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(UBC)TEA IR B GR FE N K5 57 130 S S e ik b iy
FB IRV FEAT 4 % € B o3, IR AT L B CHfE
7% . geNorm, BestkeeperfINormFinder4X {4 X} 4%
i 16 P 2 5 R AE AN [] O RS B 1 3R R e M
HEATHEIT AR A0, LA Hh Al ) N 2 R A

1 MRS T

1.1 SLIe# R
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50~60 umol/(m’-s), ‘EA G A 12L : 12D, 43
U 4 LR B 45 SR

e A B . BUE R AR T R KR
4(20+2) e fEFEBE AR (NL), B 200 pmol/(m®:s)
ok R R EEFR 1 h (HLL), BB 5 %% A 500 pmol/(m*s)
JEER N ALK IR h (HL2), 410 F5 A 1000
pmol/(m*s) ik T 4k 42 e K59 1 h (HL3)HI3 h
(HL4), A= 60 b Bk 72 v i B 4 r (2 1+
1) °Co SIS MRS (NL, HL1, HL2,
HL3 . HL4)7 5l U, AR a8 Ak B85 1% B 34
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Tab.1 Candidate internal control genes and sequence of their primers

GIEZ BN B Sk SR FI(5-3") PG /bp
primers name gene description sequence product size
Ph18S 18S ribosomal RNA F: TGGAGGGCAAGTCTGGTGA 229
R: CCGACAATTTAGAAGTGTATGATGG
PhTUB beta-tubulin F: TGCAGGGCTTCCAGGTGAC 207
R: CCGCATCCGCATTCTCCAC
PhACT actin F: CGAGCATCCCTGCCTGTT 170
R: CCGAATCCACCACAATCCC
PhGAPDH glyceraldehyde-3-phosphate F: GCCATCTGCATCGCCTATTG 156
dehydrogenase R: CCGTGCTGCCGACAAAC
PhEF2 elongation factor2 F: CTGTCCAAGAGTGCGAACAAG 136
R: CTCGTCCATGCCATACTCGT
PhUBC ubiquitin conjugating enzyme F: TCACAACGAGGATTTACCACC 107

R: GAGGAGCACCTTGGAAACG

1.3 RNA#ZEU K cDNAS X

AL < S 00 A L H 45 Ak BT A A 4 R S
0.1 g, WEARR T 5 W AMEE, RHE.ZN.AM
PIRNAHEBGL 7] £ (OMEGA, 7 [5) 1 B 4% #F i
A RNA L 258 5 i L VKR A BT 2 JRCE RN A Y 5
#epE I 7EMultiskan GO 3,24 K BEARAL 43 51
I Z OD260MOD2801H , M il & 45 it &
RNAW MR B, ) Vo A% e 26 10 5 1 95 G 1 2
BE G, DA EUAY 45 FE S RNA B AR, SR
TaKaRa/\ 7] #2 4t PrimeScript™ RT Reagent Kit with
gDNA Eraseria{ 7| €01 H /% 5k icDNA, T-20 °C
(=D

14 BHERERFBENZ@EPCRY &
25 uLAY 38 PCRY K & 43 % cDNA 1.0 pL,

PCR Forward Primer (10 pmol/L) 0.5 uL, PCR
Reverse Primer (10 umol/L) 0.5 uL, 2xTaq PCR
Master Mix (TIANGEN) 12.5 pL., ddH,O 10.5 pL,
PCRY Y SN 454+ 95 °CTHAE M3 min; 95 °CAE M

35s, 60°CiBk30s, 72 °CHEf#1 min, 3517F
s 72 °CHEAH 10 min, 373458 W5 1 %500 G

TG JC FEL IR 47 3 7 1
L5 fRERZRSEI R AR HBHER

% FHIDNA4f A 8] it 1) & (TIANGEN) &
PCR= A7 Il gtk , FF¥ i /- Bt 5 PMD®
19-T VeCtor (TaKaRa)i# %, SR 5 5 AL K5 T 15
DH5 & 52 25 40 IS (TIANGEN) . % JH JFRL /N 4242
7€ (TIANGEN, B0 4 BDFERUTR DNA, - H
Multiskan GO 3.24= I K B {30 72 [ A DN AR ik
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B, TR DNARDAE Sk 46 %) 5 fbm i o b o
ATOEEANIE S G RNV
P =
6.02 x 10% (#1/mol) x DNA % (g)
DNA £JE (bp) x 660 (g/mol - bp)

K H ABI7300%4 2¢ )¢ a2 5 PCRAL #E 17 qRT-
PCRY"#, 4 WA R M CHE S B 3L 4 114K
(1% XoF B A ST b v R 2, 1O A JEE 4 B 1 s of
fb L FEINRE 5 DL 25 0t BRI a1 7 QR T-PCRIX
N, HARHRER T3 A ER . R A
ISERE(%)=(10717—1)x 10052 5 [H (i 4™ 8 350K

1.6 RiEASEEFTKIAKFEHGRT-PCRS 1T

K JHABIT3008! 5 5E 1 PCRAXHEAT & N 2
L F kK EI E , 20 pLAY qQRT-PCRJ I 14 £
£ 45 SYBR® Premix Ex Taq™ I (2x) 10 uL, ROX
Reference Dye (50%) 0.4 uL, ¢cDNA 2 uL, PCR
Forward Primer (20 pmol/L) 0.4 uL, PCR Reverse
Primer (20 pmol/L) 0.4 uL, ddH,O 6.8 pL, %58
BB E 3N E Y A F2AEORYEE . oRT-
PCRII 551 : 95 °CHUZAEPE30's, 95 °C 84S s,
60 °CiR k30's, 40MEH; TEALEHSE, MS55°C
S8 TR 295 °C, LihlkEfiih 4k

17 BEESH

MR qQRT-PCRAE f 0 A &5 2R, I HE AL CHfE
. geNorm, BestkeeperflINormFinder§X 4 X 4%
o 356 8 2 35 R R [R) B2 B s e e i Rk AR
FEPESEATGE TR 3 M, DT O 3 LR e I Y P 2
P

2SR5

21 REASEERZEPCRY E. FrEH
KB RS B E

PUAS TR ' B a8 B T 355 5% 1 3 58 S bR ik 1)
SRNAS % 5 W cDN A R #8554 1 7 3% 3l PCRY™
L DL 1%B B e r ok A . S5 R 1 R
FAE kNS ILHE S WY 80 B br BB S WU R
N, BTN . GBI Rk,
LKL NS LA G P Fe Sk icar, vTHF
qRT-PCRAM T o

45 3 R B Y [0 e A b i A7 3
D o i, 4 USROS AR R A E
TR A5 DB SR J5 K JBORE LA 1ORS Rt B2
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Fig. 1 Primers specific of each candidate
internal control gene
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Fig.2 Standard curve of each candidate internal control gene
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W B A5 N UBCHE H () ik B M Fa &, T
1853k P 1) 2 15 | 32 516 HE 2% A R i e K o

K F geNormH {4 % A /] o B i B 25 140 7 4%
o i N S 56 R 3R B M AT VP AN Rk 3k
PR 263K B R (E MO AT B 2 ik 1k 0 2 3 TR 41 4 1Y
FIRIKF LU R X BUA, MIERR/N, FERFRIL
a5 PO B . geNormFe 2 M Uk HEBR S A F4
FEME, EBEE2A Rk, RESATE, AEA
IF) o't R B 2 2R T ML ER R B/ P 5 35 R I
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e N 23K UBCFIEF2, it BH AR AS [) ' IR 3
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K I Normfinder /4 Ak AS [] o R 5 38 254
T oM S I I £ E R E . Normfinder 5
geNorm X} i (R & 3k £ M F 17 17 Al i) Ji 24 AH
£, REHEITEAR, NormfinderfE i T4

BEARITF AL P SRR R (i, 45K 3im,
6/ i 1 N S 56 AR K [a) % IR 3 % 1 T I Rk
FaE K N0.171, 0.044, 0.194. 0.564. 0.135,
0.108, MM Al LLE H A [R]E HR i B8 25 11 T # ik
e M fe i e e N S LR R UBC, Fae M 2=
1Y) J& GAPDH.,

K I Bestkeeper 4 X AN /) ) HE o B 45 14
AN S I R R R R EAT e b, 25 R
W3 frow, AR B R [R]0 B G B 450 T SE
Pk T RUE R N S 3L R UBC, i 1855

{14 2 35 ) 32 6 B8 % PR S i B
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Fig.3 Melting curves of QRT-PCR product of each candidate internal control gene
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Tab.2 The absolute expression level of each housekeeping gene in each tested sample
18§ UBC ACT GAPDH TUB EF2
Fhi ¥ 08/ ¥ U ¥ 0Ey T ¥ I8 ¥ 00
samples

(# Il/ng) Ct
copy number

ct (g Ct
copy number

(#% Il/pg)
copy number

(% Il/pg)
copy number

(% W/ng) Ct
copy number

ct  #Nng) Ct
copy number

NL 20.79 3.1x10* 20.70 1.1x10° 19.67
HL1 22.80 7.6x10° 21.82 5.2x10* 20.99
HL2 28.01 1.9x107 21.99 4.6x10* 24.94
HL3 19.90 5.9x10* 20.01 1.7x10° 18.47
HL4 19.69 6.9x10* 20.02 1.7x10° 18.57

6.3x10*
2.2x10*
1.6x10°
1.5x10°

1.4x10°

18.16  1.0x10° 2131  3.4x10* 1839  1.9x10°
21.12  1.3x10° 25.88 1.3x10° 21.14  3.0x10*
2048  2.0x10° 23.88  5.5x10° 2055  4.5x10°
21.84  7.7x10 2032 7.0x10* 1876  1.5x10°
2237  5.3x10° 2097  4.3x10* 1852  1.8x10°

FlRGEVER R, BN S RN B4 LR
R (D7E A W 1 59 S [5] 41 4070 440 i v 2 RE AR
SE IR s QTR A M PRI S N AR REAR R ik,
AN 52 40 M A 30 98 2 B A 0 A AT A PR A D DR SR Y
S s @RISR H AR L @ik
FREEER". HEEXRPER, A —-1ITHNS
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geNorm#K {73 BT AR A5 1 2% e 1k 9 2 B X 1) TR AR
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Fig. 4 The variation of Ct values of selected

housekeeping genes in all test samples

2.3
2.1 1
1.9 4
1.7 1
1.5 +
1.3 1
1.1

FIIRIEFEEME M

average expression stability M

0.9
0.7 1

Ik Fa 2 M K/ UBC>EF2>GAPDH>TUB>ACT>
188, JAE LA b 4RN 43 B 7 1 4R A5 1 & Ak 8 ) 2 35
PH] 11 22 TR FeE AN AR ), A r 4R 45 19 e 1k K
Ve g R N 2 BE K ¥ UBC, IRtk UBCTR]
DIAE A 3 58 S0 70 S ) O BESR J3E T 3 PR 3 38 /K OF

0.5 . 1
18§

AFasE R A

least stable genes

&5 &xik

ACT

TUB
FUEERA

most stable genes

UBC EF2

A5 £ ERIEFRE MR geNorm 53 # £45 R

Fig. 5 Gene expression stability of each housekeeping gene alculated by geNorm

%3 FHRIEANSEERIERE A NormfinderFn
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Tab.3 Gene expression stability of each housekeeping gene

calculated by Normfinder and Bestkeeper

FE A FE fH(Normfinder) #37E {H (Bestkeeper)
gene stability value stability value
185 0.171 2.53
UBC 0.044 0.80
ACT 0.194 1.95
GAPDH 0.564 1.18
TUB 0.135 1.93
EF2 0.108 1.10
RIEH SR UBC UBC

the best housekeeping gene

qRT-PCRIM T 1) fie 1 S FE A
ZREALBAALETHEZ DA, I
HZ5MEmvr2 Edaishid #. Kb UBCRE T
ZRAEGME2E G, EEENRESPZR
OIS BEE LGS B2 RASS G, S RIEEE
B3t IRt AT iz Rk thi, IRz 2
HOR AT BB — . UBCHE TR IRz R ik
o AR e 1 R A M BORG TR AR S A T
Tk AT RS RM, Y TPz R E
FLEA w5 AR ST PE AR PR, LR ST 2 X 48 £
AR ZA DB B AR, BT
12 3R 55 F 0 B AR ST P R W02 3R A 7 A A
i P B, A A A TR 240 i 4 R A [
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WE T YR R, rlE/ERNEY
R FRSPHHHNZSIERE . HongdE "5 —
TS WK & (Brachypodium distachyon)1E A [7] i3 5%
BN S B A 1 IR R e P & I UBCEE A
B AT E PEf i 5 Czechowski %517 i 1% A [
A LURAL B & T B HL G I (Arabidopsis) N 2 4
PR B} [R) A & L UBCHE A () Fe ik R e e i o 3 A0
TEM KA (Platycladus orientalis)F1H % K = (Ecto-
carpus siliculosus) /) & B By B FIAS [\ 52 56 414
TR UBCHR AR RE R 2R, AW
RBHINUBCH] LI Fr SR AE AN [F] ' MR 8 1 25
K23k 7K V- qRT-PCRAM T I Ficidi N S B, X 5
Li% PR i e 30 S8 AN R &R o S R AE TS SR REAR
[F] Jofr 38 (Rt 2R AK) 2544 R qRT-PCRAF BT 1Y i i
NSIER SR, B UBCEEA .

GAPDHJE: % 5 W B2 IXOBE 18 4% FIURE 9 it 1 4%
M) LN, TEAM R KR 2R Re, O
NP8 DUEae AR, SR R RPN &, ) 2R R
KA P HE R FRIR N S AR SR UL A
Z 3N, GAPDHEEW A H I (Saccharum officin-
arum)' | ZLAENE K (Lorpetalum chinense)"' V) J 2%
W (Camellia sinensis)* A R4 2148 B H AR RERR
FEFRIL, HEAEARDIEH, NormFinderfllgeNorm
AT 8 RN GAPDHZEE R FE A ] O B o B Ak
TRz R b RERARE, XEXK
PR =" BRI (Populus trichocarpa)™ . 453
R E R B A NRZUR R
FHI8SYE N NS AT HE N R B W /408, W
%] (Vistis vinifera)™ . BRI S5 2852205
Wy ol v R ) R AR I R SR . H18SHE A
FEASTIF ST [] S HR i B A 3T 1 428 8 S A v
RBREHERNK2ZE, MEARENIZERER
[7] S R i 3 Ak 3T DR 3 3k K T R T 1 P 2
K, FERIEG I D ERY | IKFE(Oryza sativa)™
FEMR T R IMACTEEN RN & BRAEM NS EEN,
XS AR ACTHF B 4 Hras R —B, RE
WS IEGE b e BRI 52 S [m] & AR i
WNZ R ETUB, (HAEARDE IR T TUBSE
MR B K AT E , LA IS & A S A
RN IRIE RSN . AU, 4R R4 J7 3%
N R EF2HEA 1) R b fa e UK T UBCEE T, T
AT A [ S Fe i B A BT 4 55 50 i R Y R A UK
R R B, IR 2 S R
EF2EEIB AT LIRS £ i N S 1A

http://www.scxuebao.cn

AW TE 0 0k 1 T EA SRS AR e e aa T #EAT
B[R R 1K P-E ST Y Bl N B RN UBC, W In %
SAEAN[F]DE ISR B FE DAY B 0 585E 1 kAt o

SE M-

[11 GRMERE, K00, EEK. EYSER s R SE R0 E
HPCRIM]. db5t: (g Tl tHfsE, 2013: 1-31.

Zhang W C, Zhu L, Wang Y F. Biology Lab Manual
Series: Real-time Quantitative PCR[M]. Beijing:
Chemical Industry Press, 2013: 1-31 (in Chinese).

[2] Bustin S A. Quantification of mRNA using real-time
reverse transcription PCR (RT-PCR): trends and
problems[J]. Journal of Molecular Endocrinology, 2002,
29(1): 23-39.

[3] HuggettJ, Dheda K, Bustin S, ef al. Real-time RT-PCR
normalisation; strategies and considerations[J]. Genes
and Immunity, 2005, 6(4): 279-284.

[4] LeeP D, Sladek R, Greenwood C M T, et al. Control
genes and variability: absence of ubiquitous reference
transcripts in diverse mammalian expression studies[J].
Genome Research, 2002, 12(2): 292-297.

[5] Blouin N A, Brodie J A, Grossman A C, et al. Porphyra:
a marine crop shaped by stress[J]. Trends in Plant
Science, 2011, 16(1): 29-37.

[6] HEH. 2 BLESE(Pyropia/Porphyra yezoensis) it
JEFPCRAN S A F L [D]. 7 &: o B K,
2012.

Shao H. Selection of reference genes for quantitative
real-time PCR in P. yezoensis[D]. Qingdao: Ocean
University of China, 2012 (in Chinese).

[7] Wang WL, WuX]J, Wang C, et al. Exploring valid
internal-control genes in Porphyra yezoensis
(Bangiaceae) during stress response conditions[J].
Chinese Journal of Oceanology and Limnology, 2014,
32(4): 783-791.

[8] WuXJ,NiulF, Huang A Y, et al. Selection of internal
control gene for expression studies in Porphyra
haitanensis (Rhodophyta) at different life-history
stages[J]. Journal of Phycology, 2012, 48(4): 1040-1044.

[9] LiB,ChenCS, XuY, efal Validation of housekeeping
genes as internal controls for studying the gene
expression in Pyropia haitanensis (Bangiales,
Rhodophyta) by quantitative real-time PCR[J]. Acta
Oceanologica Sinica, 2014, 33(9): 152-159.



78

B &, S BT

*-‘/_J;J,Lfm»_

#
&t
bl

PCRIN 5 &

|

£ 7% 1 1071

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Wit lk, PIREE, £ /NF, 55, S 520 8 B PCRELAR K
AR SEBR[T]. SRER =R AR LR E, 2011, 30(7): 15-19.
Yang Y S, Sun X N, Wang X L, et al. Experimental
teaching of real-time fluorescent Quantitative PCR[J].
Research and Exploration in Laboratory, 2011, 30(7):
15-19(in Chinese).

A, I, MR 5K, 55, Hh 3 Sii & S PCRIN S 2L A
HIFREE[T]. A Ak i, 2011, 27(17): 76-82.

Hou W H, Sun P, Chen Q J, et al. Selection of the
reference genes for gene expression studies in
Rehmannia glutinosa by real-time quantitative PCR[J].
Chinese Agricultural Science Bulletin, 2011, 27(17): 76-
82(in Chinese).

=R, R, FATE, 2R TEREMEARZ
R R[I]. AW THREER, 2016, 32(1): 14-30.
Lan QY, Gao Y, Li Y C, ef al. Progress in ubiquitin,
ubiquitin chain and protein ubiquitination[J]. Chinese
Journal of Biotechnology, 2016, 32(1): 14-30(in
Chinese).

Pickart C M. Mechanisms underlying ubiquitination[J].
Annual Review of Biochemistry, 2001, 70: 503-533.
XL I, MR, BB, 5. db PRz 3l (R 1k
ubiquitin 5L [ N AT NS IR IR L[], Tl Z 54k,
2015, 42(10): 1983-1992.

Liu CJ, Wang S L, Xue J Q, ef al. Molecular cloning of
ubiquitin protein gene and study on this gene as
reference gene in tree peony[J]. Acta Horticulturae
Sinica, 2015, 42(10): 1983-1992(in Chinese).

Hong S Y, Seo P J, Yang M S, et al. Exploring valid
reference genes for gene expression studies in
Brachypodium distachyon by real-time PCR[J]. BMC
Plant Biology, 2008, 8: 112.

Czechowski T, Stitt M, Altmann T, ef al. Genome-wide
identification and testing of superior reference genes for
transcript normalization in Arabidopsis[J]. Plant
Physiology, 2005, 139(1): 5-17.

Le Bail A, Dittami S M, de Franco P O, ef al.
Normalisation genes for expression analyses in the
brown alga model Ectocarpus siliculosus[J]. BMC
Molecular Biology, 2008, 9: 75.

Chang E M, Shi S Q, Liu J F, et al. Selection of
reference genes for quantitative gene expression studies
in Platycladus orientalis (Cupressaceae) using real-time

PCR[J]. PLoS One, 2012, 7(3): €33278.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Iskandar H M, Simpson R S, Casu R E, et al.
Comparison of reference genes for quantitative Real-
time polymerase chain reaction analysis of gene
expression in sugarcane[J]. Plant Molecular Biology
Reporter, 2004, 22(4): 325-337.

iK1, TWEE, FPLLHE, 5. LR MR S 2O &
PCR T N Z LD e )], o [E R 2238 4k, 2013,
29(10): 11-17.

Zhang L, Yu X Y, Fu HY, ef al. Reference genes
selection for Real-time fluorescence quantitative PCR in
Lorpetalum chinense var. rubrum|[J]. Chinese
Agricultural Science Bulletin, 2013, 29(10): 11-17(in
Chinese).

INEIE, i, AT, 5. W SER 920 58 5 PCRSY
BT R P9 2 5 (R IR BR [T, R A 243, 2010, 45(5): 579-
587.

Sun M L, Wang Y S, Yang D Q, et al. Reference genes
for real-time fluorescence quantitative PCR in Camellia
sinensis[J]. Chinese Bulletin of Botany, 2010, 45(5):
579-587(in Chinese).

TRIGEAR, BEORIE, FENREY, 4. S 5956 mPCRAM T H
B R A S HE A AR [T ]. FE AR, 2013,
48(5): 507-518.

Su X J, Fan B G, Yuan L C, et al. Selection and
validation of reference genes for quantitative RT-PCR
analysis of gene expression in Populus trichocarpalJ].
Chinese Bulletin of Botany, 2013, 48(5): 507-518(in
Chinese).

R, B, MR, 5 HERIKEENEEE
RT-PCR A S R I, H E AL K2 244), 2010,
15(3): 7-14.

Zhao X, Ma H Q, Chen S W, et al. Internal reference
gene selection for semi quantitative RT-PCR of genes in
the second half of grape berry development[J]. Journal of
China Agricultural University, 2010, 15(3): 7-14(in
Chinese).

Xu M, Zhang B, Su X H, et al. Reference gene selection
for quantitative real-time polymerase chain reaction in
Populus[J]. Analytical Biochemistry, 2011, 408(2): 337-
339.

FZL, i, E35, 55, 2 B4R SHS POOJE K] St ¢
€ EPCRAI T ik IR 2L T]. Y 2 B 24 (B R
RI2ERR), 2010, 19(2): 81-84.

Zhou X H, Yan B L, Wang P, et al. Establishment of

http://www.scxuebao.cn



1072 KopE o R 41 4

real-time PCR for HSP90 gene of Porphyra yezoensis systematic validation of reference genes: a serious pitfall
Udea[J]. Journal of Huaihai Institute of Technology
(Natural Sciences Edition), 2010, 19(2): 81-84(in
Chinese).

[26] JHRLZL, 5K K, FEH, & FPREA N IkS-F 2
B L 1 5 B 5 R IR A T [9]. K724, 2011, 35(9):
1354-1361.

Zhou X H, YiL F, Li X S, ef al. Molecular cloning and

undervalued in reverse transcription-polymerase chain
reaction (RT-PCR) analysis in plants[J]. Plant
Biotechnology Journal, 2008, 6(6): 609-618.

[28]  Nicot N, Hausman J F, Hoffman L, e a/. Housekeeping
gene selection for real-time Rt-PCR normalization in
potato during biotic and abiotlc stress[J]. Journal of
Experimental Botany, 2005, 56(421):2907-2914.

expression pattern of glutathione S-transferase gene in

Porphyra yezoensis Ueda (Bangiales, Rhodophyta)[J]. [29] Kim B R, Nam H Y, Kim S U, et al. Normalization of

Journal of Fisheries of China, 2011, 35(9): 1354-1361(in reverse transcription Quantitative-PCR with house-
Chinese). keeping genes in rice[J]. Biotechnology Letters, 2003,
[27]  Gutierrez L, Mauriat M, Guénin S, et al. The lack of a 25(21): 1869-1872.

Selection of the internal control gene for
expression analyses of Pyropia haitanensis under high light stress by
quantitative real-time PCR

CHANG Jing, CHEN Ludan, XU Yan, JIDehua, CHEN Changsheng, XIE Chaotian"
(Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: Pyropia haitanensis is a sessile marine macroalgae that inhabits the intertidal zone. High light was the
main environmental stressor of P. haitanensis during low tides and the key factor affecting yield. To explore the
molecular mechanisms of high light tolerance, gene expression analysis was the first step. Gene expression studies
using quantitative real-time PCR should start by selecting an appropriate internal control gene; therefore, the
absolute expression levels of six housekeeping genes [18S rRNA (18S), ubiquitin-conjugating enzyme (UBC),
actin (ACT), B-tubulin (TUB), elongation factors 2 (EF2), and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)] were examined by the quantitative real-time PCR in samples corresponding to different high light stress
treatments. Their expression stabilities were assessed by the comparative cycle threshold (Ct) method and by three
different software packages: geNorm, Bestkeeper and NormFinder. The results showed that the Ct value of UBC
had the least variation, while that of /8S obviously changed under different light intensities treatments. The
analysis of geNorm also exhibited that the most stable housekeeping genes were UBC and EF2. The analysis of
both Bestkeeper and NormFinder exhibited that stability measure M of UBC was the lowest (0.044 and 0.80,
respectively) among six candidate genes. Thus the most stable housekeeping gene is UBC. Based on the above
results, it is proposed that the most appropriate internal control gene for expression analyses under high light stress
of P. haitanensis is UBC.
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