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Abstract

The morphologically similar spores of five microsporidian isolates were
collected from five important lepidopteran pests. Spodoptera litura, S exigua,
Helicoverpa armigera, Plutella xylostella, and Artogeia spp. in Taiwan during
seasonally epizootic microsporidiosis. The isolate from S. exigua had the highest
virulence to third-instar larvae of S litura. The isolate from P. xylostella had the
lowest virulence but yielded more progeny spores in the infected larvae than other
isolates. This result showed that these isolates have high production in alternate
hosts. The phylogenic relationships of these five isolates were analyzed by
immunological relationship and the homology of the small subunit rDNA sequences.
Based on the patterns of Western-blot hybridization, three serotypes could be
identified. The isolate from P. xylostella is a unique serotype, and the other two



serotypes are N. spodopterae/Artogeia spp., and S. exigua/H. armigera. There were
no significant differences in the SSUrDNA sequences, suggesting that they all belong
to the genus Nosema, but they could be distinguished by random amplified
polymorphic DNA polymerase chain reaction (RAPD-PCR). Five commercial
primer sets (OPA, OPAC, OPBD, OPO, and OPU), with each set containing 20
primers, were used for this study. Using each microsporidian DNA with every
primer for PCR amplification, the yields of RAPD-PCR profiles were compared.
Sixty primers were selected and suggested for intra or interspecies microsporidian
identification and also for phylogenic analysis for these five isolates. Based on the
analysis of the Unweighted Pair-Group Method with Arithmetic Averages (UPGMA)
applying software from the NTSY S-pc v. 2.01b, isolates could be clearly divided into
three groups, the result is coincident with the serotypes. RAPD-PCR analysis of
microsporidian DNA, as shown in these studies, is a readily available, rapid method
for distinguishing and confirming microsporidian species and isolates, especially
those for which ultrastructural studies are lacking. In addition, we used a N.
bombycis specific primer pair to detect our isolates by polymerase chain reaction.
The result implied that the isolate of P. xylostella was closely related with N.
bombycis. This work has been published in Journal of Invertebrate Pathology, 83
(2003) pp. 51-59.

Keywords. microsporidia, Spodoptera litura, Nosema

FWT
B HCTE 3 B A KT R 0 Bk £ Kudo (1924) #7dk 41 o T 1T A AT &t
PO AR R s A I THENTF @ﬁtﬁﬁ 2R | e

v r’ﬁi’éﬁ%{"‘%ﬂf#q’f e A ip e g”ﬁ JeF ehx o) oA ’f&,l_ﬁ;_%%ﬂﬁi: %
slicp s R J MREERZE F 2 RS (Canning et al., 1986; Spragueet al., 1992) - ie
bt m 2 R R B R e
Heie + B B R d Y rRNA B 7 anfp 42 8 < 3 > &% P & 02 rRNA
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& > N. bombycis — k4= N. mesnili = tk o F B * ¥ £ Fo 48 4 B #F 3
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Pk E* Giemsa# ¢ 2 e L N. bombycis (Idris et al., 1997) i 5 & %
53 °1998 # Nahif f= Jungen # % 7 & W2 | F 4 X 1| Vairimorpha fy},xﬁz;ﬁe—r £
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REFFRE I Votex-2 B RRFT 544 (FRT LAraisdEkt 304) #
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LR 3 F Frpk o3 4°C & 15000xgr:§ﬁ-‘\->5'4°\§‘§193"P1F R LRI RN
=0 F o 12 BSA Img/ml & 7| | 13 T 5 %4 & > & Hitachi U-2001 4 & & & 3+
IR 280nmit Koz vk @k B oo 2 3 R

VR RA R RIS AV R TR WA
Bl mg/ml 2 AR s F J2 VAR FEIMAL S Vx>
(Freund’s complete adjuvant) ;2 & » = 25 it 80 AL TSR 2 BT L
Mp R AEPLEERFEZ 3»;: Fed 72 = 2@ (Freund’s imcomplet
adjuvant) & & 1Fif 4eid bf > Hif ez X 0 fd- AR R BIEFHFL
o > WEL T A R RIRMIE ST B2 AR e

=~ RE R RE
Bl KRz fcie + fe S /ﬁﬁ“i\ﬂi“ T FHR IR B B
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Cpme =1l) R THET0A4E L MPBSHEZ S B 1044
1%BSA W I7°CT iR LR A r - BB (A G AR R S+ F)
J7°CTie* 1| proiv* 22 PBSWH=x 51044 £ % - ikl
(conjugated anti-rabbit 1gG fluorescent isothiocyanate, FITC) »+ 37 °C * ix#* 1}
PP ek PBSie= % » X 10445 Bfs* PBS: 4 =1: 145 %5
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AV BRI Bl s hAE R (7 SDS) AR L 100°C ki 5
& 480 P~ 10 pl i 7R ARiRR 4 2 4 (SDS-polyacrylamide gel electrophoresis,
SDS-PAGE) - & /A% ¥ i & %48 (Sacking gel) % 4 3% %8 (separating gel) #1
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Wese F+ ) A 37°C T iEH 1o pEeiv® = & {5 2 TBST (TBS 7 0.05%2 Tween
20) ez s o & 10 A48 f 2 2500 % fFfE 2 - Al (goat anti-rabbit 19G
conjugated horseradish peroxidase) »+ 37 °C * ig* 1] pF » iT% {312 TBST #i%
X EX 1044 =f622 5 ¢ & (% 60mg4-Chloro-1-naphtol > 20 ml ® 7% >
100mI TBS> 60l 30%:iE ¥ it & 3/%) *“FREFEI F o
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(0.5M NaCl, 0.2 M Tris-HCI, 0.01 M EDTA, pH 7.5, 1% sodlum N-lauroyl sarcosine)
4 » 0759 2 /£ 0.1mmz2 43k (zirconia/silicabeads) ** 10 x 75 mm 2 g3 & ¢
vz Vortex-2 ¥ BB 3 S eif 144 (2 :cp Undeen and Cockburn, 1989 ¢
E) o u;}g hadp c%p/f%(ﬁﬁ%ez—:kmlj el (/59’;7\]—*-’ 2 3 , mf'f—*-’ T 3Tk
2.6 d ) FANMA T F B UE I B XE CAB’&’J?{F,,Q | #* QIAamp Blood
Mini Kit (QIAGEN) i 17 DNA 2 B o

+ - ~ SSUrRNA % 71 & 7|

M3z + B SSUrRNA AL #1251 3 % /s p Vossbrinck et al. (1993) #1332 il
* 313 4 18f &2 1537r - PCR 44 & Js#84% 100 ul > 7z 7 100 ng z- 7 F]4% DNA > 50
mM KCI > 10 mM Tris (pH 9.0) » 0.1% Triton X-100- 1.5 mM MgCl,> 0.1 mM dNTP>
0.1 uM primer §= 2.5 U Tag DNA ponmerase(Promega) 200 pl EEEF EE PO
"2 AG-9600 8 R34 BT F o #H{tFigiE 5 94°C2 4480 40 7R 2 94°C 30
#)~50°C30#) ~72°C2 48 Sfstt & 72°CT7 248 - F B % é\,gﬁxloul A
Pt 1% B TR AR Sk T RBR X PR -PCR A 4 75 » pGEM-T
Easy Vector System (Promega) fs:& {7 FaE2 4] (7% o PeF o § Fiz @ BE R
DNA % Bz g p % DNA 2% % (DNA Sequencer 377, Applied Biosystems)
TR e

Lo MR A

95 GenBank ¥ & 2 4 R p G p F 4 2 piie + B SSUrRNA B 71| = £ 30
4 > 12 Clustal X (Thompson et al., 1997) #;%:& {7 & 5|3 7]t % > 12 Vavraia
oncoperae (accession no. X74112) % ¢+ # o 1% GeneDoc #% 3% #-#f & #4 5V #E 4% 5
phylip #% % % ;% (Nicholas et al., 1997) % Macintosh 7 " *® & * PAUP* 4.0b8
(Swofford, 1998) #% ;% i (7 #.% B %~ 47 (phylogenetic analysis) °
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{1 Kawekami et al. (1994) *4 % i) 7 #oe+  (Nosema bombycis)
putative pseudogene SSUrRNA 5 72 % - 14313 $ KAIOL f= KAIO2 &=
KAIOIN = KAIO2N 313 # (%7 & G5 4] > 22 A 714 4)-PCR & i3 i

Yo TR o

-+ w -~ RAPD-PCR 4 37

1T E-E L #8313 2 OPA ~ OPAC ~ OPBD ~ OPO 4= OPU (Operon) &7 %
& w 2048515 (e A) o £ iE 1345 Williams et al. (1990) v 4c if 5 o 35t
Wohg2 TAGEF S MBE X L - 2 AL F > 02 NTSYSpe v. 2.01b #25¢
(Rohlif, 1997) > 41 * Jaccard #p 21 7% #icfe UPGMA = 2 3 1 7 e A B4R F 2 B 7%
B e

8
- ~ AR —g\ﬂu
g oenie 3 R R PR T R BRI RAsF A 233 5~ L 400+
0.17 x 1.90 + 0.12 um (NS) ~ 3.98 + 0.25 x 1.90 + 0.12 um (SE) ~ 4.03 + 0.26 x 1.89 +
0.14 um (HA) ~ 3.96 + 0.21 x 1.88 + 0.10 um (PX) - 4.01 + 0.21 x 1.88 + 0.11 um
(AS) > ™ Duncan’s 5 B ATy g EEFB LR o

C A RARBREHARRIBAR ZEHF 2R R

ZfE P EAH RS F o Awl 5 1 x 10° sporeslarva 2 91.0% (HA) i
100% (SE) ~ 1 x 10* spores/larva % 60.0% (HA) % 94.4% (SE) - 1 x 10° spores/larva
% 30.5% (HA) % 47.46% (SE) - 1 x 10° spores/larva g 4 #| £ & » Lok &2 2
3T AR A 102 10° BT o PX A8tk A £ 58 (249 x 10° spores/larva)
@ SE A dtkz & F 5 X (4.09 x 10 spores/larva); g % 15 6 B L BERY (latent
period) > 6-18 P & 45 # P (exponential period) © 18 P f¢ 5 ¥ R ¥ (stationary
period) ° #7F A Btkeng 2w A% 5 SA] (sigmoid) (B1- ) £ ¢ PX ~ 3tk & IR
I G 5 YR A B0 P (8 0 TF A AEHRTIE S PR A2 5k i 90%L o

T A #trz LDs i€ 1.10 x 10° (SE) 3] 4.28 x 10° (HA) # % »SE 4 3tk eh
BB L HA A Btkend 3 ~PX A3tz 318> @ fr NS ASHaEMF LB -
E LTt & SEchR A PR RE 8 $h 5 o

Z ~NE e

A& 775kDat 49 kDaz > ¥ ¢b @ ¥ B4 44 kDadr 26 kDa ;
S B ey Ui 173156 v 104kDa- £ ¢ NS{- ASe@iipin » ¥95 % 7 &
4% 177572605 54~505" 44 {~ 26 kDa- ' 7 655 kDa % ¢ # * » SE
e HA & 4 22 NSHr AS e th cHBl3¥ - PX 4 3k 2§ 4 (5 b ch Y £ 58~ 56 ~
49 - 255kDa > ¥ #- 1 $hA 2 3 s F A - NSAS ~ SE/HA fv PX o jit #3
b % 3 I NSIAS v SE/HA 4 it m B PX A itk o

2z~ SSUrRNA & FI B 7ol s B % 47
12 18f 4o 1637r 31+ #9734ty SSUrRNA A FIH & R 5 1,232 bp H ¥
NS~SE-~PX fr ASz tkchR 7= 2 48 ¢ (GenBank accession no. AF238239) » @

6



HA &2 3tk enf 7 R F BE 534 821 =% # “A” # = “G” (GenBank accession
no. AF238240) -

SRR S 2B - M55 KR
Wz 50 FIEACE % &~ 12515 5 KAIOIN fe KAION 11 PCR 3 i
B% R G PX A3tk - 832bp * A2 (GenBank accession no. AF310844) -
-7 ';fb? i Mo 2. SSUrRNA pseudogene % 7| (GenBank accession no.
D14632) W 5:4% 48 =% § - #h AL B

= ~ RAPD-PCR 4~ 7

R e R PE T AT DNA ¢ L B P RS KT 2515
¢ g 60 @su@pww oo BTGV AR 160 BT A AP A Y BLens]
+ 5 12 Jaccard 4p 1M e UPGMA 4 45 %7 A& 2 chkdsk Bl 4 = 3 # I NS/AS~ SE/HA
fo PX « NSJJAS fr SE/HA e p 4p it & 5 935%4r 91% ; & NSAS v SE/HA
R AR R S 78.8%; 15 WL PX afp iR B 21.3% ¢ PX A gtk B @
BABKP LG XX hI B a Hhe R hB AP AR H T A K@,’%’}ﬂ;—
TERER TR %‘is‘irév’ﬁ;é_ﬁpfo

o

'ﬁ'ﬁ*“?@“Fﬁ@b”%ﬂ%lw%ﬂ“u.&%mh FEELERT P ORAE
R F LS L R TR R LY T e B SILE 5 - ER) i
Ti” o b0 PR ATA BeNcIE T B A BHRIET AL R pA L R F A o A
RS HERL > WA EHE  TREARAELIAZTE

LR A BERY Z #e AR ,uﬂww ik I SE fo AS A 4kt
g i 4 5 ey SEFF'@;—:{;,% 2. HA %~ ggtkir e pﬁil“«mfi" o R &
P hd d DL PERIFT R T AR SEARFER L R g
d >3 4 ﬁ;%ﬁ ADEE AHE I ARRMK A F 4 n»a—g HR R L o
AT 3 5@"1 P33 A8 PX A 3R SE A 3tk 8 1160 B 12 b o

/’!5‘?\&,"“ %Eﬂtﬁ“’ e R (FF L B 3‘? BB
SSUrRNA A 7| A48 » o T A~ 3tk 5 Nosema A ¥ che ¥ - 3 5 0 R
Ao FeRz_ jicie + B o BiRE A EEE 5 Vairimorpha sp. (Nahif and Jungen, 1998)
*fr V imperfecta (Canning et al., 1999a) o *t 5§ K& I — /| FIAR L jieiz + B ohdf
= e A_RE Mo+ N. bombycis #7i = g 4 (Idris et al., 1997) o d -
il f’-—ﬁ,”ﬁ R A - fé'l P2 pigie + BF 2 v R blAr _RGE f_];’l AT fI}A},%{g_ﬂ',
& b2 fiie & F (Hatakeyamaetal., 1997) > ¥ v i3 5w 3 = & (P3%{ei@
B2 5 1998) 5 @ AR AL F T Atk - fepkar F AF L o %fgfl% F] % 3 e
AR T TR o

A G S 8 fr RAPD-PCR 0% % A7 /| F A 3t b eh— A
%?H%’ PR OREMOE S 2 B - VB i d Y 0BT R RO iR

BRI E G A P e B 2 B e RAPD 313 iR 8 R E Aok B el
% o A#77 ¥ 1 N. spodopterae g % ¥ = # 2 R » # R4 PHREFE T £ 5
Bt o gtk % 21 Watanabe (1976) % % fcf® (1987) shdR 2 4p 5 o @ o] FiA A3
WHRETRZR L o I ) TS RRE R 2 AR T Ak > 1 2 H g
FE MR M 0 v k- R



/47 SSUrRNA A FI1A Z1 F 4L ¢ > Nosema /% 2- #3% 78 N. bombycis (accession
no. D85503) 2 3% s g A e ¥ H A F PR e oo YA B Nosema # ¢ A4 N.
bombycis complex 4= N. furnacalis #7 %= (& =) - N. bombycis complex *® “,f 7 Re
ok b 5 N trichoplusiae ~ N. tyriae ~ Nosema sp. Sd-NU-I1W8401 fr 4 #= 7 ¥
PR Rtk e 08 BAadp ] Fis2 Vairimorpha b afEsE V.
imperfecta ir Vairimorpha sp. (Canning et al., 1999a) - iz#_d ** SSUrRNA £ F] 5
BT & Nosema #enfdsge 5 33 BHREE > P A - AFEZ?
YU R TR AP T 2 AR (Cannlng et al., 1999a) -

Pieniazek et al. (1996) % 7 SSUrRNA A 7 + 224 4p i1 enfa g N
trichoplusiae £z N. bombycis )@'? A - fE @4k D JF‘{ B © rRNA %35 7
Pl RIBARG LR RA ’F%%?Nosemafy;aﬂ # IRNA ®esg 2 T4l > @3 v
Bz p A LSUrRNA * B (B00bp =+ ) # ¢ » & 7 #5447 N. bombycis
(Baker etal., 1994) - #8m » s 9t F’*m}; 7| 4p u/ﬁ}i mAnE B o

o Epie S+ A R e T A g pR s F)h3F § R BRI e
F kv d 373 H B T DNA 3 ;zJ, ARE B T4 A .
RAPD-PCR BI# > 2 FAF S P AT 2 b B WMIST EH G s0eni] F 4o 0
Ll o OPA-04 Z 4% % %W k p 7 % i 2 Encephalitozoon ﬁ%r’v’ﬁé % (Mathis et
al., 1996; 1997) - ##7 7 7" IV * 10K FER (RAPITZ 7 A HLER o

WAL A endR 2 % o I H BRFAE 1R T B R R T R - B ehfd
?’*f*ﬁnuﬁmwﬁméﬁ*ﬁ~ﬁ#—}Pﬁnm o 4 & SSUIRNA A& 7 3
B R R B F AL o 24c Nosema 22 \Vairimorpha g 358 g el

N 1

:rff‘;'ﬂ)ﬂ-%ééﬁ‘_ﬁ&\ FFP:T‘J,WP?LF—W/W—; ’?Jq” SSUrRNA}%,;IJ:ﬁt‘il-;\/y),_:'lifg,_%t/llj
g7 b J_Fa?r}ogaué\ll"r,)\’a Ei AFIT R M- s 3 pe
f’?”ﬁ O TE rn‘f | * RAPD-PCR mﬁJﬁTﬁb“‘@*”T‘iﬁémF&é ]&{? F e &?
N Fﬁwiﬁﬁ@ﬁmﬁwﬁﬁﬁﬂ&%ﬁ’?MMQM%@%_\ﬁ

AR ED S 2 A AP B3] 3 e E L FEN T e enfasE (Ito
and Yanagi, 1999) -

wGenBank ® § & BiRhp ¢ B MEAE R AT 2 REMRF 2 DNA B 7|3
(GenBank accession no. AF214921 » 1,050 bp {= AF214922 > 1,097 bp) » &4 E &
Pl g 10 Bhe A S P E R 23 490 FJpt ¥ a0 £ RAPD-PCR & 3% & =
BB DNEE od N T B ERRETELG > APAERUT NG5 F (7
RAPD-PCR #3 - # ¢ ]* S10231+ ¢ 24 - i£5300bp = +2 % £ > @ S108
3l ¢ A2 - 80 bp2 HE D HFELEREYE AR AT Z REME T AT
F2 BRI BRED APk SRR B RS i -

AR 2 T EmR A L F AR YRS REE Y] (Journd
of Inveterbrate Pathology, 81, 51-59) -

&~${é%

A i~ AAR 23 VP R? T CFR KRGS EH 4K 0199207777
2992929 %829 M2 ? ? Mz & Nosema bombycis (Microsporida:
Nosematidae) - & #> » 36 : 127-134 -

FALT S R4 01987 0 Al eI S H- ATfh o ¢ M B EHH 200 71-74 -

Wi AX 1970 X FfcA $#7 77 X FE? B o RET VY FIE 45
677-682 -



LN'N

% *1% EBEZ S BoE b 19920 A ¥ R i i3z + B #7458 — Nosema spodopterae n.
.o ® EFRE 3R 157:81-90

%,é»fslﬁi% 21987 - AR R F I F [HHRAPFF LAY R o B FREFRL
TEETE LGS 171 F -

Al Fazairy, A. A. 1986. Natural microsporidian infection in laboratory colonies of
Spodoptera spp. Insect Sci. Appl. 7: 701-705.

Andreadis, T. G. 1985. Experimental transmission of a microsporidian pathogen from
mosguitoes to an aternate copepod host. Proc. Natl. Acad. Sci. U.S.A. 82
5574-5577.

Baker, M. D., C. R. Vossbrinck, E. S. Didier, J. V. Maddox, and J. A. Shadduck. 1995.
Small subunit ribosomal DNA phylogeny of various microsporidia with
emphasis on AIDS related forms. J. Eukaryot. Microbiol. 42: 564-570.

Baker, M. D., C. R. Vossbrinck, J. J. Bencel, and T. G. Andreadis. 1997. Phylogeny
of Amblyospora (Microsporida: Amblyosporidae) and related genera based on
small subunit ribosomal DNA data: a possible example of host parasite
cospeciation. J. Invertebr. Pathol. 71: 199-206.

Baker, M. D., C. R. Vossbrinck, J. V. Maddox, and A. H. Undeen. 1994. Phylogenetic
relationships among Vairimorpha and Nosema species (Microspora) based on
ribosomal RNA sequence data. J. Invertebr. Pathol. 64: 100-106.

Baldauf, S. L., A. J. Roger, |. Wenk-Siefert, and W. F. Doolittle. 2000. A kingdom-
level phylogeny of eukaryotes based on combined protein data. Science 290:
972-977.

Bryan, R. T. 1995. Microsporidiosis as an AIDS-related opportunistic infection. Clin.
Infect. Dis. 24: S62-S65.

Canning, E. U. 1982. An evaluation of protozoa characteristics in relation to
biologica control of pests. Parasitology 84: 119-149.

Curgy, J. J, J Vavra, and C. Vivares. 1980. Presence of ribosomal RNAs with
prokaryotic properties in Microsporidia, eukaryotic organisms. Biol. Cell. 38:
49-51.

Hatakeyama, Y., Y. Kawakami, H. Iwano, T. Inoue, and R. Ishihara. 1997. Analyses
and taxonomic inferences of small subunit ribosomal RNA sequences of five
microsporidia pathogenic to the silkworm, Bombyx mori. J. Seric. Sci. Jpn. 66:
242-252.

Hazard, E. I., T. Fukuda, and J. J. Bencel. 1985. Gametogenesis and plasmogamy in
certain species of microsporidia. J. Invertebr. Pathol. 46: 63-69.

Henry, J. E. 1981. Natural and applied control of insects by protozoa. Ann. Rev.
Entomol. 26: 49-73.

Idris, A. B., B. A. H. Zainal-Abidin, and A. M. Norhayati. 1997. Detection of Nosema
bombycis (Naegeli) in diamondback moth using Giemsa stain. Malay. Appl. Biol.
26: 105-107.

Irby, W. S., Y. S. Huang, C. Y. Kawanishi, and W. M. Brooks. 1986. |mmunoblot
analysis of exospore polypeptides from some entomophilic microsporidia. J.
Protozool., 33: 14-20.

Ishihara, R., and Y. Hayashi. 1968. Some properties of ribosomes from the
gporoplasm of Nosema bombycis. J. Invertebr. Pathol. 11: 377-385.

Ito, Y., and S. O. Yanagi. 1999. Discrimination of Basidiomycete species and strains
by Random Amplified Polymorphic DNA (RAPD) analysis. JARQ 33: 149-154.



Kawakami, Y., T. Inoue, K. Ito, K. Kitamizu, C. Hanawa, T. Ando, H. Iwano, and R.
Ishihara. 1994. Identification of a chromosome harboring the small subunit
ribosomal RNA gene of Nosema bombycis. J. Invertebr. Pathol. 64: 147-148.

Kawakami, Y., T. Inoue, Y. Uchida, Y. Hatakeyame, H. Iwano, and R. Ishihara. 1995.
Specific amplification of DNA from reference strains of Nosema bombycis. J.
Seric. Sci. Jpn. 64: 165-172.

Loxdale, H. D., and G. Lusha. 1998. Molecular markers in entomology. Bull.
Entomol. Res. 88: 577-600.

Malone, L. A., and C. A. Mclvor. 1996. Use of nucleotide sequence data to identify a
microsporidian pathogen of Pieris rapae (Lepidoptera, Pieridag). J. Invertebr.
Pathol. 68: 231-238.

Naegeli, K. W. 1857. Uber die neue Krankheit der Seidenraupe und verwandte
Organismen. Bot. Ztg. 15: 760-761.

Nahif, A. A., and C. Jungen. 1998. Morphology and development of Vairimorpha
spec. (Microsporida, Nosematidae) from diamondback moth Plutella xylostella
(Lep., Yponomeutidae). J. Appl. Ent. 122: 617-621.

Narayanan, K., and S. Jayarg. 1979. Occurrence of mixed infections of virus and
protozoain two species of Lepidoptera. Curr. Sci. 48: 825.

Olsen, G. J, and C. R. Woese. 1993. Ribosomal RNA: akey to phylogeny. FASEB J.
7:113-123.

Pieniazek, N. J., A. J. daSilva, S. B. Slemenda, G. S. Visvesvara, T. J. Kurtti, and C.
Y asunaga. 1996. Nosema trichoplusiae is a synonym of Nosema bombycis based
on the sequence of the small subunit ribosomal RNA coding region. J. Invertebr.
Pathol. 67: 316-317.

Sajap, A. S. 1995. A preliminary observation on microsporidian infection in the
armyworm, Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae). Malays.
Appl. Biol. 24: 43-48.

Sprague, V. 1977. Classification and phylogeny of the microsporidia. In: Bulla, L. A.
J. & T. C. Cheng (eds), Comparative Pathobiology. Systematics of the
Microsporidia. Plenum Press, New York. 2: 1-30.

Swofford, D. L. 1998. PAUP*, Phylogenetic analysis using parsimony (* and other
methods), version 4.0b4a, Sinaur Associates, Sunderland, MA.

Tanada, Y., and H. K. Kaya. 1993. Protozoan infections: Apicomplexa, Microspora
In: Insect Pathology, Academic Press, San Diego. 414-458.

Undeen, A. H., and A. F. Cockburn, 1989. The extraction of DNA from microsporidia
spores. J. Invertebr. Pathol. 54: 132-133.

Van de Peer, Y., A. B. Ali, and A. Meyer. 2000. Microsporidia: accumulating
molecular evidence that a group of amitochondriate and suspectedly primitive
eukaryotes are just curious fungi. Gene 246:1-8.

Vossbrinek, C. R., M. D. Baker, E. S. Didier, B. A. Debrunner-Vossbrinck, and J. A.
Shadduck. 1993. Ribosomal DNA sequences of Encephalitozoon hellem and
Encephalitozoon cuniculi: species identification and phylogenetic construction. J.
Eukaryot. Micorbiol. 40: 354-362.

Watanabe, H. 1974. First report of the microsporidian infection of the cabbageworm,
Pieris rapae crucivora Boisduval (Lepidoptera: Pieridae) in Japan. Appl. Ent.
Zool. 9: 133-142.

Watanabe, H. 1976. A Nosema species of the Egyptian cotton leafworm, Spodoptera
litura (Lepidoptera): its morphology, development, host range, and taxonomy. J.
Invertebr. Pathol. 28: 321-328.

Weber, R, R. T. Bryan, D. A. Schwartz, and R. L. Owen. 1994. Human

10



microsporidial infections. Clin. Microbiol. Rev. 7: 426-461.

Williams, J. G. K., A. R. Kubelik, K. J. Livak, J. A. Rafalski, and S. V. Tingey. 1990.
DNA polymorphisms amplified by arbitrary primers are useful as genetic
markers. Nucleic Acids Res. 18: 6531-6535.

1



