Korean Journal of Microbiology (2013) Vol. 49, No. 3, pp. 270-274

DOI http://dx.doi.org/10.7845/kjm.2013.3052
Copyright (©) 2013, The Microbiological Society of Korea

| B &

A 2| 02 7HA| 20| A] Real-Time PCRS

0|3t Nosema ceranael| A=

>

JE!

Zdcistm o 2iTh

5 Mgt

Detection of a Microsporidium, Nosema ceranae, from Field Population
of the Bumblebee, Bombus terrestris, via Quantitative Real-Time PCR
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The bumblebee, Bombus terrestris, has played an important role as one of the altemative pollinators since the
outbreak of honeybee collapse disorder. Recently, pathogens and parasites such as viruses, bacteria and mites, which
affect the life span and fecundity of their host, have been discovered in B. terristris. In order to detect the
microsporidian pathogen, Nosema spp. in the field populations of B. terristris, we collected adults and isolated their
genomic DNA for diagnostic PCR. The PCR primers specific for Nosema spp. were newly designed and applied to
gene amplification for cloning. Only small subunit ribosomal RNA (SSU rRNA) gene of N. ceranae was
successfully amplified among examined genes and sequenced, which indicates that V. ceranae mainly infects the
examined field population of B. ferristris. To detect of SSU rRNA gene, two regions of SSU rRNA gene were
selected by primary PCR analysis and further analyzed in quantitative real-time PCR (qRT-PCR). The qRT-PCR
analysis demonstrated that SSU rRNA of N. ceranae was detected at concentration as low as 0.85 ng/pl genomic
DNA. This result suggests that the detection via qRT-PCR can be applied for the rapid and sensitive diagnosis of V.
ceranae infection in the field population as well as risk assessment of B. terristris.
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EHE E& At AARA 71X Eat oh et sHEo A
22X ZAEHA fAE 2 g9 it} 2 AAAR R
B B3] £ (colony collapse disorder)©] THAsHHA EH 9]
SRR RA FEo] S 3] ASHE L, B HEokelA= Al
SR EZ o2 AFFGH| U= EEEL Tt A
FFFEE Bl v FEAY YT EX | E &5
ol $8te] =9do] AR F7HE L et olF SRS
T2 TH A 24, o2 T3] Hol B3, HHA 5ol I
& =), 53] 7185 (3o HEA(HER Al Blolad=
Azl ARl A A = 2L (Cox-foster et al., 2007), °l&
HAAE FollA Nosema spp.+ tl=dt S|4 EE 2 7|A|
+ a9 B 3o F4E 98-S 5k lrh(Bromenshenk et
al., 2010; Higes et al., 2010; Cameron et al., 2011).

EdoA WA= AuPE(Nosema disease)> H|ZAS
(Microsporodia; Kingdom: Fungi, Phylum: Miscospridia)o]] <5
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8= Nosema spp.7t 450 2317 9 R&7|28& TAAA &
e, B FAAS F4 Q1o & FeAtdd gttt wsiE
31 QITH(Choi et al., 2006). =ATHE-E 27| Fo| A UR¥EH
© 2 e, 23, YRS, S| FaE g AE
AakeF A5t 55 FUSTH(Fries et al., 1984). A% EH(Apis
mellifera)3} 5% EH(Apis cerana) Z5Fo|X Nosema spp.7}
A==, A EHA AMPEE Yo7|= B UA, Nosema
apis7} A2 WA= 3(Zander, 1909), SF BHolki= N. ceranae®]]
23t = AmbE o] A E|§l o W (Fries et al., 1996), o] HAA
Z]9] WA B2 E W olth(Singh, 1975; Matheson, 1996). A %5
AHL N, bombi] ZHgo] B 11%|9) © i (Shykoff and Schmid-Hempel,
1991), |2 N. ceranae?} AFF|gdoA LAEJTHLI ef al.,
2012). $1oll AFE 359 Nosema= B4, 44, H=|4 &
Zlo] ZF A= o] Qlth(Fries et al., 2001; Chen et al., 2009).
Nosema 782 Adst7] sl hazt W&ol /id=aL lal,
A Yo @uAxda By o s EE 4= Qi
LAY At dubd o HAu|HS o] g5 JHE I
Nosema EAS QIS (Chen et al., 2009). L&} o] A




Table 1. Primer list used for DNA amplification
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Primer

Encompassing ~ GenBank

name Sequence Gene region Accession No. Experiment
NCI-F  5-CCTGACGTAGACGCTATTCC N. ceranae small subunit
NCI-R  5-CCCTGCTGCAATCCTTAG ribosomal RNA 17284 FISIOL2 PCR
NC2-F  5-CCTCGTCATTTAATTGGTGAC N. ceranae large subunit
NC2-R  5-AATAAACTGATGGTTACCATCCATC ribosomal RNA 1641-1972 FI481911 PCR
NC3-F  5-CAGTAAGAGTGAGACCTATCAGCTAG Z\'/"” is 163 “b"i‘fmi‘)l RTA 55-341 FJ789792 PCR
NC3-R  5-CAATCATCATACACACTCTTGGAAC - ceranae Smat Subunt (150-438)  (FJ481912)
ribosomal RNA)
NAIF  5-CTACTTGTGAAGGTGAAAATACAC N. apis RNA polymerase 1T
NAI-R  5-GTGTGTTAGATCATCTTCTGCTC Jargest subunit 122-441  DQ996230 PCR
qrtNC1-F 5~ AGGTAATGGCTTAACAAGGCTG N. ceranae small subunit
qrtNCI-R  5'-CCCTGCTGCAATCCTTAGAC ribosomal RNA 182-284 Fi4s1912 - qRT-PCR
qrtNC2-F  5-GGACTGCTCAGTAATACTCACTT N. ceranae small subunit
qrNC2-R  5'-CAGCCTTGTTAAGCCATTACC ribosomal RNA 75-203 FHSIOLZ qREPCR
Actin-F 5 -“TCCTCAAGCTTGGAAAAGAG o . PCR/
Actin-R  5-GGTGGACAAAGAAGCAAGAA Apis mellifera -actin 23379 AB023025 qRT-PCR

Zgk 9}"3%“2 ZL N. apis$t N. ceranae?] IR ol 3t
20 AR 4= Qo] (Fries et al., 2006), Nosema
gl Eﬂf?l Xé—.f‘P TFERo] EApEolA 27 ET gtk A
chol|A] B]-g-3t AJ7to] i o= Ho| B Ao e R
o, PCRI} 22§74 ZEWL Ugert 98 %1, 4]
X 0] 7Fs5}cH(Hamiduzzaman et al., 2010). Nosema spp.©]] <
Sl T55 5] 3] PCR & H7IXE3 % (Higes er al.,
2006; Chen et al., 2008)} A|3tEAS 0|85t PCR AFE-EA
(Klee et al., 2007) 52| ¥o] B 11 &It} Martin-Hernandez 5
(2007)2 duplex PCR—Q o] g3l BHo|| A N. apis, N. ceranae
9] 163 IRNA 23 ZEAA = §AAS st Fujo]
M EHojA Nosema 749 A7 Y (Kim et al., 2010),
PCR-& ©0]-8-3F Zgk(Choi et al., 2003; Yoo et al., 2008) 52| X
7k ek

£ A7 SN elo] 371907 e AYR3
Holl A Nosema 7Fgo]HE WA PCRE EQI35}31, real-time
PCRE ©]-&5}4] Nosema Zj% A& A3t N. ceranae 7
e} Aarsige) SIhEIE 9 2R E 28] 9
sto] awiolek

=
&
AU FEE $UUAES Bte] Tl AABE o)W Ak
57H8 WEst] 2 FHoA 8% U 435S AWt
NBEL £2F ZA] 43404 genomic DNA &2 X835}

Genomic DNA2| £2|
Genomic DNAX DokDo-Prep™ genomic DNA purification
klt (Elpls Biotech, Korea)E AR5} 11, Y& S HI 51
S ol s 0 oot AFINe SRS
ol R, walol RS Witk AE8710] Z3ee 9

Zoll(lysis buffer)S 0.4 ml F7}st g2 27 Zgkct.
AANS 2L AFE7]9) Y3, Proteinase K 20 pl (20
mg/mhE ‘—f?——'— Z HolE thE 70C, 1083 A2 st AE
2719 oete-g H7}8la, genomic DNA T2+ HYo] vh3-&
Ao Hret u}g 13,000 rpm 187 YAE 3t ZHS Al
ZHgole Y1 13,000 rpm, 1£7F YAEE] 5 100 pl BF=
=& genomic DNAE F&3}o] AE of] AR5t

Polymerase chain reaction (PCR)

Nosema spp.Z ©A5}7] $J3} small subunit ribosomal RNA
(SSU 1RNA), 16S rRNA, Large subunit rRNA, 2 RNA polymerase 11
largest subunit -2 %}o]] £0]Z 2] PCR primers 24X} A8
Zra1sle] AlRFslE Table 1). & PCR HES-2 HiPi Plus 5X PCR
premix (Elpis Biotech)E ARSI TE PCR WEg-of] ARG 2 AL
th23} Zt}: predenaturation 94C, 1 £-& =33}, denaturing
95C 30z, annealing 55°C 30%, polymerization 72°C 1&2.
40 cycle2 ¥HEZ3|31, post-polymerization272°C 25-& 4385}tk

T F2E0 S7IME 2M

PCR 3 ZZ¥] DNAZ GelStar" nucleic acid stain (BioWhittaker
Molecular Applications, USA)Z *2]% 1% agarose gel-= o451
A719%539ct. £25 DNA+= AccuPrep gel extraction kit
(Bioneer, Korea)S AME-31e] 3|45ttt DNA+= pGEMT-easy
HE](Promega, USA)o]| 2311 uf=2 2&(Korea)ol| F-A =R}
9J2|5te] DNA d7| X E E4& =3stat.
Suixt 20| /=3t

AR SR e SR S22 HH) 5] 9,
Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) S
0]-¢5}o] PCR primerS A|&519tHTable 1). 5322 N. ceranae]
4= 7iA12] genomic DNAS AMSIITE PCROY| AR HESZ A
o}gj} Zt}: predenaturing 94°C 15-& 48§35}, denaturing 95°C
30%, annealing 55-62°C 30%, polymerization 72°C 1522 40
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cycleg WH23]31, post-polymerization 72°C 2822 =343} o]
HHg FolA] Sol 44l S FEo] Fele LEE MHlEk.
2 W PCR ¥ 89S A7195 U 84 223 ALRAS

et

Quantitative real—time PCR (QRT—PCR)

Aeofrleddol| Al &3 genomic DNAE AquaQuest (Cecil
Instruments Ltd., UK)S ©]83}e] DNA %2 =A35+9ch
Nosema ZXE7NA| 25€] genomic DNA Q] &5 E 3H0]35}7]
A3l 2R B-actin FAAE AHESISATE qQRT-PCRE 2|23}
Hh3ollA AeE 2147 FUSHA = et vh3ol ARgE
primer=  ZZ3}o] o]§H primers ©|-&3t¢ck. DNA
ZZ3Aol= TOPreal™ ¢PCR 2X premix (Enzynomics,
Korea)& AMESFSTE qRT-PCR B2 PrimeQ real-time PCR
system (Bibby Scientific Ltd., UK)E AR&35}4ct. PCR &
melting curve analysis $=35}o] S-AR} ZZ A A AR}

So2] W3 ol 8 Ashgh

An Y na

MRS S8l w7500 ofEE Sk O 26571AIE
o= ATt 2 Aol AT EAPE L F2 Sl
P AT GRS 7] whiZel, TS EBHe S Ealoto]
genomic DNAE F&313lon, 5 A3 3] Hoj S5
H3li(shearing) o}7-5 DNA %7|%95-02 ERI8}5IT}. Nosema spp.&
"R817] Ll 7180l B714go] Hard o= fAREE AES,
small subunit ribosomal RNA (SSU rRNA), 16S rRNA, large subunit
rRNA, @ RNA polymerase II largest subunit - AR} AQts}al,
ol Azt thgt PCR primerS A&slo] $-72} S0
ARgSHATE o5 33 FollAl, N. apis 16S TRNA F7 =2}
N. ceranae2) SSU rRNA §AR}S FA]of| Z2ESF 4= 9J=NC3-Fo}
NC3-R primerE o83t AlFTollA s =719 PCR A

M 1 2 3 4 5

200)
100

Fig. 1. Detection of Nosema-specific DNA fragment by PCR. Small
subunit ribosomal RNA (SSU rRNA; lane 3) and internal control
(B-actin; lane 5) were amplified by PCR. Other smearing bands
(lanes 1 and 4) did not show the expected DNA size. Lanes: M,
100-bp DNA ladder; 1, NCI-F and NCI1-R (N. ceranae small
subunit ribosomal RNA); 2, NC2-F and NC2-R (N. ceranae large
subunit ribosomal RNA); 3, NC3-F and NC3-R (N. apis 16S
ribosomal RNA or N. ceranae small subunit ribosomal RNA); 4,
NA2-F and NA2-R (N. apis RNA polymerase II largest subunit); 5,
Actin-F and Actin-R (B-actin of 4. mellifera).

BCH(Fig. 1). PCR AHES-pGEMT-easy WE] o] S=2d5}al, NCBI®]|
S5H NG F7INES B4 Ea) S FXPEN. ceranaed]
SSU rRNA S ERISFA L, HA| 2AFE 265704 5 18 ZRA| ol A]
AES RIS o] Ak 2Alol| ARSE ARG oFe iR
F A EA7L N. ceranae Y& HoZt).

AeFF|d ol N. ceranae SSU IRNA 537} SE-& | 23}17|
A3, 5Z9 SSU rRNA 5-7A12] 17-438 bp FES FGE=R
o] PCR 42383}, 75-284 bp o4 BolHo R FZH
DNAE &It ch S2H FHA o) thaliA] ok F4 13
28 Ual, §HRke] SEo) JIFE v)X| &= annealing =5
55-62C & U=0] PCRE 3+ 231 DNA ZZo| BT Eo|Fog
ERThH(Figs. 2A and 2B). 9 1 9 294 8% PCR A&
E295taL A7|XEE A5t SZH FHATLN. ceranaed]
SSU rRNA SIS ERIsISTE G 19 HIsiA G 2= A7 A4
o] Hol7hAE G0 =, F7te] Ho|7k Algh fixt FEo 24
oAl §A% SES o]8%t T ER AR &8s
F9o2 Azt AAYE BE annealing 2&of4 Fo|Z3l
PCR AHEE ¥4& 4= 919)3L 58CE annealing 2= =2 A5t
FT AP Ak

qRT-PCRZ ©|-§5to i 5-AAE ©A517] 913, DNAY]
FEE EHEEAE =EL(0.85 ng/ul), A 02 3|5}

(A)

100 bp 200 bp 284 bp

55, 58, 62°C
30s

Fig. 2. Amplification of small subunit ribosomal RNA (SSU rRNA)
region. (A) Schematic diagram of amplified SSU rRNA region. The
gray bars indicate the rRNA region of area 1 and 2 amplified by
PCR. The gray areas of SSU rRNA showed the different nucleotides
between N. apis and N. ceranae via nucleotide alignment. (B)
Reaction procedures of gene amplification for SSU rRNA and gel
electrophoresis. Arrow heads indicate amplification of region 1 and
2 of SSU rRNA, respectively. M, 100-bp DNA ladder.



SSU rRNA {-3122] SZARE HA st 22+ B-actin
S ST TSR] ZEL DNA 57} okl
wfe} 20| AlRERe Alo] A|Asolet. 782 2 A genomic
DNA 9] o8] 3]445 =9} threshold cycle (C) 2] JHAE F 99
BE R’ Zho] 0.96 oo BAEIKFig. 3). 99 1 22
BE Y 2F2 4GS B-actin FHR ] B8l BE ZARsEOlA]
ZEA710] 10 cycle o1 Hol7h AR, T3] S 1/100 o]t
3% o A= SSU rRNA G827} 2= Z 5 Q) th(Figs. 3A and
3B).

AR S U EA ] 43S A 7] ek
W71 838 Aoz, wApE Aoz Qs +ds,
A u A, L34, HESFaL, AEFSF L 59
H 1 E|QItKFries et al., 1984; Anderson and Giacon, 1992; Malon
et al., 1995). N|ZAZ Fo| A AFF Gl FTFE F+= A2
Nosema £92] 3£90 72, o]5 X N. apis®} N. ceranae=
SRS EHoe & IFE Sk =AEY dE2
#20] Qhgel Belo] 2 Sigo] Bt slos), wAlnl 1 olelo]
Hlolgjat Soff 5o EFEE AU 2N FeT o] IS
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Fig. 3. Amplification of SSU rRNA of N. ceranae from Bombus
terrestris. (A) Region 1 amplification. (B) Region 2 amplification.
The amplification is the same of optimized PCR procedures in Fig.
2. B-actin gene is used as an internal control. The number in the
parenthesis is the dilution ration of the original genomic DNA
concentration (0.85 ng/ul). The insets in each panel provide the
standard curves which show the PCR efficiency of region 1(A) and
region 2(B).
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Zo.

3 A SRR RO R AT Sl Aol Nosema
ZEoRE Aekslr] $J51ed, Nosema spp.o|A] E1E SARE2
A& 7)4ho % PCRE $7HDNA S2& Almsfo] Ajoksie
WA A N. ceranae] Z+E-S ERISFATE ol A= EH A
Nosema 7+ ZIeke: $13), ZAlolA] Nosema ER(spore) S <o4~88] &
ep¥e] Aol T PCR(Cho et al., 2003, 2006/ o}831ick
Yoo 5(2008)2 real-time PCR ©]-83t Nosema ¢t o=
Bustg o, S2YH fRAE FE 22 510 Nosema THES
AA o= AA| &gl A9 Ak 7FA L it

N. ceranae?} N. apis 5 Z712] SSU rRNA A gL JH zjol=
Helth= W 31 (Fries et al., 1996)7} 99111, & £719] ¥& SSU
TRNA AH5/dol #3h A-H(Huang et al., 2008)7} XY =|3ict.
E3] SSU rRNAE XE38H N. ceranae? rRNA $HRE2]
Y A][5"-5S rRNA-Intergenic spacer (IGS)-SSU rRNA-internal
transcribed spacer (ITS)-large subunit (LSU) rRNA-3’; Huang
et al., 2008]= TF2 Nosema spp.oA] HX: ¢x|(LSU
rRNA-ITS-SSU rRNA-IGS-5S rRNA-3")2}= A2 E}_E_'E](Huang
et al., 2004; Tsai et al., 2005; Ku et al., 2007). @W&}4 SSU
IRNA A1 7b0] S APEATHRNA 788} 720 Sol4e
SSU RNA A@le] 3707 nhol2A 8] M54 ¥ Ao
et 2 Aok Nosema RS A 5= 9= F39%
Jeie A3 Aol o} gat S gelrrt K ee Frov,
SATA A U= N. ceranae@t N. apisE FEE 5= 3lol, A0
A Nosema 22| Wkol] Y8715 A2 AR ET,

o)de] datES F3ll, 2 Aol A AH8-H SSU rRNA FiE-2
N. ceranae®] Aekel] BEF 5 Y Ao WErHT: wa
real-time PCR-E 0]-&3} Nosema ZHGATHE th4=3] Zgoine
wsks Zo] oz} S w72 S8l AFHFE ZA oA
N. ceranae) 15ho] 7R3, 4157 HAlo] Sl Al
Heie B71el thgt 7| 2A R 24 87 Vs de Al A8t Yt

He

X oFg| A (Bombus terrestris)2 B8 2] B7-E-155 7 colony
collapse disorder)of] thgt thAl] SHEA7| 2 2 2 A 5 Hwofol A
F2% QL 5k Yok 2 ST GOl HiolE 2, Al
S0l 5 o] HYA|L} 7 PIA7HLAE G, ol &2 AYFHFEY
SR YA Foll S F= Aol I A itk AgFHIH
oReIiAlelA Nosema spp.5 BAIGE | 8l ASFITH 450 =HE]
genomic DNA S &3] Nosema spp. --AAF=<]] T8l polymerase
chain reaction (PCR)S £33} t} o5 SAAF 9|4 small
subunit ribosomal RNA (SSU rRNA) §-AAqto] ZZ 59l 1,
B7MEEAS B3N N. ceranae= ZR1E 21L& AV oiARollA
N. ceranae7} A5G E Q] 35 ZHA| 92 R odZ&r) Quantitative
real-time PCR (qRT-PCR)& ©]&3}%] SSU rRNA §AAE
2R817] H13l, A PCRZ 53l SSU rRNA 717+ 271 g o]
g 8% Bold $E& g2lstqith qRT-PCRE ©]-8-514
Zk A oA @2 genomic DNAY] £=21&Q1 FE 3|4 & 53
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0.85 ng/pl 0]5}2] genomic DNA 5E |4 %= SSU rRNA 5227}
ABHom FEE=Zo] ERIF ol2igt ¥ 23, RT-PCRE
0|88t N. ceranae 5] A FEL2 ALFIEY HYA
A Ak Eot ozt A Qe Brlel= &8E ¢ U
Ao g AtmHrt

2Ate) o

o] =52 20128 = HA L AP mA AT H]o] 2]
afo] A9

)
rak

k!

Anderson, D.L. and Giacon, H. 1992. Reduced pollen collection by
honey bee (Hymenoptera: Apidae) colonies infected with Nosema
apis and sacbrood virus. J. Econ. Entomol. 85, 47-51.

Bromenshenk, J.J., Henderson, C.B., Wick, C.H., Stanford, M.E.,
Zulich, A.W., Jabbour, R.E., Deshpande, S.V., McCubbin, PE.,
Seccomb, R.A., Welch, PM., and et al. 2010. Iridovirus and
microsporidian linked to honey bee colony decline. PLoS One 5,
el13181.

Cameron, S.A., Lozier, J.D., Strange, J.P., Koch, J.B., Cordes, N., Solter,
L.F., and Griswold, T.L. 2011. Patterns of widespread decline in
North American bumble bees. Proc. Natl. Acad. Sci. USA 108,
662-667.

Chen, Y.P, Evans, J.D., Murphy, C., Gutell, R., Zuker; M., Gundensen-Rindal,
D., and Pettis, J.S. 2009. Morphological, molecular, and phylogenetic
characterization of Nosema ceranae, a microsporidian parasite
isolated from the European honey bee, Apis mellifera. J. Eukaryot.
Microbiol. 56, 142—147.

Chen, Y., Evans, J.D., Smith, L.B., and Pettis, J.S. 2008. Nosema ceranae
is a long-present and wide-spread microsporidian infection of the
European honey bee (Apis mellifera) in the United States. J.
Invertebr. Pathol. 97, 186—188.

Choi, J.Y., Lee, M.Y., Je, Y.H., Kim, J.G., Choi, Y.C., and Kim, K.Y. 2003.
Diagnosis of Nosema disease in Honeybee by polymerase chain
reaction. Kor. J. Apicult. 18, 131-138.

Choi, J.Y., Lee, M.-Y., Nam, S.-H., Kim, J.-G., Choi, Y.-C., Kim, W.-T.,
Sim, H.-S., and Kim, K.-Y. 2006. Multiplex polymerase chain
reaction assay for simultaneous detection of Nosema ceranae,
Ascosphaea apis and Paenibacillus larvae in honeybee. Kor. J.
Apicult. 21, 93-100.

Cox-Foster, D.L., Conlan, S., Holmes, E.C., Palacios, G., Evans, J.D.,
Moran, N.A., Quan, P--L., Briese, T., Homig, M., Geiser, D.M., and
et al. 2007. A metagenomic survey of microbes in honey bee colony
collapse disorder. Science 318, 283-287.

Fries, L., de Ruijter, A., Paxton, R.J., da Silva, A.J., Slemenda, S.B., and
Pieniazek, N.J. 2001. Molecular characterization of Nosema bombi
(Microsporidia: Nosematidae) and a note on its sites of infection in
Bombus terrestris (Hymenoptera: Apoidea). J. Apicult. Res. 40,
91-96.

Fries, 1., Ekbohm, G., and Villumstad, E. 1984. Nosema apis, sampling
techniques and honey yield. J. Apicult. Res. 23, 102—-105.

Fries, L., Feng, E., da Silva, A., Slemenda, S.B., and Pieniazek, N.J. 1996.
Nosema ceranae 1. sp. (Microspora, Nosematidae), morphological
and molecular characterization of a microsporidian parasite of the
Asian honey bee Apis cerana (Hymenoptera, Apidae). Europ. J.
Protistol. 32, 356-365.

Fries, L., Martin, R., Meana, A., Garcia-Palencia, P., and Higes, M. 2006.
Natural infections of Nosema ceranae in European honey bees. J.
Apicult. Res. 45,230-233.

Hamiduzzaman, M., Guzman-Novoa, E., and Goodwin, P.H. 2010. A
multiplex PCR assay to diagnose and quantify Nosema infections
in honey bees (4dpis mellifera). J. Invertebr. Pathol. 105, 151-155.

Higes, M., Martin, R., and Meana, A. 2006. Nosema ceranae, a new
microsporidian parasite in honeybees in Europe. J. Invertebr.
Pathol. 92, 93-95.

Higes, M., Martin-Hemandez, R., Martinez-Salvador, A., Garrido-
Bailon, E., Gonzalez-Porto, A.V., Meana, A., Bemal, J.L., del Nozal,
M.J., and Bema, J. 2010. A preliminary study of the epidemiological
factors related to honey bee colony loss in Spain. Environ. Microbiol.
Rep. 2,243-250.

Huang, W.F,, Bocquet, M., Lee, K.C., Sung, L.H., Jiang, J.H., Chen, Y.W.,
and Wang, C.H. 2008. The comparison of IDNA spacer regions of
Nosema ceranae isolates from different hosts and locations. J.
Invertebr. Pathol. 97, 9—13.

Huang, W.E,, Tsai, S.J., Lo, C.F., Soichi, Y., and Wang, C.H. 2004. The
novel organization and complete sequence of the ribosomal gene of
Nosema bombycis. Fungal Genet. Biol. 41, 473-481.

Kim, N.-S., Lee, M.Y., Hong, L-P., Choi, Y.S., Kim, H.K., Lee, M.Y.,
and Lee, K.G. 2010. Prevalence of honeybee (4pis mellifera)
Nosema disease by season in Korea. Kor. J. Apicult. 25, 25-29.

Klee, J., Besana, A.M., Genersch, E., Gisder, S., Nanetti, A., Tam, D.Q.,
Chinh, T.X., Puerta, F., Ruz, JM., Kryger, P., and et al. 2007.
Widespread dispersal of the microsporidian Nosema ceranae, an
emergent pathogen of the western honey bee, Apis mellifera. J.
Invertebr. Pathol. 96, 1-10.

Ku, C.C., Wang, C.Y., Tsai, Y.C., Tzeng, C.C., and Wang, C.H. 2007.
Phylogenetic analysis between two putative Nosema isolates from
cruciferous lepidopteran pests in Taiwan. J. Invertebr. Pathol. 95,
71-76.

Li, J., Chen, W., Wu, J., Peng, W., An, J., Schmid-Hempel, P., and
Schmid-Hempel, R. 2012. Diversity of Nosema associated with
bumblebees (Bombus spp.) from China. Int. J. Parasitol. 42,49-61.

Malone, L.A., Giacon, H.A., and Newton, M.R. 1995. Comparison of
the responses of some New Zealand and Australian honey bees (A4pis
mellifera L.) to Nosema apis Z. Apidologie 26, 495-502.

Martin-Hemandez, R., Meana, A., Prieto, L., Salvador, A.M.,
Garrido-bailon, E., and Higes, M. 2007. Outcome of colonization
of Apis mellifera by Nosema ceranae. Appl. Environ. Microbiol. 73,
6331-6338.

Matheson, A. 1996. World bee health update 1996. Bee World 77, 45-51.

Shykoff, J. and Schmid-Hempel, P. 1991. Incidence and effects of four
parasites in natural populations of bumble bees in Switzerland.
Apidologie 22, 117-125.

Singh, Y. 1975. Nosema in Indian honey bee (4Apis cerana indica). Amer.
Bee J. 115, 59.

Tsai, S.J., Huang, W.F., and Wang, C.H. 2005. Complete sequence and
gene organization of Nosema spodopterae tRNA gene. J. Eukaryot.
Microbiol. 52, 52-54.

Yoo, M.S., Kim, LW., Kang, M.H., Han, S.H., and Yoon, B.S. 2008.
Development of real-time PCR method for the detection of Nosema.
Kor. J. Apicult. 23, 241-249.

Zander, E. 1909. Tierische parasite als krankenheitserreger bei der biene.
Munchener Bienezeitung 31, 196-204.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


