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27 S 5 s FE b N LA BRI ). 2018
SRR AP IR T, R PR TRERE . BA .
WAV F (1:1:1:2) MRS, ETE
JEFEHA 14 . R 25/21°C (B /%) . IR
180 mmol-m™-s™" | FXHEE 60% 4 KA (RDN-
1000-3, HETHEARMNAS ) hEEFE, K
8 KA LBy, BB KEBAHF 1 A4 S0 it
(RE |7} IS S

FESEAT SR HT, KA A DU 5 2 — 58 1
Hoagland 5 3= &bl iy 2 Ji], @i fevfr, M
WL AR WATE RGO, 2 MEEL R fE kst K
MK, HRE R, EI A, Kt
A& 100 mmol-L™" NaCl # Hoagland X 3 5 5
AT TR AR, KA S 100 mmol-L™
PEG6000 1 Hoagland % % 5 s 7 #4794 3 i
B, B4R T 45 €35 C (BIR) AR E
WIEATRRAL R . £ A BEALEE 0, 2, 6. 12,
24, 48 1 72 h BEREL 3 AW EE YN F
MR EoR AT EETH 2 25 4 X0t A, &R
a2 AR, SREGE I A AR AN T
FISER AR R, SREUS SERREE T R A TG
TR B OB IR ARA S, EAE-80 C T
B ARIR VKA A7 2, B2 RNA R i
S A B R CRARE AL SRR N TR IR A e
SR HAt TG A X6 S S
1.2 RNA #2EU% cDNA &%

RNA 42 BCR FH b 5 SC B3 A= W RS /Y
EASY spin Plus i1 &, H 1.5% RIBEIERHEER
TKEIE RNA Y58, i H Mettler 2 w] 4 7 1Y
FEIRA AL UVENANO 5l RNA J5i i Sk i, i
FJb st 423042\ ] i) EasyScript One-Step gDNA
Removal and cDNA Synthesis SuperMix i 5] &
PTG, =20 °C 1#A4F o
1.3 BIENSERMNEEZESSIMER

MR SR A A hw S, M
B SR AR PR v TR RN R IR R, A NCBI
Blast ( https://blast.ncbi.nlm.nih.gov/Blast.cgi ) 1
REHE— LB RS B LL W45 51, R e i3t
o TETERIN S Ll SR B0 PR v SR A s B DR 1Y
TRSFIFA, AR OS5 51 ] Primer Premier
5.0 &it51%, A Oligo7 #4748, 51¥it
JE 2% Ding % /)7 k7, Brfdi 5 | 90 ¥ 78 /e 5t
S A FA R KIS kAT L PCR,
It 1.5% BIBAETEEE IS PR, 4% #] TaKaRa

/N )i Agarose Gel Extraction Kit %1 [m] i & %t
PCR F=#yift A7 i, & B KA 2k 2%
e b5 e VR s ELl i s RS Dol s e g Wil
F¥ 51 ] DNAMAN #E5 b, B NSk JE A
1.4 qRT-PCR REI&%#

{#i ] TakaRa 2\ )19 Ex Tag™ Yekli4T qRT-
PCR, %% XA 5 Ry FE B KA Al 1Y plied
Biosystems StepOne PCR System, /45 qRT-
PCR Wi i#17T 3RAYELE M 3 REARER , I
5 TR B AT T . qRT-PCR J2 i 20 43
KRR B IR . OV AR &R I 10 pL,
1, cDNA 1 yL, ROX 0.2 uL, F 314 0.4
ul, SIm514% 0.4 yL, SYBR 4tk} 5 uL, ddH,O
4L, FNFERFHA: 95°C 0.5min, 14MEH; 95 <C
0.75 min, 60 °C 0.5 min, &3} 40 /ME#R, 95 C
0.25min, 60 °C 1 min, 95 °C 0.25 min, 1 ™MEH.
1.5 NSEEFRESTEEERKI

PUE A cDNA Sty , KR RIF F3C, PL5
FAEEFRRER 5 B (1. 1/5, 1/25, 1/125,
1/625), YENEARHEM LR, B aHEE
3K, [FIEFLL ddHO 1E A X EAS A, A4S
SEgs AR R EE AT g TR [
PR (E=(107"1P—1) x 100% )., VE#& %%
Mgk EHRIE, JfF By I HCRTE 90%~ 110%,
BFVHH X HR TS P R S 5 | 0V S e 25 1) o
1.6 HIES

WS NFEE S, FIH R GeNorm,
NormFinder #il BestKeeper, Jf H 74k #r T A
ReFinder ( http://150.216.56.64/referencegene.
php) Zi&43 41 qRT-PCR AR, iHEEENS
FEPRITEAN A S50 260 B B R tasE v

NHX1 JEH (Na*/H 28 #e 3L ) Bk Ry 2 am
FEY AR A Yy A i 32 v ) SC R LR, DR ER
PEEL BEFE CINHXT JEPH R BE 3L (F: CACT
AACAAATCCCCAACTCAT; R: CTCAAGCTCAA
AGGAAAAGAAC ), Jf FHTfiE H 1) A 38 i N 2 55
e SR, A RE NS IEEE N, 56
B NS HE R IR R E P

2 LR aR
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R Rz { UVBNANO iz, FEAS IR B3 7F 432~
1732 ng'mL™" Z 1], ODogo/g0 THTE 1.8~2.0 2
6], ODjgon30=2.0, F 1.5% (1T N5 WH5E K H Tk
KB RNA 528k, WoRnE/AA71E 2 5547, 28 S
18 S J# M, H 28 S/18 S=2, #il] RNA ik
BN EI 7 BT R

T EE ) 17 MEERA SR, X 17 R

SN TOO LT E i, FEH Y YK A
112~246 bp, RN R —Ig, P 1Y%y
SePER, FFATENSERNEDR ., IraiEtN S
S EAE (P H5%00%) Julh 96.67%~99.68%,
FRUfE R AR C R 2 R? 4 0.986~0.999, £ I fif
A7 MBI SRR (K1),

&1 T MRERSERF MR BRE

Table 1 17 candidate internal reference gene primers and amplification efficiency
SR 44 B H R4S SI(IE R/ R ) KE ymEce Ak FE
Gene name Gene symbol Primer (forward/reverse) Size/bp El% RUR? Ct

MAEE oo~ FICGATICTIGCTICCCTCAGTA 113 o353 g4 10es
%Eﬁﬁﬁiﬁiﬁhatase 2) Gupt ] ;:: ?g:géﬁggﬁgfm%%%cci\m el <IE D e
o GATIOWOSTOSONGTACS s o oo 2
ﬁ%&iﬁfﬁfﬁ/@imte kinase) (Gt ;:: %gm?l?éggégm%x%}?iTc 228 2l D e
1?18 giﬁ?éﬁigén &) Ct18S ;:: /&\:%%TEAAST?AGA'?AC?%%'@?;%C 237 96.67 0.986 25.20
F?T'jifﬁated nuclear protein) c ;:: ?gég/ﬁ'?AGCA%AGGgggg(?g;E ¢ e <l e 22
%?ﬁujﬁ?ﬁﬁﬁ%ﬁ@bﬁosy transferase) QA ;:: %ig%%%g%g%%ég%e L2y IR T ol
S(ASI\L\I?\I%I;ﬁfﬁaﬁs Ji%’ein gene) GoAlite) ;:: ggi\?’é%ﬁ%%iééiﬁ%?%%?FCTT 122 <zl e e
E)}ébrgi}ﬁ> CtPROF ;:: i%ﬁg;ig¥?;:gg%g%&GAGAGG 235 97.77 0.990 28.34
%ﬁﬁiﬁ%\fﬁyd rogenase) Gl ;:: g%%&%%z%ﬁi$¢fggﬁg$GACT e SR el 2l
ﬂ(ﬁpfaElongation factor 1-alpha) CtEF-1A ;:: mgggégﬁfﬁgggg;g:&T = 99.68 0.999 22.37
R g oomecsy  CUBOE LSSMSCTSNTOIOANTC iy st osms 222
ﬁjﬁ%p?oﬁi?eﬁa complex) CtAP-2 E:: iﬁﬁ'lc'?éggéé?gggzg?égg e RIS ikt 2348
Hemt shook protein 70) GIHSPTO [ CaTioaTIOTe0oAGTAGTAGE 76 9922 0997 2041
T s cusa ~ FTGCTGTIGAGMGGIGCTACG 500 o574  goss o401
oS FSMSTIMCOCOTIIONSS o sewr oo 2o

22 FEANSEERRELT

FHFR KK EWIEE (Ct) YJeE, CtiH
SRNFEA R, WE 1 PafE . sk
S R A PR IEKTE, 17 MEik SR
() Ct{H /A IAE 15~35 Mg 2 |, B (H
L% 1, ACT., UBCE2 Fl HSP70 fy ik 4 i ,
HARRIREA rh B AR AR RN, Rkt

7 ; SAND. PROF ik &8 A%; APT. H3 Al
EF-1A TERRIREA R AR A AR O, 3Rk
ZFER (E1),

23 BMETEENSERREREES

2.3.1 GeNorm % #7 GeNorm K4 AR ¥5 - 14 %
IS TEEL (M) B efae B, MER RN S5
KA E R R, MAERE R 1.5, it 1.5 1
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Notes: The box line represents the range of concentrations of Ct
values, the middle line of the box indicates the median, the top and
bottom of the box indicate the distribution of the upper and lower
quartiles respectively, the top line of the box indicates the upper limit
of the values, the bottom line of the box indicates the lower limit of the
values.

B1 17 MERENSEEW CtESH

Distribution of Ct values of 17 candidate
internal reference genes

MAARRERE NN SEEN . 1A, GeNorm #F it
BEXT AR (Vin 1) RSN SR AR HEEL
B, B Vo [H/NT 015, I FTTE 22 5L (%L
wH N, BEWFIIANSHERGEE R n+ 10,
MWE 20 E: fEEhE . TRMMEDE S,
M1E¥/NT 1.5, BEUFFE GeNorm Bk N 2

Fig. 1

W, FREN 0.132; TRart, ACT f1 AP-2
%%I)bm%:ﬁz, XE{EjJ 0.401; #MEWIA T EF-
1A Fl UBCE2 ffase, FE(E N 0.247, L5 A
i gE g, R RPL %n AP-2 B s sE, Rl
9 0.767, H Vo3 34/hF 0.15, BEEHBER 2 1K
S5 R ] il SE AR AL 2R (1 2),
2.3.2 NormFinder 4 # NormFinder %} )5l ¥
A1 GeNorm A0, 38 i3 115 Fa i (E HE P 15 5
ke, BB RN, RetkmE, —
ki, NormFinder 2k {4 R — M HaE NS
W, fEEEMA S, KN RPL BT, REM
1 0.238, 18SIAfasE, FE(El 1.283; T7
e, AP-2 BN B REfa e, FRE(E N 0.246,
SN H3 e R A 2, FaE Eol 1.658;
BHE T, MDH JEFER e, FuEflil 0.155, H3 %
I EARE RN, RUE i 1.841; KT A
THLEA KA, AP- 2Em$% MIFEA, RElE N
0.317, H3Zm AR ER N, FEME A 2.252
(F£3), BEkE, R RPL UBCE2 AP-2.
MDH % 5& R AE 45 AN a0 Ab B v, B PE 3 HESR
LB, MIXTRRE, 3%!%&% MJEHEE
@EWME, FoEtEie s, REATENEMNE LN
FEPEH
2.3.3 BestKeeper 541 BestKeeper % {4 i 1ot
i CHE™= LM RS (r), ZBRA (CV)

SR RbRE, EhFEMbEAh, RPLAAP-2 JERRES bR (SD) SRIUERMIINS IR, SV HI
%2 GeNorm BN TER
Table 2 GeNorm software analysis results
hF i T 5 a P e =1 SCh
Hes Salt stress Drought stress Heatstress Allstress
Ranking  sp FaE PEMIE P R PEMIE LT FasE tEMIE SEH e PEMIE
Gene Stability values Gene Stability values Gene Stability values Gene Stability values
1 RPL 0.132 ACT 0.401 EF-1A 0.247 RPL 0.767
2 AP-2 0.132 AP-2 0.401 UBCE2 0.247 AP-2 0.767
3 UBCE2 0.309 UBCE2 0.446 MDH 0.331 ACT 0.838
4 MDH 0.342 MDH 0.492 SAND 0.350 RAN 0.891
5 PK 0.394 UuBQ 0.515 RPL 0.384 SAND 0.948
6 SAND 0.453 RAN 0.541 AP-2 0.453 MDH 0.997
7 RAN 0.487 PP2A 0.573 ACT 0.541 UBCE2 1.017
8 PP2A 0.515 HSP70 0.612 TUA 0.603 PP2A 1.051
9 uBQ 0.548 PK 0.667 PP2A 0.649 HSP70 1.086
10 ACT 0.571 APT 0.701 PK 0.698 TUA 1.121
11 PROF 0.591 TUA 0.737 APT 0.746 18S 1.163
12 TUA 0.627 RPL 0.760 RAN 0.786 uBQ 1.210
13 HSP70 0.677 SAND 0.786 18S 0.810 PROF 1.244
14 APT 0.715 18S 0.814 HSP70 0.860 APT 1.289
15 H3 0.770 EF-1A 0.861 PROF 0.921 EF-1A 1.333
16 EF-1A 0.831 PROF 0.907 uBQ 0.992 PK 1.396
17 18S 0.897 H3 1.008 H3 1.103 H3 1.493
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B2 GeNorm BHESHHIEHNERE (Vypeq)
Fig. 2 Paired variation(V,, . 1) analyzed by GeNorm software

SD#&/IN, Wifs e ML, X4 SD > 1 BF, W%
NZ N FE LA E ., 5 NormFinder # 4 AH ]
BestKeeper # {4 — K R B — M HREH NS
FH

TEEMH LR E b ab s LR ACT (SD =
0.26, CV=51.37) NEfErERN, T
e R TR ACT (SD=0.36, CV=1.86),
TEAENRE T iganERE AP-2 (SD=0.36, CV=
1.3); LRGP A e T 8 &R, AP-2 3L
REdaE I (SD=0.64, CV=2.73) (%4);
I Z T, FEH H3 A E b . T2Mha . #4

NI

0 AT W a B AL B, SD R CV AR 2
BRI, RARE.

2.3.4 ReFinder o 41 3 443 H7 1 25 A HH
A AFE, BrLA 2 A ReFinder {44564
B, St 3 ANERAEAS S B3 RS e PEHE A (B4 T LA
SEXE T, LA TR N DU 5 R A P 2 56 TR
fkaE MR . i ] ReFinder 8 F45 4 M s i
(% 5), $HhFEWET, SEENIEHE RPLA
UBCE2, NiiEHiXx 2 MEHMEMHNS R, T57
AR, AP-2 il ACT JEREHEA S 1. 2 (k3
W, EAENTRIHE T NS ERE,; EbE

% 3 NormFinder ZES &R
Table 3 NormFinder software analysis results

Here HhF Mg T2 ia WEMa P A
Ranking Salt stress Drought stress Heatstress Allstress
[ Fase PEMIA 7| e EMIE [ Fase PEMIA 7| e EMIE
Gene Stability values Gene Stability values Gene Stability values Gene Stability values
1 RPL 0.238 AP-2 0.246 MDH 0.155 AP-2 0.317
2 UBCE2 0.244 MDH 0.296 AP-2 0.219 UBCE2 0.361
3 AP-2 0.321 UBCE2 0.358 EF-1A 0.292 MDH 0.484
4 ACT 0.369 RAN 0.401 SAND 0.334 RPL 0.519
5 PP2A 0.388 ACT 0.421 UBCE2 0.351 SAND 0.583
6 MDH 0.415 PP2A 0.468 RPL 0.546 TUA 0.657
7 uBQ 0.483 uBQ 0.475 ACT 0.584 ACT 0.694
8 RAN 0.504 HSP70 0.610 TUA 0.617 RAN 0.710
9 PK 0.539 SAND 0.688 PP2A 0.651 PP2A 0.756
10 TUA 0.556 RPL 0.700 PK 0.737 APT 0.822
11 PROF 0.605 18S 0.768 APT 0.944 HSP70 0.898
12 SAND 0.639 APT 0.794 18S 1.018 PK 0.926
13 HSP70 0.783 PK 0.824 RAN 1.034 PROF 0.999
14 APT 0.793 TUA 0.831 PROF 1.042 18S 1.063
15 H3 1.040 PROF 1.081 HSP70 1.106 uBQ 1.108
16 EF-1A 1.213 EF-1A 1.167 uBQ 1.303 EF-1A 1.618
17 18S 1.283 H3 1.658 H3 1.841 H3 2.252
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Table 4 Bestkeeper software analysis results
Her HEME ! PErE Fr A TiE
Ranking Salt stress Drought stress Heatstress Allstress
BE O b R R B bRz RS R RE O b R R B bREE R

Gene SD cv Gene SD cv Gene SD cv Gene SD cv
1 ACT 0.26 1.37 ACT 0.36 1.86 AP-2 0.36 1.30 AP-2 0.64 2.74
2 UBCE2 0.27 1.23 UBCE2 0.44 1.98 UBCE2 0.36 1.53 ACT 0.65 2.68
3 RAN 0.33 1.31 AP-2 0.57 242 uBQ 0.37 1.58 UBCE2 0.67 2.82
4 RPL 0.34 1.48 uBQ 0.60 2.41 ACT 0.40 1.66 TUA 0.78 3.30
5 AP-2 0.36 1.60 MDH 0.64 2.77 TUA 0.45 1.69 SAND 0.83 3.16
6 TUA 0.36 1.52 PP2A 0.70 3.01 RAN 0.45 1.94 RPL 0.84 3.70
7 uBQ 0.36 1.46 APT 0.78 2.78 PP2A 0.66 2.80 UuBQ 0.87 4.49
8 EF-1A 0.42 2.00 RAN 0.80 3.17 MDH 0.76 3.21 MDH 0.90 4.00
9 HSP70 0.49 2.54 EF-1A 0.85 4.10 PK 0.77 3.24 PP2A 0.95 4.19
10 PP2A 0.52 2.38 RPL 0.86 3.88 PROF 0.78 3.27 PROF 0.95 3.40
11 MDH 0.54 2.29 SAND 0.92 3.50 EF-1A 0.83 3.97 PK 0.99 4.37
12 18S 0.56 2.25 HSP70  0.93 4.38 RPL 0.84 3.60 18S 1.12 4.50
13 PK 0.61 2.74 TUA 0.93 4.01 SAND 0.88 3.70 HSP70 1.13 5.45
14 PROF 0.61 2.16 18S 0.94 3.69 HSP70 1.10 3.90 RAN 1.41 5.53
15 SAND 0.75 2.88 PK 1.02 4.37 18S 1.10 5.27 EF-1A 1.46 6.58
16 APT 0.89 3.19 PROF 1.05 3.75 APT 1.16 4.43 APT 1.73 6.26
17 H3 1.39 4.91 H3 1.30 5.86 H3 1.16 4.62 H3 1.97 8.17

%5 ReFinder REEEHNER
Table 5 Results of the comprehensive ReFinder software analysis
e hE N TR AE A FF £ et
Ranking Salt stress Drought stress Heatstress Allstress

L SFHIE E-375| FHIME LA SFEME E~375| A
Gene Average Gene Average Gene Average Gene Average

1 RPL 1.19 AP-2 1.32 MDH 2.06 AP-2 1.32

2 UBCE2 2.21 ACT 2.34 EF-1A 2.45 UBCE2 2.00

3 AP-2 2.59 UBCE2 2.71 UBCE2 2.78 MDH 2.06

4 MDH 5.42 MDH 2.99 AP-2 3.60 RPL 4.23

5 ACT 5.89 RAN 5.26 RPL 3.81 SAND 4.79

6 uBQ 6.03 uBQ 5.60 SAND 4.47 TUA 6.45

7 PP2A 6.62 PP2A 5.96 ACT 7.54 ACT 8.10

8 PROF 7.34 HSP70 9.03 TUA 8.49 RAN 9.05

9 RAN 8.18 APT 10.02 PROF 8.76 PP2A 9.67
10 PK 8.52 SAND 10.37 PP2A 9.58 APT 10.00
11 TUA 9.57 RPL 10.47 PK 10.47 PROF 10.43
12 SAND 9.66 PK 12.29 APT 11.68 HSP70 10.93
13 HSP70 12.98 18S 12.41 RAN 13.16 PK 11.72
14 APT 13.98 TUA 12.68 UBQ 13.45 uBQ 11.93
15 H3 14.74 H3 14.50 18S 13.63 18S 13.74
16 EF-1A 16.24 PROF 15.49 HSP70 14.74 EF-1A 16.00
17 18S 16.74 EF-1A 15.98 H3 14.89 H3 17.00

', MDH Fl EF-1A &Rk i@ 3L . LA/
BB E, AP-2 Fl UBCE2 3N 4 i 5%
By, 1M H3. EF-1A. PROF Fl 18S %t H#B&HE
ZIJE, ANE G TN E e NS EE
235 Mm‘ALRKXBENEET AT RIUEITHER
SHHH, R QRT-PCR #:0 T A[FFEA Y ihia
ZMET CINHXT HEHFRIE (B 3). CINHXT A
(IR R e S B RN A At rhriiefk, I
HSRAEENSE RN H3 T I8, T 5,

CINHX1 [ #A8BFE 0~2 h F1 12~24 h i, H
By [ P 36 R SRR R . $h i, CINHXT 7
0~48 h IWIER F L L, M5 T, #E
B, 0~2h, 6~12h, CINHX1HFFEL & I
PA, AR R . Y R e R iR e S SR
PEATAREALET 3 R IR 7K S H AR L R 3
SR, M H3 T IH— b & S8 AR R 25
R, VLHETRE R N S I AT AR, nT VRN L
EAWa TS EERE A
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Selection of Reference Genes for Real-time Quantitative PCR in
Clerodendrum trichotomum Thunb. Leaves

HUA Ya-jie'?, YUE Yuan-zheng', YANG Xiu-lian', HE Qing?

(1. Co-Innovation Center of Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, Jiangsu,
China; 2. Jiangsu Province Key Lab. of Environmental Engineering, Jiangsu Provincial Academy of
Environmental Science, Nanjing 210036, Jiangsu, China)

Abstract: [Objective] To select the stable internal reference genes by real-time PCR (qRT-PCR) under dif-
ferent abiotic stress conditions in Clerodendrum trichotomum leaves. [Method] Based on previous tran-
scriptome data, 17 reference genes were selected under different abiotic stresses (salt, drought and heat)
for C. trichotomum. Four reference gene analysis software i.e. GeNorm, NormFinder, BestKeeper and Re-
Finder were used to select the optimal internal reference gene, to select the genes for Na */H * Exchanger1
(CINHX1) and to verify the stability of internal reference genes elected. [Result] Genes RPL and AP-2
were the most stable under salt stress; MDH and AP-2 were the most stable under drought stress; UBCE2
and ACT were the most stable under heat stress. For abiotic treatments, AP-2 and UBCEZ2 were the most
stable reference genes. [Conclusion] AP-2 and UBCE2 can be used as internal reference genes for gene
quantification in abiotic stress studies of C. trichotomum leaves. This study can provide reliable normaliza-
tion for gene expression analysis and ensured more accurate data for further molecular mechanism re-
search in C. trichotomum.

Keywords: Clerodendrum trichotomum; abiotic stress; reference genes; gRT-PCR
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