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Selection and Verification of the Reference Genes of Euphorbia macu-
lata Based on Transcriptome Sequencing

XU Jianfeng', GUI Mingming®, ZHANG Yongkang', YAO Zizhao', HUANG Shenghe”, RAO Zechang'”

1. Fuzhou Medical College, Nanchang University, Fuzhou, Jiangxi 344000, China; 2. Department of Basic Medicine, Jiangxi College
of Traditional Chinese Medicine, Fuzhou, Jiangxi 344000, China

Abstract: The flavonoid quercetin is one of the main active ingredients in Chinese medicinal herb, Euphorbia maculata.
At present, there are few reports on quercetin biosynthesis gene, and real-time quantitative PCR (RT-qPCR) is one of the
common methods in gene research. But it is a prerequisite for relative quantitative RT-qPCR to have suitable reference
genes. In order to obtain a suitable reference gene, this experiment was based on the results of transcriptome sequencing,
EmSE, EmUBC, EmGDI1, EmLSM12, EmGBP, EmSYP22, EmTRI1, EmRSZ21, EmRPL7 and EmUBQ obtained by our
research group in the early stage were selected as candidate reference genes. RT-qPCR was used to detect the expression
of the candidate reference genes in roots, stems, leaves and fruits of E. maculata during vegetative and reproduction
stages. The expression stability of the candidate genes was analyzed using geNorm, NormFinder and BestKeeper soft-
ware. The results of different software were integrated and ranked by the geometric mean method. The ranking was in
the order EMGDI1>EmUBQ>EmSE>EmUBC>EmLSM12=EmGBP>EmTRI1>EmSYP22>EmRSZ21=EmRPL7. EmC4H,
a key enzyme gene in quercetin biosynthesis, was analyzed using EmMGDI1 as the reference gene. The difference of
EmC4H expression in different tissues at different stages was consistent with the trend of transcriptome sequencing. The
reference gene EmGDI 1 developed in this study could be used as a suitable reference gene for tissue-specific expression
studies of different stages of E. maculata.
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WHFPOEE . PCR (RT-qPCR ) &4 FAEY)
RN RRNEE T HZ —, B EEHE
. FeEvR . REUES . BRSNS, W
MFRFFEEESC R, GEMHNSE
DR 345 T {5 M0 S B 25 SR R AT O B R
AN BE P I DA — PP BE RAE ARATT 254 T N
2 LN AT RE 2 R R AR 45 ks 0 T80, e PR
- Bt Si 20 N P R A 9 HH T T B A% B8 1 B0BI
NS, DIFIT RT-qPCR TP, #5440
IR S X He— AP ) mRNA 17 &y,
W A 25 A B S ) ) R ) S R R AE L, A
A3 BT 57 £HL N P 445 SR W] LAAT A 0 1 A 3 TN S
PIUOT R P P 2 3 R 2 R A G 1 A
%z, Hp RN H®B T ZWHA geNorm, NormFinder
1 BestKeeper!"'?1, Sy fifi i 1 FH T B b i AN ) 2
KA L2 RT-qPCR Kl i NS FE A, ARBF5E
AT 126 HH i B2 ] EmUBQL VA 1 4% 7
LI P ELHE R 2L T e Y 9 A FRIR AR R RS E Y A
EmRSZ21 . EmSE .EmTRI1,EmGDI1,EmSYP22,
EmLSM12, EmGBP, EmRPL7, EmUBC &1k N
ZHE AT RT-qPCR, 73 Hr HAE B 37 4R K AR
AR . ZE. i R RBssE, FIH
geNorm, NormFinder il BestKeeper S5 {F45 &
T HR AR E YEHES . T EmCAH (it i =4
Y& St B OGRS R 2 — ) AT RE, N
TR b A () A 3 366 DR 41 U S 1 3R IR W Y B A4
CIETASIAE =95

1 #RE5FE
1.1 ##

1.1.1 Ays (SRR B P EZ A

LRSI T, AR T AR E R
BEHLER o A3 R E TR (ORI B &
A 2 AL ERD) HRRIAR | 25 R RIAR Y
AR (453 KU ERSR ) FbRRRR . 2. i
W, 7 FRESL B S ORUE T 3 MR DL REAR TR AR,
FEm RS RIE T-80 °CUKARA .

112 XA 5ME  RNA #ZEGAH & (Spin
Column Plant Total RNA Purification Kit) g H 4=
TAY TR (B BROARAF; S s
# ( PrimeScript™ RT Reagent Kit with gDNA
Eraser ). #¢)GE PCR iRX5 ( PrimeScript'™ RT
Master Mix ). Pfu [ ( TransStart FastPfu DNA
Polymerase ). Taq B4 H FA4 TR (Ki%E)
H R/ T, %38 PCR X T100™ Thermal Cycler ).
#EE TR PCR X ( CFX96 Real-Time ) 25 [ 35
Bio-Rad A F] . M4 TT (NanoDrop
One ) H 2 [E Thermo Scientific 2 &) - 51 ¥1& ik .
WP i A T A T (B ) By A BRA R 58 1o
1.2 FHik

1.2.1 % RNA #9323 4= cDNA #94%  SHRIR
FIE UL, PEERBEH AR AN R AE IR L 250 0t
JERNA, Gl /OB T E RNA ik
&, I FH B BE AR Ha UK A N RNA. 7Y B i . cDNA
(65 B A N a0 10 B 5 A T HRAE

122 M AAKREGG L ARG B
BESEAAMN PSSR, EL FPKM KT 10 HAER
FHEONT 01 By 9 MK EmSE. EmUBC,
EmGDI1,EmLSM12, EmGBP , EmMSYP22 , EMTRI1,
EmRSZ21, EmRPL7 DL K ift 8 41 i 3 0 & 1%
EmUBQ 4t 10 /MR e BE A

123 3l 4t 24 F mada K Primer
Premier 5.0 {11 9 Mgk N S 3 K J EmC4H
L& PCR 5147, EmMUBQ €& PCR 51#&%
SCHR[13], &5 P50 LR 1 I HERR 5 19 — R4k,
o 56 5 | W0 R e M SRR S e 88 7 W o 25 R Y 5
mel, AR5 |94 7538 PCR ¥4,

1.2.4 RT-qPCR 7 f &5 47 LL cDNA fE R #i
Hr, #4T RT-qPCR #'H%, J#k RT-qPCR = )\
65 CH| 95 °C, M 0.5 CH8 5 s Kl 1 58k
SR DL AR AR B i 4 . RT-qPCR Jz J 1K &
(25 L ): 2xTB Green Premix Ex Taq Il 12.5 uL,
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Tab. 1 Primer design for reference genes and EmC4H gene
NEW =05
51104k BIHIEAI (5-3") R
Annealing

Primer name Primer sequences (5'-3")

temperature/'C

UBQ-qF ATAACCCTCGAGGTCGAGTC 57
UBQ-qR TGGAGAGTGGACTCCTTCTG

RSZ21-gF TCTCTGCTTCTCTGCACGTC 57
RSZ21-qk CATAACACGCGCTCTGTTGC

SE-qF CCCCAGTGTTGATGCCTGTT 57
SE-qR GCCTTGCATTTCTGCCACC

TRI1-qF AAGCCGTCAAGCAGATTTGG 57
TRI1-qR CCAGGAACCCGACTTTCTCT

GDI1-qF TCTAGGTCCCGTTGACGAGT 57
GDIl-qk TCGAGAGCCTTCCCAGTGAT

SYP22-gF ACCCTTCTCAAGCTGTAGCC 57
SYP22-qR  ACCAGATCGCCAATTCGTTG

LSMI12-qF TGCAGTCAAAGAACAGCCAC 57
LSMI12-qk  GGTACACACCCTTCACTGGT

GBP-qF CGCTAAGGTCGATGCAGTTG 57
GBP-qR AAAGCGGAGCTCGTCTTCTG

RPL7-qF ATTTTGCAGCTGTTGCGCTT 57
RPL7-gqR TGGTTCACTTTCCCGTAGCC

UBC-qF GCAGTGTCAACACAACCGTC 57
UBC-qR AATAACCTGTGCTGCTCGCT

C4H-gF GTAAACCATCCCGAGATTCAG 57
C4H-gR CATGTGTGGTACAAGCAGC

WS . FESI44% 1 L (10 pmol/L ), cDNA
AW 2 pL, K7# ddH,0 8.5 L, P IFEFE: 95 C
5 min; 95°C 30s, 57°C 30s, 72°C 30 s, 40
MG

1.2.5 &R AAABE G IFE 45K &SRR R
RNA W57 cDNA 1 MHN, LI ER
PCR 51417 RT-qPCR 43 . ¥ Ct {HIE A Q=
EiminCsampleCt (£ Sy ik R, BRINE N 25 minCt
R FERAE A B T B/ CH{E 5 sampleCt 3[R
FERAE S PG CE DT, Q (5 A geNorm
Fl NormFinder {4 478308 M43 B7 o 45 45 FE b
1S3 Ct {H%i A BestKeeper B4, 15 21 M5 1k N
SHEHHAMFRRBEEERRZE (CV) MsfEZE
(SD) . feJriz AULMEBE ki T 45 A HE4
o A i3 A B b R ) A KU S R ] U S e
RTINS A

12,6 AAARBTHEIE DIGEEONHILE
IRREMER R NN SIEA, MR Y
A A R i EmCAH LR (1 2 A1 I R AT A

RT-qPCR LS 1.2.4, 45H EmCAH LA 15
SRABHE, XS LR ET T 2R R PRI .

2 GBREHH
2.1 RNA fZENSRE®RN

A RS B RNA ) OD,60/ODagg 22 ODago/
OD»30fH, #)H Nanodrop K:ill3J7E 2.0 £4, ¥
BT ER B RNA 2B . Tl RNA R4 1%
T WL I P VK KGN (8 7 28S FI1 18S 2k B i
(F 1), DR RNA SERME&hr, Wal i+
Je SRR o

1 2 3 4 5 6 7

1~3: Zpl AR, 22 i
A~T: ARAERARBIR, 220 0 2R,
1-3: Root, stem and leaf of vegetative stage; 4-7: Root, stem, leaf
and fruit of reproduction stage.

Bl BtREEKAREARAFERTHE
RNA I fi5 #E i F FR vk ]
Fig. 1 Electrophoresis of total RNA in various tissues
at different stages of E. maculata

22 HNESERSIYHNERESEHEHEZS W

WSELHG1Y) PCR ¥ 38— H A %%
WL, A RUNS UAAAE, o1 Rk (& 2),
S YR, TR SR A Hr . X 10 M
TE N S5 P FEAS [] B 301 454 19 RT-qPCR 434t
EKH, FEH CEWTE 22~31 Z ], FHEHG]
Wy )5 fiff 1 4235 o B0 (18] 3 ), 6B RT-qPCR
PRSI AT 58 cDNA 45 S PEgs A 9f 4w
FH,

bp M 1 2 3 4 5 6 7 8 9 10

M: Trans2K Plus 1II; 1: EmUBQ; 2: EmMRSZ21; 3: EMSE;
4: EMTRIL; 5: EMGDI1; 6: EMSYP22; 7: EMLSM12;
8: EMGBP; 9: EMRPL7; 10: EmUBC.

B2 107MHWSEER PCR I IG~=4

Fig. 2 PCR products of ten reference genes
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Fig. 3 Melting curves of candidate reference genes

IR,

65 70 75 80 85 90 95
15 Temperature/’C

10 AMEIE NS LN TR AU B IR T E

23.1 BEHEALAKRGEREFESH 10 ME
YENZHEF T, EMRSZ21 (973 Ct {HE R, N
28.82, ULHHIZIEHA R BFE AL; EmUBQ 1Y
SH) CtER /N, M 2226, DiHIIZEEF B FEILTF
. 10 MEE NS Cct (EFH
Excel A9 t Kz /rdT i 022 57, Rk E R HE
AR = EmMUBQ>EmMGBP=EmGDI1>EmTRI 1=

EmRPL7=EmUBC>EmLSM12=EmSE>EmSYP22>
EmRSZ21 (K1 4) .

2.3.2 geNorm 3# 447 geNorm 3K {3 12 1154
RERBM, UERARBENHNSEN, %
BAFLL M=1.5 YENIG R S, MAEB/DN, e PEk
If. 10 MEENSIFEAR DAL RIEN M
H¥/NF 1.5, RetH4h EmSE>EmUBC>
EmGDI1>EmLSM12>EmUBQ>EmGBP> EmSYP22>
EmTRI1>EmMRSZ21>EmMRPL7 (£ 2) .

2.3.3 NormFinder #4+%# NormFinder {45
geNorm KM, W /RHETHEIENSERNN M, i@
2V HR A Fa 2 M . NormFinder 43714

REAAAEZES , 15 MAER/ MK EmGDI1>
EmUBQ>EmUBC>EmSYP22>EmSE>EmMRPL7>
EmLSM12>EmGBP>EmTRI1>EmRSZ21 (% 3) .

2.3.4 BestKeeper %4 4# BestKeeper /4 H
AR A EE R CHfE, B AEARRRE (CV)
FbRENR 22 (SD ) SKPFAL 25 N2 K AR e
H CV #l SD (53K R E MR ARG, AR
FER NS AR BAB/NMY CV {HF SD A
BestKeeper 70 Hr & R, 10 Mgk NS 5L H 1)
SD {f 54 EmUBQ il EMGDI1 /M F 1.0 ( BRIk
H) (F£4),

2.3.5 Z4HMWHH  BestKeeper Mg R S

geNorm Il NormFinder #4773 #4525 252 R 00 i,
K UARTF- S48 58 i ik A7 A& e 38 N 2 i R 1) 25

TR, NS S TN R Ve DU LA - 4
85 o 10 Al 1 A 2 5 DR 7 BRE 3t A () 2B 3 A
] 20 9 rh Rk R e P 2R & HE 4 EmGDI 1>
EmUBQ>EmSE>EmUBC>EmLSM12=EmGBP>
EmTRI1>EmSYP22>EmRSZ21=EmRPL7 (£ 5) .
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30 r EmUBQ gicy 40  EmRSZ21 m

" 30 @ 30 @
30 e e ' e
20
5 5 20 g g2 e g2 e
10 10 m & 10 m AR 10 m SR
0 = 0 = 0 = oLE =| =
T A EEi A i HEFH CEin HEFH
HERE AR AKE AEKH AR AKH ERE AERY
30 - EmGDII 40  EmSYP22 30 r EmLSMI12 30 . EmGBP
20 20 @R g E
S S Bz O =
10 10 Bt B
: m
ol HEIE  HIE: 0 0 % 0 : *
BRE A B A B R R
ERH AR BRE AR GRS RS SRS S
30+ EmRPL7 30 o EmUBC 40
: [ @R g @ 4 30
20 o2 A 5 20
&} = =
10 SR 10 8 10
0 = Ll =% 0 : m R s I
. 7 s VAN AN AV AT,
BE AR Erhm SRR
R R ERE AEKE KGRI
R 2 EL A The candidate reference genes
ANFEV/ING FREFRIRTE 0.05 K27 B,
Different lowercase letters represent significant difference at 0.05 level.
4 BRENSEREARNPARRAELFSRF RT-gPCR B Ct &
Fig. 4 Ct values of RT-qPCR for candidate reference genes in various tissues at different stages
F2 geNorm SHRIENSERERERKBARAR/PHRIERE
Tab. 2 Expression stability of candidate reference genes analyzed by geNorm
F K Gene M {E M value HEJ¥ Rank FLIKH Gene M {E M value HEF Rank
EmSE 0.605 1 EmGBP 0.703 6
EmUBC 0.645 2 EmSYP22 0.734 7
EmGDI1 0.650 3 EmTRI1 0.801 8
EmLSM12 0.673 4 EmRSZ21 0.861 9
EmUBQ 0.701 5 EmRPL7 0.886 10
#& 3 NormFinder S iTERE NS EREZERKPARALAPHRIEBE Y
Tab. 3 Expression stability of candidate reference genes analyzed by NormFinder
F:H Gene M {E M value HEJP Rank F:H Gene M {H M value HEJ¥ Rank
EmGDI1 0.049 1 EmRPL7 0.148 6
EmUBQ 0.092 2 EmLSM12 0.160 7
EmUBC 0.124 3 EmGBP 0.169 8
EmSYP22 0.132 4 EmTRI1 0.242 9
EmSE 0.135 5 EmRSZ21 0.264 10
& 4 BestKeeper HTEIENSEREZRERKPTR AR PR RILREN
Tab. 4 Expression stability of candidate reference genes analyzed by BestKeeper
F K Gene SD CV HEF Rank FH Gene SD CcV HEF Rank
EmUBQ 0.816 3.666 1 EmRSZ21 1.283 4.451 6
EmGDI1 0.849 3.544 2 EmLSM12 1.333 5.129 7
EmTRI1 1.009 4.035 3 EmUBC 1.377 5.432 8
EmGBP 1.121 4.737 4 EmRPL7 1.456 5.764 9
EmSE 1.143 4.377 5 EmSYP22 1.574 5.738 10
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Tab. 5 Overall ranking of expression stability of candidate reference genes

%P Gene  geNormrank NormFinder rank  BestKeeper rank  JLfi[F-3{H Geometrical mean Z£i&HE4 Comprehensive rank
EmGDI1 3 1 2 2.000 1
EmUBQ 5 2 1 2.667 2
EmSE 1 5 5 3.667 3
EmUBC 2 3 8 4.333 4
EmLSM12 4 7 7 6.000 5
EmGBP 6 8 4 6.000 5
EmTRI1 8 9 3 6.667 7
EmSYP22 7 4 10 7.000 8
EmRSz21 9 10 6 8.333 9
EmRPL7 10 6 8.333 9

24 NSEEREMRIE

LA EmGDI1 ANZS A, St RAEWE
BT R L 2 — EmCAH MRS EHESR,
PLSS RS A A3 BT 2 SR T S . g5 SRR, DU
EmGDI1 N BN, EmCAH 7673 F: 4 K 3
KR SN P a5 Rt a—8, A
AR IR e 5K 22 5 5 5 S A I P 45 R A I AR —
(K 5) . Wik, f#iH EmGDI1 # K h NS5
PR, BB A5 250 hy o At A v B b 6 A [) A I AR ]
HZ R ) RT-qPCR #5145

*

150 A

100

%k

FPKM

50

] e .
BREKH  AEREAKH
H K3 Growth stage

s é‘%‘ —
EREKH AR
A K3 Growth stage

A: FRAMFELEE; B: RT-qPCR 455, *AFRAHH %5 B
# (P<0.05); **QFALHAZFHEE (P<0.01) .

A: The results of transcription sequencing; B: The results of
RT-qPCR. * represents significant difference among treatments
(P<0.05); ** represents the extremely significant difference among
treatments (P<0.01).

B 5 EmCAH EEEIMBEEEKPAREARREIES
Fig. 5 Expression differences of EMC4H in various tissues
of E. maculata at different stages

X RIXE
Relative expression level
[\

3 itig
Wi 5 25 AR ) 50 F A= ) R R TR A

24 TS PR 153 A2 0 1) O B Tl 5 PR Rk 5 ) 4%
BT AT o DS E fE PCR &l 2
HERIEXWEUFEZ —, MEAGE., B
NS 2SO E i PCRJER . Act,
GAPDH . UBQ. 18SRNA &4 NS R H 4 )12
B, BFEARRIZEZ . AR A DL A [A] b 27
0T RE RN S RN FALEET, Wi
o B R A 3 0 A% A AR O S T SR A A S 0
PR, PN 23 R A DA D JE TR R ki 22t
FE T S 4H I (9 RT-qPCR P2 35 PR 0 8 2 30 4
o ARSI — W7 WA ORI Rk b O
Pk H— BN SR e R
F—Se 2 REHE . R sy U flinge o
IRJEFEHTHH P, Actin JE R TE AR 40 iR b 3%
I ARa e, TS S AL P AR5 1 FacpA il
DigA JE R 75 SUM 5% i i i e ik R M e 0
A B 5% AL i B M A S A g R, 0
EmSE, EmUBC, EmGDI1, EmLSM12, EmGBP,
EmSYP22, EmTRI1, EmRSZ21, EmRPL7 FHiftmH
2 T A R [R5 S B R AR AR 1 2 55 ] EmUBQ,
I 10 MMEE NS EEH 4T RT-qPCR, 433 H
geNorm, NormFinder fll BestKeeper H{FIFHH:
EAARW CEFRAERY . AEARKD) ), 25,
MRS R R AR E . SR B, ARFEEKAMXT
10 >N S PR R TR R PR IPAL A 58 22— 3K
EmUBQ 7& BestKeeper PF-H i ik fefase, MrE
geNorm F NormFinder ¥4k hHEF & H; EmSE
TE geNorm HHEF Sy, A A 2 R/ HE
P 2E . XM RIER S ( Melastoma dodecan-
drum) U 53 k# 22 ( Cypripedium japonicum ) %!
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FIPHBE( Averrhoa carambola ) 2 5% v 77 7
A BB TR S 85N S 2 R T
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i th N SR R R e M, U =AY
A R R R SCEESE R EmCAH 1E R B LR
TR, Z5BREH, LS R REgn
EmGDI1 NS, EmCAH 7B b 55 A ) 2E K
WA AU () Rk 25 T 5 T S 2 Ty 45 SRt e —
) HE—AFB EmGDIL PN 5 3k B A S

GDII j& GDP f# &+, J& T Rab &M
K, ik RIREAFALF, fiES5 Rab GTPase
SRR L, S5V, RIEEME
FfL 22 32 By DA R BSR4 221> T T 1Y B 3z ik
o fEHEAMSER T KNS EHE T, GDI1
W R Aa E NS R 2 —P0 10 Mk Sk
i, EmUBQ Fikth e, [k T EmGDIL,
WMAERWASEFNA S, W EmGDIL il EmUBQ
BoRAE, ARAREEN &L T2, Flantt
FY I REA A X B b i P R B R 45, AT RET
AR Ve VAL LIRS S E N SR A

A 5 R A TR R A i BT 5T A B SR 4L
PETH Ve 10 MERERL , 254 RT-qPCR AR
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TR A X A5 A S I AT AR e R A A, DA,
ZAEWA RGE R EmCAH JE R — 2L HIE
2 EmGDIL 4 & B Hb B A [A] A= K AR [R] 241
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