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Abstract ; The full-length sequences of B-Actin, GAPDH and 18S rRNA which are frequently used as ref-
erence genes in qPCR analysis were obtained from the pericarp of litchi ( Litchi chinensis Sonn. cv. Feizix-
iao) by gene cloning and sequencing. Their sequence lengths were 1 273,1 368 and 1 712 bp, respec-
tively. Sequence analysis showed that the cloned sequences had very high similarity with other species.
Furthermore, the stability of six genes, including B-Actin, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) ,18S rRNA , ubiquitin( UBQ) , elongation factor (eEF) and 25S rRNA ,was determined in li-
tchi pericarp under different developmental stages and regulator treatments in this study. Three different
analytic calculation methods including geNorm, NormFinder and BestKeeper were compared. Among the

six genes tested, B8-Actin appeared to be the most stable single gene under three different calculation

methods.
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PGS E - PCR (qPCR) 2T 4Rk & JEHY—
o T v 2050 ) 2 PR R AR A i Oy . i R S
XUE DNA HJEF 5245 G 2¢O R (U SYBR Green
85) BRSO IRET (40 Taqman ) 255 52 5
KB #s, 704t PCR — MG S5 AN 996K
EARIER L O T PR B A SRR B B, it
0,308 SR FH N 2 ik TR AT B I A A 34—k, LATH
BRAS[RIAE S AE RNA 77 5 J5 o DA S S b af
REAFAERY 2251

FRAE ) N 2 B PR WA & P sl A5 1, & Fh 2R
AU ZH 2R A0 B b B8 1E ek, i LR A R i
U, e 2 e 2 5 AR, AN RIS AU 2H 2L, R[] 1)
BB B BOMUAS [R) b P& AT N 2k R e s K F- 2]
REACLEAZ AL, PRI, 435 3 1) R 25 5k R L o2 A
FEATAN Y 22 5, DR GE T A DG € Bt PCR 3B Bk A
FIRAOFLE R a D Ak, % T qPCR 23
DR ) 30 % 3o 7 R R R R A9 3%, 40 geNorm ™ |
NormFinder"*! 1 BestKeeper[S] IE T MR RN S
PRl P i35 Hh 2Rh e R I — B — R
B ARG AL SR RT-qPCR BF 58 S i Z 1N
ZHERIE R KL A (Housekeeping genes) , %44
B-WIEhE I (B-Actin) | H V1 -3 -1k R il % i ( GAP-
DH) ,18S rRNA .25S rRNA 77 & (UBQ) Fl%% 54k
A T (eEF ) S5 3L 18

AMWFFE UL Ud F5° 7% K Litchi chinensis Sonn.
cv. Feizixiao 2 7 FE A B, FafE T B-Actin, GAP-
DH F1 18S rRNA 3 S5 5 SL B, o 58 B 411 5 HoAbAE
P AU ; SR 05 45 & E B 1) UBQ  eEF i1 25S-
rRNA 3 A5 IR, 1T gRT-PCR J7 40 |-
W 6 MBI N S EERTEA R & B B BRIAS [R] A= 4
TR ik, 53 geNorm  NormFinder F

BestKeeper 3 FAS [’ A4 5875 204 7 80908 43 #7 , Wi 328 114 A
HEFE R NS A NS N B A T
%, B4 qRT-PCR 7 7 B P SRk 98 EHY) 2
I FHAR A2 B8 5] AR B
1 ##Rt5F%E
1.1 EYH

IOl e B S SRR K (EW R AW T o I3
AL FRBEHL 3 R, 2E R SRIET 1A H (i) ,
SR 25 mg - L' ABA fi14 mg - L™' CPPU 5 i 5%
Jit VR4 SR S A AT 7K A B SRy X6 R, A Ak 3
FULFRS 7 14 21 d SREE. BUAR, FE SR S0 R R ©
R RN AR SRS, SR AR IR R B R SR IR 43 T, 2%
ANBAAE , ARG 47 M 5250 = T - 80 CvkAH
e .
1.2 R E RNA 2EF cDNA &5

FHAE K R RNA {4 BCR ) Tiandz 356 K /3 7]
RNA; (dt 50 ). A DNase I ( TaKaRa 7\ &) 7H 41k
DNA, HEBR T4, R R FCR 15 ¢ - L7 B3
BEEERC LUK A I RNA 9 v B2 AT . A FF S B 2
pg & RNA, ] H MLV-Reverse Transcriptase kit ( In-
vitrogen v H] ) A i cDNA 55 —4i (2 AR J7 2 B
Wi, TR R SE R R E 1 5 #
1.3 HSERETE

A O 38 A ELA% 24 B-Actin® . GAPDH' 1l
18 'S rRNAM LA (i 444 4 5 R LR 4K E A <7 IX
WA RGP rakE 3 NEEE K (F 1), 40550 A
IR AT PR 28 w) AL i 0 8 A W B R A R 2 ]
J¥. M)y 5 , FH DNAMAN #R{4F 5% NCBI Rl i 17
HEWE B E AT

®1 ATREASEREKHSY

Tab.1 The primers sequences used in cloning the full-length of reference genes
HEP AR EIRZE S IEmGIHFHI(5'—3") B 5151 (5'—3")
B-Actin LeActin ATGGCCGATGCTGAGGACATTC TCAGAAGCACTTCCTGTGGACAATG
GAPDH LeGAPDH TCTCACTCTCTCAGGAATCATGG CAAGACCGTTGACTGAACCAT
18S rRNA Lc18S rRNA TCGGACGGTTTTGTGGTGA CCTTCCTTGGATGTG GTAGCC

1.4 AT qRT-PCR 5| #i& it

Z & qRT-PCR 515 1+ — M i 0, MR 405 7F 75
ke b 5ERE Y B-Actin GAPDH F1 18S rRNA [N ¥ 51,
DL O B (9 UBQ . eEF F1 258 rRNA 145 2 3t
X #%) cDNA F#%1 , F Primer Premier 5.0 %31 17 ik 6
NSRRI PCR 519 (% 2) , 46 Bl TR
A BRA F A L.

1.5 Real-Time PCR &%
Real-Time PCR Sz 7 ] ABI 7500 Real-Time PCR

System 5 Ji%. JZ W & & $#% I Real-Time PCR Master
Mix(TOYOBO, Japan) BEBA 45, S LR RN 20 pl;
R AT 250 °C 60 5395 °C 60 5,95 C 15 5,56 C
20 5,72 °C 35 5,40 MEF; 25 47 55 ~95 CHEfR
M BT BARE R 3 AN AR S 4 oS
ik I 22 2 T 7 D AR S
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Tab.2 The primer sequences of selected reference genes used in RT-qPCR analysis
S EA S EIRZEA S EmBIYFHI(5'—3") By e(s'—3")
B-Actin QLcActin AGTTTGGTTGATGTGGGAGAC TGGCTGAACCCGAGATGAT
GAPDH QLcGAPDH GACAGCAGGTCAAGTATCT GAAGCAGCCAAGCGACTT
UBQ QLcUBQ AAAGCTCCGACACCATTGAC ATCCTCAAGCTGCTTTCCAG
eEF QLceEF TTTCACTCTTGGTGTGAAGCAGAT GACTTCCTTCACGATTTCATCGTAA
18S rRNA QLc18S ATTACCCAATCCTGACACGG AACCCAAAGTCCAACTACGAG
25S rRNA QLc25S ATAACCGCATCAGGTCTCCAAG CCTCAGAGCCAATCCTTTTCC
1.6 HiEAIBEMS 2 BG4
% H GeNorm ,NormFinder 1 BestKeeper 3 fpf 1k sRAS=
254 Microsoft Office Excel ,XTLL 6 MR ZREEEAS 2.1 HSEEEKHEE

[RIAE PRI B R B PP R IR 2 AT 20 A, T

Ve R NSRRI B &, O 3 M3 7.

A .| 368 bp

DIz ¢DNA 47, %} B-Actin, GAPDH 1 18S-
rRNA3 AN 584k PR 2 K 91 B AT 97 48 () . F

2000 bp —1716 bp

2000 bp

M:DNA marker DI2000; 1: 8-Actin JE[H ; 2:GAPDH JE£[H ; 3.18S rRNA JL[H

A1
Fig. 1

P 5 B 5 25 5 B 7, B-Actin ,GAPDH F1 18S rRNA
LD AR 7 50 A 43 3l ok 1273 (1 368 FiT 1 716
bp, s At 4 4 LeActin . LeGAPDH Fil Lc18S rRNA
, T GeneBank " & 3 5 K ¥k i HQ615689 .
JF759907 Fi1 JF759906.
2.2 HSEEFIIHEUES

HI DNAMAN #4443 #fr & 81, LeActin 3 [H 5 K
(R IF I B EHE (ORF) 2 1134 bp, 4ifith 377 A~a A&
iz ; LeGAPDH JE[H £ KA ORF Jy 1 008 bp, 4ifit 336

FHAX B-Actin  GAPDH F1 18S rRNA F K 4K 741 il T
Cloning of B-Actin, GAPDH and 18S rRNA genes from litchi

ANEFERR. H 3 AP 43 5 NCBL B Xt & 75
RS2 1 LeActin 229 55 BEARSF, 5 RRU 1145 Pop-
ulus trichocarpa FNIFIIT Arabidopsis thaliana ) FH L)
PESM513A % 99% A1 98% 5 LeGAPDH 3K 5 i it Di-
mocarpus longan FIARLIE A ] 98% |, 1 5 0L 1 I+ 1Y
MU SN H AT 74% ;Le18S rRNA LA (1 {1 <7 th AR
R, SPIEEIF B M Aesculus pavia S5 AH L PEAR #E 1F
T 6% (% 3). B Ab, IR I FEE L R
GRS REBR 340> 75 A3 i Bl Y LeActin , LeGAPDH Al

&3 HNSEEFIEUESHR

Tab.3 Similarities based on nucleotide sequences for reference genes isolated from litchi

ARG ST B4Rl TF A HAb A B
FEH AR —— N = s
AR o v e A AHAPE % AR f v 2 A FRIE %
LeActin AAA80356. 1/ Actin-2 98 ABO43670. 1/Actin /ExiH 11115 99
LeGAPDH AF348583. 1 /At1 79530 74 FJ694011. 1/GAPDH-L1/ Jg i} 98
Lc18S rRNA AY056114. 1 /A©216590 96 AF206838. 1/18S rRNA/-L i 99
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Lel8S rRNA Ji PRI AH LR 4T 3 A, e BLHCAH BL
1 100% , 5 R 1563 3 ASREZR LR ALE i PP ]2 &
JEORSF 1.

2.3 ASERMREESHT

2.3.1 A geNorm 331 A 23k B 69 48 & M Ao i i 4
B fd ] geNorm BRPF X i 26 9 2 Ak K B2 fH
& )5, LeActin, LeUBQ, LeGAPDH , LeeEF | Lel8S-
rRNA Fil Le 25S tRNA LR FEXBEFNEHE M
KK M 0.200,0.200,0. 295 .0. 578 . 1. 134 Fi1 1. 645,
Fektas B i EMIHE K UCH LeActin = LeUBQ >
LcGAPDH > LeeEF > Lel8SrRNA > Le25SrRNA Bt
(& 2). geNorm #4124 0. 15 Jg BRI\ B4 (8, BP 24
Viwery <015 B Ui B i =n + 1 IR
FEEHAERNS AR V,, =0. 095, kA HE%
& Vau Vs F1 Vs o BB 22 53, A ] ﬁwﬁ%%lﬁg
FOEEH N2 A (K 3) , RIBHM g E 4l &
LeActin 1 LeUBQ HE[A.
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Fig.2 Average expression stability values of six reference genes

in the pericarp of litchi

025

0.211

0.20

i 0.113
T 5
~

3/4
P %o 22 5
K3 ZERCR b 6 A NS5 Y dad K H )
Fig.3 Determination of the proper number of six reference genes

for normalization in the pericarp of litchi

2.3.2 A NormFinder ++ & A A X K 65 /4 & M
NormFinder & Andersen Z£2004 4F B % (1) 55 — Fh
AT PG E N SRR, RS s 17
Az ol PR 3 TR R A L, e (A1 D) 6 ) B R 3 5k
A E . 248 NormFinder 115, A0 40 82 5 (8 i {3
B 2 LeActin, LeUBQ  LeeEF . LeGAPDH | Le18S-
rRNA 1 Lc25S rRNA R (F 4). HEHESEDN
FEH LeActin.

%4 H NormFinder it EHHNSEEREE
Tab.4 The expression stability values of selected reference

genes calculated by the NormFinder software

FEPH FaEE
LeActin' 0.024
LcGAPDH 0. 055
LeUBQ 0. 038
LeeEF 0. 044
Lcl18S rRNA 0. 092
Lc25S rRNA 0.124

1) LeActin AR A RiESAH.

2.3.3 ) BestKeeper #+ 5 W AL B 694424 Best-
Keeper F& 7 76 5> 5 PR 22 0] 77 A= Be X 9 40 5C R 500Rn
BestKeeper 3554 ( 45 A4 355 & Bl Cu {E (1) JL AT S 34
B0 W HAR 9 KN SEAT L. AR5 LeActin,
LeeEF Lc25S rRNA Fi1 Lel8S rRNA K& [R5 HoAth 3 ]
MEREBII AT 0.93, 1 LeGAPDH 2 [H fil LeUBQ
FE PR AR DG R BON /N T 5046 T 0. 865 7E A OC R AU
B4 DR A Le25S rRNA LK T Lel8S rRNA 3t
PRIl 22 R PR 0 2 (B 3 v, Ul B B AT T AS [ AE od
T R FRE AR, 1T LeActin JE R A9 bR o 22 FT 3
J7 28Ik, LeeEF 356 N A9t 51K, 156 BH S5 il N 2 58
& LeActin 2[R, HR 2 LeeEF 3[R (3£ 5).

&5 i BestKeeper R T HHMWANSERRERSH
Tab.5 The stability of selected reference genes calculated

by BestKeeper software

WS  MREI()  feifE W%/ %
LeActin 0.938 0.29 1.39
LcGAPDH 0.843 0.98 4.37
LcUBQ 0. 860 0.44 2.06
LceEF 0. 960 0.77 2.33
Lc18S rRNA 0. 966 0.88 7.57
Lc258 rRNA 0.977 1.13 8.86

3 WSt

AT, SR 598t PCREL A AS R AR it ] ik
PR IR 7K R i B A T 1% 9K T R ) AR ik
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BT BE 22 3] qRT-PCR 48 1Y B &, 0 1 4K 15—
0y TR qPCR R EE | & 1 PCR i3 45 s
RFBTFAFG 2009 AF1E 2 H A 52 56 15 8 i AR
FERRIE(MIQE ) ™ gt 4h, 56T Lefever 451112009 4
T PCR XIS E AR 15 5 19 RDML B, ff
qPCR i 5 £ 4 R 1 15 2] T 48 —. MIQE 45 F§
RDML WSt T & AT 1Y) gRT-PCR 56 45
Frs % I A 280, b WS B S B AR e
PESIEA B R T o R

ARG T BOR Bz i B 5EfE T B-Actin  GAP-
DH 1 18S rRNA 3 A~ IR 2 B K i R R A
HAeRK 1273 .1 368 Fi11 712 bp. HH LeActin
1 Lel8S rRNA &K 5 481/ I+ B9 AH L PE 8 it T
96% ; LeGAPDH K [ 5 481 Jv 1) AR AL AH X 341K
A T4% . 53 AN 58 XA ] i Fh 7 B2 A 3 A4~ 2
PRLE A7 00 7, 45 51 % IAS R) il B 25 B () LeActin
LcGAPDH 11 Le18S rRNA 3 /35 IR A AR AL A 24 35 )
T 100% , i A ] 55 B DR ST 3 S0 5L PRA R AR T
NCBI w75k N 258 K5 91 9 2 ik, SR it 5 70 A 1 35
SESve it e S Y IR I =&

1E RT-qPCR X567 , P 2 5k Rk IR AR S £ His
FRUEAL I X ] LIRS IEAE A AR 1) cDNA JIT £ 7E 1)
s 50 ve A e —Fh S S T A R
AR IE bR HEAL, B H Ml —Fh s LR N 23
PRl — 5 I XE LA A AR R e 3R i U N 22 S, o — T THD
A RE S BRI ARBFSEAS B-Actin, GAPDH
UBQ .eEF . 18S rRNA F125S rRNA 6 4~ FH NS 3L
TEARIE & B i Be FUAS [] 2159 75 770 Ak T A o 1) 4H
Xk m AT M7, IF43 9 R A geNorm , NormFinder
1 BestKeeper 3 a0 45 3 [ i RR e PR EA T3
15 B RRE B — AN B — X 5E A geNorm 714345 SR
H1, LeActin Fl LeUBQ JE R fe ARS8 AL 6, il
N2 LRSI 2 4 ; NormFinder 801 % 13 6 43
K A8 1Y & LeActing 1 BestKeeper 73 #1285
FW LeActin Fil LeeEF J2 5 ATRE R 2 NSNS LA
AR 3 ORI SE T FE S NS B R IR R E
PEA —E 225 B2 LeActin 5202 5 N E N
ZIEA.

geNorm , NormFinder 1 BestKeeper J& H Fif N 2
LD e T 89 TR geNorm J2 3 423 K& PRI TC X 9 JE
3 G fe AN A JE AL, R e T ik R o HE
JF T RO AT 0, e A IS M H A S N
S, IR BR A TR 64T LX) 22 53 03 B ok )
JI e A N G Bl A B A HZ AR Al AT

AT 2H 2B A I (AT s R R S B R A T i e , e i 2
ML BT 2L e i fd s —F R EEEAE AN 2,
B AT B TALOE R e 22 DAAS 21 5 AT 58 A9 25 2. Norm-
Finder (Ji217)5i 35 geNorm 27 AL, j= A L [ 3R
INFREME SRR AR RSB (B I R/ NHE I, e 0% 3Rk
T (L /N 0 2 RV e A 2 L B 2
HEgEFE— A 1E NS L ERRHE. BestKeeper 2
FPAE RS FE R 22 18] 77 A= BE 6T B AH G 22 EURT BestKeep-
er 880, AR HAB A R/ NEAT U ) AR R RN
AT LA A7 N 2 5 B R P, g LT DA Ee 4 E Fr R
1)k K. 5 geNorm 27 A L, BestKeeper #2)7
HABTHA — U0 A G 240, Y HERR FE A~ N 5
P ARREE R

DALt S e IR P 2 IR et FH R — e i i
T B #E AR ok 5 H i A e T i
HRZR M e 8. A X FEA R N — RS AR
Dtie e B 5 3k R b e 88 0 T 75 B il i IN S
S T B AR PR AL, 28 B MER 2 A0 5 Y.
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