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WE: [HW] S AREBRAEASFRELAET, H 4% 3 EH Z )P 4510 (simple seauence repeats,
SSR) fi o [ ik ] MiAHmmE P H AR, XRERREE T H A B i AR R 4 205 B E A7 3 skl )y, R
MISA {45} unigene #4T SSR 43#r. [ 455 ] kA 125.08 G HECEHE, “FIHIRZER 0.03%, £ Trinity
AR A PEE T R85 202 570 4% transcripts H1 52 206 4% unigene, X 4051k 1 826 bp 1 1 390 bp,
AR E I 30 853 bp, I unigene 52 ILEE FEHEAT HEXT, 13 BB unigene iy 29352 &, 5 SEW
56.22%. Xt unigene 4T SSR A, LA 29 926 4~ SSR i 4%, KAEMIRIE 57.32%. SSR M RFE T
EEBCERAE S LA L, EEEPTE 5~10 1K (86.27%) Z i), Lh=AZHMRMPZL T TRER SSR IE, JIi i thfi
35K 74.07% F 15.10%, BHFRREEIEITTH, UL A/T (4255, 14.22%) HF, ZEEEIFRESIETTH, ATC/
ATG (9496, 31.73%) Ji i tbfil s o AR T H /R Bigd Rl SR Feak 22 5 LA B o, FRAR 3R GA
22 IERIE 1603 4~ [ 458 ] AFITEREAFLS HAPE IR SSR & AMREEH, 1k H AR 6806 ve 47t
FRic P i FE AR .
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Transcriptome and SSR Analysis Based on
RNA-Seq in Hirudo nipponia

YU Mi, FENG Xiaolan, ZHOU Meng, ZHANG Chenglu, CAO Min
(Chonggqing Instiute of Medicinal Plant Cultivation, Chongqing 408435, China)

Abstract: [ Purpose] To analyze the transcriptome and SSR information of Hirudo nipponia un-
der different temperatures. [ Method ] Illumina HiSeq high-throughput sequencing technology and
MISA software were applied to obtain the transcriptome and SSRs from different tissues of H. nip-
ponia at different temperatures. [ Result] The 125.08 G effective data was obtained with an aver-
age error rate of 0.03%. After assembly by the software Trinity, a total of 202 570 transcripts and
52 206 unigenes were generated, corresponding to maximum length of 30 853 bp both, the average
lengh of 1 826 bp and 1 390 bp respectively. Using BLASTX against the public databases, 29 352

unigenes were annotated at least one databases, accounting for 56.22% of the total. In addition, 29 926
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potential SSR loci were detected, with a frequency of 57.32%. Trinucleotide and mononucleotide
were major types, accounting for 74.07% and 15.10%, respectively. ATC/ATG (9 496) and A/T

(4 255) were respectively most frequent motifs in trinucleotide and mononucleotide repeats, account-

ing for 31.73% and 14.22%, respectively. There were 1 603 differentially expressed genes among the

samples. [ Conclusion] The SSR of H. nipponia has a high frequency, which provides basis for the

screening of molecular genetic markers.

Keywords: Hirudo nipponia; transcriptome; simple sequence repeats (SSR)

H R EWE (Hirudo nipponia) {8 FR/KEE . H AR
PR /K IS Bl RS H =g, 8 B84 H (Hirudinifor-
mes Caballero) & 1% £} (Hirudinidae Whitman) &
148 (Hirudo), TN ERILZHHAH SN, H
THEASBBUENY) TT— KRR, 2O
EYIRLYN EZ YA R, RSk, HE D
M TR TR RN, o R InZ KAR
FRIK BT ERAR , AR R AR K B H A BRI ) BE R
IR A T /NIRRT H AR R B )
FRIHIB U4

el P HOR B AR, AR EES
BN Rh A RE BT M BE 5 U0, AT
T GEAN [A] 8 2 6 A ) B 455 1) 345 107 N FEAIL A &
T A 4 28 0 A ) IR T S B R R ) B R R iR
DL H AR BE s A LR B0 e mie 3 i 5 PR S 3R 7K -
2250, DL EARSR AR rh 7 i S8 Y i AL A e
MLAEVETTTH , A7 56 H AR B RE A [ 20 210 35 R 3 5
1 SSR ZP AT AR WARE . R SR H AR Bl A B
M) FEZHRE, 18 C & H A B 15 B 1Y i B R
FE, 24 CRHARKMERREY, 2FRETH
ARBEIEAF LU 52415 SSR 15 B /M ae K i
e H AR B IEER o0 FhRic . s FAichiBh &
T A R B i B M 5 1 S AR SR

ARG LA HABERE LA (M), AEFEERT (C) Fl
B (H) 3 FAZURIIR NS, RAH—N R
P BRI T SR A Ny, wid SR, 4
ZRIR IR . 27 FRIRFEER SSR 74143
B, DR H A 2 05 SR8 RN TERE I35 1 1) 431l
PELA K53 FFrichi B & A SR

1 RS

1.1 FESCREE
R Hk B BT 25 W RS A 5% BT K i i 3
Ml 40 B HARERE, AiEN 1.425~2.304 g, 1K

K 9.80~10.52 cm, 2019 4F 11 H, FFER55HIE T
24 1 18 C fHIRIFIRAG A DLIRALHE 28 d, 43557
BOHALA (M), PRy (C) Fisk#R (H) A4, =il
£ RNA-hold fRIFKH % I, 24 °C ALBHR H AR
WERRAZURI S Jy: H24. C24 Al M24; 18 C Ak
R HAIEARIHL RSN : H18, CI8 FIMIS,
1.2 & RNA 25

FIIH] Trizol IE$Z2HUARIZHZ RNA, R 55
W58 I H UK A BT R i RNA 58 31 I B A7 7F
DNA 75 %%, ] Hi NanoPhotometer spectrophoto-
meter K1l RNA 413 (OD,g/OD,g0 & OD,s0/ODas
Fe{E); H A Agilent 2100 bioanalyzer 4 #ffj 4 il
RNA 588, B3 RNA B E T80 °C f
RO ZI TR 2l
1.3 NPt L

A B2 i 2 S 2H 00 e AP 4 2 2R 4G AL i
RECERHE A A BR S A e B, HEPE i T A0 e
iR 77 & 27 Nlumina ) NEBNext® Ultra™ RNA
Library Prep Kit, % 5¢ W5 f# FH Agilent 2100
bioanalyzer X SCJ# K insert size #4745 , insert
size fFAWUIG, SR QRT-PCR X SCHEA R0k
HEATHER € B CCBEARBORIE R T 2 nmol/L), 3k
% clean reads i, i A Trinity!%f clean reads i}f
TIESPHE,

1.4 DIRevR:

AR A A BRI RE Y TR R, A
BLAST #f (2.2.28+hiA) " TELk AR TUA H 1
(non-redundant protein sequence database, NR).
1% Ry 51 8 ¥& &£ (nucleotide sequence database,
Nt). Swiss-prot 25 1 J¥ ¥ #{ #& (manually annot-
ated and reviewed protein sequence database, Swiss-
prot) FELAZ A W) 28 11 5[] R 80E 122 (eukaryotic
ortholog groups, KOG) X}, E-value {HI4 le-5;
i KAAS (r140224) B 5 H A 50 HR e PRI R
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21 H Bl 42 (kyoto encyclopedia of genes and
genomes, KEGG) [t X}, E-value {H 34 1e-10;
i il Hmmscan (HMMER 3) #4555 1 R R 1Y
EEEAEE (protein family, Pfam)” X}, E-value
{E¥ 4 0.01; f#i F Blast2go (b2gdpipe v2.5)" 3k
RIAAKE YR % (gene ontology, GO) LX), E-value
{64 1.0e-6,,
1.5 SSR Fricfiiik

K H MISA 1.0 hit (#R 1A 2 50 X 3 i1 4% 4
unit size [ 5 0 T 2 B 0 1-100 2~6,
3~5. 4~5. 5~5. 6~5 (4N 1~10, FAAXTFIR A E
BRIy, HEERE DN 10 A wT gk E]
2~6, VIRV H IR N EE PALN, Hi/DHE G
4 6) X unigene #F 17 SSR A& I . >R FH Primer3
2.3.5 W (BRINS%) 47 SSR 519kt
1.6 2R EERE

¥4 Trinity DFHEAT B ) 5 sk AE 2 7% 751
(RefSeq), 5B Y clean reads 1 RefSeq I+
i mapping, 43 )i JEFAIG BT R Y reads . Y%k
15 YL reads LLJ 5 N (1) reads.  HOXT it R 3RAT]
KT RSEMERAE", RSEM Hifdi FHZIAY bowtie2
28 mismatch 0 (bowtie2 ERINSEN).

2 BRESH

2.1 BRI RV ST B 2

28 0 A o, A E] 125.08 G 1Y
clean data, i85OI FFR, B3 GC &
N 42.58%, AN[RNRE TS HAS B % 3 4 208
A Q30 Bl A 43 LL XA /INT 92.01% (3% 1),

3L U85 1Y) reads Fr BEib AT SRS M PR 4%
(# 2), 453 202 570 4 transcript Fl 52 206 5%
unigene, transcript A N50 1 NOO (B 4 sEA %
PR M B HEY , TR B, 4 2
A/ unigene K 50%/90% AYE(E L N50/
N90) 43411 2 894 1 820, unigene fY N50 F1 N9O
3R 2 483 Fil 520, ZHA%5EH M4 . transcript
F1 unigene 19 ¥ 31 £ BE 43 45 F 300~2 000 bp LA
I, Hir>2 000 bp X [d] By transcript 43 fii % %
(Ch 65 746, 5 32.5%), unigene 7E 300~500 bp 43
iz (17231, 533%) (& 1), transcript Al uni-
gene J7 91 - 24K B2 43 91 1 826 Fil 1390 bp,
I KR/ M EEYE A 30 853 bp F1 301 bp.
2.2 UIREEENTER S RIA B

¥ unigene J7 85 7 REPEFEH AT LT, 15
th 1 unigene 75 &80 P v B DU REIE RS D .

#1 FEIRETBAREESBLNFRIES T

Tab. 1

Statistical data of RNA-seq for H. nipponia at different temperatures

FEAS samples  JRAGHIE raw reads  VETHEIE clean reads  BRAEAUE/G clean bases  HiRE/% error  Q20/% Q30/% GCHEH 43 Lt/% GC percent
H24 1 45431 080 44 676 774 6.70 0.03 97.50  92.58 41.88
H24 2 45719 004 44 872 164 6.73 0.03 97.30 92.14 41.71
H24 3 47 655 932 46 815 800 7.02 0.03 97.28 92.11 43.10
C24 1 45996 730 45117 404 6.77 0.03 97.23 92.01 4227
C24 2 51090 894 49760 010 7.46 0.03 97.32 9223 42.28
C24 3 47917 682 46 952 310 7.04 0.03 97.47 92.52 42.43
M24 1 50 189 638 49 072 616 7.36 0.03 97.48 92.54 42.73
M24 2 47912 728 47 118 008 7.07 0.03 97.33  92.20 42.49
M24 3 47104 418 45704 948 6.86 0.03 97.37 92.37 43.34
H18 1 48 066 694 47299 224 7.09 0.03 97.24  92.03 41.95
H18 2 46 001 150 45192 382 6.78 0.03 97.32 9225 42.16
H18 3 46 693 840 45 834 804 6.88 0.03 97.26  92.10 42.20
Cl18_1 45453 330 44 652910 6.70 0.03 97.29 92.10 42.89
CI18 2 48 072 830 47297 166 7.09 0.03 9736  92.27 42.95
CI18 3 46 965 374 45732230 6.86 0.03 97.51 92.60 42.65
Mi18 1 47919 804 46 592 206 6.99 0.03 97.41 92.42 41.69
M18 2 46 058 130 45030 182 6.75 0.03 9740  92.38 42.28
Mi18 3 47057 392 46 211 360 6.93 0.03 9739 9234 42.28
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Tab. 2 Distribution of number and quality of unigenes and transcripts

s R CPIKERp KK E bp NS0 455k N9O & 25 5k MEH SZ R/t
item Min. length mean length Max. length N50 total number ~ N9O total number  total number  total nucleotides
PhS7 3£ R unigenes 301 1390 30 853 2483 520 52206 72 566 318
A transcripts 301 1826 30 853 2 894 820 202 570 369 978 282
70 000 . ST R L4
60,000 %3 BAEEMEERTIRBESRI
§~ Tab.3 The statistical number of unigene that were
I 3 50000 functional annotated in H. nipponia
& E 40000
K E Hep A B 7 ) R B LEA1l/%
mﬁz\‘ ° 30000 | database number of unigene  percentage
Q
"2 20000 - NR 21967 42.07
=
= 10000 - NT 6379 12.21
300 500 700 900 1100130015001 70019002100 KO 6408 12.27
HeRARK XA SwissProt 16 852 3227
transcripts length interval Pfam 22 984 44.00
12000 GO 22984 44.02
g 10000F KOG 9849 18.86
=5 8000) A 0 e B 4
& g annotated in all databases 1705 3.26
HZ 6000 e A N
i o B/ PR VE R AL E 29352 56.22
E‘ 2 4000} annotated in at least one database :
= E VN "
3 | v vk =]
£ 2000 total unigene 52206 100
300 500 700 900 1100130015001 70019002 100 .y N
7 EP B X ] 2.2.1 HERIEE NR 732K
wnigencs lengthinterva 3 NRGIEFT HORHERE, T LA H A
70 000 . .
e v A 4TI A R T R (2 L, 45
60 000 | — N D Vi R
PhS7 LA unigenes e (Iz] 2)E~: H AR R SIRAKPENE | I
50000 - ST DL BA T I BRI R A B R 8
i 8 40000 [R5, HoA 53R KEFERE (H. robusta) B &
=
& 530000 B FIABLE (42%)0
20 000
10 000 |
O L L L Il
>300~500 >500~1 000>1 000~2 000 >2 000
K X [1]
length interval
1 BRAEMTEERGHEREKEFIESH
Fig. 1 Distribution of splice length and frequency of
transcripts and unigene
— . N " 6.30%
F3WR: A 56.22% 1Y unigene /8¢ 1 MR 2207 §p-20%
" " n 2.30%
JE B . Pfam R GO U4 2 24 14 1% 5] 22 984 e ’ o
) - . A % % w IRIKPFNE Helobdella robusta w $E{T1% G W Bodo sattans
% s 5 unigene Jss 3& E/‘J 44.02%, H R ﬁ( X m VI A Capitella teleta u ¥ Trichuris trichiura
NR ﬂjﬁjﬁ: (21 967 % , 42.07%). Swiss-Prot ﬁjﬁj w 8L IE D Lingula anatina - ™ JAlh others

FE (16 852, 3227%). KOGH *EFF (© 846, M2 2T NRMEEHAHEREEES
18.86%). KO Hodis e (6408, 12.27%) FINT %% Fig.2 Species distribution of the top BLASTx hits against

P& (6 379, 12.21%). the NR database for unigene in H. nipponia
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2.2.2 ERFEEEE GO 732K

X unigene FFAIHEAT GO FHREZ G, #HE GO
IAFARRSE YA R AniEdl Ay F O
i) 5 T TR A ) ) 48 i IR 442 B 0E— A5 40 4 A T
REFEAT RIS (K 3). T IFHN R . Bk
3 RFZRGNIA 56 NTIRERE. 7E GO /3 281E
Yrf kv, R RS B A o R HE A
3L AT R A R (13 933 4%) . BRI
T (12 017 2%) FIERAT HLIARIDFE (10 944 5%). FE4N
M4 4343 28 H T B B W — AR W 4 e
(8385 4%). AHMMLALSY (8 385 4%) FHLH LI (6 300
%) TEATUIRE I, HREREZ TR Z 1515
EREYIRE (13 012 2%) SHEAETETE (9 623 5%).
2.2.3 FEREEE T KOG 72K

%, 1577%), HRZDpaE W (1365 4%,
13.86%), f =@ B . RS T
PEAE (1109 25, 11.26%), B0 E KRB
HH (2 %)
2.2.4 JFREEEFM KEGG 4328

LI KEGG X 18 42 504 B M AR 4, X uni-
gene MY IE RS AT 4028 (K] 5) H ARBE IR
unigene fUIHATE AT 4 M A0S R (A). HEEE R
WEFE (B). mAL(E AT (C). L (D) FIAHLR
4t (E) 32 2E; Hr, ¥ K unigene i %
By 5 AR 1R B B oy b R SR
(969 7%). E 53 ZINHN B R S (575 %), CHrZ
) RH PR (553 45). A 43 3 B i 5 4y AR
(493 %) F4HMIREYE (388 4%)-

KOG $¥a A Ry 26 4, il 3T KOG i
U7F BEBY unigene #4228 432l 474025 (K 4), 1F
KOG ##s 7 ip He i B3] 9 849 2%, TEIX 26 147
Ferp, BB Z W A T FHLE (1553

2.3 unigene [/ SSR 73 ¥t

SSR B Bk i 53 I 2 7 41 5 f T A DNA
Fride X H AR BEHEHE SR U1 52 206 4% unigene 7
HIEAT SSR o #r, ILMETEHY 29 926 4~ SSR, &

16 000
14 000
12 000
10 000

8000 F

number of genes

6000 F
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2000} | | ‘
0 I | | [ | nll w8 I m Il n I
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| |
12 4 6 8§ 91011121314151617181920212223242526(272829303132333435363738394041 42434445 46|

47484950 51 5253 54 555
Ga el

molecular function

W LAY 2 A HURRRE; 3. 2B HURN R, 4 8K 5. 83 o ARWIETEIEE R 7 R E AR 8 AL SRy 9. S
PERR 10 MR 1LOBBRRIEE AR 12,055 13 AIMRAR; 14 SRR 15 AEWANT; 16 AR AR 17, R RAE AR 1847
g5 19. UMY MR 200 AT 20, TR 220 ARAE s 23, MMM 24, AW BEAEE ;250 @A 26, ARG 27, SRR
28. AN 29, MY s 30. HAAT B 31, 4f; 32. 40 ds; 33. 2l 34. AL A 35 BV 36. ARy 37. 40
WoYs 38, AAEANERT; 39. HABAHLAMSY; 40 aE; 41 SN XU ; 42, MEAMERUL T 43. KO TREGY; 4. MG 45 WA
46. ARSI 5 47. Gr T30 015 48 fRALIG s 49 EHIRE; 50. #fANME; S1 SIRMAEIEE; 52, R il tt, AR E; 53.4F
TIREIHAT s 54, BUEALIEYE; 55. 250903716 )15 56, IR st H T id b

Note:1. biological phase; 2. single-organism process; 3. multi-organism process; 4. growth; 5. locomotion; 6. positive regulation of biological process; 7. de-
velopmental process; 8. cellular component organization or biogenesis; 9. rhythmic process; 10. cellular process; 11. metabolic process; 12. signaling;

HEWpeE L B biological process 4143 cellular component

13. cell aggregation; 14. immune system process; 15. biological adhesion; 16. reproductive process; 17. negative regulation of biological process; 18. beha-
vior; 19. multicellular organismal process; 20. biological regulation; 21. detoxification; 22. reproduction; 23. response to stimulus; 24. regulation of biolo-
gical process; 25. localization; 26. cell killing; 27. virion part; 28. extracellular region; 29. synapse part; 30. other organism; 31. cell; 32. organelle; 33. syn-
apse; 34. cell junction; 35. membrane-enclosed lumen; 36. membrane part; 37. cell part; 38. extracellular matrix; 39. other organism part; 40. virion; 41. ex-
tracellular region part; 42. extracellular matrix component; 43. macromolecular complex; 44. membrane; 45. nucleoid; 46. organelle part; 47. molecular
transducer activity; 48. catalytic activity; 49. binding; 50. transporter activity; 51. metallochaperone activity; 52. transcription factor activity, protein bind-
ing; 53. molecular function regulator; 54. antioxidant activity; 55. structural molecule activity; 56. nucleic acid binding transcription factor activity.

B3 HAEE GO 5%
Fig. 3 GO classification
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Bt B TR K AR (P-value) HYTTH, EARFRE T 25 %5 434 ~3E, #2101
a7 2 ER R R OE (BH), 5% FDR fH, A, T 223 A5 IR AEAS R R 22 53R
2SI GH AR ME N - |log, (FoldChange)>1 F1 ik 591 A3EH, i 1914, FiH 400 4~; WA
padj<0.05. GHELERANEL 5 Fron: HARBEEE  HLERmEKk 5784, #3624, FiF 216 1.

(=3
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g 0,
o r 3.92%
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% 88
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- o 1
(=3
=y
v
|
o “ 74.07%
AT e
% = W T S i : g :
mono- di- tri- tetra-penta-hexa- m B R mononucleotide  m PURZFIiZ tetranucleotides
SSR T 4 HIT = AR dinucleotides ® TLAZ 2 pentanucleotides
SSR motif unit ® AR trinucleotides  m7SHZ TR hexanucleotides
El6 SSRESHTT B7 BHAERESETHESS
Fig. 6 SSR motif unit Fig. 7 Types and distribution of SSRs
#* 4 BAEHE SSR FEIZHEEEES H T LR RINE
Tab. 4 Types and frequencies of different nucleotide repeat motifs of SSR in H. nipponia
GBS it] repeat number Bt BHUY%
repeat motif length 5 6 7 3 9 10 ~10 total frequency
A/T 2490 1765 4255 14.22
C/G 115 149 264 0.88
AC/GT - 112 47 28 22 12 37 258 0.86
AG/CT - 84 40 29 17 18 55 243 0.81
AT/AT - 239 150 104 57 34 83 667 2.23
AAC/GTT 1315 705 405 213 196 109 139 3082 10.30
AAT/ATT 2 485 1201 766 536 777 507 803 7075 23.64
ATC/ATG 3935 2139 1248 745 579 397 453 9496 31.73
AAAT/ATTT 221 68 35 5 1 3 5 338 1.13
AATG/ATTC 110 54 67 10 2 1 34 278 0.93
ATCC/ATGG 199 126 159 34 9 20 115 662 2.21
AAAAT/ATTTT 6 3 9 0.03
AACAT/ATGTT 7 2 1 10 0.03
AATAT/ATATT 8 1 1 1 4 15 0.05
AATGAT/ATCATT 4 1 1 6 0.02
ACCATC/ATGGTG 3 1 1 1 6 0.02
ACGATG/ATCGTC 50 4 4 10 3 3 1 75 0.25
S 1t total 8343 4739 2922 1714 1 664 3712 3645 26 739 89.35

BH/% frequency 82.88 87.08 88.81 91.61 95.52 98.86 96.97 89.35
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Tab. 5 Number of differentially expressed genes

HH S RIEHE R RS FiAEEEH
tissue all DEGs  down-regulated genes up-regulated genes
H18 vs H24 434 223 211
C18 vs C24 591 400 191
M18 vs M24 578 216 362

I

I: m

H18 H24 CI18 C24 MI8 M24

cluster-9 827.175 13
cluster-9 827.171 34

R 8 s . MR, KIERENR clus-
ter-9827.3606 5 cluster-9827.17134 #£ HI8 1 &
KK s HEA cluster-9827.22642 Fil cluster-
9827.17532 7 H18, CI18 Ml M18 H1 £ ik ¥ I
W5 cluster-9827.8918 7£ C18 HFR XK P41 o

cluster-9 827.226 42 sex peptide (SP) family

cluster-9 827.175 32 FBXO8 reproduction
cluster-9 827.413 :l Dmri2

cluster-9 827.891 8

cluster-9 827.360 6
} hirudin

skl 2

8 HAEEFRMEABXERTEHRE

Fig. 8 Heat map of gene expression in different tissues of H. nipponia
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KPS AR (35.6%). T 7T ILEE (24.9%) FlI
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FEPA cluster-9827.22642 [Sex peptide (SP) fa-
mily] R PERFE R — 51, 1E 18 °C 3 FhZHZrh &k
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J& BT FE S i R E A Y R, R AR
(SP) BN Ay — BRGS0y, W75 SR MEPE 1Y
FEJE RO, andn i AR RSO B, SP BHANTE
SRR AP B N ph g e A O AR Y,
cluster-9827.17532 (FBXO FJi%) 1612 Z A3
A K R v BAA R RO A A R R
TEAE Y FBXO8 %52 5 ARF R 55
GTPase G 418 15 A1 DNA XUFE W 298 i35 A=)
SRR, BN, HARERIERMEMERAR . SRR
A, AR B 2= 0T H AR BE i M 53] %) 473 i
— HAVWARZE, Dmrt (double sex and mab-3 related
transcription factor) J& 8 2 PRI E FE P, AbE
e R B H AR EIETE 18 °C Pk B e s Al G A
cluster-9827.8918 7E C18 Hkik A4, #£H
18 °C T HABEWEVE R AT Re e A e de . R TIRATTHL
FERAFARAALEE T H AR BRSSP A B A . O R
T 1 ok S D31 e 5 R A A B i v 1 TR 1
O o ABA SCHRUE S ) D B B AL T 51
oA RS B, B R E /N T RS,
R, A5 itk — Do B A B2 0% SR 1Y) 73§
BLER AN G e PR R 5 o0 FAnic AR B T S A
(] T e AR SC Y 23 FFRic i I & o

4 ZEig

AN AN S H A BRI %) SSR & AR 4
B, PLEEIN -5 EAE A S (cluster-9827.3606
cluster-9827.22642 F1 cluster-9 827.413 4§) Z ik HH
i, HESLERRIIAAT AU Ry H A B2 08 i BE e
S PER bR r 2 21

[ &% 3K ]

(1] #pi. P EEHE, DT, BN M. b Bl
HiRRAL, 1996.

2] &K, X5, FA%, 55 HABRIE RS K B AR ]
T[J. 24, 2019, 42(12): 2782. DOIL: 10.13863/j.issn
1001-4454.2019.12.009.

[3] LIUZ C,ZHAO F, TONG X R, et al. Comparative tran-
scriptomic analysis reveals the mechanism of leech en-
vironmental adaptation[J]. Gene, 2018, 664: 70. DOI: 10.
1016/j.gene.2018.04.063.

[4] KHAN M S, GUAN D, KVIST S, et al. Transcriptomics
and differential gene expression in Whitmania pigra (An-
nelida: Clitellata: Hirudinida: Hirudinidae): contrasting
feeding and fasting modes[J]. Ecology and Evolution,
2019, 9(8): 4706. DOI: 10.1002/ece3.5074.

[51 WA, B, Z0R1E, 5. H AR G AR M R L e

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

[20]

(21]

Wi J97 2 SR 2L LA (D). 7K 72243, 2020, 44(5): 754.
GRABHERR M G, HAAS B J, YASSOUR M, et al.
Full-length transcriptome assembly from RNA-Seq data
without a reference genome[J]. Nature Biotechnology,
2011, 29(7): 644. DOI: 10.1038/nbt.1883.

ALTSCHUL S F, MADDEN T L, Schaffer A A, et al.
Gapped BLAST and PSI-BLAST: a new generation of
protein database search programs[J]. Nucleic Acids Re-
search, 1997, 25(17): 3389. DOI: 10.1093/nar/25.17.3389.
MORIYA Y, ITOH M, OKUDA S, et al. KAAS: an
automatic genome annotation and pathway reconstruc-
tion server[J]. Nucleic Acids Research, 2007, 35: 182.
DOI: 10.1093/nar/gkm321.

FINN R D, TATE J, MISTRY J, et al. The Pfam protein
families database[J]. Nucleic Acids Research, 2008, 36:
281. DOI: 10.1093/nar/gkh121.

GOTZ S, GARCIAGOMEZ J M, TEROL J, et al. High-
throughput functional annotation and data mining with
the Blast2GO suite[J]. Nucleic Acids Research, 2008,
36(10): 3420. DOI: 10.1093/nar/gkn176.

LI B, DEWEY C N. RSEM: accurate transcript quanti-
fication from RNA-Seq data with or without a reference
genome[J]. BMC Bioinformatics, 2011, 12(1): 323. DOI:
10.1186/1471-2105-12-323.

EK, PR, X 2, 55 1B SR P EST-SSR T &
LB M A ¢ 4> FARIC 2R [T]. 24, 2017, 48(1):
172. DOI: 10.7501/j.issn.0253-2670.2017.01.024.

F R, WEHOIK, SRR, 2. B T RNA-seq i AR IVLES ¢
2H SSRAV. #1135 2. 40 M [J]. ¥R K k., 2019, 49(6): 10.
DOI: 10.13721/j.cnki.dsyy.2019.06.002.

WRin B, 2800, X1 & . F 8P ESTH K () SSRIE 2 70
Brd]. AR K 22 %4k, 2010, 41(10): 82. DOI: 10.
19720/j.cnki.issn.1005-9369.2010.10.016.

KNP, X<e i, IR, 45, R TR AN P I sUs
1 SSRAMISNP L Z5HFAE 73 HT [J]. D212 55 N £ )
2%, 2020, 39(6): 2451. DOI: 10.13417/j.gab.039.002451.
FHE, X5, RAMg, & WA E & iz HEST-
SSRAERC I & 5 51 Wi [1]. ¥ /K, 2016, 46(6): 8.
DOI: 10.13721/j.cnki.dsyy.2016.06.002.

FRICKE C, WIGBY S, HOBBS R, et al. The benefits of
male ejaculate sex peptide transfer in Drosophila me-
lanogaster[J]. Journal of Evolutionary Biology, 2009,
22(2):275. DOI: 10.1111/j.1420-9101.2008.01638.x.
WIGBY S, CHAPMAN T. Sex peptide causes mating
costs in female Drosophila melanogaster[J]. Current Bio-
logy, 2005, 15(4): 316. DOI: 10.1016/j.cub.2005.01.051.
SANDRA G, NORMA M. Sexual determination and dif-
ferentiation in teleost fish[J]. Reviews in Fish Biology
and Fisheries, 2010, 20(1): 101. DOI: 10.1007/s11160-
009-9123-4.

HATTORI R S, STRUSSMANN C A, FERNANDINO J
I, et al. Genotypic sex determination in teleosts: insights
from the testis-determining amhy gene[J]. General and
Comparative Endocrinology,2013,192:55.DOI: 10.1016/
j-ygeen.2013.03.019.

MARTINEZ P, VINAS A, SANCHEZ L, et al. Genetic
architecture of sex determination in fish: applications to
sex ratio control in aquaculture[J]. Frontiers in Genetics,
2014, 5: 340. DOI: 10.3389/fgene.2014.00340.

FAER A TR


https://doi.org/10.13863/j.issn1001-4454.2019.12.009
https://doi.org/10.13863/j.issn1001-4454.2019.12.009
https://doi.org/10.1016/j.gene.2018.04.063
https://doi.org/10.1016/j.gene.2018.04.063
https://doi.org/10.1002/ece3.5074
https://doi.org/10.1038/nbt.1883
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1093/nar/gkm321
https://doi.org/10.1093/nar/gkh121
https://doi.org/10.1093/nar/gkn176
https://doi.org/10.1186/1471-2105-12-323
https://doi.org/10.7501/j.issn.0253-2670.2017.01.024
https://doi.org/10.13721/j.cnki.dsyy.2019.06.002
https://doi.org/10.19720/j.cnki.issn.1005-9369.2010.10.016
https://doi.org/10.19720/j.cnki.issn.1005-9369.2010.10.016
https://doi.org/10.13417/j.gab.039.002451
https://doi.org/10.13721/j.cnki.dsyy.2016.06.002
https://doi.org/10.1111/j.1420-9101.2008.01638.x
https://doi.org/10.1016/j.cub.2005.01.051
https://doi.org/10.1007/s11160-009-9123-4
https://doi.org/10.1007/s11160-009-9123-4
https://doi.org/10.1016/j.ygcen.2013.03.019
https://doi.org/10.1016/j.ygcen.2013.03.019
https://doi.org/10.3389/fgene.2014.00340
https://doi.org/10.13863/j.issn1001-4454.2019.12.009
https://doi.org/10.13863/j.issn1001-4454.2019.12.009
https://doi.org/10.1016/j.gene.2018.04.063
https://doi.org/10.1016/j.gene.2018.04.063
https://doi.org/10.1002/ece3.5074
https://doi.org/10.13863/j.issn1001-4454.2019.12.009
https://doi.org/10.13863/j.issn1001-4454.2019.12.009
https://doi.org/10.1016/j.gene.2018.04.063
https://doi.org/10.1016/j.gene.2018.04.063
https://doi.org/10.1002/ece3.5074
https://doi.org/10.1038/nbt.1883
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1093/nar/gkm321
https://doi.org/10.1093/nar/gkh121
https://doi.org/10.1093/nar/gkn176
https://doi.org/10.1186/1471-2105-12-323
https://doi.org/10.7501/j.issn.0253-2670.2017.01.024
https://doi.org/10.13721/j.cnki.dsyy.2019.06.002
https://doi.org/10.19720/j.cnki.issn.1005-9369.2010.10.016
https://doi.org/10.19720/j.cnki.issn.1005-9369.2010.10.016
https://doi.org/10.13417/j.gab.039.002451
https://doi.org/10.13721/j.cnki.dsyy.2016.06.002
https://doi.org/10.1111/j.1420-9101.2008.01638.x
https://doi.org/10.1016/j.cub.2005.01.051
https://doi.org/10.1007/s11160-009-9123-4
https://doi.org/10.1007/s11160-009-9123-4
https://doi.org/10.1016/j.ygcen.2013.03.019
https://doi.org/10.1016/j.ygcen.2013.03.019
https://doi.org/10.3389/fgene.2014.00340
https://doi.org/10.1038/nbt.1883
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1093/nar/gkm321
https://doi.org/10.1093/nar/gkh121
https://doi.org/10.1093/nar/gkn176
https://doi.org/10.1186/1471-2105-12-323
https://doi.org/10.7501/j.issn.0253-2670.2017.01.024
https://doi.org/10.13721/j.cnki.dsyy.2019.06.002
https://doi.org/10.19720/j.cnki.issn.1005-9369.2010.10.016
https://doi.org/10.19720/j.cnki.issn.1005-9369.2010.10.016
https://doi.org/10.13417/j.gab.039.002451
https://doi.org/10.13721/j.cnki.dsyy.2016.06.002
https://doi.org/10.1111/j.1420-9101.2008.01638.x
https://doi.org/10.1016/j.cub.2005.01.051
https://doi.org/10.1007/s11160-009-9123-4
https://doi.org/10.1007/s11160-009-9123-4
https://doi.org/10.1016/j.ygcen.2013.03.019
https://doi.org/10.1016/j.ygcen.2013.03.019
https://doi.org/10.3389/fgene.2014.00340

	1 材料与方法
	1.1 样品采集
	1.2 总RNA提取
	1.3 建库测序和拼接组装
	1.4 功能注释
	1.5 SSR标记筛选
	1.6 差异基因表达分析

	2 结果与分析
	2.1 数据质量评估及序列组装分析
	2.2 功能基因注释与表达量分布
	2.2.1 注释基因的NR分类
	2.2.2 注释基因的GO分类
	2.2.3 注释基因的KOG分类
	2.2.4 注释基因的KEGG分类

	2.3 unigene的SSR分析
	2.4 日本医蛭SSR核苷酸基序重复类型及其频率特征分析
	2.5 日本医蛭不同部位差异基因表达分析

	3 讨论
	4 结论

