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Abstract

AlM

To screen the differentially expressed genes
(DEGSs) in aganglionic and ganglionated
colon tissues of hirschsprung disease (HSCR)
patients.

METHODS

RNA was extracted from paired-colon
samples (formalin-fixed, paraffin-embedded
sections) of three HSCR patients (two affected
by total colonic aganglionosis and one by
long-segment HSCR) and purified. Ribosomal
RNA was eliminated before generating the
cDNA library. After RNA-sequencing, the
gene ontology (GO) analysis was performed
to uncover the biological functions of
DEGs. The kyoto encyclopedia of genes
and genomes (KEGG) pathway enrichment
analysis was applied to find out the related
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signal pathways.

RESULTS

There were a total of 1382 significantly commom
DEGs in the three paired samples, including
899 consistently up-regulated DEGs and 483
consistently down-regulated DEGs. The 1382
DEGs were categorized into 383 functional
categories by GO analysis. The KEGG pathway
analysis suggested 25 significant signal
pathways, including bile secretion, protein
digestion and absorption, fat digestion and
absorption, retinol metabolism, steroid hormone
biosynthesis, and starch and sucrose metabolism.

CONCLUSION

In the current study, the DEGs of aganglionic
and ganglionated colon tissues were thoroughly
analyzed for the first time, which will shed new
light on the pathogenesis of HSCR.

© The Author(s) 2017. Published by Baishideng
Publishing Group Inc. All rights reserved.
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et MoK RE R R T U E N AT . 3R E
SRR ET S 350001, B AT
BB %) 1 2SI it R P I R AR 3G A, X —
SR N AT 2 LU e R T B2 AN W3, = A4l
FLSEBIASREAE ZA ) 7 WA . 4 s H I 1
AR(RNA sequencing, RNA-Seq) & 3 41 7
BT —RER, SN Z YR AT e A
A ECER I — AN R G107 JE K, RNA-Seq
RO Z T 28 NKE R, &
PEPRE L R AR R PR SR I BE A, iR Xt T
AR B T HIE R TR B I R R AL
il e AMAEIR ST T & RS S IR Tl
Jta A B

1 MRRT5E

1.1 3HIHS CRIE T A B A 2 (e H
A B E TO AR 2 1 40 ) S R B 4 2 (B
P8 AR G 0T 2 A A T A AR ) A et L R AR
e LRI 5 R B & L B R B 5 i A R
JRHERLFARVIBR G HIE. fRAF. Hodh2f] 445
JHRHSCREFE (9w 5 HO116, BAE, 11 mo; %
5 HO127, %, 3 mo), I1HIKEMHSCREH
(4’5 HO129, Lk, 10 mo). Al 4 414
F S RNARBUAA & (52 5: DP439, RRAA
BRI AB R A F], FE); Ribo-zero™ rRNA
Removal Kit (Epicentre, 22t b, & 0752 N, 3
[#); NEBNext” Ultra™ Directional RNA Library
Prep Kit(NEB, 3% gl 77, D=1 ZE M, S [H).
1.2

1.2.1 : RNAI P i b 5 v R B0
EVE BRI R A R R, FEL RS 3
SR FREAR S VIS Fr, IREUSRNA; SFFE
i BEAT BT A IS E BRAZ MR, 2k, il
JE AT SRR SRR A 45 e DN ASC AT
HiSeq_EHLI 7.

1.2.2 : H TR R B AR e it
FE S NIRE S DN AFIRN A A B S AR AR H,
R IE S 22 S R IR R 2 R/, AT & Sext
W JR AR B BEAT 1 BT VR AL, A4 IR
PR ER AP K 2 (Phred 2ME 205X B I IE A R
A N99%, Phred iy {E 30X M. ) B 1E i iR
MZEH99.9%) GCHFESAMRE . T HHE
I 8 (2 o 2 Sk I 6 e 47 DA R B R
BT ). Hraw reads N IGEHE H Hreads
#; clean reads A i SR FHE I 5 Hreads#, 1k
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RIVHHE R Ja B A ME B i B &Rl clean
bases Ay JE 4G B I I BRAE AL, R 2
I A Qpprea = -10l0g,o() THHAF I, GCH
& i /nclean reads G C H4FRHRIL ) H 43 L.
SRJEHATN. S TARBAF X RN A-S e q il Fr K dfs
HEAT EESF 40 #T. Total reads AH T HEXT 0 M i
clean reads#¥; total mapped reads >y Lt X} 21 3 K]
H - [freads#; uniquely mapped reads 4y L X
FIFE K 2H . — 17 B Freads%; multiple mapped
reads Ay LU X 21 3 R 4 2 AL B reads 3 total
mapping rate Ny HEXF R FEFIH EFreads di iz
clean reads#{([¥] 1 43 Lt; uniquely mapping rate
J9 bt 2 B R 4 B — 7 B reads i S clean
reads# ) H 43 LE; multiple mapping rate Ay LE X
BRI A Z ML B Freads# 4 Sclean reads
B E o be. RSO0 W A Y B R
BN B 225 B AL H 43 LE LR T 70%, Hor
BA ZA LA B 1 51 5 SR 1 4 s
WA 10%. i FIHTSeq 4347 3 K /K F
1€ B4, HeRHFKPM(fragments per kilo
bases per million reads, >R F 3 — & K4 T-1%
S BRI R BOEH 2 H R R
FL APl TR M R A b (2R N A
THELAL A S ZH TR FE AR R A D0 M 28 B il A
Kl (PearsonfH ¢ £ &) DL EDWL S 7 2H [A) A A
7 M N FEAR B KDL
1.2.3 ;Y BIXTHSCRAEH W
AR B i 20 23 B TE i B AL 2R B TR Rk 7K
AT R LL, 5 284K 3] 3 (] 1) 22 S Ak L A,
FIHedgeRE A 4T B R %
25 B2 VR AT, K Padj(2 EAR Ik I
B 1E J5 [1P{E)<0.05. Foldchange(fi$i2)
A B> 21 N 22 e ol 3 PEAR .

2 B8

2.1 FFPE RNA-Seq k1
FiaR, BT FEARIQ207E£96.59%-97.31% ],
Q307£90.78%-93.14% 2 [(Q20 Q3043 Jil &
/NPhredfE>20. 30MMHIE S ARG IE 1
53 b, GCE B ZRA K.

2.2 A3 %) L Z R
A 7R 5 NSRRI H 22 7 51 L 17 T
k2. AW AT A AR total mapping rate
"H73.86%-89.89%, multiple mapping rate’dy
2.27%-5.43%. TS FEAR T H D B s oA
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HR2MR Rawreads Cleanreads Cleanbases — £E1RZE(%) Q20(%) Q30(%) GCEE(%)

H0129 BB 30731849 26953378 8.09G 0.02 97.13 92.87 46.91

H0127_BB 29919105 27594122 8.28G 0.02 97.31 93.14 46.83

HO0116_BB 38469223 31466683 9.44G 0.02 97.24 93.01 43.31 >
H0129 zC 35545978 31402169 9.42G 0.02 96.98 92.50 46.71

H0127_zC 37290696 32446763 9.73G 0.02 96.97 92.52 48.29

HO0116 _7C 27778974 26742224 8.02G 0.02 96.59 90.78 46.40
BB: ; ZC:

xR 2 SHBELEANEHES AEERESEEIILEXER

(RIBE(FPKM) 5, ik 22 il 43 A B F %
B R J 7 AN G A R RE AR [ 22 PR R A 7K
PR A O B TR, ARHTE TR FEAR T
ST RIS IE 7K P A 24, T B 2

2.3 TE3X S RV B4
BE W2, B R R R R IA A G R EY
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HR2R H0129_BB H0127_BB HO116_BB H0129_zC H0127_zC HO16_2ZC
Total reads 26953378 27594122 31466683 31402169 32446763 23766915
Total mapped reads 20869303 22462832 24245772 24920590 23963792 21364363
Uniquely mapped reads 20174846 21835711 23422760 24129028 23065295 20073384
Multiple mapped reads 694457 627121 823012 791562 898497 1290979
Total mapping rate 77.43% 81.40% 77.06% 79.36% 73.86% 89.89%
Uniquely mapping rate 74.85% 79.13% 74.44% 76.84% 71.09% 84.46%
Multiple mapping rate 2.58% 2.27% 2.62% 2.52% 2.77% 5.43%
BB: ; ZC:
A fpkm distribution B fpkm density distribution
£/ HSCR_BB [ |HSCR_BB
15 EJHSCR_ZC o6l [ |HSCR_ZC
=
E 10 - > 0.4
4 2
= [0
st [a)
ke}
0.2+
\
0.0
0 5 10 15
log,(fpkm+1)
1 WAL ARERERTIAKEEY, THEES. A3 (FPKM) B3
(FPKM) . HSCR_BB: , HSCR_ZC:

>0.8(KI2A). Py Z2 5 R IK I R R ORI
I TR W3 AR B L R rp B DA R TR A AL
KL, 3 IE W B 4 21 b 2 R R ik AR A A
HRU(EI2B). Kl B 73 W R B A2 B 241 41
HIEH BB A0 A Gt m X 2 R RS
PR A G O 5N R A B 4 2
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A Pearson correlation between samples B

HO127_BB- 0.88 0.8360.8790.9130.895.
0.895
R

1.00
0.913 I 0.96

-0.88
0.8850.8690.879 ~ 388

H0116_BB- 0.8650.8530.869

H0129_BB- 0.877 0.85 0.885

H0127_zC- 0.863

100 -

DEG(1382)
- UP:889
- DOWN:483

-log,o(padj)
3

1.3f - i
-12 -8 -4

log,(fold change)
D HO0129_BB vs H0129_ZC

H0127_BB vs H0127_ZC

2 FERMELZHERFEER. A
Ioglo(l;PKM+1) ; C:

; D:

b, HSCRIE IEH B 430 2 5 R A HE A
13824, Hrb Eig8994 . Fif4834N(E20).
M2 S R R E AT DUR R REAR S A
DA K AdAT] 2 1] 2R B 1) 22 S R A SR R4, 3491
B I P 4 A 4044 L [F] 22 S Rk 2
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™~ (<)) (o] e} (<)) ™~
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; B:
, log,(FPKM+1)

[KI(&12D). 42 M8 A= 57 D e X ik 72 A7 AR &
EVEW R R AT o KRR S, BATRI, R
Z FEPVHR & T e sk R 7 SO0 R, e (AR SR
RGE I KR, B KR, helix-loop-helix %K
TG A K AMIAZ R A R 5. 5 1EH B
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1 hsa04976 Bile secretion 1.7E-09 2.8E-07 22 RNA
2 hsa04974 Protein digestion and absorption 3.0E-09 2.8E-07 23 >
3 hsa04975 Fat digestion and absorption 3.6E-08 2.2E-06 16 smaH:REiN:O‘n_
4 hsa00830 Retinol metabolism 2.1E-07 9.8E-06 17 coding RNA
5 hsa04977 Vitamin digestion and absorption 3.2E-07 1.2E-05 11
6 hsa01100 Metabolic pathways 4.1E-07 1.3E-05 121
7 hsa00980 Metabolism of xenobiotics by cytochrome P450 1.4E-06 3.7E-05 17
8 hsa00982 Drug metabolism - cytochrome P450 2.3E-06 5.3E-05 17
9 hsa00140 Steroid hormone biosynthesis 4.1E-06 8.6E-05 14
10 hsa00500 Starch and sucrose metabolism 1.0E-05 1.9E-04 13 ’
11 hsa04973 Carbohydrate digestion and absorption 1.4E-05 2.4E-04 12
12 hsa00591 Linoleic acid metabolism 3.4E-05 5.4E-04 10
13 hsa03320 PPAR signaling pathway 9.6E-05 1.4E-03 15
14 hsa00330 Arginine and proline metabolism 1.1E-04 1.5E-03 13
15 hsa00590 Arachidonic acid metabolism 2.0E-04 2.5E-03 13
16 hsa04614 Renin-angiotensin system 6.6E-04 7.8E-03 6
17 hsa02010 ABC transporters 9.1E-04 1.0E-02 10
18 hsa00910 Nitrogen metabolism 9.9E-04 1.0E-02 7
19 hsa00100 Steroid biosynthesis 1.9E-03 1.8E-02 6
20 hsa00380 Tryptophan metabolism 2.5E-03 2.4E-02 9
21 hsa00051 Fructose and mannose metabolism 4.0E-03 3.6E-02 8
22 hsa00340 Histidine metabolism 4.3E-03 3.7E-02 7
23 hsa04964 Proximal tubule bicarbonate reclamation 5.4E-03 4.4E-02 6
24 hsa04020 Calcium signaling pathway 6.1E-03 4.8E-02 22
25 hsa00360 Phenylalanine metabolism 6.3E-03 4.8E-02 5

UL, BHERTBERANTRIEERET
BRI FE R X EARE: SLCI0A2, SLC5A12,

DPEPI. APOAI. SLC6A19, SLC2A2,

MEPIB, MS4A10, CYP3A4 K CCL25Z5(PfE Ay
F7.28E-83A11.02E-59 2 [d]), # % (M %676
%, B/ 74152 2. GO HT#R {1382
%R RISFEF )G T383 M T AEER IS KEGG
I BT 2R B X e 22 e SRR B TR O B AR F 25
G IEEE F(R3), 5. EERTE
Sl BRDEA SR, e RARE . K
6] M R AR il TN R AR S A )

3 11ie

HSCRE M 5L RN ZHERH ., ZHRES
5E AP, vIECK, W] 2R ML, B
Rl L2 %65 52 1R 141N HS C RAH 6 5 sk 3 [R] 3 ok
H T 144 & Gi(enteric nervous system, ENS)
KEFEFEEHB2ME S EERET.
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DRI 45 77 I e =y A 2L 2 L B0 R DL K
IRAMRZ WL IR 2 A1, AT LLUERES
oy M5 BRI 2 (R () DGk, R itk FERT
A RN 5y IR AR I ) TEAR AL e R AN
FE 5% B I RO SR R, e B s HAh B0
B TR B S 16 TR (R A AE Y,

HSCRJE T MG A RGK B 7 # T
Pl . ENSIEAME WA R S (1) 8 B G o7,
HECH AR Z AZ T, IR S AR AT 41
(A 2 F 4 2H R 2 I 2%, RE S Bl ST T i
TN BB W, BE. k. s, %
PEEDIRE. T & 5kt a R GAHPUK 4
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HIRE KRB K 2 HOoh 4 KR 7 IR I -2
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St RIR A R LR A A AL, ENS
NG N “ 5 —ADKIN” . 4LENSH)
TR AN AR EA SRR T 2 S A, S5 5 E R I 3
A2 B 14 79 A A 7 7K P 10 N [ R A i
22 I 21 il (enteric neural crest cell, ENCC)], £
W lE e HIE R . WA . o E Mk, R
A O HEF I 40 27 JE R H SR A LI
R, TR B, SRS 5158 L
JARAN I SCRC. X — R B R B A A
6] 7, AL ELR T ENCC A #5231
TE R B T 2 Bl A AE 5 40 7 10 51 S A2,
Bfe— AT A 7@ X L3 BIHS CREE#
973 A8 B 5 IF 8 B 20 4 bR A v (1 i TR R A UK
S, KB T ZAN SR KRS 5L R v] e 2
S k. Hoh, [R5 2Y £5 5L Rl (homeobox
genes, Hox genes)¥ihig— =y AR 57 (1) % 5 [A]
TR, TE U AR HAGN B 1 58 F) oAk . B9 A
DA R HLAR A 238 B Kk & I AR A k4%
FKEEMEH. NREEIONHOXEE, R4
K #E(HOXA-HOXD), 4> fi fE4 4% Yetofh 1B,
HANTEHSCREFH AW H LU R I 578 &
BRRNUFEHOXAII, HOXCS. HOXAI3,
HOXB6, HOXDY9. HOXDI10. HOXDI1,
HOXDI3, HOXBI3. HOXDI12, HOXCS,
HOXC6%%. BRI 2 2 5 MG
RE AR R AR AR E PSSR O o
TEVF 215 5 MBI FE v e /R F, s e
VERLN RS I3 AN S AT R
iz g 2P Ak, helix-loop-helix 5 i ik 7
AN A% 3R 2 1 R AR E IR iR B R
A =P

41382 2 F R B R & 4L 38341
RERK. 2555, EES ST
HATHEL SR TBmS R, 4k
FARW . KE RS B TER RS
RGP R, EAR. BokEw. i
KRN RACH M EZRY), KRS 5P
X R R B B IR 3T B OCE T B
FFE N 51201 64F HEAT 1) — T [m] 3 14 57 431 - % HEE
W Feat Flion, BERE Lot (B D 2 A i & 4e
O bR 5 SRR B H S C R KU AT 55k 32 18 0!,
Y b, FRATTHEN, TR 2 BT REAY AR 3
LA T A A IR R R AR S5 TR N S B IR R K &
FUH R A #H AT e THREN S IEH K
H, IR 5 EHSCRI\KE.
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KAk B Gt 72 S R IB FE R BEAT 1 i, 4122
SE L BT R e Bk PRI 26 70 A5 Sl Bk R
o FRA TR R K % 3 ik PR 4T SR B8 AIE
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BRI RS HER Ve T+ BL.
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