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Abstract: Carotenoids are important secondary metabolites in citrus fruits, which not only endow fruits with bright colors and improve their
market value, but also have rich nutritional value and antioxidant functions, which are of great significance to human health. As a common
environmental factor during citrus growth and development, high temperature has a significant inducing effect on the accumulation of
carotenoids in fruits, but its molecular regulatory mechanism is not yet fully clear. Transcription factors play a core role in the transcriptional
regulation of plant secondary metabolite synthesis. Among them, the PIF (Phytochrome Interacting Factors) transcription factor family, as key
regulators of light and temperature signals, are widely involved in plant growth and development, photomorphogenesis, and stress response. In
this study, citrus fruits were used as materials to focus on the CsPIF4 transcription factor and systematically explore its transcriptional
regulatory mechanism in high temperature—induced carotenoid accumulation in citrus fruits. The full-length sequence of CsPIF4 gene was
obtained by gene cloning technology, and its sequence characteristics and evolutionary relationship were analyzed by bioinformatics methods.
High temperature treatment experiments were carried out to clarify the effects of high temperature on carotenoid accumulation and CsPIF4
gene expression in citrus fruits. Yeast one—hybrid, dual—luciferase reporter gene and chromatin immunoprecipitation (ChIP) experimental
techniques were used to verify the interaction and regulatory relationship between CsPIF4 and the promoters of carotenoid
accumulation—related genes. The results showed that CsPIF4 gene was highly expressed in citrus fruits, and its expression level was

significantly induced by high temperature, showing a positive correlation with the trend of carotenoid accumulation. CsPIF4 protein has
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typical conserved domains of the PIF family and high homology with PIF4 proteins from Arabidopsis and other plants. CsPIF4 can directly

bind to the promoter regions of key carotenoid biosynthesis genes (such as CsPSY, CsPDS, CsLCYb, etc.) and activate their expression,

thereby promoting the accumulation of carotenoids in citrus fruits under high temperature conditions. This study is the first to clarify the

transcriptional regulatory role of CsPIF4 in high temperature—induced carotenoid accumulation in citrus fruits, reveals the molecular

mechanism of high temperature regulating carotenoid accumulation in citrus fruits, provides a theoretical basis for in—depth understanding of

the molecular basis of citrus fruit quality formation, and also provides new gene targets and technical support for improving the nutritional

quality and stress resistance of citrus fruits using genetic engineering technology.
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BUHEAT R ZEEA S b R GBI R A | BEEN: . R
B IS, PSS DR G RAMRER, VIR
TS S N ZBBM LS

RGNS SN 2 N =G R SRR RIS, X
SRS YIS bR RN R BB —
NI A I B2 CHEBE N, 4nPSY | PDS . ZDS. LCYb,
LCYe. CCDAE, XULELAAYFRIAKT HiEUE TRHE b
FE R A B m AR W R X SR R () 3R
ik, MI{RHEREA S b RGGRMR . B, fEKAET,
EHEIA TR, PSY. PDS. ZDSZERLN K- BE TR,
JEE N RS RN ERhh, SR RS
FRSRPSY \LCYDAEIE R A 2R3k, fRHEEA S D RABLR;
TERRE D, B IR AENS A S PIFASER (3635, T PIFARENS 1E
—EFREAE R A I 2k, DT ik 25 5
N B [ FOKREEE O R IE 2 B, FEK Rk B
R A N RRROAE S, SIS N FEKT Y
TR R MR (R ) KO R, X )
RS T2 N AR B b b T M e €75
HIBESEETAS MR, CCDIIENFE R IR0 T A K205 5%
Ak —HLHIRAE T SR, % g B IS & p =k
7 — e

R BRSNS 2 N 2E U DC B0 IE P , BEIMTTH
PR N R E R R I N R AR A TR 2
TRLEE RSE AR, T8 Y 1Y TR BB A4 = B ) T e, (RIS
NG T LR W SR R T, RS
T AR TS, NI EA % b R -Ga. Bildn, PSYRE
SR N R A A IR, HRIE IR 30-35°C, fEiX
IR, PSYBGMTE I, S N R A& B
Feble; MRS 38, PSYBEMYTH TS BB T, 25
B MR G BER WS AT, HAh, Bl BRI
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TS N EFEARADCEEATENE, INCCDERSE , kIS M &
RO, M SBCEEA S b REMPIARNTR R, Hilhn, ik
REASID I CCDRFATE:, W8 N R AR, MmfE ik
JAEE DR R AR, SRS IR
FE N TR C-CRUER Y EAb T, BRI S h R %
fife, BXATRES) SRAC AR | B TA] L RAB ) SRR G

5L Tl AR S RS A I N R R R
TR AR MR — RS, sk
FEP A P R IRz A AT, Sl — RAVE S S0 TG
B, BRI N RS B R YRR FIEEE M, i
EMZEHAE NRLR, HAT, ©AMEAME 514 i
Z 5T ERGEFHEYEHE P ERENE, HIEMAPKSE
S, Ca? (HEIEEE . WEESEES. Hla, MAPK
o S BB N R A, T R TR P R SR T
BOTEYE, IS E DR A AR ARIL; Ca*
5 B ARSI ER G, A Ca? WRIERYARLIEE T
e+, RS NRMER; MERFESER T,
ABA. GA. ETHSE RSN =il (545, I8 b
F AW EEE A A, TR S A8 N R RLR L Bl
R AES L UEABARY A A, T ABARERS LG AP2/ERFH 5E[A
TR, HMHFIHE MRS BADSER R, ik
KEAE P RHE,

RS FIE R RS A 2 8 N R R L
I EEEZOIER . FIRBEETE S 2R SR FIRIL, X
SORh SRR I 25 G A N R A O G R R RS B IX
B, AEEHRIR, SEMRHESEIAE PR R. HET, %
JEMEZANZS RIS YN DR RN AT, H
HHPIFAR; SR F R o ) 2 i —A~ . FEfR T, ik
RS 255 S PIFASE R (33K, PIFARBASES G 2128 M &
BAHSEHEE (QnPSY . PDSEE) WA shFIX I, #gHE
ik, MIfEHEISEA S N Z AR FEKRE , PIFFE SR
RERS I I = A, 15 S N RGO Y 3Rk,
PEUEISEAEE N RBLR, WK PTEIREE ST Bk,
MYB. bHLH. AP2/ERF&H 5K Figis 2 5 &iiis 0
FEEHE N FERR LR, AL S N R A DGR Y
ik, RIS PRWE

S F TR S A 2 8 S R AR 4L
AT W TR, AMEE SRR, 1%, RREY T
A N BN FILRIEAEZER ARG —
R RL R, MRS MR ENE S M
PRIBAGE T, TR RS2 A 0 BAAFP SRV E IR | (551%

ST Z A AR SR T B — 0 R, T
TS N R R SRR BB IR, e
T2 [ A EAEH e SR T 5105 15 00 T Z A 5k
SR B)n, TEMEERM L, w2 b
E AR Y Sy W Bt QS e o d W N U B
VEFE A B . I, WRABSE A A G SR 9028 2
NEBLBEM LS, JHRCsPIFAFE SN F AR,
RENSIEANX —BF5E 25 (1, AR e iR R A A SR S B 4L
SR
13 IREMSNE
1.3.1 WL H Y

ARHRFE LIRS bR, JRAECSPIFARE AT, 2454
[ N AMESCRIFZE IR , £ % H TG RS2 28 50 2 b B 2%
KPR P AEAE RN, JUILJE i TR N L S 2
N AR5 FHLEN 5 AN . CsPIFA% 5% P F-AE L o iy i
FEVE R M ARGE S M, TF R RGE MR TAE . AR A%
O H B 248 75 CsPLF AN 57 R 7 o T 75 5 B A7 SR S 288
DR R R P A SR, BAREE LU LA

H—, TEREAMECSPIFAFE I & KT 41, Zr M H P4 FRIE
AL 2R, W CPIFAZE [ A4S F 4 s A5 HAB ) Rl PIFA
HEEMEIIEN:, A E ST 2T CsPIFAR U RE RS E LAl 18 5 3
Pl o P 1 AR AR AR CsPIFAZE R (1 CDS P A1 AEE R 4741, FIH
AWE B2 T HXILIE TIPS 000, AAG S L) 51 53 #r
PRSFESAI AT BT AR AT AR AT 5, B CsPIF4
B IE AN SEAL A, HED T R A T

B DI AL PR A AR R S S R AR K
CsPIFAFE[N F IR, HIT CsPIFARE N Fh 508 P&
FRBRZ [ AR o 38 3 8 B AN TR] ) AL B4R A (RS
SEPREFTE] ), BT XA SR S A | S RS
s A, SRASERZPOEE EPCR (qRT-PCR) HOR, K
AN TR] o R A B A5 14 CsPTFAE R 7R AEARS SR 52 v i 2 38 7K
F-, SrHTCsPIFASEH 23k 528580 N PR Z Ml A DG
BIEf CsPIFAJE 5 2 5 i IR 5 IR SR S0 2 8 N R R
.

5=, BUECsPIFARE SRR 5285 8 b RS CHE A
JEENFRIAEAER], BABACSPIFART SRS N 24 A I
HOTRPEAE F o ) R BR PR ACSEH, BOUECsPIFARE R 5250
B NESOCEEER (A1CsPSY . CsPDS. CsLCYbZE) fiH
B IXERZE G 5 RO R R FE R 525, 2 IiE
CsPIFAXT X BESE R s FIs v A E R CBe il )
M Y (TG ITE ( ChIP ) SEBG, K3 CsPIFAFE AR P 53X

007+
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SERLIN i ) IX SR 25 A O, B CSPIFAXT 28 N &R A
JSCHH I PR SR VR o

S0, ZEE DL EAFTAE R, 48R CsPIFARE Sk A 178 m i
VARG AR S S N AR SR AR T G SRR, iR
ARG RS2SR R A/ T IR LR B a0
(7] s Ay 1) T 5 PR TR A R e A AR SR S8 5% il JB At e
PRAMHT A D R AR S8 . S G CsPIFARY P51 4R
fiE . TR LIRSS B R A AR SCHE R 1 a5
W CsPIFAZ 5 5 iR AR RSS2 b RILR M 5%
PP ARG I . CsPIFA , 2K N R A DS R 2
IR R
1.3.2 W5 N%s

S SE P RS H G, ARBFIOR IR LT BT N
7, WA Rt . BRI SE s

(1) HHAECSPIFAZE K 1 52 5 Y SIRFE BT

PIAHAG SRS RE, SR Trizol IR BUBRNA , 3l id 35
JIEHRBRE A Fi VK RIAZ R A S RS RN A Y 2 8 R o B e 5 LA Jo
HISRNAH BT, SR HI S s iR &5 e DNA SR — 4k ;
PR R AR 35 PR L 25080 P T30 1) Cs PIRASE R 7 91, e T4 57
519, EidPCREIAY B CsPIFASER YCDSFA1 5 K41
RN PCR™ Y 4B s A (WpMD19-T2A ) |, #%
R R IESZ A0 (CADHS o ), BBt . B
W SE TN FFHAIE, 3RA5 CsPIFASE A IEA se e s AR A= 4015
BT H (WEXPASy, SMART ., MEGA%: ) , XfCsPIF4REA
BICDSIFFNHEAT 434, T ARt 2 1 BT A AR PR . (ST
SERER . AR =R M CsPIFAGE 1 5 HAB ) D
PIFAFE I RGEHEART , 3B O R AR I, W
CsPIF4RY AL A AT BEAY T REAR S

(2) E iR PR AR IR EA S N R R M CsPIF4AR
e Pl

EHUA: K Aot SRR T — B AR ANZE A A |
P HE ), ERL KRG (WEF 120K A4 ) #71m
TRACFE, BB AN IR EERREE (4125°C, 30°C, 35°C ., 40°C)
AR B ERSE] (Anok . 3K, 7K., 10K, 14K) ,
25CHE IR IR (HR) |, B EIN A E A
FEACHIYI], EWIREE (BE3RREE—IK) |, MERER @
FSH (IREL, 4846 25a, HilEEED) , MERLE
B SRS AORAH 635 (HPLC ) P 58 25
B NERMSE (EIELEHE MR B MR MR,
TR ), S iR AL B G R S g N R LR
SN TR, SRIHqQRT-PCREGAR , KA e f A B 461 T

-008-

CsPIFASE R 76 M ARG SR S50 Je AL IR v i SR IR OKOF, 4 bt
CsPIFARERI IR 5 N R R ZIAIAAR DG, WA iR
XiF CsPIFAJE R 223 1175 A T B SR iR

WA, SRR AT A SR CAnZ P iees | e, 35
HETRE RN, AR FER R R AT (327,
AEFRTR ), W ARSI N R B BRI CsPIFASE R 3R A 7K
S, SIS SRR R CsPIFAZE R Fe ik 52500 8 N R Ry 2:
5, TRFT CsPIFAFE R FEA [FI R4 St b b B D RE OR ST PE s 5
PEo TR, BB RS AR SR, R R R
Wi MR, TEEIRAEFLAAET , Kl CsPIFAJE R # k7K
V-, B CsPIFARE R TE A AN IR 20 AR AL 1 2388 Sk

(3) CsPIF4SEH MRS HT

K qRT-PCREZAR , G551 CsPIFAFEF FE A A AN [R] A
KEBWB. ANFEHLEAL . AR T RS,
BRush: OARAKKEBEB : SO E AR S A A )
I A TR (AnfEJR30K . 60K, 90K, 120K, 150
K. 180K ) , Kl CsPIFAFER IR, 4ibr Hige SRt
RE SR FRE B QARSI . HEIBHAR 1)
25 b A RS CRE RIA) FARALER AL, K
M CsPTFAREH (R K, BRI 8RR QAR
A BRSNS EANE (n1oc) | T,
R A AR A A HE, KGN CsPTFAFER (19 2 18K -,
SIATHAS AR B 30 AR 2 s @R [RIER AR SR
ABA | GA. ETHE AR A FEAME IR L, Kl CsPIF4JE K]
BIZRIBIKT, BT X AR R R A, AR FECsPIF4
LR E Sl Z R Sk,

[, PEAbqRT-PCRAYSES A R AN S5, B R S50
SR UER R S . BARGEE D 1R Rr S e . NS
B AESE (WNCsActin, CsGAPDH ) . PCRIZIVAKZ 1L
fb Cns ¥k s | B . PCRIVFRSY ) 45, lidkefn
i1 2 20 AT AN BT B I HL VK S0 IE PCRP= 3 I FE S 1, B I
qRT-PCREZIGZE A LS F i S 1

(4) CsPIFAXTZEHERE N2 BAH DGR A 3 Sz A
FHEIE

OFEEF LA . sa RIS b R A BOCHEEER (4
CsPSY. CsPDS. CsZDS. CsLCYb, CsLCYe. CsCCDE) (1)
TR R B, MEERERE RS IR H AR (WpAbAIZRIR )
H4 CsPIFAHE [H 1 CDS J3 471 o Bt 31 e B B2 sS A W 28 (i
pGADT7#ifR ) I, WEASYaUA; W75 A (b 2 Wk
Ptk (CINYTHGold ) ™, Stk RIS bR s B
YR ALENF I AR T, ZEASRIE BE AU ADA (- Aureobasidin
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A) DUPERSIRIE B e, BIECSPIFARE S 5018 M RAIK
MIFIEN B 3h 7 R B g 65 % B se b4 0 3 06 30E,
PRAH AR ELEE

QR FE TR FE R S50 B 2850 b 3R A O
PRI Ji 20 R BE v e B X O 3 A A ik R A (i
pGreenll 0800-LUCHAA ) I+, FEEHf 5 FERI 244 ; KrCsPIF4
LB CDSJF 91 s b BIAR P Rk 2k ( WpCAMBIA 13002,
) b, OV A s R PR AR R IR Ak
FNEE R, DS AR FE DR B A X HR 2 B —
BTG, SR DR 2 Wlkar D7) A AR R i - e
BPSERM (LUC) Mg 2O6ERM (REN) BiGEHE, 15
LUC/RENUAH, 3 HTCsPIFAXTZSHA S N R A A EEH A 3h
FARPER IRV E R S sm] ) 5 [FIRF, 5N
Wb PR AT, ROILUC/REN LU BYZE 4, 43#T = X6 CsPIF4
JEEAE RS2

QYL TR REDIHE (ChIP ) S5 . BEHGE IRAC S A
RS, SR B AR [ 0 e 65, Hog- G €0 B0 75 B G
/N BE (200-500 bp ) 5 BILACsPIF4E SR, WEAT 0%
TUHE, 3K 5 CsPIFAZE A HIDNA F B s B S e i T 45 31 1
DNAF Bt frtifl , R FHPCREGARKGMZETA L N 2 A o4
BB BT X3 A B, BAIECsPIFAZEAR P 5 X BE 3L R 3
T XA G EO; WIS, R FHqRT-PCRECARXS ChIP -4 i
1T ERAHT, W CsPIFA S AR JE RS 2h+ XA 25 A 5
JE 5 DIAIGTARRRE SRR BPEXT R, D Inputke 57 Ry BEE
X R, BRI S A R

(5) CsPIF4%ERIENLHI LR G 43

A LA LRI SRR S HTCsPIFARY FEHIRHIE | Fikiist
H5EWE PR RZRINRR,; SHEEERARSE . WIOLR
FifA 5 HE URIChIPSE B 455, BfCsPIFA 5250088 N R Ak
HH TR A B F B R LR 5 AR5 ol G e 38 ok 4
CsPIF4RYFRIA, HEIMTEMIZSEA S b R G B S HE R 335,
IR AR IS8 N Z TR A CsPIFAS 5 il
VAR R S8 N AR SRR, B I
CsPIF4 . ZEHHEE b Z A MM RN Z A R, R
CsPIFATE =il 5 SRR S 8 N REIR P iz OEH] .

2 MB5IE

2.1 AR
2.1.1 HYIH R

AR S 0 BUZT A% 45 ( Citrus sinensis Osbeck cv. Cara
Cara ) FIREEEHE ( Citrus sinensis Osbeck cv. Navel Orange )

VER LI, RN SRR R 8 4T R, 21
PIFRE R & B LR A B -8 MR, (BIFEEEH, J2at
FEEIAE N RIRAYEAA R Em A R e B R, A
Mz, BABGFRERME. A S p R R FAeh
R EERAR IR (WAL, Jb&i30° 28" |, RL4114°
21 ), i R IERACh R, L EpHIEN6.5-7.0, L
A PUR & 5N 1.5%-2.0%, FIHE%E N3m x 4m, FHLE
KR, ARG RAF, o]k H

PEHR AR AR | A3 SRSEF WA AR, TER
SRERIEH (B 120K 247, MORER SR/ NEAT E, 26
S NRIFE KRR ) TR R IR RE , SRR, 3
SRR R | OGRS RS, AR SAE e, B
MR E 3N E Y A, B E ISR, BT
i AR RN — 3t . SRAEIS , LR S Mg %, H
TCRZK PP T¥, BETFRIEK ST, A BUR 2 ( LBRAMEE
WS, B E A ) R A (RBRAR R FR L, BOi &
R ), EBARE TR R, ARG 2 -80°CHAIRIR
UKEEHR AT, FH TS LERNASREL . 8808 N 2 Sl
ChIPSZ5G4%

2 MBI ERHE

2.1 SIbR
2.1.1 YR

ARSI VEBLAT A ( Citrus sinensis Osbeck cv. Cara
Cara ) FIEIE HHE ( Citrus sinensis Osbeck cv. Navel Orange )
YRR SIS APRL, P RN SR A AR R H ek e R,
LA RN E S EMLAEMB - MR, QFeH, 2
WA N R R RA R s S G R S BT R
FiAET 2, BABAFMRERNE. BT SCO0 MR Rl 14
sl R AE A G IR St CIAE R, JbZh30° 28", A
221140 217 ), iZHEM T IERAON S, L IEpHIE N
6.5-7.0, TIEAPUFE SR HN1.5%-2.0%, FIHE%E H3m x
dm, MK, ARG R, TC S dE

VEBUE RO | W3 R K FHSIRME, TF
REW KRG (HEIF120KR A A7, LRI/ N FEAFRE ,
KNS NFEIFH KRR ) AT RS IRAL I, SRR,
PR e s | SRR S RS, A RSN —
BAIR E3INEY)EEE, A EE RGN RSE,
PRAES AR — 2tk . RAES, 7 RIRER I ] 5240
%, HTRKMEE T4, BTRmEAKS, SR (£
BROMR R, BOh SR By ) FUCRPY (BRI AR

-009-
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%, WISy ) , REBGARET R, REHEBEE
—80°CHMIRIR VKA HORAE, TR ZRNASRI, K% h R
SN E MChIPSL R 45
2.1.2 Rtk Sk

ARSI B R ATF A FRDHS o . RAFHHEFRGV3101
Yol A RAR AR (dest) ARRAE, FEH TR
Wi AR R R R B A A TR R TR BR Y THGold 1
Clontech/ZAH], % F T WEBF AR AE S50

e RERRAARLE FHpMD19-T ( A TR KIEABRAF ) ,
FH T CsPIFAJE R R 2 % N 205 iUAR DGR IR 2+ 119 s b
5Y; BeRE R Aesc i R AR pAbAL L FEYIEARpCGADT Ty
M Clontech 7 H] 7 i 5 AUt R Wl i 5 A& P A& pGreenll
0800-LUC . #4555 2K pCAMBIA 13005 p 74 52 56 3
17, oy BT Ja sh FIsPERIE A CsPIFARE R I AE ) 2255
2.1.3 B 51ER

FHRF: Trizoid5] (InvitrogenAH] ) . FE IR
% PrimeScript ™ RT reagent Kit . PCR "7 TaKaRa Ex
Taq® ( FAEY TFRREARAE ) 3 FEIEHEEERDNA R
WAE . TR BGAN & ( RARAEARHE (dbat) HRA
") ERCEAERE (HPLC) RHEE . 20 . PNERZE il
gl (2R A BR AR ) 5 28808 b bR
m (B-THE M. MR BALLE, SigmaNHE] ) 5 M
PECEBFHGIIRF & (Promega/A ) ) 5 CsPIFARRFPEHT 4
(ETAEYTRE (L) BRIPAERAR) 5 LRZO0E &
PCR ( qRT-PCR) iX5FISYBR® Premix Ex Taq™ I ( 549
TRREARAR) .

FHEALEE . PCRIY( Bio—Rad T100 ) | SEI 386 5E S PCR
1% (' Bio-Rad CFX96 ) . #EfE MR FR S ( Bio-Rad GelDoc
XR+) . mEEEHE Ol (Eppendorf S810R ) | R A
3L (Agilent 1260 ) | EKIEIKA ( Thermo Scientific )
R 1 5E B X ( Nanodrop 2000 ) 75 I 200 Jfd i #6 A
(SCIENTZ-IID ) . fHiRIEF4E ( RifE—fER A R A
") .
2.2 LRFHE
2.2.1 CsPIF4BEH Y 5e % 5 % 51 53 bt

K Trizol2: S UM A SR SR N 1 ELRNA, &3 itk
JiZ L Pk FINanodrop 200046 M RN AL B 552 8k J, #
SRR G 0B A B eDNASE —4% . AR R R A7 256 R 4 2300 122
( Citrus sinensis Annotation Project ) H1CsPIF4%E R F5iil J%1)
W RERPET ), LeDNASHBAREFTPCRY 1S, 4477
94°C AR M 3min; 94°C7AEME30s, 58°CIE %« 30s, 72°CHEfH

-010-

Imin, 35MEH; 72 CLZEMH 10min.

PCRI” W) A T REWHEE I [T J5 % 4% = pMD19-T#A
ALK IHATIRDHS o B2 S0, S8 N 8 R Pk
FVE PCRANA DI S5 28 I, MEHRBH I e b 2 T A T2 (1
) Bt BR FIT

FIIFHExPASy £ £k T 570 #7 CsPIF4 4t 15 2 11 1) BEAL %
Jis 38k SMARTH 4 W T 2544 3555 HIMEGA 115Kk
, LIABHE: (NJ) MIELCSPIFA S TT . KRG . Tihss
YIFIPIFATE I R G AR, H28E R E 1000,

2.2.2 FERAL PRSI T

FERPGRIE RG] (FEF120K ) |, dBUK A —20
ST AR AL, RS E T AT A, RS
MREERRRE 25°C CRRXTIR) | 30°C ., 35°C. 40°C, b
B EE H0d . 3d. 7d, 10d. 14d, JERESRSE 20001k, 6
JEA120/12h, B3N A Y2 E A, RN SR

I3 IR AL PRAS [R] SR A, SR FH €8 25 {00 7 SR ST 2R e
FRAMOFESE (L, a, b) 5 RAHPLCIEN & 2 &

NEER, FEMENE-—AMEE (1:1, vv) $8I, £C18
A (250mm x 4.6mm, Spm) 5E, UHE-ZE-K
(185:10:5, viv/v) MBI, Wi 1.0mL/min, &I
450nm , AR I A PR B S T R T AR A o

2.2.3 CsPIF4REIN Fk50Hr

F FHqRT-PCREZ ARG I CsPIFATE R By 234K, AR
CsPIF4EE[R CDS ¥ 9 7 5 qRT-PCR5 14, EACsActin
KNS HEEN . qRT-PCRIZVAKRFR 20w L, #SYBR® Premix
ExTag™ Il 10 L, BTS040, cDNABIAR2 WL,
ddH, 072 Lo RMFEF: 95°CHIANE30s; 95CAMESs,
60°CiR K 30s, 40 MG ; K i it 2 23471 : 95°C 155, 60°C 1min,
95 15s.

K2 A A CHRIF S IE R AR X ik &, 4 ik D
CsPIFATEAR[F iR AL . RIRIAHZIHA (MR, 25, nf | R
Bo o R L ASFEIRAGE SRR IR KO, A3
REE .

2.2.4 FHSIRTE SR

1LEEREBAZR AR 20 . FEECSPSY . CsPDS, CsLCYb%:2%
A R A ORI H 37 R B, 4% R pAbAi AR
B, ALY THGoldBERE RIfR, B S AIRAD AT ¥k
FE; ¥4 CsPIF4FER CDSI¥ 9134 4% 2 pGADTT A A 1) 2
M, FALE SRR Y THGold bR , 75 & AR AbAVE i
HSD/-Leudfi F 5 3G 5%, WESEEREAE KGO, SiECsPIF4
LRI S s T2 A Re T .
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2RI WA S R S0 RS N s sh 7 i B 4
% pGreenll 0800-LUC & A # £ i 15 2 fk , K CsPIF4 LA
CDSJT 1| 1% 1% 2 pCAMBIA 130048 /A48 #2000 2 4. #5415
AR SR A IFALRFTEGCV3101, W AT HIR I
WRR e AL AS CCH B e, DAASCRG ARt 5 A i IR, B3
3dJ, SRR 2 BRI 35 £ 00 %2 i A FR LUCHIREN
WPk, T LUC/REN A, Z3#TCsPIFAXTEERE A I 3l - 1Y
PEAEER, Ao EE .

3L T A TTIE (ChIP ) SE5: B35 CAR 7 A A
TSR, 1% ST IR R ACI, AW fe R U e
R, GBI RE R200-500bp ) B s AT CsPIFA%ER:
PEFUARIEA T RPETORE, RIS B A IPUAR M B PEXT IR 58
156 B Je AR DUTE AU DNA - Ll Tnput DNA AR %) 18 Sy 2
M, T PCRAGRT-PCRAIMFE I F A 3+ F B i & R4
i, BSUECsPIFAFEMR N SEEIE N G 2h FRIZ5 & .

3 RGN

3.1 CsPIF4E:H )7 P& 5 /5 5 4F4E 5 A
3.1.1 CsPIF4RER Y va a4k

DA% SR A cDNA R BEAR 4T PCRY 3, 153 — 520
1200bp FY 47 S0 4577 , 5 T ) CsPIFA3E [ CDSJ3 81 K J —
B fualE . WP AT 0T, 3R15 CsPIF4FEF 42K CDS
JPF, 2PN IO IE S AR FIER , S IER R B LR E S
3.1.2 CsPIF4ZE BT VRFAE 534

CsPIF4%ihE H 5398 M AR, 431 5 H44.2kDa,
SRR N 5,86, R AK RS 1 RSP ES BT R L CsPIF4
B HEA MBI WbHLHZE 5L, J& ThHLHES 5% P F 5% PIF
WG, RAERIE TS DNAZE & (1) G R X

HEALR 43 HT 22 0, A% CsPIF4 5 % 551 SLPIF4 i [ V5 1 fk
= (82% ) , SRS APIFA . /K FEOsPIF4 R [ 4351 R
65%F158% , 3 W PIFAZE F 7EAR D) Al il i vh B — s iy f
SPEE, HEDCsPIFAT] REEAT 5 HADY) R PIFAAHLAY DI RE
3.2 BiRACIEX AR LKA P EME K CsPIFARER)
2]
3.2.1 iR AL B A AR S A RS B N RS AN

Wi (25°C) &M, MRRIENE PR RS,
e AL 2 e SR SR S P R GIS R, BHAE
35CHI N RO 35 35°CAITdN , 21 P RS P
JEHA N R AR IR T L84, B - N R AL
R nlfdm2. 2.5, R RN EHEET &, 6@
BEELL,

IREETHEA0°CHT, A M RFURZ I, 4b34d
J5, R N R SRS CAL R FF4%32%, M EriRxt
M N Z R SV AAEE TR G
3.2.2 AL IR T CsPIFAKE PR 7E A AR SR 52 rh ) ek

qRT-PCRAGIMZ, S 7R, CsPIFAFE PR 7E M AR 5 e Fn SR
R BARL, HRRPIRIEACE B3 TR Wik
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