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Pt 13 B, ML A ) 45°, 5546 Nosema /& 89 4F4E; GXMI15 fi7eF R SSU rRNA A B £ £ A&
B AP AL T Nosema B X F, AEIE B 047 &P GXM15 #IaT k5 Nb Bl & A4, & —#¥Frmie
F k. [4£] GXM15 #FeF K2 — M E R KB EMIOT R, H4E GXMI5 #MIeF R mHFn L
HAZFRR,, T oA A RAT & 7 0 15 RRAKE T AR A E 1R 35

Infection characteristics and classification of a microsporidian
isolated from silkworm

HUANG Xu-Hua! LONG Jiang-Qiong® JIANG Man-Gui' HE Qiang>? HUANG Shen-Hui*
DONG Zhan-Qi* XIAQing' LITian> PAN Min-Hui® PAN Zhi-Xin™

1 Guangxi Academy of Sericulture Sciences, Nanning, Guangxi 530007, China
2 State Key Laboratory of Silkworm Genome Biology, Southwest University, Chongging 400715, China

Abstract: [Background] Silkworm pebrine is a serious disease that has caused great damage to the
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silkworm production and its pathogen is the unique quarantine object that for silkworm egg production.
The sources of pathogenic microsporidan of silkworm B. mori are variety and complex, which increases
the difficulty of controlling pebrine in the silkworm egg production. [Objective] The present study were
conducted to investigate the pathogenicity and classification feature of a microsporidan which was isolated
from the silkworm mother moths (hame GXM15), and its source was analysed, which will improve the
classification and database of silkworm pathogenic microsporidian and will be provide reference basis for
the control of silkworm pebrine in silkworm egg production. [Methods] The 50% infectious concentration
(ICsp) and the germinative infection rate of GXM15 were investigated with biological test methods. The
spore morphology of GXM15 was observed with optical microscope, its internal structure was observed
under transmission electron microscope, the SSU rRNA gene and ITS sequence of GXM15 were obtained
by PCR amplification, clone and sequencing, the phylogenetic tree based on SSU rRNA sequences was
constructed with the software of MEGA 5.0, and the genetic distance of SSU rRNA and ITS sequence
were analyzed with software of DNAStar. [Results] The ICso of GXM15 is 8.29x10 spores/mL, which is
2.28 times to that of Nosema bombycis (Nb) and the germinative infection rate of GXM15 is 3.60%, that is
significantly lower than that of Nb. The spore of GXM15 is short oval in shape and (2.05+0.20)x
(3.25+0.30) um in size, and the volume of GXM15 is 2.19 times to that of Nb. There are binuclear and has
13 polar filament coils in the spores of GXM15, and its angles of polar filament is 45°, that is conform to
the taxonomic features of Nosema. The SSU rRNA of GXM15 is grouped in the Nosema clade, and the
genetic distance analysis of SSU rRNA and ITS show that GXM15 and other Nosema microsporidian are
belong to different species of the same genus, GXM15 is a new microsporidian. [Conclusion] GXM15 is a
new pathogenic microsporidan of Bombyx mori, and study on the pathogenicity and classification feature
of GXM15 microsporidan can provide basis for prevention and control of the silkworm pebrine.

Keywords: Bombyx mori, Microspofidia, Infectivity, Classification
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PR K FE R A BR A A 5 [ 3R 57 £ (gel
extraction kit 200), FIEAHAAYIRHEABRAF] .
PCR 1%, Applied Biosystems /Al ; BREEA MRS,
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GXM15 fffflF HUSGL B S, LA Nb A XT R, 435
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£ 1x10°/~/mL), 12 000 r/min E5.0> 5 min; il A 700 pL
HEYIFE R 2] DNA $BGR & GPL &7%, A
LIRS h e 0.2 g KILIEERA 0.2 g /MRS
BR), FIFALHL AR 3 YR (40 s/iK). SRJG TR,
FE DU GXMA5 - AL 41 DNAML,
1.8.2 GXM15 i SSU rRNA EEF1 ITS
Il PCR ¥4, 35& 550

PEFES 1Y) 18f/1537r 1T GXM15 flftl+ iy
SSU rRNA #"1#(% 1) )PCR S )34 % (50 pL): ANTPs
(10 mmol/L) 1 pL, 18f 1 1537r 5[47(10 mmol/L)5%
2 uL, 10xHiFi buffer 5 L, HiFi fi§(5 U/uL) 1 pL,
ik DNA 2 ul, ddH,0 37 pL.PCR )i 4514: 94 °C
5min; 94°C45s, 55°C45s, 72°C1min10s,
&R 30 YK ; 72 °C 10 min, i 1.5%B JEHHEEfL HL
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#£ 1 GXM15 M+ SSU rRNA EE ITS FFIRY

PCR 514
Table 1 The PCR primer of SSU rRNA and ITS for
GXM15 microsporidian

Gene name Primers name Primers sequence (5'—3’)

SSU rRNA 18f CACCAGGTTGATTCTGCC
1537r TTATGATCCTCCTAATGGTTC

ITS ILSUF TGGGTTTAGACCGTCGTGAG
S33R ATAGCGTCTACGTCAGGCAG

1.8.3 #HE GXMI5 MEFHRA,FREL BN AR
EEEE N
DI FARA3H) GXM15 f#flF-H SSU rRNA ¥

515 GenBank I J& F Nosema . Amblyospora .
Endoreticulatus . Vairimorpha . Pleistophora F1 Glugea
JBHIE AT SSU rRNA FEAIHEA T HLA /3 HT
MH MEGA 5.0 B ERGERKFR; #HHH
DNAStar #4453 5% GXM15 #1741 SSU rRNA
K5 TS 5 BUF A AR S AR L A oA RE
S,

2 GiRESH

2.1 GXMI15 MfaFHEIMREHEBHE

211 MREHIFBURLEIKE (1Cs0)

SR GXM15 At BT Nb Ao Bk
TR TIPSR R A 2 4y, 4915 GXM15 1
HFHAY 1Cs 9 8.29x10* N/mL, Nb H 1Cs Hy
3.63x10*/~/mL, GXM15 ¥ 2 1Cs J& Nb fi
filF Uy 2.28 £i5(3% 2), Bl GXM15 filfflF HUx
Fa A BRI TG, (HEL Nb (8 T
(Al
212 MRBEEMELRSIHIME

FIF GXM15 G ftl + HUR YL 5¢ 4 5 bR,
DJEGL GXM15 FeAt 5 ™ 5 0 BEa ™  i) 7 D
I JE ARG A1 0 . 45 R FRW] GXM15 fiftl+
BT R AR LG RN 3.60%, (MR Nb fL
17 H R IRRME YL RN 41.60%, TIEB] GXM15 134t
TR A B AR E L )
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Table 2 Peroral infection of GXM15 and Nb to silkworm, Bombyx mori

Dilution factor of microsporidia (spores/mL)

Number of silkworm

Infected rate of GXM15 (%) Infected rate of Nb (%)

10° 90
10° 90
10° 90
10* 90
10° 90
1Csp (sproes/mL)

100.00 100.00
93.33 100.00
51.11 68.89
13.33 21.11

0 3.33
8.29x10* 3.63x10*

22 GXMI15 W FHHIBELALS

3 BB LA Y GXM15 {7 Hy (K 1A)HH
5B Nb St 7 (] ABY A, X PRI G 7~ Hig
KA E I (36 3), GXMI5 3t 1 AR
N 7.20 pm®, S Nb # AR 2.19 £, 5 Nb 2
5B E . GXM15 fidfl T Hi 5 Nb 7 H U2 AT AR
OETT a8

E] » o 00
® 5um

E 1 GXMI15 FaF=HA Nb FI78FRZ(600x)
Figure 1 Morphology of GXM15 and Nb spores (600x)
I A: GXMI5 i T il; B: KAl Hi(Nb).

Note: A: GXM15 microsporidian; B: Nosema bombycis.

&3 GXMI15 MEFHS Nb M FRSHR
Table 3 Comparison on morphology of microsporidian
spores between GXM15 and Nb

Tl - GXM15 Nb
Microsporidian
FEAR Shape 45 9P [RHE Short oval  BRIEFE Oval
K/ Size (um) (2.05£0.20)x (1.4840.18)x
(3.25+0.30) (2.84+0.25)
#AFH Volume (um?) 7.20 3.29
Kiashe 1.59 191
Length/Width

T V=n/6x Kl e,
Note: V=n/6xLengthxWidth?.

2.3 GXMI15 fFH SRR EAIALIFNR

I A M GXMA5 fffl T~ A %
IS FNAL, RIK LA R GXM15
fFia, JLHERMSZERE; MAESE LK
WL HZ WA % GXMI5 7 i ; Z&E T .
LGRS | AERAR . IR SR 40 b i GXM15
T F H . U] GXML5 fd T AR S N 7 4
B
2.4 GXMI15 faFHRABMEE

FIIHZE S B MEE GXM15 fdt+ U
INHERZERE, GXM15 T F R D EIE ; 1
TRESGEMVEMT, HAMEE | PYRE | JEA R 3 21T
W2z 13 V&, WeziRia2yh 4505 i+ HAU% (K
2), HJEEA KRR, 8T A
Nosema J& il 1 HURFHIE
25 GXMI15 ffaFHAY SSU rRNA EREFIITS
51547

Wit PCR Y4 | T s M 3545 GXM15 73
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\/ R\ K2 1110 bp, F-BEKI(G+C)mol% & ity 33.96%;

ITS JP8I L 339 bp, i BerI(G+C)mol% iy

39.53%, T SSU rRNA JL[K F£51, #] ] MEGA5.0

Nucleus

F?lar A AR GXM5 ¥ HUFIE 1Y 25 ARl 7~ —
tament | |8 v A RS A TR, LS (Beauveria bassiana)

(EU334679)fERHMi . 45 LB GXM15 il 1t
£ F Nosema J& 2 HE (& 3), 1LHH GXM15 L
El2 GXMI5 7 F 0B ELEHI(30 000x) T HUZ—tk Nosema J@ifll i, SRS IS
Figure 2  Ultrastructure of microsporidian spores of S AR — 8. R DNAStar {41
GXM15 (30 000%)

MegAlign %t GXM15 fiffl+ A e+ HUFHA 14 Bk
fi1F A SSU rRNA FE[H 5B 43 751 (GenBank & &1L HUY SSU rRNA J& [K ¥ 51 4 AR B A
S5 MN744318) 1 ITS F Bt/ (GenBank &5t % MEJEIrHT(ER 4), &I GXM15 i+ ) SSU
MN747890)., GXM15 f#flFH (%) SSU rRNA J¥%1  rRNA 5 HAh{H A7 1 SSU rRNA 5 /Ny

500 nm

Nosema sp. GXMI15 (MN744318)
Nosema bombveis (ABO36052.1)

1o0| Nesema sp. NIWB-12n (11Q615701.1)
Nosema spodoprerae (AY211392.1)
Nosema sp. NIK-mys (HQ615699.1)
Nosema bombyeis strain GD1 (1F443582.1)
Nosema bombyeis SESNU (D85503.1)

Fairimorpha sp, GKK-2009 (GQ379702.1)
1l [Qou Pairimorpha sp. CHW-2008a (EU487251.1)
97 Vairimorpha S§J. $B-2012 (JQOD83083.1)
7;E Amblvospora Jm'g.'m'a (J_F 6408.1}
Amblvospora kolarovi (JF826410.1)

100 E Amblvospora mocrushinia (JF826412.1)

— gg— A mblvospora rugosa (JF826414.1)

5 Endoreticulatus bombycis (AY009115.1)

L

)

100

Endoreticulatus sp. Shengzhou (IN688E70.1)
Endoretictdatus sp. CHW-2008 (EU260046.1)
! Endoreticulatus sp. CHW-2004 (AY502945.1)
- r Pleistophora mutleri (FN434084,1}

|

[=TINRV

75| Glugea stephani (AFO56013.1)
00 Giugea anomala (AF056016.1)
Glugea atheringe (U15987.1)
Pleistophora anguitlarum (U47052.1)
Pleistophora mirrandellne (AF104085.1)
69 Pleistophora hvphessobrvconis (GU126672.1)
97 Pleistophora sp. KB-2011 (IN575482.1)
Beaunveria bassiona (EU334679.1)

100

—
0.05

3 GXMI15 WEFHSHMRMAFHET SSU rRNA EEFFIN RS & B LR
Figure 3 Phylogenetic tree of SSU rRNA gene sequences of GXM15 and other microsporidian strains

e 03 BB ORI R G 1000 RIHETEBUZ T s E 40 ARRUREEAER 1% SSU rRNA JEFTF 1k 22 7.
Note: The bootstrap values (%) presented at the branch points were calculated from 1 000 replications; The ruler length means a 1% SSU
rRNA sequence difference.
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F 4 GXMI15 WEFHSHMRMAFHA SSU rRNA EEFFHEMMEFIEEERS
Table 4 The similarity and genetic distance of SSU rRNA gene sequences of GXM15 and other microsporidian strains
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 941 939 940 935 95.7 935 93.0 93.0 919 903 717 46.6 421 370
2 0.9 99.8 999 994 994 994 99.0 994 971 963 76.6 458 433 363
3 11 0.2 99.8 99.3 99.2 993 988 99.3 969 963 76.6 457 434  36.0
4 1.0 0.1 0.2 99.5 995 995 99.1 995 972 964 765 458 433 36.3
5 1.0 0.1 0.2 0.0 99.9 999 995 99.9 976 968 769 47.0 423 363
6 0.8 0.1 0.3 0.0 0.0 99.9 994 99.9 981 966 758 453 435 375
7 1.0 0.2 0.3 0.1 0.1 0.0 994 99.9 976 968 769 472 423 36.3
8 15 0.6 0.7 0.5 0.5 0.5 0.6 99.5 972 962 769 467 421 36.0
9 2.3 0.1 0.2 0.0 0.1 0.0 0.1 0.5 943 968 76.0 46.3 39.8 18.0
10 2.6 0.5 0.7 0.4 0.5 0.3 0.5 0.7 3.3 946 743 477 39.3 16.8
11 3.1 2.0 2.0 1.9 1.9 2.0 2.0 2.4 1.9 2.2 782 447 429 364
12 16.7 158 159 159 159 16.7 16.0 159 159 16.3 153 51.2 458 379
13 52.4 522 53.0 522 522 514 521 51.8 48.0 473 555 523 50.1 331
14 56.4 56.1 56.1 565 56.5 555 56.8 56.8 491 499 56.6 570 436 34.5
15 107.9  105.7 105.7 105.2 1052 107.2 1054 1051 980 96.3 107.3 1204 1146 119.6

Note: 1: Nosema sp. GXM15; 2: Nosema sp. PA (EU864528.1); 3: Nosema bombycis strain GD8 (JF443589.1); 4: Nosema trichoplusiae
(U09282.1); 5: Nosema spodopterae (AY211392); 6: Nosema bombycis (AB036052); 7: Nosema bombycis (D85503); 8: Nosema antheraeae
(EU8B64526); 9: Nosema heliothidis (FJ772435); 10: Nosema fumiferanae (HQ457432); 11: Nosema furnacalis (U26532); 12: Vairimorpha
sp. (JQ083083); 13: Endoreticulatus sp. (AY502945); 14: Amblyospora jurginia (JF826408); 15: Beauveria bassiana (EU334679). Data in
upper right half of the table were of sequence similarity (%) and the bottom left half were of genetic distance.

LR 0.8, FernAIE R 95.7%, Bl GXM15 fi
7 A S A A T i — e 22 5. b, T
IR B 1TS S P8 A TAR U R A% B 25 2 b
ZERFW, GXMIL5 faf 7 HU I AE e fill 1 - 1
(MF998087)AHLIE fie fry 1A 3] 97.1%, 8L g H
A 1.8, 1 GXM15 fliftl— H 5 H A ot AL EE
RAK, YT 50%, LB deE 12.0 DL (3£ 5),
LA GXM15 fiflF HUR—Fh 5 REIE TG R %
KRB WM TR, Fiar4 4 Nosema sp.
GXM15,
3 Wit

AT AL S8 A ) b o 2 2 LR T
BRI PEREEH . AT S DS SRR N
s, H il 22 2 A kR &, Nosema
JR AT AT BRI AR AT . A
T RO . A XUESER P Tk SSuU
rRNA FEFE A ITS PRI R T U5 F-5r 280
SR E LR DNA T4, Horh SSU rRNA K 1&
AT RBRIRE SRR, 1M 1TS 751

T T T SRR B ACE F 43 2535 2,

A S R A6 A G A W 2= o R T
T4y BALS A X GXMI5 T T i 7326
9T o I YA & B GXML5 i F U R A
HARSRAE N IRY ST, H1Cs h 8.29x10° AL,
5 Nb ZbFE—25], A Nb flf 7 HRyML;
GXM15 ¥ Huxf K dx R Riem e g )y, B
FALTF Nb; i H GXM15 il 7 it 5 s HA 8
PRSI, I UE GXM15 it T du x5 4 A
AR E R R A B M A T
GXM15 A7 HIE AR EIE , (AT & b Nb
HAF K, 2—R KT ; GXMIL5 i+ hid
A AN 22 (13 B AL 54, A Nosema J&{#
617 LT ZERARRAIE . JEF SSU rRNA FITITS JE[H
JPANAT R GER B ATt GXML5 il T
HUE—PROBTHY Nosema JEidfe 1, M H GXM15
Tt e 5 AE e ST IR AR S R R Al
RF AR A A o 2 7= 2 LA R D A 43 28 i AT o0 A
HEM GXM15 fftl+ P R iR 7 AR R A, T
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Table 5 The similarity and genetic distance of ITS gene sequences of GXM15 and other microsporidian strains

No. 1 2 3 4 5 6 7 8 9 10 11
1 97.1 24.5 25.0 28.3 27.6 25.5 26.1 23.0 271.7 40.1
2 1.8 26.0 25.5 29.3 28.1 24.5 26.1 23.5 28.7 37.8
3 13.9 13.9 96.9 90.6 95.8 88.0 85.6 87.2 71.9 91.7
4 13.9 13.9 3.2 91.6 96.9 88.5 85.6 88.2 73.4 90.6
5 13.9 13.9 6.6 54 94.8 87.4 86.7 86.6 73.8 84.3
6 13.9 13.9 4.3 3.2 2.7 87.5 85.1 87.2 72.9 89.6
7 13.9 13.9 3.2 2.7 6.6 3.8 88.3 84.0 77.6 81.8
8 16.1 16.1 4.5 45 5.0 4.4 3.9 92.0 76.6 86.7
9 16.1 16.1 5.0 3.9 7.4 5.0 5.1 5.0 74.9 85.0
10 16.1 16.1 7.3 4.2 9.8 52 S 6.4 4.2 71.3
11 14.8 13.5 6.6 7.7 11.4 8.9 7.8 6.2 6.7 8.3

Note: 1: Nosema sp. GXM15; 2: Tubulinosema sp. Bpas2 (MF998087); 3: Nosema bombycis strain GD5 (JF443623); 4: Nosema bombycis
clone 9 (EU350402); 5: Nosema bombycis strain GX2 (JF443601); 6: Nosema bombycis strain YN18 (JF443664); 7: Nosema bombycis clone
NA6 (GQ334403); 8: Nosema bombycis strain GX18 (JF443617); 9: Nosema sp. HA (EU864524); 10: Nosema antheraeae (EU864521); 11:
Nosema sopdopterae (AY747307). Data in upper right half of the table were of sequence similarity (%) and the bottom left half were of

genetic distance.

SR AP, R AR S B 5T GXM5 fHfL
T A B R A A i — 2 TR

G AFS S WSS Sy DA & W 1 & YA T oL
A A A P R A 28 37 3] — L6 S RU G- HLU Ak
o, X R UYL AR, R Pt £
HAPEHE NI, ) AR AP E T T A MG,
MG2., MG4 Tt HAE Y= R PR, XX
SO SRR AR 3-4 A B SAE R 1S s iR
TEATERI T 2 T A0 3, Sod [l A b o e 2]
TR, i, A% GXMI5 M T Hwf 5
A SRR A, FES A — USSR A S
JEFESTPRTA GXML5 feffl e T DUORIBGE 411 73
FHVEFASE N, DI BRI A IR Z0 H Y
[FIFEHE, AT DX HA— FR 4 5 R R kA T
JEPER R SE, B AR RHIE R A, X
XA A= 7 B A7 R A Tk HA B
4 4

GXM15 R+ — R 5 A 1) S U il At
T, HESWA, SREMIFRN)EEESR
BiZ; GXM15 A7 HO A HoA B & kg
1, ABX A A AR G Ty AR s o 2K M e R W
GXM15 filiftl+ HUJE—8T A Nosema Ja& A+t ;

1EZ T — AP T o GXM15 il 1 i
T A E LR A TR, KA A Tk
AR R
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