Ascomyceges;
sclerotiorum,to the Leotiales in Ascomycetes; and

% homology

1. 1. japonica 1ofoo maydis,to the Ustilaginales in Basidiomycetes. The se-
quence of P, Q, R, and S regions are highly conserved

2. S. sclerotiorum 59.2 100 | . lint Cech 1988 d
o015 100 sequence e.ements in group | introns (Cec ), an

3. P. carinii 503 550 100 the group | intron oﬂ.. japonicawas shown tp have the
86.1 86.8 100 same conserved regions (Fig. 1). These regions were also

4. U. maydis 62.3 66.3 53.9 100 highly conserved among the other three fungi as com-
79.7 82.6 80.3 100

pared with other sequence regions. Also, the group |
21, Isaria; S, Sclerotinia; P, Pneumocystis; U, Ustilagbhe upper- intron in the 18S rDNA froni. japonicawas found at the
right triangle indicates introns; and the lower-left, 18S rDNA. same position (nt 943, relative to thescherichia coli
SSU rRNA coding region) as the intron in the gene from
. » S. sclerotiorumand U. maydis.
sponding to bp posmons 1.83_207 of the 18S rRNA gene Recently four common insertion sites (nt 943, 1046,
from Sclerotinia sclerotioru and R'.l (STAAT- 1506, 1512) in 18S rRNA gene have been proposed for
GATCCTTCCGCAGGTTS, corresponding to 2107- group | introns in fungi, green algae, and red algae (Bhat-

2028)’ allmos(; tt?]etetr;]twe _188 frIchNAPCC(:)SId bz aT?Ig'ed' tacharya et al. 1994). Introns of fungi have been found in
and we found that the size of the product 'bm 0 «nt 943" and’or “nt 1506” position. We have sup-

japonicawas larger than that of the product from the posed the positions to be structurally appropriate for in-
other fungi. The primer set F-7 (6GACAGATT- sertion of the introns.

GAGAGCTCTTTCTTGAS; corresponding to 1538— The homoloay of aroun | intron sequences amon
1562) and R-1 could amplify the downstream region in- ) gy ot group n seq : 9
four fungi are shown in the upper-right triangle in Table

cluding phylogenetically changeable region in 18S . . . .
rDNA. We showed all PCR products to be identical in 1. Interestingly, the group | intron df japonica was

size. By the primer F-6 (BACGATCAGATACCGTC- found to be more similar to the intron of the basidiomy-
GTAGTC3’ corresponding to 992-1014) and R-2 cetous fungud). maydis(62.3%) than to the introns of
(5’GGTCTéGTTCGTTATCGCAATTAAG3 corre- the two other ascomycetous fungs.( sclerotiorum,

sponding to 1639-1615), we could amplify the central59'2%;P_' carini_i, 50.3%). Also, the intron sequence of
region in the 18S rDNA. The PCR product fromja- U. maydiswas similar to that of the ascomycetous fungus

ponicawas larger than the other products. Thus screenS: Sclerotiorun(66.3%). The intron sequence of the as-
ing by means of PCR amplification detected the intron incOMycetous funguB. carinii showed a low similarity to
the 18S rDNA ofl. japonica, but not in the other mem- the other three fungi. Further, the nucleotide sequences
bers of theCordycepsspecies. of partial 18S rDNA from the four fungi were compared
We determined the nucleotide sequence of the insertthe lower-left triangle in Table 1). The compared se-
tion in 18S rDNA froml. japonicaby using the primers duence region contained about 500 bp of the upstream
F-6 and R-2. The sequencing reaction was carried out bjfom the 3 end of 18S rDNA and included the variable
the cycle sequencing method described by Pharmacieggions V7-9 corresponding to the nucleotide sequences
LKB Biotechnology (Uppsala, Sweden). The length of of S. cerevisiaelt has been reported that the nucleotide
the insertion sequence was 379 nucleotides (Fig. 1). Repequences in variable regions differ among fungi and that
resentative sequences of the strains used in this studi?e sequences reflect phylogenetic relationship (Neefs et
were deposited in the DNA Data Bank of Japan (DDBJ)al. 1993). The sequence bfjaponicashowed a higher
as D86057. By homology search of DNA data banks, thissimilarity to that ofS. sclerotinia(91.5%) than to that of
insertion was shown to be a group | intron. This insertionU. maydis(79.7%). Thusl. japonicawas phylogeneti-
sequence was compared with that in the 18S rDNA ofcally close to the ascomyce® sclerotiniaand far from
nuclear genome from three other fungi. The alignment othe basidiomycetdJ. maydis.However, the intron se-
group | introns from four fungi, i.el, japonica, S. scle- quence ofl. japonicawas similar to that otJ. maydis.
rotiorum (Wilmotte et al. 1993)P. carinii, which causes These data suggest that these introns are horizontally
pneumonia, andJ. maydis,are shown in Fig. 1. The transmitted.
inserted sequences were aligned by use of the Some group | introns, including that &f japonica,
GENETYX version 8 program (Software Development which lack an endonuclease coding region, are unlikely
Co., LTD., Tokyo). The 18S rRNA sequences and theto be mobile. It is unclear where the ‘“stable” intron
inserted sequences were obtained from the EMBL datacame from, or if it has been present from the beginning.
base, X62396 fostilago maydisX12708 forPneumo-  Recently, intron transposition by reverse splicing was
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proposed, and it did not limit the intron type (Belfort Fujita T, Inoue K, Yamamoto S, lkumoto T, Sasaki S, Toyama R,
1993). The intron of. japonicawas probably moved by Chiba K, Hoshino Y, Okumoto T (1994) Fungal metabolites. Part
h . 11. A potent immunosuppressive activity found in Isaria sinclairii
such a process. Further sequence analysis many provide . L
. . . - metabolite. J Antibiot 47:208-215
us with the mechanism of the intron mobility.

he distributi f . ithin f .. Furuya T, Hirotani M, Matsuzawa M (1983) ®N2-Hydroxyeth-
The distribution of group | introns within fungi is very yl)adenosine, a biologically active compound from cultured myce-

complicated. In this study the phylogenetic relationships |ia of Cordycepsandisaria species. Phytochemistry 22:2509-2512

between the intron sequences and the host genome S€gtell RR (1993) Collection of small subunit (16S- and 16S-like) i-

guences (e.g., 18S rDNA) were not coincident. There- bosomal RNA structures. Nucleic Acids Res 21:3051-3054

fore, lateral transfer may have played an important rolato v, Hirano T (1996) First successful amplification of 18S ribosomal

in the evolution of fungal group I introns. DNoA of Cordycepspp. by the PCR method. Mycoscience 37:109—
11

Jhingan AK (1992) A novel technology for DNA isolation. Methods
Mol Cell Biol 3:15-22

Kneifel H, Konig WA, Loeffler W, Muller R (1977) Ophiocordin, an
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