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s

Abstract; The suitable reference genes is a prerequisite for real-time quantitative PCR (RT-qPCR). In order to find a
suitable reference gene for gene expression analysis using RT-qPCR in Euphorbia maculata, GAPDH, EF-la, act,
UBQ, TUB-a, elF-4A, and CYP gene fragments from roots, stems, leaves and fruits at different growth stages were
cloned with the method of homologous cloning. Subsequently, the expression patterns of the seven candidate reference
genes were obtained by RT-qPCR in E. maculata, and the expression stability was assessed by geNorm, NormFinder,
and BestKeeper. The results were as follows: (1) The fragment sequences of GAPDH, EF-1a, act, UBQ, TUB-a, elF-
4A and CYP contained 729 bp (encoding 242 amino acids), 808 bp (encoding 269 amino acids), 753 bp (encoding
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CBEMEE . EMR L B, FENF LY A W R BEGE, (E-mail ) hsh712@ 163.com,



2 KL BEHLES RT-qPCR N3 55 M (10 77 ik 341

250 amino acids) , 422 bp (encoding 140 amino acids), 233 bp (encoding 77 amino acids), 656 bp (encoding 218

amino acids) , and 313 bp (encoding 103 amino acids) , respectively. And the seven amino acid sequences shared over
85% identity with other GAPDH, EF-1c, act, UBQ, TUB-a, elF-4A, CYP by BIAST in GenBank. (2) The order of
expression stability was UBQ > EF-la > TUB-o > elF-4A > GAPDH > CYP > act by geNorm, NormFinder, and

BestKeeper. Therefore, UBQ can be selected as a reference gene for RT-qPCR in E. maculata using for gene expression

analysis in different plant tissues at different growth stages.

Key words: Euphorbia maculata, gene cloning, reference genes, RT-qPCR

Hi B 2 A4 Ol KRR R R — AR AR AR Y
Hi88 ( Euphorbia humifusa) S35 4 ( E. maculata)
()T A | A4 T DL R LA B T R A
B R = AN A W I 1 [ A I R 1 <
IS A M (rh E R R B E A R e DL,
1997) R 4EE 5B W 2586, B G R
BE I Lk O R R A DAL, R REE S
WL BRI B AL A TR R R T B A ([
FAMZE R 2:,2015) , HAMCE HEAMR T H . =
Lkl A SR T RS, B FE S A
WA 2SR SR A W R 2 A Ly, B L
A B PR L Lk B s IR SRR (A0 R
45,2001 ;%2 HUET 45 ,2008) . H I, ML 5 5T £
RAETE TR bR R ] 25 B AE A i o0 1) 42
B K S5 7 55 J7 T (B B 48, 2018 Tian et al.,
2019) ,5r FH Y FAH SR B D

SEEF G AE i PCR Z7E 8 PCR A9 5L A 5
AGENCHE 381k A R ) 207 5 B R S W
AN R R R A A S0 8 AT R o0 AT G 1k
HrpSbEak REUE & EEMG R (K E
F54E 2014; Wang et al., 2019) , © &8 2> T4 4
SRR RN R IA W EE T H2Z — i A&
NS LR & 315 7] {5 58 2= 45 5 10 A 42 ( Shakeel et
al., 2018) . 7ESZBR R I H, RNA 25, cDNA 4 ik
K PCR ¥ HIRCR G R & s W LI 25 59 R It
W 2Rk R N S 58 HE AT R OE AR o Ak
(Bustin, 2002) , LAY/ FE i 2 6] FIEE & P 38 04 15
2, B S R R NS BE AT AE 246 % 38
Pk, ARG 1 LA —F 3L AR A AT A 2500 F 1
Z: AF BN IS5 SRS 0 B R B2 B AR, B2 A5 1R (Zhu
et al., 2019) . J34b, BRGNS 1 KA I 23060
SETRGORPE ™ AL RE R, BT N S 35 DR 0 0 JCA G
Tk e M 2= AL 48 K L I (Nguyen et al.,
2018) , B FH N 2 356 R 41 & R ik 2 36 R 3k
W2 (R AAE,2012) , LLERAS B HE O 19 53 BT 25

[ s, 56 PRGBS v g A R 3 R 3k A 40 28 17 W ik
(Liang et al., 2018) , H¥A By ARG B AT SE Y N =
B PRI, 7R3 B H AR AR R 3R 5K Z i, A7 b R
fiide NS BE R HEA T 2k 5 PP AL I PEh N 2 BE R R
ISFRE M B £, Hod geNorm , NormFinder F1
BestKeeper I 3472 (Kiarash et al., 2018 ;Zhong
et al., 2019), HAT, ®HINSIERA act (actin) |
GAPDH ( glyceraldehyde-3 phosphate dehydrogenase ) |
EF-1a (elongation factor-1 alpha) , UBQ ( ubiquitin ) |
TUB-a (tubulin alpha ) | elF-4A ( eukaryotic translation
initiation factor 4A) ,CYP( cyclophilin) ,18S rRNA (18S
ribosomal RNA ) % ( Haller et al., 2004; Kozera &
Rapacz, 2013) , i & 5E b 5 5 15 (19 RT-qPCR P
LN, AW 5 (R U5 5 [ BE 3 B GAPDH | EF-la,
act .UBQ .TUB-a elF-4A CYP %% 7 A 4 2 3L [H]
F B, RT-qPCR A6 0 75 B My 55 A [ A= K 309 (45 309
LRI I ) AR 25 R S i SRR B, R
geNorm . NormFinder F1 BestKeeper %5 FC{4: X £5-fis 1%
PR SR T M AT A, Sy TR b 5 A [ A A
FE N H VR S M 2 IR 9T B 7 Al

AR

1.1 LI 4

R by 8 A bV P bt R A 2 b 2 bR A PR
O )RR TR B R M B A B S 22
TLVG B 24 5 55 L B 2 A 24 27 R P 2 b & M
B, A SRR AL 70 d R R BT (R
16) AEW(FF 3 DL B AL HORZE R ) iR Z£ |
M DLRCORIBI(ZE 3 UL ERR) IR 2K ik R
BAFESL A 3 MR DL IR A R SR AR J5 7 AP
BT -80 CUKHI£ .
1.2 FERF S|

MY N RNA B & ( Spin Column Plant
Total RNA Purification Kit) & [ 5] & ( SanPrep
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Column DNA Gel Extraction Kit) 5 4& 5 M F45,
AT A TR (L) e A7 FRA 71 5 5 e sl o) &
( PrimeScript™ RT Reagent Kit with gDNA Eraser) %%
e & PCR A ( PrimeScript'" RT Master Mix) 4§,
Wy s AW TR (KRE)ARLSA; Plu i
( TransStart® FastPfu DNA Polymerase) \Taq i}, T-#%
14 (pEASY®-Blunt Simple Cloning Kit) , lg Tt 5t 4>
B AW HARAIRAF,

58 PCR X (T100™ Thermal Cycler) %6 5E
& PCR {X( CFX96 Real-Time) %, 3¢ [ Bio-Rad 24
Fl 5 & 43 Ot % B 11 ( NanoDrop One ) , € [H
Thermo Scientific 2 &)
1.3 XWH*E
1.3.1 % RNA #5942 B A= cDNA #5 4  BEHbHR A
AR (2 i RS RNA A9 URT cDNA
& s 2 B & DR F 4 4E . & RNA 42 i
i 38 5 B R AR I F VKA RNA (9 B, O
TR G EE I E RNA ¥ BE | LUAIE o 42 50 56
AT
1.3.2 314933t #E GenBank "2 AHC)F 5, L
FCR 6] BFAE ¥ B RR ( Ricinus communis ) | JBR X A
( Jatropha curcas) FUZ IS ( Hevea brasiliensis ) %5 1Y
GAPDH .EF-1a .act \ UB(Q) ,TUB-a .elF-4A .CYP 19 3&
P31 RS e B AR sy X B, 23 il it o B 3
bR AR G KL A A0 1 0T 51 9, e AR 4 D e 4
FIF Primer Premier 5.0 % {443 %% i RT-qPCR
¥, ARSEE TSI 1,
1.3.3 & A ARE R B kL 541 PCR M
RZ (25 pl):5%GC Buffer 5 pL, dNTPs (4% 2.5
mmol + L')2.5 uL, f&IF5149 F(10 pmol + L") R(10
pwmol + L) 4% 1 pL,cDNA #4% 1 wL, Pfu B (5 U -
L ')0.3 wL, KE ddH,0 14.2 pL, §4851F.94C 5
min;94 °C 30 s, IR KR 30 5,72 °C 60 5,30
PEI ;72 °C 5 min, PCR F=9 [ 1.5% B R A B Jis v
DRHEATRLI , H A 1 Be 4 0] i 2 Ak 2 BRa 0] & 1
YEVERAHEAT . K nl i) DNA i B 4% T- 80k 5
FeAb KInAT 14 DHS o, TR PCR %8 5E B ST B, 3%
M, 387 GenBank W4T BLAST HXT
1.3.4 RT-qPCR 31 ##&m 5 & ff vh & 5 A Wk
55 1R S HERR 51 ) — R AR SRRy S e ™
Yoxb 45 R w52, AR RS9 gF | qR #E17 3% 8@
PCR,#RJ5 #£47 RT-qPCR, FEN# RT-qPCR ¥ A
65 CF| 95 °C, 1 0.5 CIFE 5 s Kl 1 IS eoi

JELIREUA 2R . RT-qPCR SR ZR (20 pl) :2x
SYBR Green qPCR Master Mix 10 pL, 51 %) qF (10
pmol + L") .qR(10 wmol - L") 4% 0.4 wL,cDNA iR
2 pL, Ki# ddH,0 7.2 pL; P54 54,95 °C 5 min;95
°C 30 s, MR KIEJE 30 5,72 °C 30 5,40 MEFR,

1.3.5 {3 M AR B 69 i 20 KA A RNA
1Y R sk 7 1) cDNA AR M #id, i#£47 RT-qPCR §7
iz ,geNorm , NormFinder yi| BestKeeper AR 3 A
B N2 HE R R IR Fa e VEE T IPAs . B ColER% ik
IREXE R A (R AR, 2017) IR AKX Q=
2 ((CrminCrsample) Y2kl fl FHIF geNorm 1 NormFinder
A3 8T, T BestKeeper #F 1 H 25 A Ct {H
13000 e AT S5 8 HE 44 45 IRl 5 L 5 A
(7] £ 30 PR A B S PR SRR I e i N S 2 A

2 R 59

21 RIENSEERBEHNREES S

DL RNA S s A 2 cDNA SRR, AH I
fEiIF5 14 F R N519#E1T PCR ¥ 3, 934 = K
AT (R 1), W EWF R BN, R
GAPDH .EF-la . act \UBQ . TUB-a . eIF-4A . CYP Jt [F
F B 729 808 753 422 233,656,313 bp, 43
S gmhs 242 269 250,140, 77 218 . 103 & FL TR
B EFEPR 7 5 7 GenBank " E47 BLAST Xt J5,
GAPDH \EF-la .act ,UBQ  TUB-a  eIF-4A .CYP 4} ]
5§51 GAPDH ( XP023733724 ) . H Jf EF-la
(XP002518073) 7K act( ADV17460) | 11 BLHRAEE Bk
UBQ(GFZ13847.1) , K TUB-a (CAB76917.1) | %
K elF-4A (U17979.1) JHHi CYP (ARV78452.1) 1)
[FEYE K 95% .99% , 100% .99% .99% 87% .86% .
B AN AZ TR 7 51 % 5% 3] GenBank , 3K 15 % % 5
EmGAPDH ( MT044466 ) . EmEF-1a ( MT044465 ) |
Emactin( MT044464 ) .EmUBQ (MW815120) | EmelF-
4A (MW815119) . EmTUB-o (MW815118 ) . EmCYP
(MW815117)

2.2 RT-qPCR 5| ¥1%iN 5 #5 #% th &k 53 #

HIAHRL 519 qF (qR #6478 PCR 973, 724
KESHM 2 (K 2) . ¥76E & RT-PCR 7~
Yyt ATd6 i i 4 o3 B, 25 55 3 5 1 0 i) 0 fie i 26 3%
WoR B (K 3) , DL SRR, ARSI ik
THERGIYICHI Y R AR R e 3, /T
F a4 RT-qPCR 40#7 .
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1 ERREKEEESI#WM qPCR 5|

Table 1  Cloning and qPCR primer sequences for candidate reference genes

1B KR E KB
5 ¥4 519751 Annealing Fragment £k
Primer name Primer sequence (5'—3") temperature length Remark
(Cc) (bp)
GAPDH-F MGTTCATGGTCAVTGGAAGC 56 730 SeREHE R B
GAPDH-R CAATTCCWGCCTTGGCATC Cloning for gene fragment
EF-la-F YTGYTGYAACAAGATGGATGC 56 805 SeREHE R B
EF-la-R GATCCTTCTTCTCAACACTCTT Cloning for gene fragment
act-F CTGGATTTGCTGGAGATGATG 57 750 SLREFE R B
act-R ATTTCATGATGGAGTTGTAAGTGG Cloning for gene fragment
UBQ-F ATGCAGATCTTYGTGAARACCCT 57 420 i B LR R B
UBQ-R CAGTAGTGGCGRTCGAAGTGGT Cloning for gene fragment
TUB-a-F TGARCCHTCDTCYATGATGG 51 240 SRS A B
TUB-a-R CAHACAGCYCTYTGMACCTT Cloning for gene fragment
elF-4A-F GAGCTDGCHCAGCARATTGAGAARGT 58 650 SLREFE R B
eIF-4A-F AGDGARACYTGYTGVACRTCRATACC Cloning for gene fragment
CYP-F GAGAACTTCMGGGCNCTC 53 310 TERE LR Bt
CYP-R CTGSCCGAACACGACG Cloning for gene fragment
Oligo(dT) . TTTTTTTTTTTITITTIT DNA &1
Synthesis of cDNA
GAPDH-qF TGATCTCACAGTCAGGCTCG 55 147 RT-qPCR
GAPDH-gR  TGACCTGCTGTCGCCAAC
EF-la-qF CCTCCCACATTGCTGTCAAG 55 167 RT-qPCR
EF-la-qR ATGGAGGGTACTCAGAGAAGG
act-qF CCACTGGTATTGTTCTGGAC 53 169 RT-qPCR
act-gR TGCGGTTGTGGTGAAAGAGT
UBQ-qF ATAACCCTCGAGGTCGAGTC 53 166 RT-qPCR
UBQ-qR TGGAGAGTGGACTCCTTCTG
TUB-a-qF TGCCTCATGTACCGTGGTG 55 178 RT-qPCR
TUB-a-qR ACAGCTCTTTGAACCTTGGC
elF-4A-gF TCTTCCAGTTGCTACCAACC 53 189 RT-qPCR
elF-4A-gF GTCTCGAGCTTCCACTCTTC
CYP-gF AAGCCTCTCCACTACAAAGG 53 162 RT-qPCR
CYP-qR GAATTCCAGGACCGGTGTG

23 BFEENSERDN CtESH

X EE LB AN [F) A 0 45 A 2 (AR 28 rE AR
f) cDNA B i #E4T RT-qPCR 714,35 ] Ct {H1PAS
FNSRHAE M FEE, CUES LRI E R, /P
CtE B/, Rk B, N2 5L R IAEHE Y
K EF-1a>TUB-a>elF-4A>UB(Q>CYP>GAPDH>act
Ct{EZr %M 17.04~19.55 18.52~21.81,18.58 ~
22.04 .20.19~22.90 ,20.63 ~24.99 21.85~24.95
24.44~29.26( K 4) , 3 WERE Z[H 4% M S H 1

TR BN, HR KA AR,

24 BERNSEEREREES W

2.4.1 geNorm 24 5 #7  geNorm 43 i 11 B
JE FRH MR I3 BT B PR AR A E 1, M B/ R
PERRAT o BR act A1, 6 A3k P 2 5 DR FE A [) 2H 21
hRIBM M AEE /DT 1.5, REHEA N UBQ>
TUB-a>EF-1a>elF-4A>GAPDH>CYP>act (% 2)
2.4.2 NormFinder 3% % 5> # 5 geNorm 2 ,
NormFinder # {4t 2 3 o 25 16 8 S 2L G M {E
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M. Marker; 1. GAPDH; 2. EF-1a; 3. act; 4. UBQ; 5. TUB-a;
6. elF-4A; 7. CYP.

K1 SCBES 4 (F A R) PCR e e I A9 4%

Fig. 1 PCR products of candidate reference genes

using primers (F and R)

bp
500

250

100

M. Marker; 1. GAPDH; 2. EF-1a; 3. act; 4. UBQ; 5. TUB-a;
6. elF-44; 7. CYP.

K2 3ikESI¥) (qF Al qR)PCR 4 1 fe it 5L R iy 25
Fig. 2 PCR products of candidate reference
genes using primers (qF and qR)

PR R BT ENE . 4 NormFinder #4443 #7,7 4
WSEHTE & AP RIS ERBREATELE R,
¥ M (HKR/NER A UBQ>TUB-a>EF-1a>elF-4A>
GAPDH>CYP>act (% 3) ., UBQ B M {H ik, MAK
e TR AT

2.4.3 BestKeeper #2449 #7  BestKeeper EL MR 545
LR CtE, THE AR R 2 ( standard deviation ,SD)
AR S 280 coefficient of variation, CV) K PEAL 45 A
SRR EE . —BORU, TaE NS BN A
B/NEY SD A1 CV {H, BestKeeper 431 1 5k K 3
Kk EPEHE 4 N EF-1a> UBQ > elF-4A > GAPDH >
TUB-a>CYP>act (3¢ 4) . HH  EF-1a . UBQ . elF-4A
9 SD {E A CV E LRI , FB AR AR AE o

2.4.4 e Ar I TANSEERTE 3 AN
HEFP A 22 57, 0is U ART F- 35 {858 126 0 A7 4% i
NS HEH B 256 HE2 , 8 S5 R LA 1 248 8
G, D0 HCRR S 1 B, 4% N S Ak D 7 6 3t 4 A [
KA R HL DR BTEM LS 14 UBQ>
EF-1a>TUB-a>elF-4A>GAPDH>CYP>act (£ 5)

3 b5

WEF TP E R FREWHAM, TES
A S WIS W R SN A W ik 2 A H R
RoafE AR, H Al BEHEE 8 0 4
MR E B D, AW E R S BT BE R
GAPDH .EF-1a .act UBQ .TUB-o el F-4A .CYP 254
HME5 N 2 3] R B, E1E i 35k 9 2 36 R it
7 RT-qPCR, | geNorm , NormFinder #
BestKeeper WA 75 45 A= £ ] (8 109 46 109 SR 199)
HRZE MR S R R e, AR, £
1535 N S L AEAS [R) AR K 45 Al 2P i 3R 5k 2 1
bR act SMEREE R, CUIE B AE 25 DL N fF & 2K, W
T3 VPR B R AN R e 122 580k | 43 B 46 2R
WMEAEER, WEGG MR IREES NS
JL[H (Kiarash et al., 2018 ;Zhong et al., 2019) , H:
t geNorm Fl1 NormFinder [ 73 B 45 2 &8 o — 3,
UBQ .TUB-a EF-1a . elF-4A . GAPDH 1] M {f # /)N
T, BB E, RfENSHERHE R UBQ, T
BestKeeper WM 45 S 511 g A £ 5%, EF-1a,
UBQ .elF-4A .GAPDH 1y SD fE/N T 1, i 554 i ik
IRANZHEH N EF-1a, 1T UBQ Tl elF-4A ik
e, 5 EF-la JF XA B 22 5%, UBQ &
REO, 5SEARMEY RGAE X, S 5 M
L UBQ 2 FHM NS LN 2V Z M h 45 21 5
FH, B0 53 87 A5 25 76 98 AS [5) & & B 301 R [R) 20 28
B HE DR 22 38 I RT3 1 UBQ Al 1 2 3 1] (254t
2017) . EF-lo i AN 5 o WIEFEH , 7FH
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Fig. 3 Melting curves of candidate reference genes
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Fig. 4 Ct values of RT-qPCR for candidate reference genes in different tissues at different growth stages
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2013) , DA, 25 B7F 5% B0 M 60 S ] A K 31 366 IR 4 41
RSk AT AR B UBQ YR NS 3L 4
NS ENA S, W UBQ I EF-1a 8 i, I
S50 J5 BL B LR 4 AR WA O Y AR AL T
FISAE. MoK Bl A B 1 5 35k PR & 1 A 3R W 53 1Y)
RN AHEBR 2 B RS 2 i N S 2 A

F 2 geNorm T ASEREMRIERE Y
Table 2 Expression stability of candidate

reference genes analyzed by geNorm

HEA M {H He#

Gene M value Rank
UBQ 0.82 1
TUB-« 0.90 2
EF-1a 0.91 3
elF-4A 0.94 4
GAPDH 0.96 5
cYp 1.17 6
act 1.65 7

#& 3 NormFinder 3T NS EERRIXIZE MY
Table 3 Expression stability of candidate reference

genes analyzed by NormFinder

A M fE He#

Gene M value Rank
UBQ 0.19 1
TUB-a 0.35 2
EF-la 0.42 3
elF-4A 0.43 4
GAPDH 0.44 5
CYP 0.59 6
act 1.08 7

%z 4 BestKeeper ST NS EE R RIETEE M
Table 4 Expression stability of candidate reference

genes analyzed by BestKeeper

2 sD {8 CV fi HEA
Gene SD value CV value Rank
EF-la 0.79 4.36 1
UBQ 0.80 3.81 2
elF-4A 0.81 4.10 3
GAPDH 0.98 4.23 4
TUB-« 1.01 5.02 5
cYyp 1.05 4.56 6
act 1.16 4.40 7

R5 BNSERREREUGEEAHA
Table 5 Comprehensive rank of expression stability

of candidate reference genes

JUf g
S o Bew. U HEE
geNorm NormFinder Geome- Compre-
Gene Keeper . .
trical hensive
mean rank
UBQ 1 1 2 1.33 1
EF-la 3 3 1 2.33 2
TUB-«a 2 2 5 3.00 3
elF-4A 4 4 3 3.67 4
GAPDH 5 5 4 4.67 5
CYP 6 6 6 6.00 6
act 7 7 7 7.00 7
S &k
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