View metadata, citation and similar papers at core.ac.uk brough

FAYmES: 10384 ! B
5. 21620131152479 uDC

B R}
i+ % i w X

AREFREFENEASGHMTMHERNER
MBI

Gene structure analysis and differentially splicing between
Plasmodium yoelii subspecies

XU

HSHTEE: Z9 BEHE
XF R HiF
% Wk £ K IWE
WX HHA: 2016 F 4 A
WOCE BT ). 2016 4E 5 A

FALE T H A
ERE RS L
¥R A

2016 £ 5 H

tto you by .i CORE



https://core.ac.uk/display/84993067?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BiIREZMIL X FE SRR

ARNERZW AR SR AN SR T T, BALE AR . AN
FER L EET S HAMA NSRER LR FEAIFTORE, B LG Y
77 NIHAR I, JERFEVE R A R T R A A 8 AR 2 AR B RIS GRATO D

FAh, AR SCON (BT B TR 8 (4D R
FAR S FRAT 2 IR T o R i PR e e Th B 97 (e A
SIBhPEHAE, THY S : 81201324) A1« & [y I i Ji 24 ) o0 F i AT 97
7 Ak R AL ORI AIE 7 7 CRERE A il DR, T H 95 - 81220108019)
R () SBRBELRENED), £ (LB XA KRB TR
FEM. (AR LL 35 W IR S SRS a2 47 Dt NSk e s 4 FR, R AT BRI
PN, AT LAAER A B O

FIAN (83542):
£ A H



B IXFEFAIR I EEUE R F A

ANFREITREERYE (b NI E A0 26 B AT SEi k) 5%
PLSE DR BNV IR 22 18 S, I 1A 238 B 1] B e HLAIE A A 18 5 (8
FEARSR AT TR0, FEVFAAR SCREN B 1T K22 A5 TR B 0 e e )
fir e A NFERETT KRR EA O E I it a2 A ig SOt
PR FE AT I R, R A AR SRR AN 22 G th i, RSB ZgEl
ol ey AN E B A AR

AR E T

( ) L2 FETTRFRER R SE BN RE AR, T

( ) 2. AR, TEH] ERRAL

CGEAELL EARNAES AT “ V7 BUE EHRM AN A . R 2O SN2
CAE T RARERNSHTEL AR, REETTRAIREER N
TE IR SN A TP AR S WA IR AEHE K], BN AT AL
3, B B

o

psii
]11

FAN (3542):
F A H



H o

HZx
B e 1
Y 01 1 - o4 S 2
g T 3
I T = W o SO TSR 3
e S = 1y NSRS 6
I AL T=E 8 T SRS 8
1A JEPE I TR I —F2U oot e r oot et 10
ISR = 3Ly = TR USSP 11
T2 71K 1 TR U RR 12
ST = 1 L OO TTRTT 12
IR 71 =2/ 1K OO OSSR 13
A == e TS PS 19
IR T = T N 20
FoE ARERE NSM HERFEKRBRZGYIBUREE ..o 21
0 = TS T 21
22 I BT T oo e, 21
2.2.0 HUBRII B T G I oo et e e e e e e e e e e e ne e, 21
2.2 2 B D oottt et ettt 23
2.2.3 FRU UN B  EB ATE 2E I oo e, 23
2.2.4 ZIECIETF HL DNA BB oo e e e ee oot e et et er s, 25

2.2 S I T R R T B oo e e oottt e et ar s 26



H o

2.3 R st 27
2.3.1 ZIEIEJE B NSM HARIIEKRT e 27
2.3. L1 NSM HFRJFHUERARAL oo 27
2.3.1.2 NSM HFRHAL TARZRAEAL oo 28
2.3.1.3 NSM I FEFNT-HL T I B TE DL oo 29
2.3.1.4 ZJEIEIR dL NSM & AE KIS RO 2R 70 30
2.3.2 ZJEIEF B NSM HIFRAT MQ TUZGTE oo, 31
2.4 TR oottt 34
B=E ARER REFEFA R G TR e Z 2 B 35
Bl Gl B e e 35
3.2 SEIE TR e 36
3.2.1 JESHUE /INRUB L oot 36
322 RNA FEZASFEEL ..ot 36
3.2.3 B&AIE CDNA [ PCR 7 SN AR T oo 38
3.2.4 HERE AR ST IR BT . oovooeeeeeeeeeeeeeeeeee e 39
3.2.5 BHUFHIHT I BEAFF A HI BT TE AL oo 39
3.2.6 FHNGETHAIFE R FIE I T HIITA v 40
3.2.7 BB AL PEEE TR oo 40
3.2.8 HUZH L Z A1 SNPs AHE A BRI IR . ....ooo 41
3.2.9 SNPs FlIE M BIBE AU SR ... 41
B3 E T bbb 41
3.3 1 FERFTETE RNACSE covvveviceeeeeeseeesee ettt si st s st anee e 41
3.3.2 FEBUF T BTG TR TE DL oo 42
3.3.3 FERIZRIE I T HITEAE oo 44
3.3.4 Jk PR e BYHE AN £ P S B AR 1] ) 22 P BT I 49
3.3.5 7£ YM HI NSM HUR ] FEAZ TR 22 A PR ARSI oo 54
3.3.6 SSBEFETEFEIN oo 54



H o

3.3.7 GBI ZE BT EE N S T SNPS BB IE oot 55

B I 7RSSR 58
TR T 27T 60
g 10l < TR 61
e -3 A N 62

) (ST 69
DL =2 WV 1, o 03
BB oo veeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeenteeeeseteseeeeeeeeeaeeeteteeeteseeeeeenenteseseneeas 94



Contents

Contents

ADSIFaCt IN CHINESE.......ceiiiceier it r s s rnn e 1
ADSLract in ENGLISN .........coviie e s e 2
Chapter 1: INtroduCtioN...........cccoeceeiciiersre et en e 3
1.1 P1asmodium [ife CYCIE .....ooueeiece e e 3
1.2 The current situation of world malaria...........cccccoeeiieiieciii e 6
1.3 MalAria iNn CRINA.......coiiiiiicie e e et e te et e e e e e sreeeeanes 8
Y 1 T T Tt (0] £ TS SPSROPOUPOSRN 10
1.5 Malaria control and treatment .............ccooveriiieiiicces e 11
1.6 DIUQ FESISTENT ...ttt ettt bbbttt bttt 12
1.6.1 Insecticide-resistent in ANOPNEIES.........cviiiiiicii e 12
1.6.2 Drug-resistent in PlasmOGiUM..........oouiiiiiieeinesesee e 13

A - Vool 1oL S OSSR RPS 19
1.8 STUAY AIM.c it bbbttt b bt 20

Chapter 2: Growth phenotype in blood-stage, oocyst and sporozoite

development, and mefloquine response of Plasmodium yoelii spp NSM ......... 21
2. L INIFOTUUCTION ...t b et 21
2.2 Materials and MELNOGS. .......cc.ooviiiiiiies s 21

2.2.1 Parasite maintain and iNFECtION .............coiiiiiiiii 21
2.2.2 Parasite maintain and INTECTION ............couiiiiiiiiec e 23
2.2.3 DiSSeCtioN OF MOSGUITOES ......cciuvieiieiiieiie ettt eaans 23
2.2.4 DINA BXETACTION ...ttt sb bbbt 25
2.2.5 PCR CYCHING PrOGIAM....ccuviiiieiiecitee sttt ettt ettt s e e sne e teesneeanns 26



Contents

2.3 RESUIES .. 27
2.3.1 Growth phenotype of P. yoelii SpPp NSM.......ccccooiiiiiiieiece e 27
2.3.1.1 Parasitemia of the NSM parasite ..........cccceoeriieiiniiiiieee e 27
2.3.1.2 GaAMELOCYLEIMIA. . ..veeveitieiieeite ettt e ee s e e te et e sneesaeeneeeneeee e 28
2.3.1.3 Oocyst and sporozoite development in MOSQUITOES ..........ccevveriererireiieeeenenns 29
2.3.1.4 Microsatellites genotyping on different development stages of NSM .............. 30
2.3.2 DIUQ FESPONSE ...ttt ettt et e e nb e et e b e b 31
2.4 DISSCUSSION ...tttk b bbbttt bt n bbbt ab et 34

Chapter 3: Gene structure analysis and differentially splicing between P. yoelii

SUDSPECIES......ueeiirer e e n e s r e n e e e nan e 35
S L INEFOTUCTION ...ttt bbbt 35
3.2 Materials and METNOGS. ..........ooviiiiieie e 36

3.2.1 Parasites and INfeCtion OF MICE ........coociiiiiiiieee e 36
3.2.2 RNA sample collection and preparation ...........ccccccveveieeneeieseese e 36
3.2.3 Detection of cDNA and PCR CyCliNg Programs ..........cccceeeeeerierenenesenesesesneenns 38
3.2.4 Strand-specific library preparation and SEQUENCING.........ccceeveieeieeiieseesieereseeene, 39
3.2.5 Sequence reads cleanup and mapping t0 genOMEe...........coovvieerereneneseseeeeeenes 39
3.2.6 Read counts and estimation of gene expression level...........c.cocvvveievieiecccieene, 40
3.2.7 Detection of new transcripts and events of alternative transcripts ...........c.ccoceevenee. 40
3.2.8 Detection of SNPS and indels ...........cccooiiiiiiiiii e 41
3.2.9 Experimental confirmation of selected SNPs and AS events .........cccccceevvcevvenene 41
BB RESUIES .. 41
3.3.1 DIreCtional RINA-SEQ .....couveieeieieiesie sttt ettt 41
3.3.2 Mapping sequence reads t0 CHrOMOSOMES..........cccvevieiiiieiie e 42
3.3.3 Estimates of gene expression [8VEIS............cooiiiiiiiiiiicece e 44

3.3.4 Alternatively and differentially spliced introns between two P. yoelii subspecies ..49

3.3.5 Detection of SNPs between YM and NSM parasites.........cccovevereeiereeieerieseennenn, 54



Contents

3.3.6 Genes With antiSENSe tranSCIIPLS ....c..oiviiiiieieieiere e 54
3.3.7 Confirmation of selected SNPs and alternatively/differentially spliced introns......55

I D oW 1] o] OSSPSR 58
3.5 CONCIUSION ...ttt bbbttt bbbttt e e ne e 60
Chapter 4: CONCIUSION .......cccevvieiieer s snr e r s s ne et e n s n e 61
REFEIENCES ... e e e 62

Additional file 1. New genes or genes with structures that do not match the

predicted gene models in the P. yoelii YM genome SEqQUENCE..........ccecceerrunernnn 69
PUDIICAtIONS .....ccceeiieicin s s r e s s r e e 93
ACKNOWIEAGEMENTS.........oercreicir e r e r s nnr e 94

\



RS

HE

G 5 285 20 FOE JR Bt (Plasmodium yoelii) 27075 -394 B B 58 R AE R
T IA ) — M EE PSR, REARIERS YM BRI EARRAFELC
B sE, fERE A VF 2 WA RS YIE R K RNA-seq /755 B O L RIE, (HAREE
J5 H i ZR B D (B A] REAEAE B DR i [X A mRINA Bty B2 o R 2 e
JiR Ha i SR AL A ) cDNA S A BT A TR R Hagt A2 45 ORI S 2 25 M A TR

AWEFT, FATH L RIE I 32 NSM B BUTE MQ 25 [T 73 (1 21 A 3 i R AR A g it
TP cDNA LRI HBHTIREEN R, RGP 2 5 R A AR YM dibk
cDNA PR XS, DAkl gmid X B H R 2 A1 (SNPS). W& F-FMR 7450 2 7+
24 PR 5L RV A T £ 22 e P BT 2 DA I AE MQ 2541 07 B IR 2R R 3 A8 4k

X 24 IR J5 NS M R (1) 36 s AL B-AT VR I, FRATT3RAS T K 40456,000,0001
100bp X U FF P 1, F 78 5 2058 22505 . 7E5Y M B RES S 47 21 1) LA )
RITOMBIEREX A ST WS T-ONE TR UL R % 1E R
SR I SCHE G =3¢ B0 5. 28 LRSI TN £ 0 R o o 78 3 21 8080 B R I 1 22 e PR BT Y
T AR BT E A S AR R A PRI AR B A S . [F
I, BENSMIRIHE ST 415 Y MR % S 4L 470 1) LU R 8 A E P A SRR TR 1 K 24
84000 LAz H K 2 A& (SNPs) .

FE L I S5 HU S T A (8] B 6 XA & 7 22 PR BT & T ORISR, IR LN
BT BRI A ) TR 45 AR iR A () R e A R E B AE

KEEIA: JEFR; RNAIREENY: BRRE; BRHR2Z SN, SRFrkiy



Abstract

Abstract

The rodent malaria parasite Plasmodium yoelii is an important animal model for studying
host-parasite interaction and molecular basis of malaria pathogenesis. Although a draft
genome of P. yoelii yoelii YM is available, and RNA sequencing (RNA-seq) data for several
rodent malaria species (RMP) were reported recently, variations in coding regions and
structure of mMRNA transcript are likely present between different parasite strains or
subspecies. Sequencing of cDNA libraries from additional parasite strains/subspecies will
help improve the gene models and genome annotation.

In this study, two directional cDNA libraries from mixed blood stages of a subspecies of P.
yoelii (P. y. nigeriensis NSM) with or without mefloquine (MQ) treatment were sequenced,
and the sequence reads were compared to the genome and cDNA sequences of P. y. yoelii

YM in public databases to investigate single nucleotide polymorphisms (SNPs) in coding

regions, variations in intron—exon structure and differential splicing between P. yoelii

subspecies, and variations in gene expression under MQ pressure.

Approximately 56 million of 100 bp paired-end reads were obtained, providing an average
of ~225-fold coverage for the coding regions. Comparison of the sequence reads to the YM
genome revealed introns in 5’and 3’untranslated regions (UTRs), altered intron/exon
boundaries, alternative splicing, overlapping sense-antisense reads, and potentially new
transcripts. Interestingly, comparison of the NSM RNA-seq reads obtained here with those of
YM discovered differentially spliced introns; e.g., spliced introns in one subspecies but not
the other. Alignment of the NSM cDNA sequences to the YM genome sequence also
identified ~84,000 SNPs between the two parasites.

The discoveries of UTR introns and differentially spliced introns between P. yoelii
subspecies raise interesting questions on the potential role of these introns in regulating gene

expression and evolution of malaria parasites.

Keywords: Malaria, RNA-seq, Gene expression, Single nucleotide polymorphism (SNPs),

Alternative splicing,
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