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Selection and Validation of Appropriate Reference Genes of Cinnamomum cassia and

Cinnamomum cassia var. macrophyllum
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[ Abstract] Objective: To screen out stable internal reference genes suitable for real-time quantitative
polymerase chain reaction(Real-time PCR) analysis of different parts of Cinnamomum cassia and C. cassia var.
macrophyllum , in order to provide stable internal reference genes for gene expression analysis of three different
parts of and C. cassia var. macrophyllum branches and leaves. Method: With 6 different tissues and organs,
such as bark, branches and leaves of two plants of C. cassia and C. cassia var. macrophyllum as experimental
materials, Real-time PCR technology was used to detect the five internal reference genes, namely
glyceraldehyde-3-phosphate dehydrogenase(GAPDH) , actin, ubiquitin-ligase enzymes( UBE) , histone and tubin
(TUB). The analysis of the expression of the data. Furthermore, three commonly used internal reference gene
analysis software, namely geNorm, NormFinder and BestKeeper, was used to analyze and evaluate the stability

of the candidate internal reference gene. Result: The internal five reference genes were expressed in the bark,
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branches and leaves of the two plants, but with differences in stability. Comprehensive analysis showed that the
expression stability of candidate internal reference genes was in the order of GAPDH>actin>UBE>histone>TUB.
The internal reference genes of the two plants were analyzed separately, and the optimal internal reference gene
was still GAPDH, indicating that GAPDH was the most suitable internal reference gene. TUB and histone ranked
low in the three software, and should be eliminated in the screening of reference genes. They were not suitable for
gene expression analysis of C. cassia and C. cassia var. macrophyllum. Conclusion: The most suitable internal
reference gene for different parts of cinnamon, branches, and leaves of C. cassia and C. cassia var. macrophyllum
was GAPDH. In this study, a screening system for internal reference genes of Real-time PCR of C. cassia and

C. cassia var. macrophyllum was established to provide theoretical basis for studying functional regulation and

expression of genes during the accumulation of effective components in different parts.
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Table 1 Primer pairs of candidate reference genes
S 4 R L¥F(5-37) K /bp TUE(5-37) K /bp
actin GTGATCTGACTGATGCCCTTAT 22 GAGCTTCTCCTTCATGTCTCTC 22
TUB CTCAGTTGACTATGGCAAGAA 21 GGAGAGAACGCTGTTGTAAG 20
UBE TCTTGGGTTGGGAACATAAC 20 CCCGACCAACCACATAAAT 19
histone TATCTTGCCGCTGTTCTTG 19 CCTCACTGCGAGTTGTATATG 21
GAPDH GTTGCTGTCTTTGGTCTCA 19 CAGCAGCCTTGTCCTTATC 19

2.3 Real-time PCRY" 3 DI F 4 i cDNA BestKeeper AN 75 B #E 47 4 4, ] H 3R H C1E

R, A 2O i B R & SYBR” Premix Ex
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R A UL A, BK R 25uL, SYBR® Premix Ex
Tag™ Il (Tli RNaseH Plus) (2x ) 12.5 pL, PCR
Forward Primer (10 mol- L") 1.0 pL, PCR Reverse
Primer(10 mol-L")1.0 pL,RT JX Ji i (cDNA % ¥ )
2 uL, KHK 8.5 pL.
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Fig. 1  Test result of genomic DNA of Cinnamomum cassia and

C. cassia var. macrophyllum
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3.4.2 NormFinder # F 4 #7 AR #if NormFinder N
SRR I B 25 R R, 5 M 8 2 R R Y
FEIRIKEYRA] , W3 2. PRRE R i 3 AR rh
fi & 3 Y F2 2 M K/ HE )P 8 GAPDH>actin>
UBE>histone>TUB,, iX 13 ] A #: 1 ] 2 JE ] UBE (1)

kA5 E , histone W # ik % 22 . NormFinder % 1
A AN N S 3 R ARG 3R R R R T A H AR
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Table 2 Comprehensive ranking of 5 reference genes

geNorm NormFinder BestKeeper Excel
i WBER M RBEW sy WBEW SD RBEW oy WBEN o WBER P

1 actin 1.028 GAPDH 0.024 GAPDH 0.57 UBE 2.62 TUB 0.932 GAPDH 2.08
2 GAPDH 1.041 actin 0.115 actin 0.70 GAPDH 2.70 actin 0.928 actin 2.15
3 UBE 1.352 UBE 0.725 UBE 0.70 actin 2.93 GAPDH 0.902 UBE 2.47
4 histone 1.620 histone 0910 histone 1.26 histone 4.97 histone 0.671 histone 2.71
5 TUB 1913 TUB 1.205 TUB 1.64 TUB 7.17 UBE 0.473 TUB 2.76

3.4.3 BestKepper £ J¥ 7+ 1 % Real-time PCR X
N C AR A B, 355 A% s 0k N 2 BRI CV R
SD, X CV N SD BEAT AN, DA R R8I, U35 1
2Kk A TE PR R A0 b SRR R P AR . NS R
SD I 1, %3 ] 19 % ik A FF3 . TUB il histone
09 SD {E#F>1, 1% B TUB Hl histone 7F A #E H £ ik A
&€ , M GAPDH HY A& 5E (H e i, SD I e /MY o

BestKeeper 4% {4 X} X 54~ P 2 5k [N F& @ 1 917
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5 191 31~ 9 2 8L H Ol UBE , actin Al GAPDH.,

LR 3 A BT 4 2 3 B T AR AR Y
T RE BN S B AR HE A A 25 5 . XT3N
5 W HE 2 #EAT U BOHE B IR S HER R
GAPDH>actin>UBE>histone>TUB, . % 2, fix f& &
12 2 GAPDH.,
344 PIRED S H RS ER  [E BT R
Uz 1 N T e = S - S S B 15 s o TR o

®3 AEREASERREES R

Yy i e N 2 3L — 30, ¥y GAPDH, H At 9 = 5
K HE ms A A . REEM NS RN G HEA N
GAPDH>actin>UBE>histone>TUB, I, 3 3, K%
EE R N 2 S K 25 5 HE 4 GAPDH>TUB>actin>
UBE>histone, W.5% 4, 7] I & i GAPDH il actin 7E
PR R F RS RE , TUB £ K i 1k A b e 8%
Fa € B AE A Th R I UBE A histone £E 4
2 Ik DA W R R ) vh B AR E

Table 3 Comprehensive ranking of 5 reference genes in Cinnamomum cassia

i geNorm NormFinder BestKeeper Excel
o WS AEH M NS K sy NEBEM SD NZBHENR v HNBER r WS P
1 actin 0.930 GAPDH 0.002 GAPDH 0.53 UBE 2.14 GAPDH 0.98 GAPDH 1912
2 GAPDH 0.940 actin 0.002 UBE 0.57 GAPDH 2.46 actin 0.98 actin 2.154
3 histone 1.150 histone 0.015 actin 0.61 actin 2.53 TUB 0.98 UBE 2.519
4 UBE 1.197 UBE 0.036 TUB 0.79 histone 3.09 histone 0.85 histone 2.668
5 TUB 2.536 TUB 0.103 histone 1.26 TUB 11.61 UBE 0.68 TUB 2.714
x4 KMHBUEGBEASEEREESN
Table 4 Comprehensive ranking of 5 reference genes in Cinnamomum cassia var. macrophyllum
geNorm NormFinder BestKeeper Excel
e NS H M N2 H N4 eS| SD NS H cr o HNBER r WEHEH  FE
1 GAPDH 0.903 actin 0.009 GAPDH 0.36 GAPDH 0.77 actin 0.93 GAPDH 2.08
2 TUB 0.930 GAPDH 0.01 TUB 0.54 TUB 2.46 TUB 0.89 TUB 2.224
3 actin 0.983 TUB 0.011 actin 0.66 UBE 2.62 histone 0.83 actin 2.289
4 UBE 1.310 UBE 0.046 UBE 0.69 actin 2.85 GAPDH 0.74 UBE 2.714
5 histone 1.879 histone 0.07 histone 1.65 histone 4.97 UBE 0.09 histone 2.844

35 WSENBEMHNERIE 4T3 —2 80
TEAT B A P 2 DR B B2 T, A6 2 i 401 v BB L3 X
8 N JE BRI Sy A R E AT 9001 o K TR R A kg Ak B
20, R AL AR Sy R b B MR 5 A4 Ve N 2 0k
DAY ek B, 0 3R A 418009 8 AN B i 3 X gk 47
AN R IR . S S 1k N B HE R R A
3R kR

GAPDH, actin, UBE #Y % i& #% X A ¥ , i
histone, TUB [ #H X} 3¢ 15 5 # =& KM ERE . E
HE O 1 HH R B P 2 3 AT AR A5 0 B e B R
FE. WS,
3.6 HFRZEH Y Real-time PCRMT  FaEMELE &
WM 75 3 GAPDH AR N N 2 B [, 78 A FE FIOR i
A () 5 S L B AL B 5 15 4> 22 SR, 78 WG R AE )
B AS [R) 3B A7 A7 B0 UE , WL 3 6. 45 3R % W] Real-time
PCR 43 M7 4 e 5 7 53 20 00 e 0 A7 485 A7 78 w8 5 A1

KM, AR T e S MU ) R R
4 HREITiE

WFIE R, N2 H I A BA Gl [ bk
PR IE RN S N JE S0 15 AR E ERRZ58 A9
SEHTE o AEXF F A 3 A R AT 2 SR B0 o M i, R
NS L N AT R A o 7 e S) 4 s b 4R
AAERY NS AR AT R T vk . GAPDH % 5 B
TR fifp MUWE S5 A 3 A8 1) G SR TG, 7 A 0 40 ML o s UK F
FIR AR AN R Bl R AR
AEARE # b5  actin 4 5 L3 & H , 76 S ALY+ 40 it
Hh Al A AR B A B Sl DR A O N 2 R TR AT
Fl o AEARSES RZ AR o HE AT R E MR I, R B
actin %k [H 78 20 21 b 1) SRR BN BRUE o AN SE IR 1 L
(9 54~ A 2 3 DR 44 2 5 0 1 R AR A A AL T 3l
T 240 i v 24 BE AR A M 3k

AR S 6 0 Ak PR A A I T e B s 2 RO T
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x5 STMBEEANSERAGRETARNARSNTBHERNBENRIERE (f+s,n=5)

Table 5 Relative expression levels of eight target gene normalizing with different reference gene (x+s,n=5)

ENSE 92 SR A GAPDH actin UBE histone TUB
CL9519 )4 1.46+0.93 1.21+0.84 0.80+0.54 0.25+0.19 13.65+8.79
CL956 0.92+0.13 0.71£0.19 0.48+0.05 0.20+0.14 8.42+1.38
Unigene30678 7.35+3.13 5.30+1.44 3.79+1.42 1.81+1.57 65.48+23.29
CL7125 2.89+0.86 2.12+0.08 1.49+0.30 0.68+0.59 25.94+5.46
CL15836 1.49+0.37 1.11+0.09 0.77+0.10 0.34+0.29 13.49+2.33
CL14924 1.59+0.60 1.20+0.45 0.82+0.26 0.36+0.33 14.51£5.31
CL2397 1.61+0.58 1.17+0.23 0.83+0.25 0.39+0.32 14.36+4.06
CL21684 0.95+0.30 0.70+0.06 0.49+0.10 0.23+0.20 8.59+2.03
CL9519 33 0.83+0.61 1.12+0.86 0.42+0.32 0.82+0.61 0.28+0.22
CL956 12.42+0.76 16.73+0.78 6.66+1.74 15.36£9.96 3.98+0.10
Unigene30678 2.36+0.65 3.17+0.81 1.21+£0.18 2.58+0.88 0.77+0.24
CL7125 6.29+0.59 8.46+0.15 3.34+0.65 7.57+4.45 2.02+0.16
CL15836 1.36+0.17 1.82+0.15 0.71+0.10 1.59+0.82 0.44+0.06
CL14924 1.99+1.25 2.70+1.75 1.16+0.99 3.05+3.52 0.63+0.36
CL2397 1.23+0.37 1.66+0.56 0.65+0.23 1.45+0.74 0.40+0.16
CL21684 0.47+0.09 0.62+0.08 0.24+0.02 0.53+0.26 0.15+0.03
CL9519 - 0.18+0.05 0.57+0.05 0.15+0.05 0.31+0.10 0.17+0.18
CL956 1.41+0.15 4.60+0.27 1.15+0.11 2.45+0.14 1.32+1.39
Unigene30678 5.15£0.79 16.76+1.12 4.22+0.57 9.01+1.54 4.87+£3.92
CL7125 0.49+0.12 1.59+0.12 0.41+0.11 0.87+0.26 0.47+0.31
CL15836 0.88+0.17 2.90+0.26 0.72+0.09 1.53+0.24 0.83+0.81
CL14924 0.83+0.16 2.66+0.08 0.69+0.18 1.46+0.38 0.78+0.65
CL2397 0.94+0.48 3.11£0.58 0.76+0.35 1.64+0.82 0.90+0.58
CL21684 0.77+0.04 2.50+0.12 0.63+0.02 1.34+0.08 0.72+0.67

P 54 NS & N GAPDH, actin, UBE, histone
FUTUB. 43 B JEAE IR AR K i 3 Ak R A B2 R i 1)
TR AR MR IR E M . 4 R R X 5 ik
WS CAE I AR, 7] B 5 N 2 2 K TE AN TA]
AR S5 REHE R AT A L.

WAL 3 AN S AT AT 3 — 20 2 T, 3 K
%55 N 2 R DR ) A P R 44 A T 2200, X RT RE S T
R GE T2 7 AN TR G, 3 Bl I DL e AR AL v
A B PR I A O AR M TR AT 2 R TR A
fige 38 3 TUAR] S ¥ K6t 3 A4S AR nY HE 4 kAT % A S
He# ZHE2 TT DAAE — o F2 B b O 9 2 25 IR 1Y
FEME . LRG3 A B A TUAR - 34 800 A
HE 44 Fif = 1) J& GAPDH, actin, UBE, fx £ N 2 K A

#4587 GAPDH, X th 5 1 T GAPDH 7£ A ¥ Al K
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5 A AS ) 4 225 B KO- R IK B 2 o histone
N TUB 7E 4 TUHE 2 ARS8 5, HLAE NS ZE B8 E v
% Bl GAPDH, actin, UBE /iy 3 i5 # X A 3F , 1
histone, TUB Y K A X 5 A = & 22 BHAR I , 1 W]
XHAEE N S H R e R E R EAE R
IS S . 5N S 3E P 7E 8 N BE ML EEH Y H 1)
FEPVE =M, &k 9 GAPDH, actin, UBE & i T 8 >
H i 3 8 0 3R A B AR O, 5 F e e 45 2 — 3
X — 25 B IE T 1 R Y PN S 3k R AT AR

A 58 AR 5 PR R R O i AR 1Y B Skl )
g T SN S ER, IR geNorm,
NormFinder Fll BestKeeper 43 M1 T 158 1% N £ 3& A &
PR R I 0 AR 19 B S i AR L A5 B e AR
SEY NS GAPDH ., 7555 St d] h BE AL 1E H 15 4~ 22
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Table 6 Real-time quantitative PCR analysis results of target genes
K8 B R K1 e 14 KO R/ £
HIAEH RNA-seq Real-time PCR(X£s) RNA-seq Real-time PCR(X+s) RNA-seq Real-time PCR(X£s)

CL9519 1.38 1.46+0.93 1.311 0.83+0.61 1.866 0.18+0.05
Unigene7165 1.755 3.10£2.36 0.41 1.56+0.15 -1.43 -1.64+0.17
CL956 1.53 0.91+0.13 1.68 12.42+0.76 0.04 1.41+0.15
Unigene30678 2.399 7.35+£3.13 0.76 2.36+0.65 2.87 5.15+0.79
CL7125 1.30 2.89+0.86 1.36 6.29+0.59 1.66 0.49+0.12
CL1269 -1.42 0.61+046 -1.13 -2.92+0.36 -1.33 -2.69+0.43
CL1120 1.30 0.23+1.36 2.15 2.34+0.23 2.42 2.89+0.17
CL1154 -1.65 -1.29+0.22 -0.52 -0.42+0.17 -6.83 -2.46+1.33
CL1338 -1.64 -2.28+1.88 -2.12 -1.32+0.16 -1.06 -1.77+0.32
CL15836 1.37 1.49+0.37 1.21 1.36+0.17 0.97 0.88+0.17
CL14924 1.15 1.59+0.60 1.54 1.99+1.25 2.52 0.83+0.16
CL2397 3.03 1.61+0.58 1.55 1.23+0.37 3.36 0.94+0.48
CL21684 4.51 0.95+0.30 1.54 0.47+0.09 2.48 0.77+0.04
CL11293 1.87 0.52+0.30 0.73 -1.70+0.09 2.17 0.89+0.88
CL14645 1.02 1.44+0.83 1.27 -0.24+0.48 2.64 -1.44+0.50

S R AE AT B, DA AR AR O Xt IR, Real-time PCR
Bk 45 SR 5 e SR 2 RO AR — 2 R St X
PARE FT R I 3 A B9 e 3% 21 B R AT 42 40, DU 4R
H AR AR M9 AR fl 5 22 S 1 2 T AL
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qPCR N Z 2Ny i it SR RS (V). 2 THYE

H -
HAE B 27 A AR A AR I K 3 4 BV A R A
PP A 2 100 e 55 1 AR N )

5 A 2 AR 1 R A T, AT R 0 A A R L RO 1 Ay 7 R BRI T 4 B — i 2 T R T A A Y o
VLS R , S B8 5 0 A B LA R A2 R R 5 2 o e o 18 In AL B DL R U A 4 2 SR AN AR AR B TR L 2 i A
A b S e, 00 Al )0 B A SR, B AR X IR ST RO AF O, X R 95 N 5L A O DL B AR MMt 2o B AR . B T R O, T LS 4R
A T EDAE AR BRI s o (EUR S HIG T Hh 4 Hh B B R B I S B R BR ) R AR R AR I L MR A
WREGW) o PRI, AT LT 1 B0 4 BT AR X T A A M AP R 2 v A A L S SRR T O B (R AR R T e A S
PRI A ) — A5, 2 — 25 58 38 LA B 30 25 f) LA A e e PR I 900 94 1 S 36 300 L N 8, S e 8 s 5 ) s AR D0 45 6 W
PRAY 12 W B 82T 45 A2, O T I R T 5 1 T R 2 ) SRR 3 A A 00 LA D A ML AL B AR S R 2 )

(B #3003 e 8 5 RN ) T 2013 48 AR TAE AL U, £ 22 223 BB T EEE ZE M IRIR A 4EE &,
FE3 A 4 W HRORT Y [ N SNSRI B B ST (R A R o A N = A O T AT R 5B — O T, X I R R
DL BT HEAT RGO HT , L AR £ D A | o B L RO MU LB U T U 0 RE A A 5 I 0 45, A i SO T 4 5 Y
PPl A O B (Rl o S8 05 T, Ik BB AT SC ) S 46 A2 W HE AT AT, LA B B SR B PR BN A 2 RGP AT PEAT AR
2R T | R B A R PR TSR F A W B T, R EEAT R 2 Y A AR ik BEAT IR T, LA PRI EOK
ML AMAR G A 5 B2 DNA M58 MLV 90 28 55 0 LA OG 23 B DL B 2 B RS R I SR IC B A N 28 i e B g8 R Rl , — &
RS AS B)O E  A

= 2 A 56 000 6 5 W AR IO P ) — 15 v 6 2 o A IR S O, 18 01 S0 6 2 4G A A A DG S (5 SRR T 55 0 T, 0
R 5 20 4F R B4 R PR S5 1 22 56 23 A7 3 R0 407) , 45 B A I A9 I 78 DA K i BRIV PR 4R AR 0 o TEIR T AT, B AR T L AR IR
I7 I R, EE WA N DL A A (R R O WL AR BN B LA B SRR T o TR X AR ) Y R DL B IR T
BRI EAT I ¢, I R AT e 10 A A= I PR R 8 WP W AR HC Al 28 Y B8 5 SR o 300 W0 BELTE AN R SEE DLEAT 1T s, O N 3 Y
BB 24 00 TR A0 B HEAT R B o S 2H T R RLORT A U LA B BT R A TP AL L LS B VAT B B AR, B B A B LA
B PR 587 TR PR AR v O 0B A M AT S LR B LB IR T R R AR R RN I S M R AT IR T R

T T AE B5 27 (0 B T Al L R 03, 07 T A A R B DL B R R DL AT VAL o 33— PPl 0 8RR T % UL L A T A SO
T8 X5 N8P0 E AT VA6 0 [R] I, 38 S A LA R I sl i B R . Lk 24 LA R AR R A TN R 2 R BURTTBORIN T o 1
S, 5 B0 64 11 24 LA KRR R A R AT PR AR AT B B 2 R A R Y LR . AR 25N, 7 B D)3
T2 0o 19 K R O T TR Ak SR 5 ) B T 1A S I 2t 8 9 2 ) ) T o o WA W 9 3 0 R T Y R A L —
BELHVE Y DA AR 03 1T BA ARG i LA i 3 R 14 S PR 1

TE AP B T2 PR AR A b 75 T AP L PR B VAL B AR Al o B A 21 A i RO S, R AT A B TG TR R A T b T
—ANEPE BIRIT IR . P N B AR P R A SR AR R AR L AR T FR BT, O i G 5 Ol e IR X R AR . T 2 I
o R PR A By TR A U R A R R 2 b R AR A IR BT S B AP N B AR . TR AR AR R B
TR IR AR S T A6 A L AR 0 R A T 58 0 2% o B (AR B0 L RO 17 14 R AT R T B B, ML AL T RE Y
AL KRR A AR o A T PR A SR A SE RN AR A 4 A R AT A B S A5 R ER IR R B BT ML A B3R 9T LA R AP B R

Q= = A Y0 3T 30 436 15 A L P ) Sy 2 2 A 6 T 1 30 496 55 W PR A7 BN B30 T A8 5 T A5 o T B 1 2% ol PR S 119
N L S 52 56 2 02 W AR B R RO TR AR UF A D5 T . B AR 2% T R NSNS b A A T R AT EE0IR, O B
S 2 PR N BB T O Rl RS R R A S RES 5 BORE, T LU A I PR R 2 DL B Gll 2 A f 2 o X p ]
PAAF S 70 U IR 125 2 LA R BN 6% 9 AR R 225 RHEE A

(FEH BT, R4, M T FRMES —ER, T KE2 075000)
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