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RNA-seq of Developmental Liver and pancreas

|.  Liver and pancreas arise from endoderm at E10.5.

.  RNA-seq could detect the differential transcriptom of two organs.
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Data Processing Step |

C 39

Gene Expression Omnibus

[HOME | SEARCH | SITE MaP | GEO Publications = FAQ = MIAME  Email GEO
NCBI > GEO > Accession Display Not logged in | Login
Click the accession to see it in the accession viewer
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Data Processing Step |l
quality control
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Quality score distribution over all sequences
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Data Processing Step Il Mapping

rhangyw@yp:~$ _tophat2 /usr/local/data/bowtie2-index/mmS SRR567654 1.fastq SRR567654 2.fas

2014-06-11 09:40:20] Beginning TopHat run (v2.0.11)

2014-06-11 09:40:20] Checking for
Bowtle version:

2014-06-11 09:40:20] Checking for
Samtools version:

2014-06-11 09:40:20] Checking for

2014-06-11 09:40:20] Checking for

2014-06-11 09:

2014-06-11

A B C D E F

1 Sample Total_read Non-unig  Uniq apping Efficiency nique Mapping Efficiency
2 E105 DP 2.33E+8 1.79E+7 1.72E+ 81.74% 74.04%
3 E105 VP 2.40E+8 1.81E+7 1.77E+8 81.25% 73.75%
4 |E10_5_LV 2 65E+8 238E+7 1.86E+8 79.25% 70.28%



Mapping quality Number of hits

score=-10log,, (mapping error rate)
n-unique mapping /

~/vork/RNA-seq/rawData/tophat_SRR567654_7\$ samtools view accepted hits.bam |more

S5RR567654.17949297 433 chrl 3005262 1014 chrl6 36976948 0 TGTATGCAATGGTGTCAGCATTTGGAAGCTGATTATGGGATGGATCCCTGCATATGGCAATCACTAGATGGTCCATCCTTTTGTCACAGCTCCAAATTTTG  ccccbecc caccdddddeeeeeeqqc

giiiiiiiiiiiiiiiihhghiiiiiiiiiiihhiiiiihiiiiihijii}iiiihhiigggggeceeeba AS:i:0 XN:i:0 XM:i:0 X0:i:0 XG:i:0 NM:i:0 MD:Z:101 YT:Z:UU N§:1:26\CC:Z:chr1o CP:1:66424155 HI:i:0
SRR567654.51681684 401  chrl  3005262(0 1014 chr4 126741935 0 TGTATGCAATGGTGTCAGCATTTGGAAGCTGATTATGGGATGGATCCCTGCATATGGEAATCAQTAGATGGTCCATCCTTTTGTCACAGCTCCAAATTTTG  ccedecccccccddeddceeeeeeqg
giiiiiiiiihihhhhhhihiiiiihiiiiihhfiiiiiiiihiiiofhiiliiiiiqiigggggeceeebbb AS:i:0 XN:i:0 XM:i:0 X0:1:0 X6:i:0 NM:i:0 MD:Z:101 YT:Z:UU NH:i:20 |cC:Z:chr1o (P:1:101688779 HI:i:0

SRR567654.49640892 321 chrl 3006356/ 0 1014 chr7 136493492 0 CCATATCTTCGAGGCTTTTCCCTACTTTCTCCTCTGTAAGTTTCAGTGTCTCTGGTTTTATGTGGAGTTCCTTAATCCACTTAGATTTGACCTTAGTACAA  bbbeeeeegqagqiiiiiiiiiiiiii
iiiiiihhhiiiiihiihiiiiiiiihiiihiiihihiiiiiiihhqhgogoeeeceeedcddddcbedcce AS:i:0 XN:i:0 XM:i:@ X0:1:0 XG6:i:0 NM:i:0 MD:Z:101 YT:Z:0U NH:1:8 [C:Z:= CP:i:97849347 HI:i:0

SRRS567654.50913589 129  chrl 30070090 101 = 105435855 102428947 CGCCCATGTATTTTATATTATTTGTGACTATTGAGAAGGGTGTTGTTTCECTAATTCTTTCTCAGCCTGTTTATCCTTTGTGTACAGAAAGGCCATTGAC  bbbeeeeegfqgqifhiii
iihghighghiihihiiiicghiiiiiiihiiiiiiiiiiiiiiiiipig¥iiiiiggggggeeeeeebdddccccccce AS:i:-6 XN:1:0 XM:i:l X0:i:0 XG:i:0 NM:i:1 MD:Z:4A96 :Z:UU[NH:1:20 CC:Z:= CP:1:3007609  HI:i:0

SRRS567654.50913589 385  chrl  3007009|0 1014 chrl2 48609544 0 CGCCCATGTATTTTATATTATTTGTGACTATTGAGAAGGGTGTTGTTTCCCTAATTTATTTCTEAGCCTGTTTATCCTTTGTGTACAGAAAGGCCATTGAC  bbbeeeeegfaggi fhiiiiiiihghi
ghiihihiiiicghiiiiiiihiiiiiiiiiiiiiiiiihigiiiii@gggeeeeeebdddcccccccc AS:i:-6 XN:i:@ XM:i:l X0:1:0 X6:1:0 NM:i:1 MD:Z:4A9 YT:Z:UU NH\i:2¢f CC:Z:= CP:1:3007609  HI:i:1

4

~/vork/RNA-seq/rawData/tophat_SRR567654_2 $ samtools view accepted hit.bam |awk '($5 >20)' |more
SRR567654 .88689488 163 chrl 3143955 101M = 3144036 I8 AAAAAACTAAATTAAATTCATGTTTTAGATCCATCCTTACTTGTCATTTTTCCAGTTAGA!
iiiiiihhhiiiiiiiiihiiihiiiiiiiiiiihhhiiggfgggeegeebcdddcdcbbedbe AS:i:0 XN:1:0 XM:1:0 X0:i:0 XG:1:0 NM:i:0 MD:Z:101 YT:Z:UU fH:1:1
SRR567654.58921549 99 chrl 3144016 50 101M = 3144024 109 CTAGCTTCTAGCCTTTTAACTTTATGGCAATAGTACATCAGAGACTGTATATTCAGACTTAGTRAA
iiiiiihhiiiiiiiiiiiiiiiiiiiiiiiiihhhiihihhihifhfgfqggggeeeeeeddd AS:1:0 XN:1:0 XM:1:0 X0:1:0 XG:i:0 NM:i:0 MD:Z:101 YT:Z:UUJNH:1:1
SRR567654.58921549 147 chrl 3144024 50 oM = 3144016 -109  TAGCCTTTTAACTTTATGGCAATAGTACATCAGAGACTGTATATTCAGACTTAGTRAAATTAGCATTTAATAGAGTCATAATGATTTTTCTCCTTTCTTC  ddcceeeeddaggggggiii

/Unique mapping

TAGCTTCTAGCCTTTTAACTTTATGGCAATAGTACATCA  bbbeeeeegggggiiiiiii

ATTAGTCATTTAATAGAGTCATAATGATTTTTCTC  bbbeeeeegggggiiiiidh

iiiiiiiiiihhiiiiiiiiiihiiiihhiiiiiiiiiiiiiiiiiigiijgggggeeeeeb b AS:i:@ XN:i:@ XM:1:0 X0:1:0 XG:1:0 NM:1:0 MD:Z:101 YT:Z:UU NH:1:1
SRR567654.57184711 99 chrl  31446026| 50 lemm = 3144045 120 GCCTTTTAACTTTATGGCAATAGTACATCAGAGACTGTATATTCAGACTTAGTAARATTAGTCATTTAATAGAGTCATAATGATTTTTCTCCTTTCTTCAG a  eeeeeggggghifgfeg
ffhhiidfghiiiiihiiihhbfgfhbhhifeggfdffgfghfh]bgfii¢ "dzbdecd ]b AS:1:0 XN:i:0 XM:1:0 X0:1:0 XG:i:0 NM:1:0 MD:Z:161 YT:Z:UUINH:1:1
SRR567654.88689488 83 chrl  3144036|560 1M = 3143955 -182  TTTATGGCAATAGTACATCAGAGACTGTATATTCAGACTTAGTAAAATTAGTCATNTAATAGAGTCATAATGATTTTTCTCCTTTCTTCAGTGTGACCAGC — dbddddeeeeeeeggggggg

ifhhiiihiihiiiihiiiiiiiiiiiiiiiiihihiiiiiihiiiiliifoccaceeeeebbb AS:i:@ XN:i:@ XM:i:0 X0:1:0 XG:1:0 NM:1:0 MD:Z:161 YT:Z:UU NH:i:




Data Processing Step IV Differential expression analysis

Count the reads of each gene using htseqg-count with gene structure annotation:
Ensembl mm9 (downloaded from UCSC)

Command : zhangyw@yp: /home,/yp/RNA-3eq/tophat SRR56T654 28 htseg-count -o liver.reads accepted hits.bam mm3 convert.GIF

re liver.reads

Output : “h - 8673

1279




directory <- getwd
sampleFiles <- grep

DESeq script:

sampleTable «<- da
fileNam
Ti=zue riment Time=experiment

ampleFiles

ddsHTS5eq <- DESegDataSetFromHTSeqCount (sampleTable = sampleTable,directory = directory,design= ~

colData (ddsHTSeq) sTissue «<- factor (colData (ddsHTSeq) sTissue, levels=c

write.table (res, file=

TF= fold changeiliver/pancreas)

CTELA 0. 734850401

=TZEF1 0. 321740732

SYP 0. 245882741

E¥T4 0. 46690458
Output: SYT7

AF &

B 0. 166965965
ECNESZ 0. TTEE10Z2T4
ECNNAL 0, 27431245
ECNNEZ 2. 272147303
ECHN1 1. 5574236358
ECNN3Z 0, 544070131

SCN14 0, 8080096864



Maf family transcription factors
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MafA and mafB is expressed in pancreatic B-cells and is essential for
B-cell maturation and glucose-induced insulin expression.



Outline of MafA and MafB

I.  The maf family can be subdivided into two groups. Large mafs are proto-oncoproteins and are
overexpressed in many human cancers.

lI.  Small mafs, MafF, MafG, andMafK, lack an activation domain and act as repressors or rely on
dimerization partners for their transcriptional activity.

lll.  They have the simplest DNA-binding motif, with two long a-helices gripping DNA like a pair of
chopsticks.
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RFSDDQLVSMSVRELNRQLRGFSKEEVIRLKQKRRTLKNRGYAQSCRFKRVQQRHILESEKCQLQSQVEQLKLEVGRLAKERDLYKEKYEKLA
La rge RFSDEQLVTMSVRELNRQLRGVSKEEVIRLKQKRRTLKNRGYAQSCRFKRVQQRHVLESEKNQLLQQVDHLKQEISRLVRERDAYKEKYEKLY
maf RFSDDQLVSMSVRELNRHLRGFTKDEVIRLKQKRRTLKNRGYAQSCRYKRVQQKHHLENEKTQLIQQVEQLKQEVSRLARERDAYKVKCEKLA

RFSDAALVSMSVRELNRQLRGCGRDEALRLKQRRRTLKNRGYAQACRSKRLQQRRGLEAERARLAAQLDALRAEVARLARERDLYKARCDRLT

HLSDEALMGLSVRELNRHLRGLSAEEVTRLKQRRRTLKNRGYAASCRVKRVCQKEELQKQKSELEREVDKLARENAAMRLE LDALRGKCEALQ
SLTDEELVTMSVRELNQHLRGLSKEEIVQLKQRRRTLKNRGYAASCRVKRVTQKEELEKQKAELQQEVEKLASENASMKLELDALRSKYEALQ

—l LSDDELVSMSVRELNQHLRGLTKEEVTRLKQRRRTLKNRGYAASCRIKRVTQKEELERQRVELQQEVEKLARENSSMRLELDALRSKYEALQ

maf EEKRRIRRERNKMAAAKCRNRRRELTDTLQAETDQLEDEKSALQTEIANLLKEKEKLEFILAAHR

RIKAERKRMRNRIAASKCRKRKLERTARLEEKVKTLKAQNSELASTANMLREQVAQLKQKVMNHV
DEKRRKFLERNRAAASRCRQKRKVWVQSLEKKAEDLSSLNGQLQSEVTLLRNEVAQLKQLLLAHK
ARKREVRLMKNREAARECRRKKKEYVKCLENRVAVLENQNKTLIEELKALKDLYCHKSD




Signaling network of mafA
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Description v-maf musculoaponeurotic fibrosarcoma oncogene family, pratein A (avian) Description v-maf musculoaponeuratic fibrosarcoma oncogene family, protein B (avian)
A MGI-2673307] ol:Acc:MGI:104555)

Chromasome 15: 75.746.843-5.747.922 reverse strand. Location Chromosome 2: 160.393.677-160.367.065 reverse strand.
001008.2:75746843:T4747922:1 INSDC coordinates Cm38:CM000995 2-160363677-160367064:1

Transcripts This gene has 1 transcript (splice variant) (REilRGE T IEEL Transcripts This gene has 1 transcript (splice variant) AL R e el SEL
SA<BHE HA<EE
L_:_:_:_:_:_:_:_:_:_:_

Location
INSDC coordinates

C
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75.740Mb

75. 745k

Genes [GENCODE... oA Genes (GENCODE... ——— -
""""""""""""""""""" < Mafa-201 < Ze3h3-201 < Mafb-001
rotein codin rotein codin nrotein codine
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Gene Legend B protein coding Gene Legend 0 merged Ensembl/Havana




multiple sequence alignment program--- clustal\W?2
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GHHHGAHIAR HHHHA K HHHHHHHIHHG -~ - AGH 213
GHHHGAHHT A HHHHS AHHHHHHHHHHGSSGHHGGGAGH. 213
& AHHHIAHHHHHHH- ~—— ==~ ===~ 164
& AHHHIAHHHHHHH- ~—— ==~ ===~ 164
&

EYTSGEEAGGALE TGS WMAGHEDSMAGTFMQE GEF LEVCS VESCOARGENE AHRVSHG 331
ETTEGPGTGGEMLE AGGEYMRGMEDS IGLATOP GRF LEVCEVEECGAGGE TR AHRSGHG 284
DTTGGPGTGEGMLE AGGEYLAGIEDENAGN S LAF GEF LEVCEVEECGAGEESE AHEAGHG 312

566~ AGHHVELEERFSDIQLVENSVRELHRALEGFSKEEVIRLRKRRTLEWRST AQSCR. 272
GGGGAGHHVELEERFSDIQLYENS VRELHRALEGFSKEEVIRLRKRRTLEWRST AQSCR. 278
——————— HLKLEERFETIGLYSMEVEEL MR ROFSKEEVTRLRORRRTLEWRATAQSCR. 217
——————— HLKLEERFETIGLYSMEVEEL HRAT RGFSKEEVTRLEGRERTLENRATAQSCR. 217
——————— HLKLETRFSTTGLYSMEVEEL HRT RGFSKEEVTRLEQRRRTLENRATAQSCR. 206
—————— AHARLENEFSIEGLYSNTYRELNRGL RGFSKEEVTRLEQKERTLENRGTAQSCR 241
——————— HLELEDRFSDEQLYSMSVRELWRLEGFSKEEVIRLEQRERTLERATAQSCR. 219

———————— GSVEDRFSIDGLYSNS VEELNEHLEGF TEDEYT RLEQKRETLENEGT AQSCE 154
———————— LHFDIEFSDELVTMS VRELHRALEFYSREEVT RLEQKERT LENRGY AQSCR. 175
——————————— IDSDSAGPASPHITRALP-TVEVHSKEEVI RLEQKERT LENRGYAQSCR. 78
LYSHCSSSHAQEELNIDELLMS LS VRELHERL HSCFREQVVELEQKERT LENRGT AQNCE. 391
LYSHCHGTHEQEELNIDELLMS LS VRELHKELHGCFREVVELEQREETLENRFTAQNCR, 344
LYSHCHGEHAREELNFDELLMS LS VRELHERLHGCFREE VVELEKERTLENRFTARNCR, 372

e M : Lo ok ekokoloboboloropolok | ok

FERYQQRHILESERCALASAVEQLE EVGRLAKERNLY EERY ERLAGRGGE GEAGGA—— 329
FERYQQRHTLESERCALASAVEQLET EVGRLAKERDLY EERY ERLAGRGGFGEAGGA—— 335

TRRYQRHTLERERCOLASHVEQLEYEY SRLARERDLY KERY ERLAARGRF---—---—= 783
TRRYGERHTLERERCALASHVEQLEEYSRLARERDLY KERY ERLAARGFF---—----= 783
TRRYQHRHT L ENERCALASHVEQLENEYTRLAKERDLY KERY ERLAGRGFF---—---—= 257
TRRYQHRHNLESERC TLASHVEQLERTVARLTKERDLY KERY ERLASEAFNGGGH-—-—- 296
TERYQHRHTLETERCALASHVEQLEEYSRLAKERDLY KIEY ERLASESFT---—---—= 270
TRV EHHL ERERTQLT g VEQLENEVERLARERT AT KVECERLANS GRE-—--—---- 245
FERVORHVLESERNGLLAGVEHLEQETSRLVEERT AT KERY ERLYSHGFR-———————- 229

FERVQQRHILESERCQLASAVEQLEL EVGRLAKERILY EERY EFLAGRGGEGGTGGA—— 135
SERLAQRADLETTHRRLANELARTETDVARLQQERNLY KRR Y EMLEARQRHHHRHRHSHH 451
SERLAQRADLESTHRNLANELARAFTEL TRIQQERNLY KORYIMLETEQSHHHRHHHRHH 404
SERLAQRHILETTHRNLANELARTEVELSRLAG--ILTTOREES AGLEEAVSQSELER-—— 428
L S NN & M S I N -



Sequence Conservation
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Secondary structure of MAFA_MOUSE MAFB_MOUSE

231, . .. . . . .240. T - . 270 . . 280 . . 290
maa———mammm
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BT e s RARAT TS 5 RRARAT T55 — RAAAR ARA ALARRAARAA ARRAAA
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20 . . e B0 e B0 SO BD . 70
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Structure of MAFA_MOUSE MAFB_MOUSE
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FalseTest of substitution saturation

FalseTest of substitution saturation (Xia et al. 2003; Hia and Lemey 2009)
Analysis performed on fully resolved sites only.

Testing whether the observed Iss i= significantly
lower than Iss.c.

Part I. For a symmetrical tree.

Prop. invar. sites oooo
Mean H .0ooo
Standard Error .0ooo
Hmax 1.5321
== ;

==.c 3.0330

I Je0el70510543870000000000.0000
E _ 2

rob {(Two—-tailed) .0000 |
J54 Lower Limlit dooy
95% Upper Limit L0000

Part II. For an extreme asymmetrical {(and generally very
unlikely) tree.

I==s.c 19.3750

T 23036253576372800000000000.0000
DF 2

Prob (Two-tailed) .00oo0

95% Lower Limit L0000

95% Upper Limit .0ooo

FalseTest of substitution saturation by DAMBE




MAFB mouse

MAFA Chinese tree shrew
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48 MAFA Japanese quail
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3 MAFA mouse
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MAFA Jerdons jumping ant N RL
9 — MAFA Florida carpenter ant
E7 L MAFA Panamanian leafcutter ant Cla de

Phon%enetic Maximume-parsimony tree of Maf family. Aliment of the sequence was made with ClustalX; this was used to derive phylogenetic tree with
paup

y the Maximum-parsimony method. Bootstrapping was carried out on 1000 replicates. Based on the tree Maf family consist of three clades.




15, MAFB human

A MAFB Cynomalgus monkey

3 MAFA Chinese tree shrew

B HIEPT2 Macaca mulatta

13 MAFB mouse MafB
U3EBS2 White-tufted-ear marmoset

42 MAFB rat Clade

MAFB Xenopus laevis
43 MAFB Western clawed frog
W8PC33 King cobra
£l 4{ MAFB chicken
% MAFB Japanese qualil
MAFB Zebrafish
7 3 B&X1MS Atlantic salmon
MAFA Green sea-turtle
MAFA human
| . 493{ MAFA Naked mole rat
33 MAFA mouse
MAFA Brandts bat M afA
IMAFA Zebrafish C | a d e
MAFA Xenopus tropicalis

19 ——— MAFA Domestic pigeon
MAFA Japanese quail
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?‘_ MAFA chicken

100 | MRL HUMARM

E1

5%

| NRL MOUSE NRL
MAFA Jerdons jumping ant
100 — MAFA Florida carpenter ant cla d e
gol MAFA Panamanian leafcutter ant

i)hylogenetic tree with
y consist of three clades.

Phylogenetic Neighbour-joining tree of Maf family. Aliment of the sequence was made with ClustalX;this was used to derive
megab5.0 by the minimum-parsimony method. Bootstrapping was carried out on 1000 replicates. Based on the tree Maf fami




MAFB mouse

MAFB human

MAFD rat

U3EBSZ White-tufted-ear marmoset
MAFA Chinese tree shrew

34 HIEPTZ2 Macaca mulatta

L MAFB Cynomolgus monkey

6 MAFB Xenopus laevis
&1 MAFB YWestern clawed frog
MAFB chicken

s 4{ MAFB Japanese quail

- WBPC33 King cobra
— MAFB Zebrafish

73 BaX1M5 Atlantic salmon

4 MAFA Green sea-turtle
MAFA Xenopus tropicalis
MAFA Zebrafish
75, MAFA Japanese qualil
MAFA chicken
MAFA Domestic pigeon

32

A

MAFA Brandts bat

MAFA human

[ ﬂ{ MAFA mouse
8| MAFA Naked mole rat

{NRL HUMAN
100 [MRL MOUSE

MAFA Jerdons jumping ant

100 — MAFA Florida carpenter ant
g7 | MAFA Panamanian leafcutter ant

Phylogenetic Maximum-likelihood tree of Maf family. Aliment of the sequence was made with ClustalX;this was used to derive
phylogenetic tree with PHYLIP by the Maximume-likelihood method. Based on the tree Maf family consist of three clades.




Conclusion

RNA-seq could detect new genes important for development.

Maf family may have at least one replication during evolution.

Replication of maf family in Chordata may related to the origin of pancreas.
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