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(Unigene0033597) Fl DELLA 3£ ( Unigene0058868 ) 15 o 1 UF 5& K 1 47 AH X T A B I HIE, (2) Z5A geNorm ,
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Selection and validation of reference genes for quantitative
real-time PCR during seed germination
of Zanthoxylum dissitum
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Abstract; In order to understand the molecular mechanism of the seed germination, we need to screen the reference
genes of stable expression during the seed germination of Zenthoxylum dissitum. The seeds of Z. dissitum were treated
with the gibberellins ( GA) to promote germination. The samples were collected in 0, 1, 2, 3 and 5 d of

germination. The quantitative real-time PCR (qRT-PCR) was performed to analyze the expression stabilities of six can-
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didates such as Glyceraldehyde-3-phosphate (GAPDH) , Actin (ACT), 18S ribosomal RNA (18SrRNA) , ubiquitin-40S
ribosomal (UBQS) , o-tubulin (TUA) and cyclophilin (CYP) among the seeds of the different germination stages. The
a-amylase gene, DELLA gene and isocitrate lyase gene respectively reflected the metabolic activities of the sugars, hor-
mones and lipids during the germination of Z. dissitum seeds. Therefore, isocitrate lyase ( Unigene0032088) , a-amylase
(Unigene0033597) and DELIA ( Unigene0058868) of Z. dissitum were selected as the validation genes for the relative
expression verification during the seed germination. The comprehensive analysis of three softwares including geNorm,
NormFinder and BestKeeper indicated that the expression stablility of ACT was the best and the second was UBQ5. The
expressions of the validation genes were consistent with the states of seeds germination when ACT and UBQS5 were select-
ed as the reference genes. Besides, when the ACT and UBQS genes were selected as the reference genes, the relative ex-
pression levels of isocitrate lyase, a-amylase and DELIA of zanthoxylum revealed the possible reasons that the seeds trea-
ted with GA were able to germinate successfully but the seeds treated with water easily spoiled in the 3rd day of germina-
tion. In conclusion, ACT is the preferred reference gene during the seed germination of Z. dissitum, followed
by UBQS5.

Key words: Zanthoxylum dissitum, seed germination, quantitative real-time PCR ( qRT-PCR), reference gene,

gene expression

W52 LA ( Zanthoxylum dissitum ) J& F 25 7 B
AEHUE A BT e AR, 354K T IR R 7 i 4K
500~1 200 m FyIHIAR T bRER DL R HEAR N 2
P 7 H DX B AR 2 B R, WSS AR AURR - B AR
RAMAR, H i A Al R R AR R B AR K
BB A W 5E AR AU U SZ B E A 246 5
LB Z (L3 % °F, 2008 ; F2 G 45, 2013)
W T Jo W 5 AEARRR - 8 J o3 FHLERL A BF 52 A B T
A 0 L S AEABUBE IR ) DR A

JE 2 S BRGSO (qRT-PCR) BEAR # H]
TR KB b, BoA e EER L R BUE
RREAS LA K et i A NS A6 T T b AL
SRR FRE R YLE qRT-PCR 45 5k o M 1 £ 2
A& (Huggett et al,2005) , FRAEAY NS I A Z
A A 52 30 A0 B ) 5 el I HLAEAS [6] 2 2L LA B AN [l
H I B £ 3K F2 5E ( Czechowski et al, 2005) , £ Fx
s PR R TR Y R AR 22, A0 S5 B4R R
AR E P RNA SEBEPE  cDNA iR DL 0 5
SKBCREE (Bustin, 2002) o AHICHFFE W UE 24 FH 3%
IKATE NS BRI B s A B R A T =
FOS G 1) 5512 53 M7 ( Ferguson et al, 2010 ; Mafra et
al,2012) , KL RN HA W WA SUR =1 R i
e R Rk A 25 PR Oy 5 96 20 40 T A A BUIR 2 1 AN ]
B E AL 3T A E W AZ A, H AT, A &

A 3L R BE 1E O 3@ H B9 N 2 38 B (Nicot et al,
2005 ; Gutierrez et al, 2008 ; Gimeno et al, 2014 )
RNA ¥ (RNA-seq) |2 b T 45 4 B 119 e 5
2043 M1 ( Huggett et al,2005 ; Czechowski et al, 2005 ;
Ferguson et al,2010) , Rt T RN S HH
Zhuang et al(2015) 455 B 16 e 5% 2H 50408 12 A
18SrRNA . actin tubulin . GAPDH 1 histone H3 ( HIS)
S5 12 Mg N S LD i B Y HIS RN actin & B
S AEARE Y 38 T R IR AR E R L . Li et
al (2016 ) i it 4% s AH E s EAE 4L PHE AR W] 2 &
B 19 M\ actin | tubulin | ubiquitin . GAPDH | EF-1a F
eyclophilin( CYP) %5 10 A 1% 2 2% 3L K o §ifi 1
GAPDH F1 ubiquitin TEAEII AR & & i B R A Fae
PRI, SR OC T 1 A ad A b SRR E N
ZHERATFEAR D B ETAU A B Li et al (2012) LAK
LR ZERN T S ORE, i AR R A i A i
il A BN S RN R Glyma05g37470 Fl Gly-
ma08g28550, 124 Ik, B A K 25 & BHERUR
A S BEPRIE ST A DG

BT RATHY TS AL AR - 8 S 3ok A v i) B K]
e SEAEAE 0T 225 HH O SR, FRATT I 95 6 >
N % % N GAPDH . ACT ., 18SrRNA . UBQ5 . TUA Fil
CYP AER et N2k IR 3 26468 18 1N 2 35k R 3l 3ot
qRT-PCR #17#R K 5 E P43 M7, R A NormFinder,
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BestKeeper #1 geNorm ( Andersen et al, 2004 ; Vande-
sompele et al, 2002 ; Pfaffl, 2001 ) % {4 X 22 4> fig 34
NS LD A AR X 2 Ik B8 MR EAT IR L HE O
i I B o B B TR O RE Y AT R TR R
fifp WL DA | ou-3E Mo Tl 5 DXL R DELLA ik TR Oy 56 1iE A&
PRI TR X6 3 38 i 1 90 2 BT, DA o B e AE B
Foft -1 I 301 2 8 B AR e W N S BRI Dy B R
I3 A R AEARUR T~ ] 3 e v A ik PR 3R K B
PSR

AR

1.1 &7l

ARSI i FH WS¢ AL AURP 7 T 2016 4F 12 ] B
Hak R A X REF T, B TR ET 4 CHRIE,
FRURw & A, Lt fh FIRIEAEFRERBER (1%
w/v)3.5 hy ITCHIKE MM FIF1E X R, 759
em A HLBEIE G R ML W Fh o BT T R 25 B
TRBZENTCH A - ARG R R4 (A
KIEEE 18 °C 16 h, K IAIE FEE 10 °C 8 h, 3R 103
W m?) Wik, WAKREHFFEH KN 3 Kl
WK, I GA R AT 7T ALk Ze il & IF H— R 5
R AP 2 0.2~0.5 em, 1E GA b Fp 185 &
IS5 0 K 55 1R B2 KU 3 R B 5 RIUEEAE
NNSEER R R AEA (5 3 REZ IR ) | Frid
240D 1D 2D 3-1D 3-2D 5D, Huk5E AR
M K& FFUR AU | KRR 2 KECEE 1531 5 56
UEREAS B CO-Hi % 0 d, W1 -3 /K Ab 3 5 & 1
d, W2-T5 /KBS & 2 d, GA1-GA AbFH 5 &
1 d,GA2-GA hHFH % 2 d,
1.2 XK 525
1.2.1 XA RNA 2B & 3 RARAE LR
HIRAF . i385 & TaKaRa PrimeScript™ 11
Ist Strand ¢cDNA Synthesis Kit \DNA Marker } 5%}
JEHE PCRAF &I A KGEFEAEY TRAR ., 519
Mt 2 e YE ARG RA G .
1.2.2 L% 5 RE O 8 B 77 46-GZH-328A, ABI
7500 S E 7 PCR AL,
1.3 /&
1.3.1 ¥L& FEMAFF RNA #9425 4k & cDNA 4

A B LR R W 5T AE AR R B TR A
iff 5, i FH RNA A8 4171 & ( Tiangen Biotech, Bei-
jing, China) #2 HUE RNA, B RNA A9 ¥k & A 4l Ji
A NanoDrop 2000 43656 & iR I, & RNA A9 52
R 1.2% 0 3 Rs W5 BE B R UK R B, O i AT
qRT-PCR, ffi ] PrimeScript™ RT i 7 & 1 ¢DNA
Eraser( TaKaRa Bio Inc., Dalian, China) % & fii Ff i
B ELH] 20 wL B9 AR R (6L RNA 1.5 pg, 1 plL
dNTP mix( 10 mmol - L"), 1 pL BEHLEI ¥ (100
pmol « L)) HI F ¢DNA & W, & Ja F JC# iR i
B 7K ¥ cDNA i B 40 5 H T qRT-PCR,

1.3.2 WAK R ey 314k A PCR LE 6
ANk N 2 R 43 9l & GAPDH ,ACT , UBQ5 , CYP,
TUA F1 18SrRNA J& I (32 1), 5l 938 1 MW 3k
IDTdna /) primerquest T 23531, 8470 T %
B GC &1 45% ~55% , 9 ¥4 ¥ 51 B 100 ~ 200
ANTREERT, IR N 17 ~ 28 L | BT S48 5 )5
RS | Vs R (B AR 22 Nl 5 B, P
O R KEFEEY TRA RN A B SYBR
Premix ExTaq"" I1 3058 & {8 /] ABI 7500 52 i &
it PCR RN 96 fLtR . &N ik 20 pL AR 4
pL it cDNA | Fi S5 5 5 FEHET 434 0.8 wL( 10
pwmol - L") 10 wL SYBR Premix Ex Taq™ II, 4.4
pL ddH,0, PCR W 455 E 2 95 C AR Pk 30
;95 CA8% 55,58 CiE Kk 205,72 CHEAH 15 5,40
MEIRL , B 3 IRER

1.3.3 RAKXR G| I3z F(E) i F A4 FHE
£ KFFEE R 0.1.2.3.5d 5 FEAE cDNA
MR 22 BEHA [R) 0 e R AT IR &, SR U5 LA S A% EL B Fs
FER 4 AR, WA 2R A 1Y cDNA BEAR Ik B 43
B 1.1/5.1/25 . 1/125 £, BRI ER 3 K,
VA TR 3 T B 7500 Software v2.3 15 3|, AE
EXCEL H 4l Cr (A4 HilAn e i £, |13 5347 75 2]
FER(K) MZMEACRE(R) s AR E=57"-1,
R T IR (E) . 51 R e %
FENKE qQRT-PCR [N 7= R 4T 2% B i 56 K v
K LAMEL AR R S 3 A5 2 A AE

1.3.4 RALE kg 2 ABEL S 54 geNorm ,
NormFinder Fl BestKeeper — 4~ 1} #% FH ok F 4 fi%
VEN S 5 K A M58 76 BURP - 1 % B 3 1) 3R ik A
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Table 1 Name, primer sequence, product length of candidate reference genes and validation genes
< . BE
SRR SE 1D SR HIRIFRBEE 31 PR

Gene symbol Gene ID Gene name

Product length

Homologous gene  Primer (bp)

GAPDH CL1444. Contig2_All Glyceraldehyde-3- ath :AT3G04120 Fw-GGACAAGGCTGCTGCTCACT 196
phosphatedehydrogenase Rv-TCAACAATGCCGAACCTATCA
ACT CL102. Contigd_All Actin ath :AT5G09810 Fw-GTGCTGGATTCTGGTGATGG 170
Rv-ATTTCCCGTTCGGCTGTG
UBQ5 Unigene8914_All ubiquitin-40S ribosomal ath ;AT36G62250 Fw-CCCTAACGGGCAAGACCA 197
protein S27a Rv-CCCTAACGGGCAAGACCA
18SrRNA CL1802. Contigl _All 18S ribosomal RNA gb1X16077.1 Fw-ATTTCGGTCCTATTCTGTTGGC 127
Rv-TGCTTTCGCAGTTGTTCGTC
cyp CL9346. Contigl _All cyclophilin ath :AT2G29960 Fw-ACCGCTGGAAACGGAACC 199
Rv-CAACGACTTGACCGAACACC
TUA CL3213. Contig3_All a-tubulin ath :AT5G19780 Fw-CGCCTATCTGTGGATTATGGA 217
Rv-TCAAATTAGTGTAAGTTGGCCTCT
ICL Unigene0032088 Isocitrate lyase ath :AT3G21720 Fw-GTCCGTGGCTGGGCTTTT 106
Rv-GCTTTGATTTTACGCCTTCG
a-amylase Unigene0033597 a-amylase NP_567714.1 Fw-CATCAAAATACGGATCTCAGGC 194
Rv-GCGGCAAATGAAGGACGG
DELIA Unigene0058868 DELIA CAAT2178.1 Fw-TTCATCGGCTCTTGGCTCG 112

Rv-GGGCTATTGTGGTTCGCTTC

x2 RENSERNT BHE
Table 2 Amplification efficiency of six candidate

reference genes

HIEREL L&
3 Determination Amplification
Gene coefficient efficiency
(RY) (E, %)
GAPDH 0.969 94.167
ACT 0.993 97.501
UBQS5 0.995 103.617
cyp 0.996 97.196
TUA 0.992 91.99
18SrRNA 0.989 96.964

PEo JE AT ZE G HL A B O 2 3R 0K B fe g
MRS RE, FE geNorm F1 NormFinder % 4 4b #
Blls 2 W0, 5 N G (H AR Q H 5 #E4T 43
Bro BeAL A Q= B o (B Ry 5| ) T 1S B
MBI Y BRI 100% 8 E H—HCh 2.

Ctp TR HTRFEFY Ce{H, Ct,,, 18 B IR AE i
HAP /N Ct A, BestKeeper X1 B 4% A Ct
[IERTi R = N

2 HEREHHM

2.1 MEBEMRIENSERNEE

DI RS I v 3R 38 S AR g 1) & I FITE qRT-PCR
WEEE hE B S 5E o S I8 5 058 16 ARG 5%
LA AT BLASTX J5 45 31 M0 55 46 A5 R] 5 9 4o ik
WS, £ 1R T 6 MEEHNSEHE qRT-
PCR 5175 F 5 PP S RRAE . ik 8 2 3 R 4
HEAUURE I [R) R 2 R D B 572 A6 MG S 4 N 1R R
4
2.2 I RMY S R

HRAE T 0 9 4 2 N 2 3L R 9 40 B, 0TI
fiff R BE(ELAE 58 ~62 CZIM MRS, DL S A
e BE 0 B R B cDNA A, 4T qRT-PCR §”
KR YEARAT B E 6 ANk PN S 3L G A o
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Fig. 1

Mgk, SR BRESEENSEFNYIE R R =
0.969, 5 AR TE 91.99% ~ 104.0% Z IH],
BIFF G qRT-PCR X ORI ER (£ 2) o 4047
i £k A 045 N S 3 DR AR B A B — 1) I iR
g S EEFEME A MEEL G (B 1), Bk
S5 UL P i 151 W i R R P R 4T, RT-PCR X
B — PR 2 SR E R ] 5
23 NSEE CHEST

Co H5 I FRBEBR LR, B Cr (E
/N, AR, qRT-PCR 45 £ 6 AL N
ZILHAMW Ct{ETE 10~30 Z[8], HHp 18SrRNA (1) Ct

Melting curves produced from qRT-PCR products of six candidate reference genes

{E A%, 76 10~ 14 Z[8]; TUA 1Y Cr {H#F , 7E 26 ~
30 Z [4]; ACT . GAPDH . UBQ5 F1 CYP 1) Ct & W] #£
22~28 Z[A] (£ 3), %3 45 H LW 18SrRNA 7E
STAEHRN 0] & BN 09 AR A B I I R 0k
&, HRSE CYP  UBQS \ACT, T TUA 133k 3 ¥ fix
i, [FEt, GAPDH | TUA TE AT k& & W 3R 38 £
AR SEEER, AT X S B AR [A] & B R
$F%*%ﬂ¢hﬁ£@ﬂﬁM%mmw%ﬁl
ST ERAE XS N 2 R TR AR MR TP
24 RIENSERBEES T
BestKeeper , geNorm 1 NormFinder %4 & %% FH
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Table 3 Average Ct values of six candidate reference genes at different dovelopmental stages (x+s)

TR B[] 5 HH Gene
Sampling

time GAPDH ACT UBQ5 cypP TUA 18SrRNA

Do 27.52 = 0.006 25.19 + 0.007 25.83 + 0.052 22.90 + 0.047 26.88 + 0.005 12.89 = 0.053
D1 26.42 £ 0.033 25.55 = 0.051 25.29 + 0.035 24.68 + 0.026 26.70 = 0.039 13.06 = 0.009
D2 24.01 + 0.071 26.02 + 0.177 24.20 + 0.064 22.63 + 0.184 30.12 + 0.017 13.26 + 0.015
D3-1 23.33 £ 0.037 25.21 = 0.056 24.84 + 0.018 24.79 + 0.038 29.74 + 0.060 11.43 + 0.047
D3-2 23.51 + 0.225 24.95 + 0.059 24.79 + 0.056 25.02 + 0.027 29.41 + 0.049 11.46 = 0.006
D5 24.04 + 0.067 24.96 = 0.011 24.61 + 0.043 23.96 + 0.025 27.23 + 0.007 10.87 = 0.017

FIRMXARE . AP Hras KR, 6 it N

N
)
o

N
o
o

-
[or]
o

3
(0]
o

AN

™~

\a

N
'S
o

-
N
o

FiFERER
Average expression stability index

-
o
o

TUA GAPDH CYP 18SrRNA UBQR5 ACT
EE Gene

Kl 2 geNorm F2JF /3B 6 ANk N 2 35 K 1Y
PR R IRATE PR R (M)
Fig. 2 Average expression stability index (M) of six

candidate reference genes calculated by geNorm

TR N SRR AT PF A, Hoh BestKeeper 2
FPE M A G H AT R B W E D M
geNorm 1 NormFinder X {75 4b B E 38 1 75 2256 %
Cr (B 0 JURH X e 3k i PE AT AR E R 2 B . A
FH3X 3 ANAEXF GAPDH ACT . UBQS .CYP . TUA il
18SrRNA 6 16 N 2 3k DR 7 W 58 A6 UM 1~ 17 Jh 1 )
R BRI T GE T A

2.4.1 geNorm 5 #7  geNorm V3.5 MR §a 144 %
A FGE HR B MR € TE A R 25 15 3R 35 BB e 1Y
WS M B8R, B PR 2R T2 e PRI, J
ZE . MAE/NT 1.5 Mg N S B A AR

SN 3K M ESE/NT 1.5, 7052 ACT
UBQ5 18SrRNA , Ut X 3 /Mgt g PN 2 JE IR AR & 0
FaE, 183 Mk S I T ACT B9 M (E AR,
UL B MRS E P fc i, 6 Mg NS LR AR E
P BIMRAKR Y ACT >UBQ5 > 18SrRNA>CYP >
GAPDH>TUA(&12) . J38h, MABAR K, Al i+ 5 Fh
- I I R R TR B A8 S AR RO O
2.4.2 BestKeeper 2~ #7  BestKeeper 3 H7 A9 Ji B J&
BN SR H I G5 EXCEL 3115
PRifEZE () o — M s BB/, S DR A 3R 3K 88 € P B
U, s fEH>1 WFRBNZIE N RIEATE . A5
SITEE R (£ 4) WoR, GAPDH Rl TUA 1 s fH KT

1 HARHENT 1 o ACT 1 s e/, B ACT 1Y
FIRFRE Py, i BRAEE M DN i B HE P AR T
A ACT>UBQ5> CYP>18SrRNA>TUA > GAPDH ,
2.4.3 NormFinder 5 #7 NormFinder F2 5 & A1 %F
ik EXCEL B AR R R E H M, M
(BT, W2k B G 6 IMEIE NS LR B M
IR 5 iR, £S5 &REV, UBQS (1 M {H fix
%, DI B2 B 1k N 2 86 B b B 2 W B 0 19 5 TUA
B M E s, VAR B R AR E PR 25, 6 Mt N
Z: B DR 4 B E M s BUIHE P AR IR UBQS >
ACT>18SrRNA>CYP>GAPDH>TUA
2.5 NS EENGEREES W

i i BestKeeper .geNorm il NormFinder 3 /%K
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Table 4 Expression stability of six candidate reference genes analyzed by BestKeeper
A Gene
2R
Parameter
GAPDH ACT UBQ5 CYpP TUA 18SrRNA

GM [CP] 24.76 25.31 24.92 23.98 28.31 12.13

AM [CP] 24.81 25.31 24.93 24 28.35 12.16

min [ CP] 23.33 24.95 24.2 22.63 26.7 10.87
max [ CP] 27.52 26.02 25.83 25.02 30.12 13.26

s [+CP] 1.44 0.31 0.42 0.83 1.41 0.91
CV [ %CP] 5.82 1.24 1.69 3.47 4.97 7.47

% 5 H NormFinder {41 6 MEE
NESERNRIEEEMNE

Table 5 Expression stability of six candidate

reference genes analyzed by NormFinder

HE TaETREL
Gene Stability index
GAPDH 1.244
ACT 0.255
UBQ5 0.022
CcYp 0.868
TUA 1.323
18SrRNA 0.473

XTI S AE R 6 A 1k I 2 IR i AR PR kAT
Gt AL G (K 6) o geNorm BAFIFHT 45 2R 12
7N, ACT F1 UBQS 1) M {EEAR, UEEH B ATA o
BT, 6 I P Bk R 4 R R e P A s EUIRHE )Y
IR K ACT>UBQ5>18SrRNA>CYP>GAPDH>TUA
BestKeeper £ 43 M7 45 R 7R, ACT 1 s (& AX,
FasE PR ; GAPDH F1 TUA 19 s (R T 1, Fa & 1
22,6 Mk NS 5 1R WHEY b ACT >
UBQ5>CYP>18SrRNA>TUA>GAPDH, NormFinder
AT EE R BoR |, UBQS B M A%, 36 HAa
EVER G, R e TEHE R B UBQS>ACT > 18SrRNA >
CYP>GAPDH>TUA . 3 KA 1 53 B 45 R — ik
B RSB R . R R TS SRk B L ACT

UBQS5 H1 18SrRNA & & 1E W S 3 A, {0 ACT I
UBQ5 Fik it HRRFREME S, Bk, Lt
PEBE ACT F UBQS 1E NS L
2.6 NS EEREMERIE

LI ACT ,UBQ5 . 18SrRNA Hil GAPDH 1£ h N %
FELA 3B S Ay A TR 4 ik il ik X Unigene0032088 |
o-TE K B L N Unigene0033597 . DELLA 3£ X Uni-
gene0058868 TEF 1] & ¥ 4 B B (1) AH X 3k i,
DABFGEAS [A] P9 2 B DR S 30 45 SR 52, 3 A4~ B
UEFE PR 23 512 5 b i sk DR A B R 03
R YA O I AR 08 B Ay b 2 R A T i
R A BRAS

K3 85 %KM, UL ACT, UBQS , 18SrRNA M N
ZxHETRII 3 A B ik 25 R 7 4% AR AS v (1) R 38 i 3 0k
AR—F, 1 HAE GA ZhFRFPF 85 & AU5E 1 K 56 2
KERTEERFR IR | 3% 5 AP i & 0 A48 B B A — 2,
LA GAPDH >y N 2 & R 56 1iF 356 PRI ) 2% 3k s 34 )
W AR, i — 2053 B & 3L, GAPDH i W 5 %
DRI s 61 6 PR 3k e GA BTl &2 1028 1 R 55 2
TR P /N, SOMTAESS 0 Kk, X WAk GA Fil
T Z A —2, 1 H 3R 3 Wi s GAPDH 19335
BRIETEW RS 0 K 55 1 K 55 2 KRB EV i
BRI 24 L GAPDH > P2 3[R B 56 F 32 R 78
851 R B 2 RIUMIXT R IR B S B8/, GAPDH
CHMEE-3-BE R I U ) S22 55 0 T A 1 — o O gk
fitf, FEFPTFEE AR, AN GA fEiE o-JE MBS
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Table 6 Expression stability of six candidate reference genes analyzed by geNorm, BestKeeper and NormFinder

geNorm BestKeeper NormFinder
N
Gene TETER T VEHE PRifi g 22 R TR TeE T %K e MR
Stability index Stability rank s [+CP] Stability rank Stability index Stability rank
GAPDH 1.964 5 1.44 6 1.244 5
ACT 1.213 1 0.31 1 0.255 2
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Fig. 3 Effects of different candidate reference genes on gene expression quantities in qRT-PCR
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