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FEE. [ 869 )idit RNA seq 3 Kot shis ey ik £ 1 Ascosphaem apis Fo-F AR EHAZ L0 Bk
4 R M iE LR AT I B de novo 4L IR E TR G AF A, A LR AT S Ak B R AE R ER
AT FIMBIBI R E R SSR 5T AR, [ k] Hh@ad 2% 8 SR EMRGRER
% A4 1 x 10" 3aF/mL 6454472 4.5 F= 6 B #-69 F KA B 5 Apis mellifera ligustica % & Fa
A8 F ¥ Apis cerana cerana %) % i3 Ilumina HiSeq™ 2500 -F & F) Bf 24 b ik & ¥ 4h &k i B s L5k
FERHIOTFHATEEN G, R4 23085 @ i Trinity 2 4F 48 3 4F 5| unigenes , #F /i i+ BLASTX b
%F NCBI Nr, Swiss-Prot, KOG #= KEGG %L 3% % % unigenes # 175 f6 5 AR @ %2 F, A A MISA
B A 3FFF A unigenes #E4T SSR 3 & , 5 4) A Primer Premier 5 & 43% 3+t SSR 4% J+1£ 7] 4%, i@ i¢ PCR
SRR RREGEREE SSR AL B3t AT 3, [ 45 R] AR & IKAT 146 135 308 4% L & reads, de
novo #1343 %) 42 609 /> unigenes, BLASTX a2 R £ 77,29 316 /A unigenes f & 3k 338 & F
B e Ao R % 28, 283k X B & Xanthophyllomyces dendrorhous ‘¢4 unigenes & % , i&
6 0504, KEGG 84 % %7 ,unigenes 7 28 %] 117 M@ R, P g %Ea‘?%}%%( ribosome )
_E # unigenes # & % (529) FT A unigenes P EFRM 5] 7 968 A~ SSRs, i@ it PCR JFF & th 5 A3k
£H SSR 4 Farit, [ER]AMRARABEREAGALHTA, FHFT S RiMERE
BT AL \5"7K4;/ﬂi)\5ﬁmik§€§]k4%§2%éﬁﬁ7?4 B AT ZBERALEEITRNGS A SSR 4
TFAGL TS A EL AR BEMERL R TAZFHRL .
KR B EH; AF R4, RNA seq; Fab 5K M@ %24 ; SSR
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Abstract: [ Aim ] This study aims to deeply sequence the purified spores of Ascosphaera apis and
honeybee larval gut infected with A. apis using RNA seq technology, to de novo assemble a reference
transcriptome of A. apis, to further conduct functional and metabolic pathway annotation, and finally to

develop SSR markers for A. apis. [ Methods] A. apis spores purified after differential centrifugation were
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fed to the 4-, 5- and 6-day-old larvae of Apis mellifera ligustica and A. cerana cerana at a concentration of
1 x 107 spore/mL. The purified spores of A. apis and the infected honeybee larval guts were sequenced at
Mlumina HiSeq™ 2500 platform. After filtration of raw reads, unigenes were de novo assembled with
Trinity software and annotated through BLASTX against the NCBI Nr, Swiss-Prot, KOG and KEGG
databases. The MISA software was used to search SSRs in all unigenes, and Primer Premier 5 software
was used to design specific primers for SSR loci. PCR was carried out to amplify SSR loci in A. apis from
different regions in China. [ Results] In this study, a total of 146 135 308 high-quality reads were
produced from RNA seq, and 42 609 unigenes were de novo assembled. BLASTX results indicated that
29 316 unigenes have function or metabolic pathway annotations in the aforementioned public databases.
And the most unigenes (6 050) were annotated to Xanthophyllomyces dendrorhous. The results of KEGG
pathway annotation revealed that all unigenes were annotated to 117 metabolic pathways, among which
ribosome (529 unigenes) was the most enriched one. In total, 7 968 SSRs were predicted from all
unigenes, and five SSR markers were developed by PCR amplification. [ Conclusion] In this study, a
reference transcriptome of A. apis was successfully de novo assembled and annotated, providing significant
information for further studying A. apis at the molecular level. Five SSRs developed in this study can
facilitate the research on A. apis including strain identification, gene map construction and gene
localization.

Key words: Ascosphaera apis; reference transcriptome; RNA seq; function and metabolic pathway
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281 1 Z295 ( chalkbrood disease ) & —Fi 5 H AT
FNMERY B FUIR N, 1913 4F Massen 7E7E [ 5 K i
TE L, DR RE 1990 48 & AR 1 W6 (22 S A Bk
KA, 2009) , ITAEk , i 16 7™ it 52 o ) PR & e
H 2 S 2 AE E T3 (Aizen et al., 2009) , %
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1988 ; Anderson and Gibson, 1998 ). §% ¥ &
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IR R S AR W Apis cerana cerana ( fRjFRHEE)
2l i AU TN e, 0 X R i S
ZH R e ) AU 92 25 e SR A e U A B e 4 T
A LI P e , K e D i A 0 R S BR A T
19 I 7 B TR A, HE T de novo 2 266 BRE T 114
unigenes , H- X HAEAT I BE R S QMmO B . A
FHAS B ST LA B i) BRE B 275 e S 41, mI X4
Fr A BRPE B Rl TN A R T R AT 25 S ik ik
PR3-, S 7 38 ek S 2 KT R S B 7S R 2
M I R TP A ST R AR . AR TR pk g
W TR R E RN S EGE, R TIASH
FAUFEIT AR S A SSR ZpFAric, il Hl T Bk
PR R RS AE B TN A A e st Z R I 5T

1 #MREFE

1.1 #ilEESKER

AW ST AP 0 B e 4y e RN rhge &) iU R R
PRI W e 2 Wl U7, e o 4 T T R ol A
VI WNEEL e U A VS M et Y S BT A
1.2 FELWKF R

DEPC /KW [ £ T® A4 T/ ( Rig) A A
#],DNasel I Oligotex mRNA Kits Midi i3 & H
f& [ Qiagen 2% W], Dynal M280 % Bk W H 3¢
Invitrogen /], B LR AN B 25 [F Sigma /2], DNA
Ligase 1y B € [E Thermo /7], RNAiso Reagent #jfj$2
iR 7 & \Ex Taq Polymerase f Superscript [[ Reverse
Transcriptase ]It B H 7% TaKaRa 7\ 7], 4lift, cDNA
A% Agencourt AMPure XPbeads I H Beckman 35 [E /v
Fl, cDNA 3CJF # #3857 & TruSeq"™ DNA Sample
Prep Kit v2-Set A 4 H 2€ E Ilumina 2\ &), DNA
marker 2y H A TaKaRa 23 5] 7 o HAl 00 24 0
iR eI

R IE R AR A b T LR AR ), pH
PRI 8 b SR R By A R 7 R 4l
AKASI b )R R 2R K Ak B 5 A PR ),
Y VRO LW A 18 E Eppendorf 23 7], 8] & 25
W E B ER L) Es TAE S H
I 2 2 S BORA IR ], PCR AU 3 36 [ Bio
Rad 227, BER UG Al B e 5 i R R
28 ] AR KA 1 A RS SR AR R B0
ARAT
1.3 EEHREFRIKEEELE

W 4y K b gy o ARDRL G 7 2 IR EAE SE

(2009) BIBFFEHGE o 7 F T e 4 e &)y 1 ot 4%
ATIK 70% A190% L) Eo K 2 H il I % 24 £k
B e, BT IR E R 5 37 48, 35°C , 70% FH X 1 B
(RH) 25 T 5%, 1 24 h kL, 3 Hign, —
21 2 Mo Bk 3 TR A - 1 N T ARDRE (R Dy
1 x10" fF/mL) , 75— MEE# AN T Ak, Bk
P 3 MY EE
L4 NErERRES

TR A YAl b B BROBR B 1R 78 1 2 EP 45
B Jensen 85 (2013 ) (Y J7 VA #EA T 40 Ak 3K 34 74 71
F RGBS 2 AR VK AR R A5 o
o3RI IABR P RAR R R (4, S A6 H
W) il S e g (4, 5 /6 Hi%) i, W AHE
V5 T A% 2 AR KA DR A7 45 T o
1.5 cDNA XE#E RN RNA seq il F

TSR F AR A% SR T R Yl W JE R S R TR
afifl A7 i S RNA, 19 Oligo (dT) Ay REER &
EEHZ A Y mRNA, il A fragmentation buffer e
mRNA $T B B0 A B, L mRNA AR, FH 7S B 3
FEHLT | ¥ (random hexamers) & i cDNA 25 1 4%, 4R
Ja A SGE i .ANTPs .\RNase H £ DNA polymerase I
G cDNA 2 2 55 7E 2834 QiaQuick PCR &7 &4l
EIEI0 EB 2 v e i 2 5 ACR & 52 il poly (A)
I P 4k, AR IS T BROAR AR B J5C v Uk R AT v Bt
K/NGERE, B Ja 04T PCR P14, A 4 5 0 e SC %
Ilumina HiSeq'™ 2500 #4735 .
1.6 IRFRESEHRAR de novo A3

X T IR T AR Gl 0 | b e gy g TE R i
FeRdE , & 5520 i b X 7 86 2 2% B (K] 40 ((assembly
Amel_4. 5, assembly ACSNU-2. 0) F1+H ¥ 4h o iz 8
SRR (AR 4, I i Bls © 1% NCBI
SRA %4 J/E , SRA Num: SRA456721) ¥ 4 L% F
(R 5 Al AR R A P B R 5 o I Perd
AR 25 Bk E ORI G B & A adaptor [N Y LR
T 10% F) AR o it 352 BE (reads ) , FJ A5 A7 &% 132 Bt
(clean reads )., A F &k {4 Trinity o f7 Bk 4%
unigenes [1Y] de novo Z1%& (4 {H Kmer =25) , K
%515 200 bp 1Y contigs F1 unigene HBf g & 7, 1 UEFN
HAELNS 152 Bt Y unigene, RNA seq J5UG %4
£ 1% NCBI SRA %#& %2, SRA Num: SRA464366
1.7 Unigenes EZAIhEEEF

FIFH BLASTX ( E-value < 10 ™) 43 ¢ ¢ 41 He
NCBI Nr, Swiss-Prot, KOG 1 KEGG $(#lFE., Wt
BLASTX 421255 4 K () unigenes J$ %1 5 Nr ¥4 g
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HEATHEA BB unigene 76 Nr 2 v Lk 45 SR 0
U CE AR AR ) TR — 25 5 51 Ry X6 1oz [) 5 31) Ay
JEH, B —45) 1€ [T 2 B J@ 0, e 1t e Xt
NS YA R T 5 B . FE T Nre B8 R v R
2555 A Blast2GO #E47 unigenes [ GO {188, F|
WEGO #3417 GO 4335,

M3 BLASTX (E-value < 10 7 ## % ¥ unigenes
31 % % Nr, KOG, KEGG #1 Swiss-Prot & [1%%
PP, Soc A LU 6 45 FOF ] T 5 unigenes 1 5 7] .
T RAS ) P 2Z [A) 0 LT 285 SR o8 &, 4% Nr, Swiss-
Prot, KEGG Fl KOG I S 2 Hf iE unigenes [ 7 1]
Jria) o A7 He—HE S AR TG IE e X 2] R % 2%, A
ESTscan Fiilll unigenes 4 4fi% X S8 2 1551 J5 1]
1.8 SSR #rFiriE AR

AT MISA 48 2% unigenes HY 1 T2 Frid,
FEMELL T FRUE unigenes H 4y 8 SSR v g : ALY
PREE =6 I, "M IREL =5 WK, UL T IREL
=5 K, I HRERE =5 IKHABKTREL =5 1K,
IS0 SSR TR R AE . AR MISA [ 4
45 5 A Primer Premier 5 ( Premier 23 &), JII &
)X HE—A~EA 16 bp GHAEEH L) SSR B354,

TEHORIE T8 g M (FZ) FIdr iz 1 (CS) 1Y
BRYETAMEA AT SSR 7 s 4858 , i M H & RNA
#2187 A RNAiso Reagent( TaKaRa /2], H 4% ) 4l
PEEK 2 TH A6 1 B RNA, 2K 5 F B 3 s il R &

Superscript [l Reverse Transcriptase ( TaKaRa 2\ 7],

HA) #6407 5% 5% 75 3] cDNA, BEHLIESE 20 XF SSR
e Ve ¥ 54T PCR 9715, PCR AR & 20
wh: cDNA #iflg 1 wL, Mixture 10 pL, FFF514
(10 wmol/L) 4% 1 wL, JCH /KM% 20 wL; PCR F2 7
94°CHiAEME 5 min; 94°C AFPE 50 s,55°C iR k 30 s,
72°C HEfH1 30 s, 3533 MEER; 55 72°C 4E# 10 min,
PCR =¥ 2 1% SRR WEEE RS L UK A I .

2 #HR

2.1 RNA seq #¥{#E4 7 % unigenes 3%

BRPE AL 7 SRR R Y ) i
A1 Mumina JU) 77, 23548 151 312 584 &R 610 B
(raw reads) , 5BR& adapter 1Y . & N FL#l KT 10%
B A i & /Y reads, 345 3] 146 135 308 4% clean
reads, %% £ § clean reads %Y ¥y fF 27 141 980
(94.37% ) LA L, Wi Q20 (99% B Bk 1E i %) ¥ 7E
3292 721 137 (97.05% ) LA |, $EW] RNA seq ¥4
i R (R 1),

# clean reads 25 %5 4 B & Bf ( contigs ) i — 2%
contigs J7 91 PFHEFI 2 TUA AL B3 531175 2] 42 609 4>
unigenes (% 2) ,FH K H 966 nt,N50 Sy 1 550 nt
(1), B A TS unigenes (2055 R0y, 4
Hiit, unigene ML H B 51K B A 35 I m s 2L,
£ 300 ~399 nt KEEJEENEHEZ A5 EWIKF
HI I3 A R HE A LA o
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Fig. 1

Length distribution of unigenes of Ascosphaera apis
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&1 RNA seq #iEGRIT
Table 1 Summary of RNA seq data in this research

FEUERT reads B H 1 UEJG reads 2LH (H 4 LHL) BB (AT {5t i reads EX(F 43 LL)

Sﬁ:fle Number .of re.ads l.\luml‘)er of reads after chpf‘;iittfge Number of Number of low-quality Qggopiiif:ge
before filtration filtration ( percentage) adapters ( percentage ) reads ( percentage )
AaCK-1 27 346 616 258 80 356 (94.64% ) 52.87 121 010 (0.44% ) 1341 932 (4.91% ) 97.11
AaCK-2 28 762 462 27 141 980 (94.37% ) 55.38 142 288 (0.50% ) 1474 808 (5.13% ) 97.05
AaCK-3 28 615 498 27 069 220 (94.6% ) 55.41 124 140 (0.44% ) 1418 572 (4.96% ) 97.15
AamT1-1 2 528 840 2 469 622 (97.66% ) 41.94 6528 (0.26% ) 52 690 (2.08% ) 97.45
AamT1-2 2 737 168 2 693 106 (98.39% ) 43.02 5668 (0.21% ) 38394 (1.40% ) 97.85
AamT1-3 3023 132 2980 240 (98.58% ) 43.25 5532 (0.18%) 37 360 (1.24% ) 98. 18
AamT2-1 3178 228 3122 140 (98.24% ) 42.28 6568 (0.20% ) 49 520 (1.56% ) 97.99
AamT2-2 2 547 204 2501 890 (98.22% ) 43.29 5928 (0.23%) 39386 (1.55%) 97.75
AamT2-3 2 814 364 2768 034 (98.35% ) 42.33 5510 (0.20% ) 40 820 (1.45% ) 98.07
AamT3-1 3229 530 3178 978 (98.43% ) 44.91 6086 (0.19% ) 44 466 (1.38% ) 97.89
AamT3-2 2 345 336 2253 412 (96.08% ) 42.95 7566 (0.33% ) 84 358 (3.60% ) 97.08
AamT3-3 3 050 274 2 942 398 (96.46% ) 43.12 7 862 (0.26% ) 100 014 (3.28% ) 97.19
AacTl1-1 2799 036 2799 036 (100% ) 42.56 0 (0%) 0 (0%) 97.14
AacT1-2 3196 972 3196 972 (100% ) 42.02 0 (0%) 0 (0%) 97.29
AacT1-3 3 189 982 3189982 (100% ) 41.85 0 (0% ) 0 (0%) 97.08
AacT2-1 4 146 604 4146 604 (100% ) 43.28 0 (0%) 0 (0%) 98.01
AacT2-2 3 424 686 3424 686 (100% ) 44. 86 0 (0%) 0 (0%) 97.72
AacT2-3 3 653 650 3 653 650 (100% ) 45.28 0 (0%) 0 (0%) 97.91
AacT3-1 9 455 236 9455 236 (100% ) 49.38 0 (0% ) 0 (0%) 98.02
AacT3-2 4 398 766 4398 766 (100% ) 45.82 0 (0% ) 0 (0%) 97.70
AacT3-3 6 869 000 6 869 000 (100% ) 47.18 0 (0%) 0 (0%) 97.95
%2 Unigenes HRLERGIT R
Table 2 Summary of de novo assembly of unigenes

RPHH GCHIrLL NS0 % R (nt) /MR (nt) SR BE (nt) JSY e

Gene number  GC percentage N50 Maximum length Minimum length Average length Total number of assembled bases

42 609 50. 0160 1550 12 740 179 966 41 192 931
2.2 Unigenes i 983 4~ unigenes FEMG I B2 iR/ A BUE &,

F Ffl BLASTX ( E-value < 10 7 ) ¥4 unigenes J3 5| A I g BE 1Y unigenes 38 H & 29 316, 5 43
Fe X} NCBI Nr, Swiss-Prot, KOG il KEGG i JE, unigenes [ 68. 8% ; L4, 31. 19% K unigenes JG
P X4 S R A B 24 027, 24 311, 20 931 f1 12 IOREER(FK3).

R3 MKXEBHIEED unigenes HERFEIT

Table 3 Summary of annotation information of all unigenes in four public protein database

. . PR R [

Fﬁﬁﬁﬁ.ﬁilﬂ Ne Swiss-Prot KOG KECG TERSL AR

Total unigenes Annotated genes Unannotated genes
42 610 24 027 24 311 20 931 12 983 29 316 13 294

TERER] Nr $i8 2 b unigenes (1) E-value 34 . GEita5 R Bos , R R BUR 2 W) R 12 R B b
ACE2), et 24 F 5 351 1) E-value 2/NT 1E - Xanthophyllomyces dendrorhous, H ¥R & H 1B
5, H i E-value /NT 1E - 100 4 43.27% , i Beauwveria bassiana D1-5 F14x 4 L 3k B Lichtheimia
BEESRE A o TERIEH RPN A 04l corymbifera JMRC:FSU:9682) (% 4) .
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A

20.79%
) ‘
2027%

C 9.97%

N
2396%

M 1E-20 < evalue <= 1E-5 : 5707

1E-50 < evalue <= 1E-20 : 5757
[ 1E-100 < evalue <= 1E-50 : 4870
M 1E-150 < evalue <= 1E-100 : 2697
I 0 <= evalue <= 1E-150 : 4996

10.02%

2473%

2.
32.13%

W 1E-20 < evalue <= 1E-5 : 4845

1E-50 < evalue <= 1E-20 : 6726
I 1E-100 < evalue <= 1E-50 : 5176
W 1E-150 < evalue <= 1E-100 : 2098
W 0 <=evalue <= 1E-150 : 2086

2394%

B

10.52%

10.26%
25.62%
\
30.13%
M 1E-20 < evalue <= 1E-5 : 5706
| 1E-50 < evalue <= 1E-20 : 7324
B 1E-100 < evalue <= 1E-50 : 6229

W 1E-150 < evalue <= 1E-100 : 2494
M 0 <= evalue <= 1E-150 : 2558

T 2339%

2097%
M 1E-20 < evalue <= 1E-5 : 2587

[ 1E-50 < evalue <= 1E-20 : 3037
I 1E-100 < evalue <= 1E-50 : 2723
I 1E-150 < evalue <= 1E-100 : 1528
W 0 <=evalue <= 1E-150 : 3108

K2 Nr (A), Swiss-Prot (B), KOG (C) 1 KEGG (D) %#&ZEf unigenes 1) E {5234
Fig. 2 Distribution of E-value of unigenes in databases Nr (A), Swiss-Prot (B), KOG (C) and KEGG (D)

%4 Unigenes EEW T MLt R

Table 4 Distribution of unigenes in different species

SR%H

1l Species Number of unigenes

BRI RE: Xanthophyllomyces dendrorhous 6 050
BRI 1B # Beauveria bassiana D1-5 745
AR E Lichtheimia corymbifera JIMRC ; FSU ;9682 649
E A Mucor ambiguus 542
R Rhizophagus irregularis DAOM 197198 w 535
BRAE T Coccidioides immitis RS 422

A7 Rozella allomycis CSF55 403
BBk F B Paracoccidioides sp. 'lutzii’ PhO1 397
Ji2 45 35/ 41 Blastomyces dermatitidis SLH14081 385
FE I Penicillium rubens Wisconsin 54-1255 330

2.3 Unigenes {J Gene Ontology (GO ) 4>
FIFH WEGO #4: %f 7] 7 B 2] GO ¥ 418 F&E 1y
unigenes 177325, 45 W B /R X 26 unigenes - B4

AR AR AL S R or TR A 3 R B
HARALE 40 4> GO term | (& 3)  FEN E LR ZHY
A1~ GO term 4351 4 41 ifg £ 2 ( cellular process ) |
AR} 1 2 ( metabolic process ) | #E 1k i 3f1 ( catalytic
activity) AHHEEEIR (cell) (AR S) (cell part) (254
5 P (binding activity ) | # A LA i e ( single-
organism process ) . il il #F ( organelle ) | ¥ fif
(localization ) DA & K 43 F % & ¥ ( macromolecular
complex) (F5)

2.4 Unigenes ) KEGG X i§11# B% £ 5%

XA unigenes #E4T KEGG i #% & 4 43
fr, KB 7 694 4 unigenes 13 B F| KEGG £ HE
PR (1 4) o X2 unigenes 4347 T 117 2RI
E g, R R A R 2 1 10 MU
3 4% B A ( ribosome ) | & JE IR A= W) 5 K
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5384
4088
2692
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Biological process Cellular component Molecular function

K3 4 unigenes [ GO 433
Fig. 3 GO classification of all unigenes

F K% Number of unigenes

KEGG pathway annotation

HrR L5 Metabolism
B KAL A4 Carbohydrate metabolism | I 974

HRACHE Y Global and overview [ 798

SRR Amino acid metabolism | 789

fit AL Energy metabolism [ 530
A48 Lipid metabolism | 489
AT L4 Nucleotide metabolism | 427
Al A7 5 4k 4 %418 Metabolism of cofactors and vitamins |y 402
oA Z I 24X Metabolism of other amino acids [ 245
205 £ 5181 Glycan biosynthesis and metabolism [ 237
5K &S B L & 4181 Terpenoids and polyketides metabolism 11 77
HAb R A=A =4 4 49 & B Biosynthesis of other secondary metabolites |3 37
1A% {5 KL T. Genetic information processing
§ 1 Translation | R 1343
#r&. K 5FEME Folding, sorting and degradation | I 1060
#: 3 Transcription | I 553
521l 554252 Replication and repair | I 322
85475 2 T Environmental information processing
{5 5% T Signal transduction | 196
[iii#%iZ Membrane transport | 43
i Ui 2 Cellular processes|
%3z 5% Transport and metabolism | INEEEEGEGEG_G_—_—___m 883
4ifffuA4: K S BET Cell growth and death | IS 319

A HUA Z % Organismal systems
WE Aging|l15
259599 Human diseases
A 41 545 Endoctrine and metabolic diseases ||ll 109
PiZiitk Drug resistance| 2

» 269 538 807 1076 1345

K4 43R unigenes 1) KEGG fQI i B% L FELE R

Fig. 4 KEGG metabolic pathway annotation of all unigenes
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Table 5 Top 10 GO classification of unigenes

/725 Class % H Number
ZHAEEFE Cellular process 6729
SHTBRACIE Metabolic process 6 686
f#E4LIE 3l Catalytic activity 6 543
HHEE A Cell 6 167
AR5 Cell part 6167
ZEATEE Binding activity 5332
HiUA LR TS FE Single-organism process 5195
2% Organelle 3 850
SEfi7 Localization 2 065
KArFE A Macromolecular complex 2 057

of amino acids) . % 1% 1§ ( carbon
metabolism) | PN Jift % 25 [ il T ( protein processing in
endoplasmic reticulum ) | BJ 22 {4 ( spliceosome ) \RNA
¥ i ( RNA transport ), ME % U # ( purine
metabolism ) . P % ( endocytosis ) . %A 1k # R 1k
(oxidative phosphorylation) F17Z & 4 5 i) & H /K fif
(ubiquitin mediated proteolysis) (F£ 6) ,
2.5 SSR HFiricHAE

FIFH MISA B XF FIr A unigenes #1748 3, 4t
O 7 968 4~ SSR i g, Horp = A H R (-
nucleotide) X £ 2, U H 53 4 235, HIR B — ¥
F 2 ( di-nucleotide, 2 575) (F 7)., SSR F: o/
Z5R W, AG/CT (1 Hy BUARUR fie ey, HUGE AT/AT
M AGC/CTG(K5),

( biosynthesis

x6 EREHEHBEZHE 10 N KEGG RiffiE
Table 6 Top 10 metabolic pathway enrichment of unigenes in KEGG database

AT 3%

Metabolic pathway

#iH A Ribosome

FELFR A )4 IR Biosynthesis of amino acids

WAt Carbon metabolism

PN 5 M & B il L Protein processing in endoplasmic reticulum
By {k Spliceosome

RNA #;i% RNA transport

114 ft:34f Purine metabolism

N Endocytosis

SAALBERR 1L Oxidative phosphorylation

12 Z 428 17K f& Ubiquitin mediated proteolysis

FER R i g
ATl genes with pathway annotation Pathway 1D
529 k003010
459 ko01230
452 ko01200
421 ko04141
407 k003040
388 ko03013
379 ko00230
351 ko04144
343 ko00190
283 ko04120

&7 IKFEHE SSR L= 4t
Table 7 Statistics of SSRs of Ascosphaera apis

%113 H Statistics item %t H Number

A6 7 51 X Total number of sequences examined 42 610
Fr 751 64K B (bp) Total size of examined sequences 41 192 931
U5 ) SSR AL Total number of identified SSRs 7 968
A7 SSR 19741 24X Number of SSR containing sequences 5233
& 1 ANPA L SSR 1731 A% Number of sequences containing more than one SSR 1615
LAY gt B2 9 SSREEL Number of SSRs present in compound formation 1012
KA BR Di-nucleotide 2575
=H#FHR Tri-nucleotide 4235
VU% 1R Tetra-nucleotide 674

T AT IR Penta-nucleotide 264
IR Hexa-nucleotide 220

BEPLEEFE 20 XPRESFIES |47, 0 SR I T8 N Al
Bk R A E 4T PCR 739, PCR 7= 48 1%
IR MBI LRI, 45 R s A 5 X511 (3=

8) AIFEAN [ SR YR ERE TR K dh b — B0 3 AT &
TR Rr S BE (P 6) |, DI X 6 2 5E Y 1Y SSR
BLRU AR N R AR 195 TARIC
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Fig. 5 Different types of tandem repeat units of SSRs in all SSRs
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Fig. 6 Identification of SSRs loci in Ascosphaera apis samples from two different regions in China
CS: Wi LIFE S Samples from Cangshan, Zhejiang; FZ. fRE4E M AL Samples from Fuzhou, Fujian.
%8 SSRs 3|43l
Table 8 Primers used in SSR locus amplification 3 -i;]- -L/E\'
ElE/E2 s 1YFFI(S -3") B BRI (bp)

Primer name Primer sequence Expected fragment size Zki/%%ﬁéﬂﬁﬁ%ﬁ EX#BR% Hj}jﬂ, E/‘J %ﬁ%%ﬁiﬂl EF‘
Uni8-F CCTCCAATGTACCATCACCC- 239 ﬂ%@]ﬂﬂ:ﬁ?% i-ézﬁﬁﬁ?ﬁ ( *7/{%\%&% ) , 7'{] T f%ﬁ?fj?
Uni8-R TGAGGGTTGTTGATGCGATA IR TININN | N = TN
o0 CCTTCAACCCTANTCCTICG P WA AR P R -1 T B T RN BR A A

ni. =
215 IT8G S 2 5Y SRR T TR 1Y) L R £ 2006
Uni20-R CAGGCTGCACTGGAGTATCA 'TT?? %/ﬂ%ﬁh ° i m }:‘R% E/J == . /ﬂﬁjﬁ:‘
ab oy g . NS e
Uni30-F  TCCTCGATTTCGTAACCGTC - FRC A (Qin et al., 2006) , H =i IF R 23 i 5
Uni30-R TGTTCCAGAAATTGGGAAGG {EE&%E‘EE*&{E 1%\ ) Ejiﬁ}*% % ]jJ ‘H\Eﬁﬂ:%
Uni32-F  TGCTGATGCTGATGAAGAGG - PEREZENG . AWTFEA T RNA seq £ AN 4l 55 57 1)
URBR GEAAGTGGCTGACATGAAGA RO AR B 5 4 10 50 50 21 AT VR
U COGTTACCOCATOANTTAC P 2 R LAFIRO 5 2 HEF P 0 SR
Uni33-R

ACCOTCCAACOAACCAATTA RNA seq 8-, AT 36 1 BRI 14 2 % 55 36 41 i 20




134 KBRS IR T Y S5 5 S 2 de novo 1 I SSR S FARICH K 43

i, AW A5 5] 42 609 > unigenes, -
PR 966 nt,N50 35 F 1 550 nt, HBAF 1) 77 5T
AR T 1 5 SR AT R R I S S
SRR S E R R el & 4B P iR =Y SR CEUNE )
NCBI Nr, Swiss-Prot, KOG ${t4fi B Xf 41 45 fr) Bk 48 B
S FA AT R R, A LX) KEGG $idfa e
X AT AT B TR, A D RE S A T R
unigenes £ H & 29 316 (68.8% ) , X ¥ v B¥r R IG5
SRS TP R R R I WS HE R )
A, 13 294(31. 19% ) /|~ unigenes & B HEE T FE,
HEAMX LA A T IR A IR S B AT R
EMTER . AUFIE, BREE TR R i 2 1)
MRk REERE, J5 4 1Y 70 T ISR AP B HA IR
A (Baeza et al., 2012; Alcaino et al., 2014;
Gutiérrez et al., 2015; Leiva et al., 2015) , B4 %K E
FHIAIE D) BE 1Y HE PRE AT VRS 225 B PR A 3R e 1 o
S e I AT DI REDT 5T

T AR 3 N T IR 3 0 5 i % (R A
7 (Miyao et al., 1996) % & N & B W55 ( Nicolas,
1998) | 35tt% ZFEEANSE (Norri e al., 1999) Bty
M ( Hee et al.,2001) % & F % %€ ( Michael and
Guillermo, 2003) &5, H Hif & 119 3K 2 B 13 T2 bR
AR o AWFFEF ] MISA B8R BT unigenes,
453 7 968 4~ SSR iz s, FEHLHEIR 20 X 51 Hp%F
AR BRBE AL i AT SSR 978G A 5 X514
RENEY 44 e S e R B o ARWEFE AR, SSR A s 97 1
73 R Y 2 BN B I F Uk, YRR 20
WAMIFFE Bl R F (2l 25 55, 20055 Zhang et al.,
2013 ; 5KE KA, 2016) , BUIRHHEER Ay 70 HERALT
PAGE Ji¢, il fE2x SBURBS UEAREA R 8. (B2,
SSRs o7 s 455 ] A0 R X A1 I BRBE T S 5 1 sk 4l
Bl (e S, 5 e i 7K i) PAGE Jig v Tk
— 38 SSRs s 4 HY T W T REAL E AR SR
RS R R FMCTF & 7R SR FE ) R IRT
T RNA seq 48 FF i TR FRIC Y 7 s PRt s 4%
A BT RHUBTIT & BRBE R 43§ hric , HESh IR BE T 1Y)
DRIR S ke AT PR i A 2 L R 5 DR 7 S A 9 (R T
AT,

S S 77 e A 7 v IR, 1 TG A R BT R
Tk o BRYETE S5 KL 2H FNe s 245 R Bk 25
7 B2 U 3 T 0F5E . AESE 41 e ek
WS e st dl, I3 AT 1 Zh g 5 A B
FE R ERBE TR 1 2 A W R ) S %
B ATESR F 7KV TR AIE G BRE T 5 PR B8 5 il

A PR HT BT ST T 2 TS i 4 R R,
Y 4Jy IR Ji Y BRI 26 R 2 B e R A R
(DEGs) #RF B L THEa 3, i b il i il A BR 3%
B A0 DEGs SRBUN B RS (R KR 2
&) EMEERIE R 5 A Al 1 E AR AR, HAriE
TEXSERHE TR DEGs HEATIRA I
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