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Abstract: To study the function of phytoene synthase gene in carotenoid synthesis of D. longan, a
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DIPSY gene identified from D. longan RNA-seq data was screened and analyzed in this research
by bioinformatics methods including the primary structure of protein, physicochemical properties,
signal peptide, transmembrane region, subcellular localization, hydrophilicity, protein secondary
structure and tertiary structure, coiled coil domain, protein binding site, phylogenetic tree, as well
as protein-protein interaction. In addition, the real-time quantitative PCR (qRT-PCR) was applied
in this research to analyze the expression pattern of DI/PSY gene in root and leaf tissues. The
bioinformatics software used in this research included NCBI BLAST, DNAMAN, NCBI CD
search, Protparam, SignalP4.1Server, TMHMM Server, SOSUI, PSORT, ProtScale, SOPMA,
COILS, SWISS-MODEL, MolProbity, 3DLigandSite, and STRING. The bioinformatics analysis
results showed that the length of the DIPSY gene was 1260 bp, coding for 420 amino acids; the
DIPSY protein was predicted to have ‘Isoprenoid Biosyn C1’ superfamily structure; it contained a
signal peptide; the DIPSY protein did not contain the transmembrane structure; it was a soluble
hydrophilic and secretory protein which was predicted to be located outside the membrane; the
DIPSY protein secondary structure was predicted to be mainly composed of a-helix and random
coil; the DIPSY protein was predicted to have a coiled helix; the Ramachandran evaluation results
showed that the tertiary structure model constructed by SWISS-MODEL was reliable, and its
ligand binding sites were 344Phe and 347Lys, respectively. In addition, the expression pattern of
the DIPSY gene was analyzed by qRT-PCR, the results of which showed that the D/PSY gene was
expressed in roots and leaves of D.longan but with the different expression levels. The expression
level of DIPSY gene was higher in leaf tissue than that in root tissue. The results of this study will
enrich our knowledge on PSY gene family and also lay a foundation for further improving the
carotenoid content in D. longan by genetic methods.
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Fig.1 Schematic diagram of the biosynthetic pathway of carotenoids (Chen et al., 2018)
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K JE IR 7 B T RUK  piE 48h Ji5 HE T I RV R Ml K 2 24 S B A ) B 5 K R A
% (40cmX30cm X 10cm) 1, TEfHIE 25°C\ W S0%5 A F R R —H G, EHFKH—5
HAE RUFHEHRFER: S TG Ko Je IR AR AR OHR 22 Bk 250 5 BRod IR K 4RI BIURR 17K
5%, F RNAase-free /NBY JJBUHRURIRMR IS A, G E, BN A #GE 8 T
-80 °C IR IR UK AR h PR A7 2
1.1.2 sEB A & 5ulf)

FEAXAE: T100™ Themal Cycler ¢ PCR 1% (Bio-Rad, CA, USA) , CTI15RE ! &#
IR B O HL (HITACHI, Japan) , Gel DocTM XR* AU 4% 24 (Bio-Rad, CA,, USA),
Bio-Rad CFX96 !5 %¢ ;%€ & PCR {X (Bio-Rad, CA, USA)

FEIRXF: 2xTransTaq High Fidelity (HiFi) PCR SuperMix II (Transgen, Beijing, China),
TransStart Top Green gPCR SuperMix(TransGen, Beijing, China), HiScript® II Q Select RT
SuperMix for qPCR (+gDNA wiper)(Vazyme, Nanjing, China).
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12 BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 1 DNAMAN #4777 51 £ 2 LE X 5
12 CD search (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) TR fr 5 &5 #4358 ; 18
Protparam  ( http://www.expasy.org/tools/protparam.html ) 43 ¥t & [ 2 4k % i ; 18
SignalP4.1Server Chttp://www.cbs.dtu.dk/services/SignalP) Tiill{5 5 ik; i2H TMHMM Server
v.2.0 C http://www.cbs.dtu.dk/servicess TMHMM/ ) Tii Ml ¥ B X ; i H SOSUI

( http://harrier.nagahama-i-bio.ac.jp/sosui/sosui_submithtml ) 3k 47 A] & 4 & A #Widll ; 8 H
PSORT ( http://psort.hgejp > 4+ #r W 40 M w f2 ; 12 H ProtScale
( http://ca.expasy.org/tools/protscale.html ) 4> #r 2% B /K t ; & H SOPMA
( https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html) 217 — 2 25 ¥ Tl
M iZH COILS (http://www.ch.embnet.org/software/COILS form.html) 47 5 #h B2 JiE 43475
iz H SWISS-MODEL (https://www.swissmodel.expasy.org/) — 225 H#E; 12 H MolProbity
( http://molprobity.biochem.duke.edu ) # 17 $i K # & B 7 # ; i A 3DLigandSite
( http://www.sbg.bio.ic.ac.uk/~3dligandsite/ ) il W AL & &5 & 7 & ; 12 A STRING
(https:/string-db.org/) #J @ik 8 H 5MHICE B K HAER %% .
1.2.2 JgiR & RNA $2H(5 cDNA & i

M-80°C ARG VK AR o Bt e R BRI AR AT, 43 S O B e itk . B 1.5 mL B0,
BT BE U A AR TN SL R, N 700 nLCTAB 248, 7o iR A], 65 ‘C/K¥E 10 min,
FEB% 2 min £ 58—, VK¥ 2 mino 3 38O ERNKIEES OHL, 4 °C, 12 000 r/min &0 2 min,
B E3EWEF 1.5 mL 808, I 350 pL K ATEY AN 350ul &4, fiiR—k, 4C, 1
2000 r/min &0 2min, BEE—K; M 700 L EA5HI—¥K, 12 000 r/min 4 ‘C &> 2 min,
HE R WS, O 250 uL JE/K ZEEAT 250 uL 8mol/L LiCl, ¢K L% 20 min, 4 C,
12000 r/min &0 20 min; 7 BiE, 75% BRI, KT 5min; HIA 30 uL DEPC, 73
F&S RNA. #R#E Vazyme A7 HiScript® I Q Select RT SuperMix for qPCR (+gDNA wiper)
FE it PR T 5%, 433 cDNA, -20°CIRAFE T UKFE# H .

1.2.3  DIPSY B[ 7 7 335 70 i

R DIPSY 3 A ¥ 41, ¥ il qRT-PCR HJ &3 F1 R U 51 %1 . b i 31 ) -
ACTGTGTCCGATAAGGCAGC, N ilif 51 : AACGGCTTTAGACAGGTGGG - #fi#fi TransStart
Top Green qPCR SuperMix i 71 & 15 B 45 3E 47 & Kl 5@ & 0 B Si i . OB AR 5 (20 pl):
TransStart Top Green qPCR SuperMix10pL, ddH,O 7 puL, . FiF5I4¥4% 1 uL, A cDNA
PSS 1 uLo qRT-PCR J 25 N TiAEYE 95°C, 30s; 95°CAEME: 30s, 60°CiE Kk 10s, FEAH
30s, 1 40 MEI . K 2788 J57%:(Schmittgen & Livak, 2008) 15 PSY 3 R AN F£iA & .

P S

2.1 DIPSY — &5 R FIEAL 4 53 73 #r

V. H] ExPASy ProtParam 734t DIPSY ({2 EE M2 4H il S BRALPE I - 45 RK W, DIPSY & H
H 420 MR (B 2) , Ho Leu h A KN 10.2%, His 5 & /NN 0.5%; DIPSY
FABRKRIEFECN 6717, XT8N 47593.70, 420 NERIEER A 52 A2 51 A & 3
TR 5% He (Asp+Glu), 60 ™2 1E FLfif 28 HE FR & i (Arg+Lys), Tt (1) 218 55 1 4 P1 R 8.95,
B ERK 280nm T, BREIA AR R AR, H DIPSY B L RE N
71195M-1 em-1, BTG IRIRIEAEE, HIHGRECH 70820 M-1 cm -1; DIPSY HAE:
€ RECH 53.51, TNZEANAREERH: BN RECH 90.81; DIPSY W& -F33557K N
-0.260, T DIPSY N3E/KEH.

1 ATGTCTGTTGCATTACTTTGGGTTGTGTTACCTAACTCACAGTTGTCGAATTGCTTCGGG
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M SV ALLWVYVLPNSOQOQLSNGEGCGCTFG
TTTATTGATTCGGTTAGCGATGGAAACCGGCTGATATATTCATCAAGATTGGTGAGGCGG
F1 bDSVSDGNRLIYSSRLVRHR R
AATAGGAGTTCCACGTTTGATTGTAGAGGAAAGATTAAAGATAGGAAGCAGAAACGGTAT
NRSSTFDU CRGIKTI KDRI KU QKR RY
GCTTGCTCGATCAACGTCCCTGAAATATCGAGTCTGGTGGCAAGCACGGCTGATGAGCTA
ACS I NVPEI1 SSLVASTADTEI'L
GCCGTGTCTTCAGAAGAAAAGGTTTACAATGTGGTGCTGAAGCAGGCAGCTTTGATTAAG
AV SSEEKVYNVVLIKZ GAATLI K
GAGCAGTGGAGGTCCAGTCCGGATCTTGATGTGAATCCGGATGTTGTTTTGCCAGGAAAT
EQWRSSPDLDVNPDVVLZPSGN
TTGGGCTTGTTGAGTGAAGCTTATGAACGGTGTGGAGAAGTATGCGCGGAGTATGCCAAG
L GLLSEAYZERTGSGEVGCATEYAHK
ACATTCTACTTGGGAACTCTGCTAATGACCCCGGAAAGACGAAAAGCTATATGGGCGATA
TFYLGTLTLMT®PERRKAI WA/
TATGTGTGGTGTAGGAGAACAGATGAGCTTGTTGATGGACCTAATGCTTCACACATAACT
YVWCRRTDTELVDGPNASHIT
CCAACGGCTTTAGACAGGTGGGAGTCCAGGTTGGAAGATCTTTTCCAGGGTCGTCCATAT
P TALDA RWES SR RLTETDTLTFAOQGR RPY
GATATGTTTGATGCTGCCTTATCGGACACAGTAGCCAAGTATCATGTCGACATTCAACCA
DMFDAALSDTVAKYWUHVDIQQEFP
TTCAGAGATATGATTGAAGGAATGAGGATGGATCTTAGGAAGTCAAGATATAAAAACTTT
FRDMIEGMRMDTLARIKS SR RYKNTF
GATGAACTATACCTCTATTGTTATAATGTGGCTGGGACAGTTGGACTAATGAGCGTTCCA
DELYLY CYNVAGTVGLMSVEFP
GTCATGGGCATTGCCCCTGAATCAAAGGCATCCCCTGTGAGCATTTTCGATGCTGCACTG
vVMGI APESKASPV S| FDAAL
GCATTAGGAATCGCTAATCAGGTCACCAACATACTCAGGGATGTTGGAGAAGATGCCAGA
AL GI ANQLTNIULARDVSGETDATR
AGAGGAAGAGTTTATCTACCACAAGATGAGTTGGCGCGAGCGGGGCTTTCAGATGAAGAC
R GRVYYLPAQ@DELARAGLSDTETD
ATATTTGCTGGAAAGGTGACGGACAAATGGAAACGTTTCATGAAGAGTCAAATTAAGAGG
I FAGKVY TDIKWIKRFMKSQ@ Il KR
GCAAAGATGTTCTTTGACAAGGCAGAGAATGGTGTGACCGAGCTGAATGCAGCTAGTAGA
AKMFFDIKAENGVYTETLNAAS SR
TGGCCGGTATGGGCATCCTTGCTGCTGTATCGCCAAATATTAGATGAGATTGAAGCCAAT
WPVWASLLTLYRSGI LDTETIEAN
GATTACAACAATTTTACAAAGAGAGCATATGTGAATAAAGCCAAGAAGATAGCTGCTTTG
DY NNFTIKRAYVNIKAIKIEKI AATL
CCGATTGCGTATACAAGGTCAGCTCGTACGTCCGTCCAAAAAACTTCTTCCAAGCAAGGTA
P 1 AYTRSLVRPSKI KTLILUPSKYV
TAA
*

K 2 DIPSY #7751 & 1R 7 3]



Fig.2 DIPSY nucleic acid sequence and amino acid sequence
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Fig.3 Analysis of conserved domain of DIPSY

2.3 DIPSY EHAMESIK. FEMELsfs. 40P E 7 S ok B K 14 2 A

iz H SignalP 4.1 Server %} DIPSY & H#HT(E 5K, 25K WK 4 Pz, DIPSY [
KBS A (C-score) N 0.413. 5 KA BIVIL 5 AH (Y-score) Ay 0.439, AL S ABLE S 21
PRI . B KAG T IKME(S-score) £ 26 13 & FEMR, 7 0.647, KT HH 0.5, Tl DIPSY
HHESAHESIK, AnWEER.
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Fig.4 Prediction of signal peptide of DIPSY protein by SignalP 4.1

K H TMHMM Server v.2.0 *f DIPSY & H 5B AT 08 (B 5), 45 R EK W] DIPSY
ANEA PRI E(TMHs), TCESIEX s JEFS I8 E X (ExpAA)EHE N 0.23591, Tl E o8
PR ZEABMN N Rih TN MR 0.17234, SURG T AL, B IKEE
(5 RS A OB /N T 1, HENI AR S I ah 3. N2 H PSORT X DIPSY 4t A 52 firidk
ATTM, S55Ra0sR 1 Bz, Tl DIPSY & [ nl Be A (L T Ak
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Fig.5 Transmembrane analysis of DIPSY protein by TMHMM
% 1 PSORT %I DIPSY & [ (13041 ffd 5 1 53 B
Table 1 Analysis of subcellular location of DIPSY protein by PSORT
TENL e
Localization Score
JEESR
0.370
Outside
YA
0.180
Nucleus
AR
0.190
Lysosome
MBI CHED
0.100

Endoplasmic reticulum (membrane)

i id ExPASY ProtScale Tl DIPSY 2318 /7 41 (ISR B K PE (B 6), T 45 5 1) 1 23 Bk
Ky BRKMERRGER, FH AN, HORKMERGR . T4 SRR, DIPSY & K IE4rE(2.678)
AL BREET 55 6 AL MR, B/ NUME(-3.022)F 0 T-55 57 (g iR, A MRBERI KA
FER AR R T BRI AR, HEW DIPSY N rl ek EH .
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Fig.6 Prediction of hydrophilicity and hydrophobicity of DIPSY protein by ProtScale

2.4 DIPSY & H K a5 7 Hr
KH SOPMA XI DIPSY £ [ 2k gt 47 i, 458k 7 frox, DIPSY & A+ A 235

NREFERIEIE R a- MR HELE M), b PREE R LR S B0 55.95%; 49 NRIFEFRTR L B A {d BE 45
M, b IREER LR B AU 11.67%; 17 NEIERIRFE R B-H MW, S IREER IR 2501
4.05%; 119 NMRIERFEIE 2 TC NG IS5 1), b KRR SR 2 501 28.33% .« DIPSY K 1
FEEN N2 e A TS B, 245 BT AR f e e

of [

1]

G G R B ST

il 258 3

16868 a 35

il 16868 158 208 258 36868 356

T WOARe-RE: SRS AORETMNEH, KORLE MEE.
Note: Blue indicates a-helix; green indicates f-fold; red indicates irregular curl; purple indicates extended chain.
K7 DIPSY HH K &7
Fig.7 Analysis of secondary structure of DIPSY protein

2.5 DIPSY & H )4 Mg g8 st
% F ExPASy COILS f DIPSY & H #4746 il SR ek W (B 8), A5 A AL i) Foiu 45
H—5, HEN DIPSY 5 44 #hIZ ek .
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K18 COILS X} DIPSY & [ 11545 i ig 53 #r
Fig.8 Coiled helix analysis of DIPSY by COILS
2.6 DIPSY #H = &ty i@ A5 Je 45 & s Pl
FIF SWISS-MODEL X} DIPSY #HAT4 [H i = 2 45 M @ 5(PyMOL L&) (Bl 9), FFIH
MolProbity Ramachandran ¥¥-{4i DIPSY ) =245 HIEAY (K 10). 45 R E7x, DIPSY HH 95%
RIS T XA, 100%2 ML ST RV IX EEEE, R DIPSY &AM =%
SRR HE R ] 52 . B ) 3DLigand-Site Tl DIPSY 5 [ i Bt 44 45 & 37 55 A 344Phe 1 347Lys
(E 1D .

K19 SWISS-MODEL X} DIPSY & [ = 2] 45 ¥4 1) Tl
Fig.9 Prediction of protein tertiary structure of DIPSY by SWISS-MODEL



chinaXiv:201910.00034v1

Psi

Psi

180 —

180

Trans proline

A
Phi
BEER
General case
O
REEEEEERE TS Es =
-180 0 180
Phi
AT EER
Pre-proline
180 0 180
Phi
R HEEE

ChinaXivd O O O

Phi
SR ABRMARE

Isoleucine and val ine

180 —

-180 —

Phi
HEm%

Glycine

180 0 180
Phi
IR b S B

GCis proline

Kl 10 MolProbity Ramachandran 434t DIPSY Z& [ =2k 4544
Fig.10 Tertiary structure analysis of DIPSY protein by MolProbity Ramachandran
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K 11 3DLigandSite X} DIPSY & A Ft A &5 & o7 5 T
Fig.11 Prediction of ligand binding sites of DIPSY by 3DligandSite

2.7 PSY JPHI LT B2 R Guitk A 1A

% ] Bioedit X # /KAl (X78814) . B (X68017) + 3 /i (KC767847.1) ARG I (1L25812).
KAE (AY452768) . HHHE(AF152892). #ili¥ (FJ594485.1) . M1 (KP462726.1) . [f]H 2%
(CAC27383.1) . %i%E (ACR61392.1) . #HJK (AEH03199.1) . #ifd (AAWS8383.1) .
JUEER (AHJ90431.1) « T (JQ277716.1) « MM (AF220218.1) « 7% /K (AAR86104.1)
FEG N (AEK86564.1) 17 PSY B AT /FHILLXS (B 12) , RH MEGA10 #1T &K%tk
Rt (B 13D, #RER PSY S EAEANFMF Z RIM AR . 455K, DIPSY 5.
TNEA . M PR PSY FVRMEEGS, HENEATRA R — %, HEHK PSY [ [HE
PR, SRERRRIT.
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_RDVGEDARRGRIYLPQDELAPAGLSDEDFHGKVTDKWRE FMK|HQ I KR A
,RDVGPD\RRGRV\LPQD[LAQAGLSDID]r\GEY!DK“RIF“KKQI
_RDVGEDARRGRVYLPQDELAQAGLSDEDIFAG
Y1
YI

_RDVGEDARRGRVYLPQDELAQAGLSDEDI FAGKVTDKWRKE FMKMNQMAKR A
_RDVGEDERRGREAYLPADELABAGLEEIED 1 FEIGKVTDKWRISFMK{HQ 1R A
_RDVGEDARGRVYLPQDELAQAGLSDD I FAGEVTHKWRE FMKMQ I KR A
LRDVGEDARRGRVYLPQDELAQAGLSDEDI FAGKVTDKWREFMKRQ IR
LRDVGEDA[JRGRVYLPQDELAQAGLSD[D I FAGHVTEKWRREIFMKRNOQ I KR A
LRDVGEDARRGRVYLPQDELAQAGLSDEDI FARNKVTDKWRIEFMKIHQ 1[R
LRD\GED;RRGRE\LPQDELaoauLsD DIF Gk\TDK“ISFMKGQlKRA
LRD\bED&.RGR\\LPQDEL\Q.GLED VEDKWRIJFMK|JQ I KR A
lRD\GFD\RRGR\\LPODII\QAGL\DED!F\Gh\TDK“RlF“KKQIKR:
LRDVGEDARRGRVYLPQDELAQAGLSDEDI FAGKVTDKWRH{FMKINQ I KR /
LRDVGEDARRGRYLPQDELAQAGLSDEDIFAGKY
LRDVGEDARRGRVYLPQDELAQAGLSD[DIFAGEV e rruthlhR-
LRDVGEDARRGRIYLPQDELAQAGHSEHED I FEGIHVTDKWRE FMKRMOQ I KRA
LRDVGEDARRGR \LPQDEL\QAGLSDEDIFAbR\TDK“RNFMKNQIKRA

' Z 5 ia 3 -

VE: ZHEX I8N Isoprenoid Biosyn C1 1 BRS¢ X .

Note: Red frame region is a highly conserved region of Isoprenoid Biosyn C1.

K112 18 F PSY i BE AR~ X7 41 HE XS

Fig. 12 Sequence alignment of highly conserved regions of 18 PSY
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a4 HitE Citrus reticulata
100 | | R EH Chrrus wnshiv

L BT Citrues mx ima

ar

8 Mangifera indica

54 B Dimocarpus longan

i M. Momordica charantia

23 o0 L W Cuenrbita moschata

FiT Diospyros kaki

I"#&F Pogostemon patchouli

a4 73 Fid  Lycium barbarum

?1 & Piper nigrum

100 i Lycopersicon esculentum

45

{ M3 Hellanthus anniis

16 WAl Narcissus PEendonare issus

40

W IF  Arabidopsis thaliana

i Fragaria yananassa

- KB Ovyza sativa

SN Cucumis melo

0os

VE: BKAL (X78814) 5 ML (X68017) + i (KC767847.1) 5 #FIFF (L25812) ; /KFE (AY452768);
FHE(AF152892); #liF (FJ594485.1) ; i+ (KP462726.1) ; [l H%% (CAC27383.1) ; %% (ACR61392.1);
K (AEH03199.1) 5 #ifd (AAWS8383.1) ; J"3E# (AHJ90431.1) 5 #25 (JQ277716.1) 5 dmJH &AH
(AF220218.1) ; /K (AAR86104.1) ; Fg/R (AEK86564.1) .
Note: Narcissus pseudonarcissus(X78814); Piper nigrum(X68017); Lycopersicon esculentum(KC767847
.1); Arabidopsis thaliana(L25812); Oryza sativa(AY452768); Citrus reticulata(AF152892); Diospyr
os kaki(FJ594485.1); Citrus maxima(KP462726.1); Helianthus annuus(CAC27383.1); Fragaria
xananassa(ACR61392.1); Cucumis melo(AEH03199.1); Lycium barbarum(AAW88383.1); Pogoste
mon patchouli(AHJ90431.1); Mangifera indica(JQ277716.1); Citrus unshiu(AF220218.1); Momord
ica charantia(AAR86104.1); Cucurbita moschata(AEK86564.1).
K13 PSY B 5 R Lt AL AL e 25
Fig.13 Phylogenetic tree of PSYs

2.8 DIPSY HEHHEAEXFR

A STRING ¢ H M e Fa g A 1k B 1 5 AH DG B BT A ELAE %, o0 pr Tl 5
DIPSY #H BAF FH B8 A o e B FE I s A, 40 3 th () 8 1 BLAR 25 R Wi 14 B, DIPSY
5 7ZDS (¢-#A% MERMAR) « LUT2 GEM4A RKeMUEE)  Z-1SO (% M & RME |
LYC (FEMLLRPILEE)  ABAL (R KBTI %EE) - CRTISO (FHHLL R FMEE) . PDS3
15 \NE TR L WAE) - GGPS1 (HEZF LM LR ERR A8 KT HE 1) |
DXR (1-fii%8-D-AWH 5-ERik 7 A0 ) A1 CLA1 (1-fii 8 -D- KB BE-5-BERe & i lig) BA
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Fig.14 Interaction of PSYs

2.9 DIPSY BRI Je HRARAT I o 1) 22 57 38 3 A

R SEI 226 E B PCR AR (qQRT-PCR) 70 M A HR B 55 21 e dfs v 7 B 3R 45 (¥) DIPSY 2
PRIAEAR AN s AR R IA &, 2RI 15 Pion,  DIPSY B AAEJEHRAR AN rp A7 %58, i
TR IA B T AR T R IA

12 -
10 +

8 r

HEEE
Relative expression level
L=}

# Root H Leaf

K15  DIPSY F:RAE IR 55 M- rh i 3Rk & 70 #r

Fig.15 Expression analysis of DIPSY in root and leaf tissues
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3 diw5itie

K PR ZEMP N —REEPRERE =Y, BT REBEHERERX HBIED
(Walter & Strack, 2011) , HEBBRERZETSET T IHEMIINHE. PSY HEFZ K
B NREBORET R E A A R, BRI, e N R AH L AR
£ (Zhang & Dubcovsky, 2011) o FEAHIT 78 b, FRATTHR 48 J IR 4% S ZH A4 i 16 3145 — 4> DIPSY
FEBH, gmbt 420 NEEER . AEME B TR, SE O AWM EEE, NMEEBEX,
BATEMEKIIRE, e TSN, RN FEZ Mo BRI NG, ZaothaiRs
By HEAE. USRS PSY B —8 CRABUES, 2018; MRS, 2018; aEIESE, 2017) ,
HENA R R0 E ] PSY 2 A ISR KM AR RS RA — e rRTtE. B,
TFIESE PSY S R B TSR, BEEednfuds b R AR, o RERATE R ) PSY &
BT AL, HEMLAEA P & AT A E E G, WA B WA RE T, magadnT
BN RN A TS RIEAE (BEAE3R%E, 2017, FEESE, 2017) o EARIT SR IE K
KRG A%, FF HAEES IR LE /) e mmiK X 38 (24, 2015) , A3CX PSY
SR B K P o A 45 R 3R B HANTAAE ik X 38, b HEWT R IR PSY & A ARES SR K B
S8

qRT-PCR 45 RE W DIPSY FERIfEARFN I th3s G Rk, HihREE & TR, ECif
AP, PSY BRTEA R S HR KRB R ESR, W2 ZnPSY L F /LM
R ER ), WA FaPSY BERE L FRIA B S, MivH /R CIPSY BERTE R s ()R
RER S GESHSE, 2017; Band, 2014; KRiEAESE, 201D o HKHFEER Y PSY KK
KiILEERND MFRAAR TR R B IEAR, EHlE. SRENFHHHEANSKAY bx
G HUHKH) PSY JER G HRIAE P RS EBM itm (FHAEE, 2018; ERHS, 2006),
PRI FRATTHE M R R i R 2R3 D 3R S ERR e

Zx TR, ARSC R R s AL PR R SRR — AN PSY BE[R, SRS B
R FLERALE R . A M E L SR K AN R s A AT AT, [RIR R A gRT-PCR $AK
53 M DIPSY BEPRIE e HRAR S i rp i) 22 S 3Rk, S0 45 SR M Jia A RIHE e (1 e ek A ik 18] 7 v
PR RIAE bR SRR TR .
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