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Transcriptome Analysis of Protective Mechanism of Gastrodiae

Rhizoma on Neurons of Parkinson Mice

ZHANG Da-yan, WEN Huan, WANG Wei, ZHAO Ling, PENG Cheng" , GAO Ji-hai”
( Pharmacy College, Chengdu University of Traditional Chinese Medicine, Key Laboratory of Systematic
Research, Development and Utilization of Chinese Medicine Resources in Sichuan Province ,
Key Laboratory Breeding Base of Co-founded by Sichuan Province and Ministry of Science and
Technology, Chengdu 611137, China)

[ Abstract ] Objective: To study on the therapeutic effect of Gastrodiae Rhizoma decoction on A53T
a-synuclein transgenic Parkinson mice and its influence on the expression of apoptosis related pathways. Method .
AS53T a-synuclein transgenic mice with Parkinson disease were used as experimental subjects, and model group,
Gastrodiae Rhizoma group, blank group and positive group (madopar group) were also set up. The pathological
changes of substantia nigra neurons in mice were determined by genotype identification, hematoxylin-eosin ( HE)

staining and behavioural experiment to judge the success of the model establishment, the Hlumina HiSeq 2500
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platform sequencing technologies was used to detect differential expression of transcripts of all genes in Gastrodiae
Rhizoma group. The genes related to Parkinson’s protection and metabolic pathways were screened by functional
annotation and enrichment analysis. Result; It could improve the substantia nigra neuron pathological changes in
AS3T a-synuclein transgenic Parkinson mice after treating Gastrodiae Rhizoma decoction, and transcriptome
analysis showed that the mechanism mainly involved the inhibition or activation of proto oncogene of rat sarcoma
(Ras), p38 mitogen activated protein kinase (p38 MAPK) and Ca’" related apoptosis pathways. Compared with
the model group, the expression of dopamine third receptor ( DRD3), neuropeptide Y ( NPY), Ras protein
( RASGRP1 ),

phosphodiesterase 1A (PDE1A) in Gastrodiae Rhizoma group were up-regulated, and apoptotic genes, such as

specific guanine nucleotide releasing factor 1 calcium/calmodulin-dependent 3’, 5'-

proto oncogene of c-Fos, p38 MAPK and protein kinase 3 activated by human mitogen activated protein kinase
(MAPKAPK3) were down-regulated. Conclusion; Gastrodiae Rhizoma decoction has a certain therapeutic effect

on A53T a-synuclein transgenic Parkinson mice, its mechanism may be mainly related to the inhibition of many

apoptotic related signaling pathways.
[ Key words ]

transcriptome ; apoptosis
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"] ) ; PTC-200 #Y 6 i 5 4 Mg 4 =X 2 W (PCR) 1Y,
DYCP-34A %I H1 3Kk ## F GelDoc™ XR + %Y % i il 14
RGN A 3£ [ Bio-Rad A&, KKK A (U1 FR
fil i 25 RH A BR S A, RV b g A
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1 5'-CTAGGCCACAGAATTGAAAGATCT-3", R i 5]
YK 5'-GTAGGTGGAAATTCTAGCATCATCC-3', L
5134 R AT B A B R A IR RS
AS3T -5 il ¥ 86 11 % JE B A 4 A% 9 (PD) /)
B, B 8 J8 MERL IR BT AR (22 £2) g, ARt K
27 -F AR W R 25 9 B, B MR IE S SCXK (75 ) 2015-
0001, SPF 2 5 4% ) W) 1] 37 IR 45 MR B2 (24 £2) C,
AR BE (60 + 10) % , 7 B 3 KA <, B LA off i
WHRSGM 12 h G +12 h B, E N MERE 1,
45T H B IR AMROK . S8 b BTG B 2438 16 BT
R 2 K SR SE 0 B A0 B 2 B4 L e L HE S
TCM-2016-312
2 FiE
2.1 A53T PD #HEPF/NRAER AL 2 PDREE
4= DNA 2305 H] PCR $ AR XF 5848 FE A AS3T -5
fil A% £ L EAT YRS 9T HG ) 2kl 248 bp, NS
P 1G22kl 324 bp PCR 9719 BUA R 25 ul, (L 4E
MasterMix 5.25 pL, b F#514 (10 pmol -L™") &
1.0 L, Bifi 1.0 wL, Xz&7K 16.75 pl, PCR ¥4
FEFE R 95 CHFE 5 min; 94 C AR 30 5,63 CiB -k
25 5,72 C3EA 45 5,35 MEFF ;72 C %3¢ 3 min, %
T3 WS ESE . PCR MW ARG, BU= ) 5 pl T
1. 5% 3 g WEBE e b, £ LUKk (170 V,25 min) b3 5
I e AR B A WL 58 45 21, i o /D B A5 45
AS3T - fil i A
2.2 WA K4 Lh8 JEIY AS3T o-%E fill B
RN R O SER 0T 8 32 HUNRBEPL 73 A
4 2f 75 A BRI A SEE A BH MR, OE R R 2
12 8, LA REFTLT 7.2 g-kg™ KEEAKRL
WK — R AL R R 7.2 g-kg ™" KR /K BT
WA, —20 CORAFA ) , RIRZ P & 2 B &
AUURT T, RS A B Eh s B L RS ) R
75 mg-kg ET B TR L W A3 L AR B 2
B Ak, A 4 8 E SR 2 RN RE T e
FEAT S 27 4 T, 52 56 39 8] 1E B ) 3%, OR SR BUAT: fif
AbF
2.3 e BB Ogawa 261 B HIARK 07 ¥
H—HR" 2.5 eom WHA/PNEKREE T —EH (K
50 emFIHL 1 em) B ARFTF TS , AR AT b 28 12045 LA B
FIUE BB /N BB 20/ Ek b e st/ BRNER R
oK B4 B[] €S AT 1 B 235 4 BT B 1] /DS B S8 4T
T2 T I ] . A 3 s NSE I iR A —3h 1k
30 3 43,6 s WoEIUIIC 2 43, >6 s i 1 43 id
SR RN ARG O, R SPSS 22. 0 Bk iF 17 4

FFRE O SR D & £ s B, R 2 7 22
G310, 22 2R TR] PR B/ 8% M 25 S vk (LSD) &6
%, Ll P <0.05 £ HEAGI L
2.4 /R EH SV B OR R AL (HE) B 8
T2 5 H 3h W) I I E ST 20% 5 3 RR e (R
5 mL-kg "), BRI B D) S H A0 RN 1 G AR L A
Ji Il 7 DU Ji , O i B2 56 73 %% B o0 IE AT I0E o 28 7 0
2 TR B O [ R ()N B O A0 B bR U A B
K 50 mL, 57 BT JE 56 42 48 1B A0 Hda iR
EVEI T 4 CHUIR M 4% 2 KW 40 mL, 2
JUE D PR A U T B 2 2, R ZH A T 4% £
R E 24 h LU BB OBEBOK, R E
R0 A S B KR U0 R (VDR R 4 um)
HE 4L, 9K J5 #5478 25 27 WL 42 R0 28 J5 A 28 50 4 i
THECCFT B0 A 7E 40 5988 FIFSL 1 em® THBUA IE
WAL IUECH , FEHLE S A BT A, BT
B) s TR 3 Hah W M T4 sk 200 %, B Ak st
S, Kb TR T i PR BT 2 2, W AUDR A, LA AS RNA
PRI,
2.5 EESRAHNNY RINREERE M ORBRLH ARAYH K
23 2HL /N BRSO i S 5T 2 24 RNA 3070 & B BH 43
PR IURENRE B 412U RNARNA e 3 140 46 45
¥, i A Oligo (dT) B4 1% 2R 73 B 24k, Fr Befk
J5 & AR — 5 4R cDNA R ¥E L3 K I A,
Bk, WS M AS3T o-% fil % 2 /N R
cDNA B S SO . SCE BG4 5, fdEH Tlumina
HiSeq 2500 =38 & ) 737 - 6 W0 77 o 00 Fie 4+ 9 5L
Fp 91 22 3k g AR A g o i R 7 91, i TopHat2 i
548 € 2 7% B 21 X 45 2] mapped reads , 28 7]
G NS R N A o T i R 53 s
(unigenes) , {T #4741 (unigene ) 5 36 [# [§ ¢ 4= Y HOR
=8 9 0 (NCBI) 2 ¥ &£ # RefSeq Non-Redundant
Proteins ( NR ), Gene Ontology ( GO ), Clusters of
Orthologous Groups ( COG ), EuKaryotic Orthologous
Groups( KOG ) DI K st #R B N 5 R N4 A &
(KEGG) 25545 g He X, 3K 45 unigene THRETERAF . .
2.5.1 EmRIKGH KRKE BEH = HH
N i 74 69 reads 5 unigene & JEAT H X, AR 40 LE XS
S5, 455 RSEM BRMF R 47 3k 4 /KAl 31, F1
FPKM f{H ( fragments per kilobase of transcript per
million fragments mapped ) 3 75 X} i unigene ) 3 ik
F R, R B PE R (FDR) < 0.05, i+ 5 19 48 xf {5
log, FC =2, H: At FC(fold change) & 7 Wi A£F i [E] & ik
EAYI . R DEGseq R #EAT#E 7R 22 57 K ik 7y
.75 .
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Br i ] GOseq R, KOBAS Hf: % 22 5 3 ik Jk [ ik
17 GO #1 KEGG & 341 , 75 22 5 K 5 FE K ( DEGs )
T 2o 5 A B S R AT L X LR E A R R Y
LIy BE 2 531 113 3%

2.5.2 st et iE & PCR( Real-time PCR) 56 iF 6
BTN R Real-time PCR X} %% 5 20 38 f
Z: 5 P T30 Y 25 S R R R DR R AT AL, TR IR
J2E v T g Y O B AR B AR ALY IR A L i
POt sE i PCR 5l Y W3 1, i H -l 3h & H

% 1 Real-time PCR 83| #i% it

(B-actin) S FH KA, f# ] CFX 1000 Real-Time
PCR - & #E172¢ 672 & PCR U5, DA/IN B i 28 o
HYUEPER) cDNA FE i A BEAR , PCR BK R 25 ul:
SsoFast'™ EvaGreen Supermix 10 pL, b F #3519
(10 nmol-L™") % 1.0 pL, i S b 5 3€K . PCR
P IR N 95 CHEH 20 5594 CAMES s, 1B KR
(T,) TR K5IEN 20 5,40 DE IR 5 5 i 1 L2 7
FHiE 65 ~95 C, FHEHE 0.5 C-s™', i 274
Tt AR Rt 3 R

Table 1 Primer design of Real-time PCR
e 44 B S D S SIS (RS 3", FiE S —3") gg{ﬂ/ﬂi /TOE
JEURE HE [R] ¢-Fos ENSMUSG00000021250 [ {{# GCATCATCTAGGCCCAGTG 19 57
F#i#GGAGTCAGCTTCAGGGTAGG 20
P38 22 ZLJE I AL TR 1 B (p38 MAPK) ENSMUSG00000022610 [ {{i#CGGAGATGATTACTGGGAAGA 21 56
F it AAGGGACTCAAAGTATGGATGG 22
AR 43 24 5 TR A TR 1R SO 19 7R 1 ENSMUSG00000032577 [ #ifTGGATTCCCACCCTTCTA 18 53
W 3 ( MAPKAPK3) F#i#CAGGTCCTTGATCTTCACC 19
WA Y(NPY) ENSMUSG00000029819 | i TCACAGAGGCACCCAGAG 18 57
T i AGATTGATGTAGTGTCGCAGAG 22
% WS = Z K (DRD3) ENSMUSG00000022705 [ {ifAAGCAGCCACATCAACTC 18 54
T WGACATCCAGGGTGACAAA 18
Ras & 1145 5 1 045 4% 17 18 R T ENSMUSG00000027347 | §#i#GTCTCCCAAACCTGACCC 18 56
HF 1 (RASGRP1) F##TTGCACTCGAACACCACC 18
B-actin - 7 GAGACCTTCAACACCCCAGC 20 58
FHEATGTCACGCACGATTTCCC 19
3 #R

3.1 AS3T -5 fisliA B 1 B DR /0N BRUJEE [RL RY 11) 8
PCR 438 Ji5 4758 J0E A TK B AG , AR 416 I 5%l 4 e
LN AL, S5 kB AS3T o- 58 fill A% 25 (1
B ILPR/INER AE 248 bp AbA B Y S5, 5 H R LA
a-ZE A% AR 11 cDNA J Bt (¥ 73 47 B AR A5, WL 1,
2, P B AR R T o
3.2 JEAFIRE Xt AL/ R TICHE BE F R I, 2
W gl BRG] L LA R IRALA 43 43 0N
(34.80 + 3.192), (29.48 = 3.873), (31.71 *
4.450),(30.56 +3.681) 4y, Has (A4l L, A AL
H XM KRKRAZEFRE (P <0.05), SHEA
41/ EUAH LE L SR R RROK IR R 36 22 TR T I T AT
e A HEZ WA B (P <0.05),
3.3 HE o KT #5028/ B A i 28 5 4 28 00 9
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Fig. 1 Identification of target genes in AS3T a-synuclein

transgenic mice
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Table 2  Statistics of sequencing data

Clean reads Clean bases GC Q30

HY Y=
AL G /A Ve conent/ % /%
=H Kl 26 493 241 7916 017 082 50. 53 89.47

B2 AS3T a-RMZREOHERNMNRASEENERE
Fig.2 Identification of internal control genes in A53T a-synuclein

transgenic mice

U 2H F o3 B 28 0 A TR K, I TR A0 ML 4 A i
AS3T - %Ml A% 2 /N R oo 07, i1 B PD, i 5L
W) K2 A R IE A 2 Ou B H ALK T E
41, H 73 8 5T A0 B SR € R, B 2 T A IR
e MRz gL o RIPR A e (0 45 2R 1 5 2 B 4 5 A
oL, FLRIRRAL 36 2 e 2] 5 4> ML R BT IE & #2200 -
PR W TR (P <0.05) JE 25 Bl
LB KR B BIRAF M 22 0L 2, A TR G
ZOURCR D S AN R A AT 2 B R R R
Mol E . WA 3.

A ZEHA ;B BRI ;C. XL WA ;D KERA

E3 AT a- R EBHRERANERNERRHETRET K
(HE, x200)

Fig.3 Pathological changes of neurons in substantia nigra region of

A53T a-synuclein transgenic mice( HE, x 200)

3.4 MFFRJPIIPEAL SERT 9 AR (2 A
BERIZH R RR2H ) 1 S 4 43 B, 4800 9 ot 4
3544 Clean Data 74.34 Gb, £ #£ 5 Clean Data 34
iKF] 7.04 Gb, i & {6 =30 (%6 367 & 5 4 kb
(Q30) 7F 85.92% I LA Lo 43 5 H% 45 #E il 9 Clean
reads 548 8 92 % LR 0 047 15 51 LU X, LG X 0%
M T79.70% F] 86. 35% A%, P 5 E L3 2,

K2 30 882 364 9 180 812 500 50. 55 89.98

K3 26 216 252 7 830 571 972 50. 56 89.89

iR M1 27 111 998 8 072 903 188 52.05 86.22

M2 23 679 218 7 041 484 148 50. 88 85.92
M3 27 086 643
K H1

H2 30 943 050

8 078 532 496 51. 66 86. 67
27 916 721 8 340 119 090 50. 68 89.59
9 212 940 704 50.90 89.45

H3 29 116 154 8 668 342 554 51.22 89.92

7 : Clean reads. Clean Data "' pair-end reads Jj %(; Clean bases.
Clean Data &5 %1 ; GC content. Clean Data i L I I 1% ( G) il g
BERE (C) i BB E 4 L

3.5 EFRXEFIRER LS H FPKM
D7 X R AR 2 K 5 {4 I 3 28 KT E
A7l i, 56 SR R IA Y FPKM 40 B 8cHis & 9, 22
SRR KL ot 788 A~ AR HXT S 14 R
369 ANFEFEIK FH,419 NFER F Ik I R4
P XSS 2] 32 B 292 AN JE PR ik i, 174 A4S SE
Tk T, g5 KL 5 NR, Swiss-Prot,
GO,COG,KOG,KEGG 45/~ S8 4 P2 b X, 3R 45 1
Bi5 8 . COG IhfesrZk on, it 178 22 R L
PEFERE, AT T 19 28, DLIR 4, AR R P B K
B — MR DIRE T " (41 DI ), K2 E 55
FHLH (24 AN S ) R TALE F i 5021 A4
HH) o

GO ZrHrid f i, 148 A~ 22 F B H 40 26 F 27 4
DIfewih 445 14 A A4 i #2510 ) DI 6e L9 >4
AR IR 4 0 Fofe, WER 5, Hh 2
5y e E8 RN FE &R (GO:
0009987 ) & 4C it i 2 (GO : 008152) , 41 fif 1, 4>
(GO:0044464 ) F1 41 il (GO : 0005623 ) >y 4l ifd 2H i
BT IRe T RARE, A F O R L T S A
JPEHE (GO = 0005488 ) K 45 44 43 1 1% 7% (GO
0005198) .

AN, KA Y 22 5 5L K 3@ i BLASTx F1 KEGG
SYMTHCXT R, 5 A8 (ALA L R RLATA 788 AL A
Fik EVHECR R, W R 215 SRt g, Hoh 3k R
A R T P Y AR -2 R B R AR
(30 ANFEA) |, U2 W B I AL 123 34 I/ 48 1 TR g
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ABCDEFGHIJKLMNOPQRSTUVWYZ
Thfesr2

A. RNA processing and modification; B. chromatin structure and
dynamics; C. energy production and conversion; D. cell cycle control, cell
division, chromosome partitioning; E. amino acid transport and
metabolism; F. nucleotide transport and metabolism; G. garbohydrate
transport and metabolism; H. coenzyme transport and metabolism; L. lipid
transport and metabolism; J. translation, ribosomal structure and
biogenesis; K. transcription; L. replication, recombination and repair;
M. cell ~wall/membrane/envelope  biogenesis; N. cell  motility;
0. postiranslational modification, protein turnover, chaperones; P. inorganic
ion transport and metabolism; Q. secondary metabolites biosynthesis,
transport and catabolism; R. general function prediction only; S. function
unknown;T. signal transduction mechanisms; U. intracellular trafficking,
secretion , and vesicular transport; V. defense mechanisms; W. extracellular
structures; Y. nuclear structure ; Z. cytoskeleton

4 EFRREERE COG FHEHERK

Fig.4 COG histogram classification of differential expression genes

B &5 (22 AN ) Rl Ca® " 348 (19 A ) o 54
RI A LE, RIR L 466 SEEH ik B ST 96,
Fo 177 Z AR e, 32 B89 L b 22 3% 1 Y TG A - 32 A
A AR A (23 A | DR BEALEE-3 3 M/ 3R
FIH B iR Ae (14 AN BRBERR IR T ik 42 (11 4>
D), Il S DA A (10 A HEN) 45

3.6 KRR B 0F 8 T RH DG A5 5 i AU g A B

.78 -

g SRIRIAL FE A, KRR H B 1 R R Gk 3 K] 292
DTN RBER 174 4, 2R KB ERN FEZW K
Ras ,p38 MAPK J Ca®" “5 15 T 3 42 ) 30 i 2 3%
o ZRMKFIW T W5 DRD3, RASGRP1 , NPY 4%
LD I FE 3k E M 5 e-Fos , p38 MAPK H1 MAPKAPK3
GIH KL T,
3.7 AS3T -5 filh A% 28 5 35 DAL/ BRUURT 1 G i ik A
P EIRUE R B0 TIE 5L S 4 BHE I b R R TR T
OB [N Y &% Sk B2, ff ] Real-time PCR X
RNA 33k 5 1750 00F , 2 UE B 5 Y r 90 W3k 1
FE 6, 450 7R & H e KRR P B A £k, H
ARG R 3K 72 B 5 5 o 21 Bl B AR — B
4 itig

Wit 2 2 SR 28 I P B R 1) TROHUR R I i 4 A 0t
GEHEAN T AR, P AR 42 J DR A S oKk oF | i
W RS W2 P EAMREN S, FIH
e SR 2E A3 AT REAZ I 5 v 25 RO 43 A G 1) D e R
DR R C I 38 5, AT M 4 F 7K P b i A R R 43 Y AR
LRI IS = A 1 27 2 T A R i AP 3 B s el
BE 255 g b, DA 3 3R 00 R e HE A . AR ST R
FHRIEN AS3T -5 fill A% 25 722 T i /) B R S 36 3
Yy, i T H AR B PD SEAR, HAETE AE A PD £
Rz N H TR 5T . O % AT AT N
RO K HE e 403+ 80 sc 46 vl I sh Wy s Bl 2 o 47
A5 s, SRR A A L, R R ICHTRE J1 A P
PSR TG T 7 S0 HEDN AT R T K R
11h2f B R SE 4 BL PD ek . §5 Sk 4L or A &6 1
#2275 c-Fos,p38 MAPK ,NPY ,RASGRP1 ,DRD3 T] fig 2
KRBT T 1) S BE I

c-Fos 2 [ & — Fl B Z0 L300 6 1121 LA SR 55 3
fEERIBE Fos H B AR AL, S W 4 Jl {5 5 1% = 1Y
BAE . ZBNRIBLE c-Fos WY KA AR % U] 10 A1 B,
DAL I HE 3 T R VR O S R P TG T B RN R 2 T g
WA RR BT L Y B o-Fos J X 4 13
) 11 Fos & 5[5 JE A c-Jun 779 Jun 45 & L5
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