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TRE, S5 BN B Y3k B Y IR 0 25 5 2Rk, i'%ﬂﬂ ETIF3H i&AVE RSB 504 T 5B 2 R R AR NS
FEH o AR RBEINE T HA I 05 AR AL IR AL T &8 S5 L, G A F J5 2200 B T 4% b AR sl i g 22 18] 1)
2SRRI

KR : WEIMAS; (RBEMHE ; qRT-PCR; HZSHENR

HEDSES: S794.4 NEIRERG: A

Screening and Verification of Reference Genes for qRT-PCR Analysis
in Camellia hainanica under Low Phosphorus Stress
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Abstract: Plants are prone to low inorganic phosphorus (Pi) abiotic stress, which has adverse effects on the growth,
development and physiological metabolic processes. Camellia hainanica, a local variety in Hainan, mostly grows in
low-phosphorus environments. C. hainanica has unique genetic characteristics that distinguish it from C. oleifera. In
this study, a tropical cultivar Haida Oil-tea 4 (H4) was used as the research object to screen reference genes suitable for
quantitative real-time polymerase chain reaction (QRT-PCR) analysis of C. hainanica under low Pi stress. The expres-
sion levels of six candidate reference genes, EFlal, GAPDH, Actin, UBQ, ETIF3H and TUB2, were detected by
qRT-PCR. The stability of each reference gene was comprehensively evaluated using ACt, geNorm, NormFinder, Best-
Keeper software and RefFinder online analysis tools, and ETIF3H was identified as the optimal reference gene. Using
ETIF3H as the reference gene, we validated the expression levels of three low Pi responsive genes. The results showed
that the target genes were differentially expressed in response to low Pi, indicating that ET/F3H is suitable as a refer-
ence gene for detecting gene differential expression under low Pi stress conditions. This work would provide appropriate
reference genes for transcript normalization in H4 under low Pi stress, which will facilitate subsequent study of phos-
phorus signal-response gene expression in C. hainanica.
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M4 ( Camellia oleifera ) # J& T 1L 2% Bk
( Theaceae ) ILZEJE ( Camellia ), ZFRERA M
ARAS VB o S0 2SR5 3R R 40%~60%, &
FOMIR . I FRSE AR AR IR . e R
HETE 80%LA |, HAREMERME",

WIS (C. hainanica ) 245 F R /N
FE 6 i R IR 1 A PR BE SR AR KA A AR
2% LA X5 T Al M X0 A% 9 A R 7 S
I =T A T B S =9 R S O P Y S
& & s . AEEEMAEAER B SEEFRY
LA B A RN R A (o 2 R
i SAERKMMERUIAC, BRI AERK MR
CTIE AT RO S AR, BT A & A TR
EEZ S LA 1R 73 BT R P s I T
(1 B BRSOV, S v g 9 A A Ml )
(Y EE P IR S DR AT AT, X T 45 B TR 2%
Y R Y = R P Y (AR 77 S N (OB VA e S B =0

LU E R PCR (qRT-PCR ) i ARAEMEH
RS PRk . mEF SIS, BO it
5 FE N F kK i3 FHF BN T qRT-PCR )
WS IR AEAR AL, RSB T R
AEXS AR E , DAXT H AR5 N 358 i i A T AR AR A
1E. R, REA R ARBEA DL A A A
5, HAEFHEASERERRRE R EL,
WFEZRHM (C. sinensis ) &R, AFEADE 4
PF T i IaE SR, GAPDH Rl Actin 2
E 15 ( Medicago sativa) W HIMNZSIEH, 2R
A W58 % B GAPDH Fl Actin 78 5864k A= My 36
THARERERAENNS IR, HiKL, &t
FiAE AT AR S5, I AR e N S 4
IRl R B qRT-PCR 45 5 o fff o A0 vl 5 1 A BT o

HET, T2 oY 24 vh /e A 55 R
PR ARIBEARAAL . G RS B s
(IR P S B 2 T o P T AR < B P 3w i
FERLTRI A5 A L/ o 0 3 #RT Tl 25 (Rl B 1
T ERRIRFRE NS G B Tk — DI Rk 5 5
M) o7 356 PR 22 SR PR 43 A5

AW VL A R G A KIS 4 5
(H4) PRRFNF 40504 8L, FE R i b
PR [ B[] A 6 AMMEEE NS EFlal .
GAPDH. Actin. UBQ. ETIF3H. TUB2 Wik,
43 5 ACt.geNorm .NormFinder #1 BestKeeper
AT T ROk VAL R R A AR e M, JF
RefFinder 7F 4k T.H 0 i 6 21 (1) N 2 5 X i 47 25

A0, 191 H4 ZEAR#EMN A T 1Y qRT-PCR HAF:
WZILIR N ETIF3H, UL ETIF3H NN S 3N fEls
R 3 3 ARl 6w b7 e PR () 22 SR R ak, it —
HWE T ETIF3H YRR NSRRI SEM: . At
S A RS D AR Tk 2% AP Pl 16 i 7 5 PR 92 5 B ik —
A Dy e o SR AL SE A

1 MR5RFE
1.1 ##

AT G T (i A 0 4 R Ry 18 e T R i R
MA 4 5 (H4), mPUERRERL . KH—
M) —4FA HA ZRFFA6 1, DAEAR D BERE=1 1 1
MR, FMEAEITAR N 12 cm, &N 14 cm B9
) B E IR A o SRR 2 58 2B SR
W (NS1020, dbmtERMADRHARAR, #
WEE A 1 mmol/L ), W EE KB FR. B 3dH% 1K
IR, B 200 mL, KA A PTG DS 28 18K
100 mL, DAPRIEEGAIK 7375 K o AR Ak R A el
BRIEM 2 E IR (NS1020-LP, b5t sk ik
YR A RAF, BERE N 5 umol/L), AbPHAT,
SR FHZE IR K 220 De ik 1) 5 ORTAR R A 0 B 35k ot
7ok, DA RBOE R B S uE 7. K
BEAbEE 0. 3. 7 d )5, BEFREEA KB PR
TEAR R AP F IR 20850 . DMK#E 2
0 d MIFE S AXTIR (CK), BRI R SR E 3 M
Y E e ARSI RS KT R T,
WAV G T 6 RNA 425,

1.2 FHik

1.2.1 RNA #IZ cDNA % —4a4 % ffiH
RNA prep Pure ZHE LAY & RNA $BGAF) &
(DP441, RARAEABHARAF ) #1786 RNA
FLHL, {87 1] Prime Script™ RT reagent Kit with gDNA
Eraser [ RRO47A, AW THE (KiE) AIRAH ]
EBRIEF 4 DNA, FELL 1 pg RNA R i 5%
4G cDNA —45, 1/ KAIAO Ml 7t
i (K5500, Jtstdlph ZRARA A ) K
DU RNA B, 1% BEARBE e FEL VKA DU RNA Sl
1.2.2 MR A AL B ikt R4 RiE
ZEHEM S YT IEE W E 1. A Primer
Premier 5 BT R5140, LI H4 A 45 AbH
FE S cDNA SHRAR , XF NS 5L H 1T PCR 973
FEHEAT PCR W F o B 3545 i JE R 91 4 28
NCBI ( https://www.ncbi.nlm.nih.gov/ ) #1751
LT DA 5 38 7 ) B e S e o
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Tab. 1 Primer information of candidate reference genes
B 7Y
P SIFH) (5-3') S BEHR
Gene Primer sequence (5'-3’) Product Reference
name size/bp
EFlal F:CAAAGAAGGGTGCCAAGTGA 128 RE 4%
R: ACCAAACAACCGACCTACGA (4
GAPDH F: CTACTGGAGTTTTCACCGA 230 Rk
R: TAAGACCCTCAACAATGCC 0151
Actin - F: GCTAGTGGTCGTACAACTGGTAT 108 Hi7ikit
R: GTCAAGACGGAGGATAGCGT
UBQ  F: GTGTCGGGGTCAGGTAAG 202 geakykss
R: CTGGAGGTTTGAAAGGATA (4]
ETIF3H F: GACACCTTGGGAGGACTTTG 150 gk
R: GTGGATAATAATACTGTTGGATGG 4014
TUB2 F: GGACACTGTTGTAGGGTTCA 154 Rk
R: TTCAATGCTGTTGGAGGG Zl14]

1.2.3 qRT-PCR £ M8 ChamQ Universal SYBR
qPCR Master Mix i & (Q711, FiatikMEREA:
YR e A PR /] OUuE B 3, i 2¢Ot 7 PCR
{¥ ( Quant Gene 9600, #iM1E HEHEHRAF )

AT 3 BIEIOLE i, RWAK R : 2xChamQ SYBR
qPCR Master Mix 7.5 pL, 1IE5#4% 0.3 uL,

¢cDNA 1.9 pL, ddH,O 5 pL, MW Z 15 uL.

R 5. 94 “CAEME 30 s; 94 CAEME 208, 55 C
Bk 15s, 72 CHEM 15s, 40 DG ; s fie £k
K65 CHER 5 s, MBI 2 95 CIFLREE 50 s,
RRELREVOUMES, BRI 58 A8 M 5 )6 i
HESR &/ TP/ =

1.2.4 314y gkt DR RAG M cDNA
SE—HE MR, DL SRR (571, 5L 5
5%, 57) JGi#E1T qRT-PCR, DIEARERH Ct 1
FbRAEM Ly Y3l , FORWREL Y 1g B2 Xl &
HlbRAE 2, MR (—K) SHIXRE, RIE
A E=100"0-1, SRR YECR (E). N
qRT-PCR F2J7 5 i it £k .

12,5 S RH5A AT EIFN KRS Ct, it
ACt, geNorm, NormFinder il BestKeeper 4 ffi4)
B o Mg 4 8 , R RefFinder 7E£ 007 T
BEEGTPN 4 PR 53t 45 S ik e fe e Rk )
WS . ACt B0 AT BAR D BRI X B B T
FEMI Ct WA FE T ARG i/ Ct (FRikiE
), M3 ACt, 7 Excel #AF I H AR
STDEV.S LA RIFEAR T ACt AR SRR, DIk
PR R A FaE e, ACt Bt/ , FERFEIK

g e,

geNorm HPF!SILe 2 i SL I RA E PR (M),
PRUEAL I F (NF ) Rt N 2 358 IR 80 1Al
(Valwer )y IR H K qRT-PCR 1 Ct
By ACt, PRI ART R 20, Hia
WA A m S A geNorm #f4, THEAHAY
REEFEME M) /MR R E

NormFinder 2/ [F] geNorm 25 HTAH1LL,
TEGE FHFTR K Ct 54k MRS e 1k 27, il i
ZRERF AR AR NS R RIEREE (M),
M /MU I R R ik iR

BestKeeper JE%:T Excel M T H, &%
REHLEE 100 MEESH 10 SIS EEE AT 10 4~ H s
FER B FIRKFE, i BestKeeper 7087 23k A
e UL M B NS RN R Ct i A
BAE, Mg NSENE C, AR 2 8 L
A (GM), BAFHMHE (AM), T Bk
P4 hkaH; F/ME (Min) AR R ME (Max ),
JEoRE AR EUE TS brifE2E (SD) i 8 &5
WBOFERE, SD MK, RiFREMEBZE, —Mikh
SD KT 1 BEHREEAME; ZR R (CV),
RibruE 2 S¥MEME e, T3 B A
[F) S B P B HORE B . CV 5 SD Ik, iz kA
R s Pl g O

RefFinder( http://www.heartcure.com.au/reffinder/ )
CRATE 4 RS, AR EREAEAR
[F) J5 2 H R HE 44 43 i — 38 Y AR . B TR
XL AR () LA -3, A5 30 Rk N =2t A
e A i A HEA P,
1.2.6 WAKRATEEIE P 2 400
5 H 38 RIS ARG ( purple acid
phosphatase ) FE[H PAPI10a #1 PAP3, L)L} 1 A~1E
% W b BB 2% 5K R E (9 B PHOSPHATE 2
(PHO2 ) T 5 uk ik it N 2 3 P F2 o 1
X HA IS FEATIRBEAL B, XPALFE 0, 12, 24 h 1Y
i AR A R IR U RNA . DL E 31 1Y
NS E W AE bR fEfL A Fi#£17 qRT-RCR, H
2RI HTIX 3 A H L R R MR A A Y
X R, WE 3 AEE, RMKRRARTN
123 ik, SIWFIIE R 2.
1.3 HiEALIE

KHI Origin 2024 EAFAEIE, Bds 7Bl
IBM SPSS Statistics 27 #{F5E . 25 8 E
Mrid o B 2R 7 22 e M itk AT, IR B ( Duncan )
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Tab. 2 Primer information for low Pi response genes

RN a7l
£ R S1FH) (5-3") N Bk
Gene Primer sequence (5'-3") Product Reference
name size/bp

PAP10a F: TTTGGTCTCATAGGGGATCTCG 93 HiFEIt

R: CAGTAATGCTTGTCCTTTCGCT

PAP3 F: TACACAGTTTTGGGCAACCA
R: TTCCACGATTTCTGCATTGA

PHO2 F: TTCTCCAAGTTCTCCTATCCCTCCA 208
R: TGTTCTTCCACGAATGCCTC

AT 2 B IR, P<0.05 KR 22w HAST

126 1 E )

HATBT

2 ZERE5H
2.1 REBEACIEARRERE S H4HEZRNAR=E
& i

B BEALBE 0, 3. 7 d AY H4 S ASAR A1
2 211 5 RNA, S5 W 8 e i TR R i 45 21 B
FAEM I RNA 2730, 28S RNA fl 188 RNA
R4 ok aE R (1) B4 66 R TG
A RE U RNA M BEEAE 233.4~295.0 ng/uL ZJA],
Azeo/Aago M ELAETE 1.8~2.0 Z 0] ( F 3 ), XLLgE R
FHARAE S B RNA ToH B A, 2, nl L
HF G 25 .

M: DL2000 DNA marker.
B1 REAIEARERE A HY BZERAM S RNA BiKE

Fig. 1 Electrophoresis of total RNA from leaves and

roots under low Pi stress in H4

F3 (RBEREAERE S HA HEFRFA S RNA RE
Tab. 3 Quantification of total RNA in roots and leaves of
H4 under low Pi treatment

AIRBE 6 B ] gz RNA &
Low P'i treatment . RNA concentlration Ase0/A2s0

time/d /(ng-uL ™)

0 . 288.8 1.940

H 241.9 1.905

3 bic) 233.4 1.958

it 295.0 1.922

7 i 241.7 1.965

i 290.0 1.922

22 S|YERMESTUARSIMTIERERITHE

L H4 il ¢cDNA AR, 251 6 X fix
PENZ LA 1Y T PCR ¥ 14, ¥4 1%
BUIRBHELIRAGIN (& 2), S5REW, IASIMY
WA R —, H R BR/NS WS R — 2
X 6 XF519 530317 qQRT-PCR,  Hok it £&
Brye A s i, RS S R4 (A
3)o FFATM6E3E NS 36 DK B9 5 Wb o il 2R AH O R 2
R*=0.99, 3f HY HHCR A 94.3%~106.9%( % 4),
Al F IR 4L qRT-PCR i % .

bp
500
400
300
200
150
100

M: DL500 DNA marker; 1: EFlal; 2: GAPDH, 3: Actin;
4: UBQ; 5: ETIF3H, 6: TUB2.

B2 RT-PCR il 6 35| #8051t
Fig. 2 Specificity detection of 6 pairs of
primers using RT-PCR

23 RENSERERBEESN

23.1 BEEAALR Ct 2H  TEREHC IS
TARRHLU NS IR R IR KT BB E R .
SR AL B[R] I R) B H4 TR AR A 6 i
PENS I Ct AT, S5RFH, AFE Mk
S R I B BORE FE A AR TR &1 4 )0 Ho, Actin
BB Ctor i e, BHCRE UK, RI7Eft
IRFEA B A XS R E 5 il GAPDH ZEH ) Ct 5
WS R, REBEATREE. A NSEERY
S35 Ct 7E 19.47~23.69 Z (1], Actin [FRIK KB
5, P Ct ol 19.47, UBQ WEA KA,
¥ Ct o 23.69,

232 ACt >4 (] ACt BBk NS
FEIEARHR AL BRAT IS Ct BOARVE R 22 , A v i 22 1
ANV 8 B AR e PR BT e IR s, ZEAR TR
WM 22 K/ NHIEF i TUB2>EF1al>Actin>GAPDH>
ETIF3H>UBQ, H:h UBQ N H4 IS 7E R i b 23
TR RREREHNSIERE (B 5), E AP
B Ui 22 K /NHERF B EFlal>TUB2>GAPDH>
UBQ>Actin>ETIF3H (& 5), ETIF3H >} H4 2%
FEARBEALBE T 0 h A AR E NS R,
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EFlal GAPDH Actin
320
360 3007 .
S 320 3 S 280
S en L S 240} S
7,280 i T, 240
B £ B
Dy 240 - D% 150 1 200
200 - = =2
bl ¥ M 160
2 160y 21207 =120
120 = &
= sl L = 80
X 40f 2 X 40
% 0 1 1 1 1 1 1 1 1 % 0 C 1 1 1 1 1 1 1 1 % 0 E 1 1 1 1 1 1 1
64 68 72 76 80 84 88 92 96 64 68 72 76 80 84 88 92 96 64 68 72 76 80 84 88 92 96
15 JE Temperature/'C ¥R & Temperature/"C ¥R & Temperature/’C
UBQ ETIF3H TUB2
240 -
5 i
% 200
ﬁ 160 L
120 I
/& -
B 80 L
o
B 40 -
B L
K 0
1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 J
64 68 72 76 80 84 88 92 9 64 68 72 76 80 84 88 92 96 64 68 72 76 80 84 88 92
{5 FF Temperature/'C 1R F Temperature/'C ¥R Temperature/'C

B3 6 MEEXNSEE PCR =A%
Fig. 3 Melting curve of PCR products of 6 candidate reference genes

R4 BEASEENT RS r e
Tab. 4 Amplification characteristics of 6 candidate L4r —o—nt
reference genes 12+
a
A qRT-PCR ¥ # &% R REL Y10tk
Gene name qRT-PCR efficiency/% R? g osl
EFlal 96.0 0.99 % 06l
GAPDH 102.3 0.99 04l
Actin 102.1 0.99 ozl
UBQ 100.0 0.99 EFlal GAPDH Actin UBQ ETIF3H TUB2
ETIF3H 106.9 0.99 HA Gene
v 43 0% B5 RENSERREBEMEN AC D
Fig. 5 Expression stability of candidate reference
261 genes by ACt analysis
25
2 2.3.3  geNorm #4541 i1t geNorm #4115
23 NS RN R RTEENE (M), Hrb M BN
5 2 NS I A ARG B R IR AR E Y N
” BIEK M<1.5. geNorm 4HH74s &M, AN
19 F AT R IE N 2 M<1.5, HRES M R/INMER N
18 . TUB2>UBQ>GAPDH>EFIol>Actin>ETIF3H, H:
: H ETIF3H R A e Ad € i SZE N (A 6 ),

7 1 1 1 1 ]
EFlal GAPDH Actin UBQ ETIF3H TUB2
M Gene

4 REANSERCtHH

Fig. 4 Ct distribution of candidate reference genes

R M kK /NHER SN EFlal>GAPDH>TUB2>
Actin>ETIF3H>UBQ, H UBQ M i h3Rik i
BERNSER (F6).,
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13r
1.2r
1L.1r
1.0r
09r
08
0.7r
0.6
05r
04r

—o—

FiMEE M

'\'\.\/,fa

3 1 1 1 1 1 1
EFlal GAPDH Actin UBQ ETIF3H TUB2
HEH Gene
E 6 geNorm HITEENSERRILBEM

Fig. 6 geNorm analysis of candidate reference gene
expression stability

2.3.4 NormFinder ## % # NormFinder ¥Ffi

e B A EYE R PR YS geNorm 0 HT2R{L, M ik

MR N S IR e s . 25 SRR

W d M K/ANHEF B TUB2>UBQ>GAPDH>

EFlal>ETIF3H=Actin, 3% ik i e € W & ETIF3H

1 Actin (K 7)o MR M K/NHEF A EFlal>

GAPDH>Actin>TUB2>ETIF3H>UBQ, #*ikta
EMN UBQ (7).

2.3.5 BestKeeper #4547 BestKeeper #{4if

R AR AL LRSS TE] Ct () CV 5 SD ki

09

0.8+

0.7+

= 06}

g 05+

& 04

ﬂjg 03r

02+

0.1

—m—
—e— i}

0 1 1 1 1 Il J
EFlal GAPDH Actin UBQ ETIF3H TUB2
HH Gene
Bl 7 NormFinder ##HTEENSERFARIEBREMN

Fig. 7 NormFinder analysis of candidate reference
gene expression stability

ENZIA, Hf SD 5 CV #/NUEIH NS5
(2558 5 BT . BestKeeper 1175245 S 2 B 7E
A B s e i A R )8 ETIF3H (18] 8 ),

12148 osp 155

1.1} —-CV sy

10+ {45
209l ao O
B 1 =

0.8} 3
ﬁ 135 m“‘%
=07t !
% 130 =

0.6

0.5} 125

04L— L L L L 120

TUB2 EFlal UBQ GAPDH Actin ETIF3H
F# X Gene
12 ¢ 155
H = SD

L1 —-CV {50

L0 F {45
209 o &
E 08 | ' ﬁ
&t 13.5 Iﬂ%
o 0.7 ¢ -
& B

06 | {3.0

0.5} {25

0.4

1 1 1 1 1 20
TUB2 EFlal UBQ GAPDH Actin ETIF3H
FH Gene

8 BestKeeper ##TRIE NS EFRIERE M
Fig. 8 BestKeeper analysis of candidate reference gene
expression stability

2.3.6 Refinder %4&3FH M T ACt. geNorm,

NormFinder il BestKeeper #X{4FXFNSILH AOERE
I EAEE S, AU 7EZ T H RefFinder
THE AR EEL TR 4 FhEa L HEA 1 LA P 34 (B A5
GRS, U R/, SR R IR AR e T
M, SRR, FEMREE (FS5) FikR (£ 6)
W, ETIF3H 34033k ke e R E NS AL A

% 5 RefFinder RIEEZEDTER (1R )

Tab. 5 Comprehensive analysis results of RefFinder software (root)

ACt Genorm Normfinder BestKeeper RefFinder 254
HH . . . o Sy BT HEF
Gene PR HUF  RIKEUEM M RSEGEM HF dEG: wF o UV
SD Ranking M Ranking M Ranking SD Ranking sive analysis rznking
EFlal 0.760 5 0.651 3 0.256 3 0.65 5 3
GAPDH 0.594 3 0.675 4 0.332 4 0.52 3 5
Actin 0.711 4 0.552 2 0.096 1 0.51 2 2
UBQ 0.245 1 0.726 5 0.399 5 0.55 4 4
ETIF3H 0.464 2 0.546 1 0.096 2 0.48 1 1
TUB2 1.565 6 1.197 6 0.800 6 1.10 6 6




182 ol A B F IR 547 %
% 6 RefFinder RFEEFHER ()
Tab. 6 Comprehensive analysis results of RefFinder software (leaf)
ACt Genorm Normfinder BestKeeper RefFinder 54
A L, . . o [k 952
oo TREGE MUY FSRUEM  HHF RSEGEE WE wmme mr JHTT
SD Ranking M Ranking M Ranking SD Ranking sive analysis rgnking
EFlal 0.972 6 0.546 6 0.326 6 0.75 5 5
GAPDH 0.935 4 0.465 5 0.238 5 1.02 6 6
Actin 0.594 2 0.435 3 0.232 4 0.62 2 4
UBQ 0.765 3 0.351 1 0.048 1 0.69 4 3
ETIF3H 0.563 1 0.422 2 0.210 2 0.48 1 1
TUB2 0.971 7 0.439 4 0.212 3 0.69 3 2

24 HNSEEREMHRIE

VL ETIF3H “RZ 8, 53 5K AL AL PR S
H4 JhZ5AR 50t Ho v PAP10a . PAP3 #1 PHO2 3
KA, FEMS R, PAP10a (EARHEALFE 12 h #1 24 h
FkBE FH, M PAP3 FikKFEE ETHET
FEmiasse, 78 12 h ik (K 9), S Aut
FLER—FH ) PHO2 PR 235 BEAR B B 36 5k 1]
BETH, SWEIr. EARPIFEL R —52,
FEMF F R, PAP10a 33k /K556 BTG FRER
P KBEIE 12 h B IR R, PAP3 FEH KA

r PAP3

W

- PAPI0a

N

20558

N w L W
T T T T

[
T

HHNFFIA R Relative expression

AN FEL R Relative expression

(=]

22853
hooliis

0 ot Ak L ) SiE K I R4k B T PHO2 JER 3%
AR EZES(E 9 ), XL LR ETIF3H
YR 2 B AE qRT-PCR A4S I AP R vl 137 5 (R 26 548
iR AT SR mlEE, WERAEVERE (K 10),
W% 30 d 1916 B AR R 5 2 BERE SR G AH LE
MAR R AR B Ry & ik, XEERMER S Lk
PAP10a. PAP3. PHO2 3L TEALBEME T 1Y%k
B R 20T, — A R PR 3k 5 e
— Bt R AR M0 T 3R A B R P g
HEARH -

1.6 - PHO2

wa iR
Rt

—_ = =
S N b
T T T

V7

e oL
S-S

(=]
T

FAX} A Relative expression

24

12

(=]

Kb 3R] Treatment time/h

12

0

24

AbFEAFE] Treatment time/h LbFERT ] Treatment time/h

ARINE FBE R A R AL B 22 57 8. 3% (P<0.05 ).
Different lowercase letters indicate significant difference among different treatments (£<0.05).
B9 RBiMAEETE H4 I ZFARAB. MR HEIREKERIE

Fig. 9 Verification of expression levels of low Pi responsive genes in roots and leaves of H4

EH LR A S em,

Scale bars were 5 cm.
10 H4 £ (A) FIRBEAME (B) 30 d H9REY
Fig. 10 Phenotypes of H4 under total Pi (A) and low Pi
(B) conditions for 30 days

iTig

qRT-PCR H A AR . Werh B & . feka il
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