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& E: Fi (Solanum lycopersicum) J&isk e M ArF W) AT . T4k, Tt NS 5L e O A
R MIFFEARE, (56T AMNEAE Y 3 A B RS d /D, TR, ARBIF ST a0 16 2 80 1 AN ) S MIGAR 4y 38 2 b 1
FURFIA LA e FRIB NS TR . i A R H LA AR R P R R RIS NS R,
VX DANJ. EF-la, ACT, UBI. APT. CAC. TIP41 Fl RPLS fE MMk NS FE I, fRE K R AR . ISR, 4
Moy % KRR HE R NER . 0 AR R 80 8 Ak 56 45 14, FI FH geNorm, NormFinder,
BestKeeper. Delta CT Hl RefFinder %5 575 X g 18 4 2 3 B 9 R M 0E A 7455 6 A, 338 2 Az 4 22 i Ji SE A
SIGH3.4 3 NS5 1R E MM TIAIE . 455 NN, APT BrE K 2| FREZE . KRR . IS Z NERLL BEFUAR[F]
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TIP41 = OIR B T R ERENNSERN ., &5, USEHEZBREDN APTIE AN S 3 F I & 3,
SIGH3.4 Z=R MR K TAA)FRAME T BoR AR %, mitese M 2219 RPLS e H A& REXT
H W SE P 1 2k A THER AL IE o WIS 25 55 P S 6 3 e g MR35 2 A ) ok DR 38 I 45 43 B AL 43 1
PHEALHIAT T AR S
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S¢ B 2% 6 % s PCR(quantitative real-time
PCR, qRT-PCR) K H 5 &2 1 | 45 5 1 Fn R B0 45
DR ROy W T AN A WA I e A rl S B S
FIBIKFA FEFIH qRT-PCR A H 4 3 PR ()
IR, 7 PR e Rk BN S HAE S N
TRE 1) 2 R R X 25 SR BEA TR OE, DL A Z
] A 22 50 BRI, PN SRR R 18 3R IO A I s A
1y A T R RRE N, A Z IR &5
Ml o AR P 5T 2 B, A [ 00 4% 14 s AS [RAE 4)
MLV A e RIX NS HE A 2 70, 4
n, MiAZ (Cryptomeria japonica) £ I 752 ( Abscisic
acid, ABA)AbFIT, B3 E RIBHI NS FEIN h ACT,
{H 75 7 55 2 (Gibberellins, GA) . 7K # % (Salicylic
acid, SA) 12K #i ik H! fif (Methyl jasmonate, MeJA )

QOCO) yrEHEA: 2024-09-04

Ab BER ACT WY B3 R 1k B 22 15 A B YR &R
(Cistanche tubulosa) AN A 20 2330 H 36 358 B fa
i 2 4L K )& DNAJ, (A 75 ABA Fil GA Zb 3T,
DNAJ W R YR EF-T1o™, bR f 53 45 5 3%
Y, Bl I A5 1 B 2R AR E NS B 1 Tk
Al REZs th B 2y, DRI, 7 SRR AN (] i3t 45 18
RS YN S 2

TP A R B RIS I M 52 Z A ) T
RMZE G B, A K F g h A 7 (auxin
response factor, ARF)ifi if 4= K & (auxin, IAA) fl
GA {55 ER o 3 [m] ] 45 30 R 52 LA ARFT 3
i TAA 1 SA 55 LI E Sl m I O AR % & LA
M) 1 995 Ji BR Y A 4 Y K& Bl BZRI(brassinozale-
resistant 1)l 1 71l % % P fig (brassinosteroid, BR)
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Il GA 75 BT KRR EE, Lk
FEA R R, AW AR5 B0 L X ] fE
Z BN ZMAEYI RS IR . B, £ TR
S IE AT 0 3% 2 g oy 56 PR 1) R Gk K PR, B A SE ik
PRTEZ R R B AF T 3RI K P8h R
FERIN S

i (Solanum lycopersicum )& 15 A% 27 Fl 43+
YIS . AR R, BN S R 1Y
YEC A B Z W HRGE, (HOCT SMIEAR P 2 Ak
MR FRER D, BN, [ REEEN RIS X
ABA. MeJA Fil SA % 3 R MG Y B R A BT
AR E NS B HEAT T 3% 5 i 08 35 2504 X ik
ARV ZUER A N 2 B R B R e PR AT T 0,
{EWFTE N2 A B[R] S IR AE W) 3R A B 251,
PRI L AT 5 75 325 2 it 6 AN W) 1 U5AF 4 2R Ak 3R
ANRIH LA R E RIS N S B . BTt
AT LA A R 4L 8UAR L & TAA | GA| ABA,
41l 1 43 24 2 (cytokinin, CTK). SA. BR 1 Z ¥
(ethylene, ETH)7 Fh A ¥ % & hy &b 1 5 14, LA
DANJ.EF-1a.ACT,UBI . APT,CAC. TIP41 F1RPLS
YE M EBE N Z 2 X, FIIH geNorm, NormFinder,
BestKeeper, Delta CT F RefFinde %5 8 1k 28 & 1T
flifg 3 N 2 56 IR R P, PR 5 10Tl Jim 2278
i) I 47 5 U 2% Ak B ) s PR R K T 4% 3 b A 43 F
PRI ST P ERIR S

1 HR5HE

1.1 REMRIAESRESE AR b F A s
A “Alisa Craig” (AC) . FhiFh ¥ H 5%(vv) IR
SATR SN VA WIS T 5 min, JOTE KW UE 3 U,
75%(v/v) I BTN EE 30 s, JCHKIGVE 3 k. &l
P76 O 5 3R ML i R R, W & ZE 0 T35 8
) 14 5B EMR LB R AER . BTN
JG/ME=12 W12 h, \RE R (24 £ 1) C A
i,

12 HELAEMERRE EHF 4IBREKH—
SRR K B T 4l i A AL B, SRR R
FR b B B 2% Xu S5 B 7k, A 10 pmol L
IAA . Immol-L'SA. 0.1 pmol-L™'BR 2 10 umol-L™
ETH, & % Omena-Garcia 2" 19 J7 &, i FH 10
pumol-L™' GA, 2% Hu 251 g7, # 1 pmol-L™!
ABA, % Lu %" J5 ¥, i FH 10 pmol-L™!

CTK. Z% Albuquerque 5" 1) 77 VA A AN W] 4
PEZH 0 . 3 M1 6 h &AM . ZE R A 4 S5 A
RNA J U 5% cDNA, SR J5 0 i) —Ab 3444
HIRR . ZEFI 42104 cDNA Fi FE T[] Br 45 1R
& HT qRT-PCR 73 #r . A [A] 2H SLUAR AL 19 RE iy
WCBE R T KRG 2R A Bt AR | 2Ry 2H 2
Pt BEARPEE S 3 . M E T IRA,
=80 C UKFEIRAFE

1.3 RNA B93REXE cDNA &5 il FHIAEY 4124
J RNA $R B0 & (R AR, N2730, HED 42 B & i
AR FRZH 1 B RNA, $2 BOD R B G i i
4547 . f H ToloScript 55 —%% cDNA & (i
7 & (ToLoBio, "1 [ 116 )& il cDNA, # 4 25 B¢
S Ui S, cDNA & T-20 C VKR AEE

14 ERERNSEEMNSIMAER L8 DNAT
(Dnal-like protein/Protein binding/folding, DNAJ) .
FEAHEF-(Elongation factor 1 - a, EF-1a) . L8 M
(Actin, ACT) , ¥Z % (Ubiquitin 3, UBI), Ji 04
TRAZHHRAL AL I ( Adenine phosphoribosyltransferase,
APT) . 4% 2 11 %455 5 )91 iz (Clathrin adaptor
complexes medium subunit, CAC) . A H.F & M
(TIP41-like protein, TIP41)Fll 60S KA 11 (60S
ribosomal protein L8, RPL8)%5 8 /™ UL ) P = Kk
PRIE R et N 2, BER s [0 91K 8 1 SR, 5
Yy 1 b 575 A AR AR R BR A W& 1, TR0
REWE 1,

1.5 ASEESIMERERN DA RHNA
f) cDNA 25 B G O BERR, X 8 ki NS
P47 PCR ¥4, § 18 )2 AR 2 10.0 uL: 2xTag Plus
Master Mix(Dye Plus)5.0 pL, 10 umol-L™' || Fi#
5194 0.4 pL, 100 ng-puL™" cDNA #i it 0.2 uL,
RNase-Free ddH,O #h /£ & 10.0 pL., ¥ H )T
95 °C HWiAEPE 3 min; 95 C 44k 30 s, 58 C ik
30's, 72 C XA 15 s, LA | 3425 B8 30 MG IF;
72 °C ZEffi 10 min, £ PCR I 58 K =2 )5 , i
1% BB M B e v vk A I 9 185 72 o AT A AR AR
) cDNA Wb, 4% qRT-PCR R 5 196 i it £k
BT YR S A . B MEAS 3 RS

1.6 qRT-PCR & LIAFAREA ) cDNA My
It 7E qTower3 55 I %¢ % & & PCR R 4
(Analytikjena, GER)*' f# F§ ChamQ Universal
SYBR qPCR Master Mix i 77l £ (Vazyme ) £ I {5
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Tab. 1 Primer sequences of candidate reference genes
B FEHID 1957515 —3'(F and R) E= BTN
Gene Gene ID Primer sequence References

GAGCACACATTGAGCCTTGAC

DNAJ Solyc04g081530 [19]
CTTTGGTACATCGGCATTCC
GATTGACAGACGTTCTGGTAAGGA

EF-la Solyc05g693059 [20]
ACCGGCATCACCATTCTTCA
GTCCTCTTCCAGCCATCCAT

ACT Solyc03g078400 [20]
ACCACTGAGCACAATGTTACCG
TCGTAAGGAGTGCCCTAATGCTGA

UBI Solyc11g056940 [21]
CAATCGCCTCCAGCCTTGTTGTAA
GAACAGACAAGATTGAGATGCATGTA

APT Solyc04g077970 [20]
CCACGAGGGCACGTTCA
CCTCCGTTGTGATGTAACTGG

CAC Solyc08g006960 [22]
ATTGGTGGAAAGTAACATCATCG
ATGGAGTTTTTGAGTCTTCTGC

TIP41 Solyc10g049850 [19]
GCTGCGTTTCTGGCTTAGG
CCGAAGGAGCTGTTGTTTGTA

RPLS Solyc10g006580 [22]

ACCTGACCAATCATAGCACGA

NS AR Ct A, RIVAEFR 15.0 pL: 2xTag Plus
Master Mix 7.5 pL, 10 umol-L™" 1E | J2 [ 5| ¥ £%
0.3 uL, 100 ng-uL"' ¢cDNA # iz 1.0 uL, RNase-free
ddH,0 %M 2 2 15.0 L. IR T 95 C FiAs Pk
30 ;95 C A 10 s, 60 °C iR K HEAH 45 s, D) |-
2 EHEAT 40 DGR, 60 °C FRAEMH 15 s, BEAS
FEAS 3 REH

17 RERNSERNBEESHT  HIE RT-
PCR 153 2| 1y 45 R fil i N S H P CtEM L
Pl ek N 2 R TR 0 e % 43 i ] geNorm,
NormFinder, BestKeeper., Delta CT SFRETTAE, i
RefFinder(http://www.heartcure.com.au/reffinder/)
TEL AR P LR G o T ise st N S BE R RS E 1 o

1.8 NASEREMRBEERIE EHEKE—ZUN
14 d B A4, F 4TS T 10 pmol L
TAA RYE IR AL B, YR AR PRS0 L 3 1 6 h (1Y
T AR . 2RI ERLH S, He B 1.3 19 5 vk B
RNA Fll & B cDNA, UL cDNA Jy # g , R 95
TAA GbPEAA [ 2 4 i i 1) fre i E R AR E
My JE RS 2, () qRT-PCR A A I 4 A<
SIGH3.4 SRR, (R R FEEFIA 1.6, Bdi
K 200k, AR 3 Ik, B AR

51¥¥ %)% % Chen %52,
1.9 ##EsH (I Graphpad Prism # {44 &5
fdiFH SPSS 26.0 FR R T iR /M (P < 0.05)

2 HRE5HM

21 BRIENSERSFRETE LIARHL G
TRA Y cDNA A, XF 8 Mk N 2 3 N i f T
PCR ¥ 8, I8 ] 1% (viv) BB HEE I A 7 H bk
oRIUE A /N S s SO (1 NS O T N [ 5 7<)
8 MMEEIE NS JL K PCR I 14 /=W 45 B —, G
14 Bk, H PCR ¥4 A BE b K/ 5 Fi i —

M1 2 3 4 5 6 7 8

2000 bp —

1 000 bp —
750 bp —
500 bp —

250 bp —
100 bp —

1: APT; 2: EF-la; 3: RPLS; 4. ACT; 5: UBI;, 6: DNAJ, 7: CAC; 8:
TIP41 ; M: DL2000.
1 1RENSEE PCR I EER
Fig.1 Results of routine PCR amplification of candidate
reference genes in tomato root, stem and leaf
tissues


http://www.heartcure.com.au/reffinder/

330 P EMFER (L) J Trop. Biol.

60 65 70 75 80 8 90
R Temperature/°C

60 65 70 75 80 8 90
1 Temperature/°C

60 65 70 75 80 & 90
R Temperature/°C

12,5}
. 100f

ddRn/d
(9,
=)

60 65 70 75 80 8 90
iJZ Temperature/°C

60 65 70 75 80 8 90
)% Temperature/°C

- O ST R ..

60 65 70 75 80 85 90
L Temperature/°C

15

510

60 65 70 75 80 8 90

#JE Temperature/°C

12.5¢
10.0
7.5t
5.0
2.5
0
e
60 65 70 75 80 8 90
3% Temperature/°C

ddRn/dT

B2 fRENSERERZ

Fig.2 Melting curve of tomato candidate reference genes

o HHIE 2 FTAL 8 AN S JE IR 6 ik ith S R 2 3
B, FEI T IR N S LR 5 W A B S R
PERT AT SEE, AT IR 25056

22 ARELETHEMNEEFENSERRIENE
EMESH

221 CtiEHH  MRIEHTA ST CE A
LRI (K] 3) o Cr (EBAIR, UERAIE R %
INFREEME . 8 MEIENS RN CrEFE N
15.42 ~29.55, Horf EF-1a f9°F-34 Cr (H AR (1
Ct{ 20.18), TR F i =i, TIP41 MR+ 5
R CFY Cr i 23.32) . RPLS 11 DNAJ F: R i 5
T IR, T AR S R IR AR E o FoAh 5

40

BFFTFTTY

10+

2026 4F

0 1 1 1 1 1 1 1 1
\
e R TR

3 FrAEET 8 MREASERN CtE

Fig.3 Ctvalues of 8 candidate reference genes in all the

samples
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PRI Cr A 25 IR B IR ], Ve B Xl
2.2.2 geNorm #= NormFinder #-#F geNorm 4}
B2 MAE (B (8D WAL N2 2 R A e 1k, 19
H R 1.5, H M {E#/MEEPEGY, R4 geNorm
IR (E 4), TEAE K ZLBET EF-1a f1 UBL 3
KRR e B R AL BN [ 4l 2L b ACT A
APT Fe B R0 ; VS TRAL R, DNAJ Il UBI 3
R E; A B M AR i N 2
LR UBIF TIP41; 3% 2 N Bis MK A7 i ik B8
™ APT F1 UBI 2t @ WINSHER . LEFTA R
h, fEBE N S R ) R AR E R 55 HE )Y EF-
1a=APT>UBI>ACT>DNAJ>TIP41>CAC>RPLS,
APT F EF-lo Rk e NS LA

NormFinder 43 M7 &8 15 7 22 4347 (S {H) PFA
S B R R A M, S (EDBR /NS M A,
B 5PN, AR E ., RER . BLE R AN E
MR BN NS BN APT; Wb 3T

W AE N ZBE K R ACT; S [R) 4 40 d B e i Iy
S5 R TIP41, TEFRAFES Y, UBL &3R8 &
FE NS, (R 40 B 4 4 R FUK % R
AP AR E N SR

2.2.3 BestKeeper 4~#7 i BestKeeper X {4 iil]
B SD H (bR 22 ) F CV 15 (8 5 280 S 1T4H N
S I Ik REE TR, SD EA CV N, NS5
AR e PR 0, AR 2 W, FE AR B 2 KA
FRANFET SD HA CV I E/ NN S EEH Y CAC
JI 7% T Ak PR AR [R] 21 2 SD E AT CV (B e /M)
NS 43 & ACT Fl APT; Ho AR FER SD {H
MoV /NN S W ¥ R TIP41. LA,
BestKeeper F 401 LAXT IS 3E K G Cr AR A
KMt ZE(r), SDAER CVAER/NH r EFE N
SRR E, TERIERAAET ACT Y rER
0.652; RNIFILHZIR APT B r{H M 0.991; HA AL B
THEA NS r (R, (R A T

A B C
4r 4 4r
I 3.01 I 2.99 I
=3 =3 s3 2.86
247
2.05 2.24 £ 206222
§ 2 1 3p 14917 § 2 154 2 2 L
D1t 0.99 St 081 g L1021.02
0.360.36 0.490.49
0 0
N 5 & S C RS o
"OQ ?'Q W) Qg\» W ?3 \\Q @» NS @v NS WV C?’ be \QS\)
D E F
4 4 4 3.57
I 3.08 I 3.13 503319
=3 i i 3 el é 3 5 44270
g 2 1.622'04 82 175 52t 1.77
z 114140 Z 115 Z |21
&1 Lo.s10.81 &1 tos7067 ©1t
0 . 0 0
\ Q ‘& c» 5 % \ Q S '& \ \ ﬂ S Q
G H 1
4r 3 2.68 4 Ny
17
s3 2.412.78 s 5l 221 s 3
g L9722 = 1.66 =
52 1577 S 113120133 82re16k
Z Z .1 z
8110 590,59 1 & 0107 1t
0 0

0
Q C & Q 3 Q Q \
QQJQQV C }» N ‘{3\) g{ %?* »9 g{ \3‘6

0 ¢ oS @ & S SO P

A KT B. ;&@?Lﬁ C. BiVATRALFE; D. A/ 2R AT B AKIGTRACTE; F. ISR NERALIE; G. ZMF 403 H ARIAE L T RES, .

A. Auxin treatment; B. Gibberellin treatment; C. Abscisic acid treatment; D. Cytokinin treatment; E. Salicylic acid treatment; F. Brassinosteroid

treatment; G. Ethylene treatment; H. Different plant parts; I. All the samples.

4 geNorm S} A [EAbIE THEM A B PIERENSERIRE M

Fig. 4 geNorm analysis of stability of candidate internal reference genes in tomato seedlings under different treatments
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A. Auxin treatment; B. Gibberellin treatment; C. Abscisic acid treatment; D. Cytokinin treatment; E. Salicylic acid treatment; F. Brassinosteroid
treatment; G. Ethylene treatment; H. Different plant parts; I. All the samples.

B 5 NormFinder I REAMIE T EM G EHIRIENSEENRE M
Fig. 5 NormFinder analysis of stability of candidate internal reference genes in tomato seedlings under different
treatments

# 2 BestKeeper SR

Tab.2 BestKeeper analysis results

A E Auxin IREEZE Gibberellin
HE4 Rank
FEH Gene SD Ccv r FEH Gene SD cv r
TIP41 0.86 3.68 0.311 CAC 0.73 3.07 0.001 1
CAC 1.06 4.52 0.001 TIP41 1.10 4.66 0.668 2
APT 1.11 5.39 0.778 APT 1.93 8.73 0.840 3
UBI 1.94 9.36 0.924 ACT 1.96 9.29 0.788 4
EF-la 2.06 10.65 0.942 UBI 2.33 10.85 0.845 5
ACT 2.24 10.66 0.433 EF-la 2.69 13.32 0.857 6
DNAJ 2.75 12.47 0.985 DNAJ 2.82 13.07 0.994 7
RPLS 4.35 19.59 0.180 RPLS 4.73 21.43 0.593 8
3542 Cytokinin J7EER Abscisic acid HE4 Rank
M Gene SD cv r FE[N Gene SD cv r
TIP41 0.52 2.12 0.001 ACT 0.32 1.60 0.652 1
UBI 0.62 2.87 0.299 CAC 0.84 3.46 0.001 2
CAC 1.35 5.79 0.001 TIP41 1.08 4.68 0.001 3
APT 1.36 6.21 0.528 APT 1.49 6.68 0.999 4
EF-la 1.81 8.95 0.948 UBI 1.90 8.72 0.852 5
ACT 2.11 9.61 0.422 DNAJ 2.09 9.81 0.691 6
DNAJ 2.95 12.61 0.989 EF-lo 3.06 14.77 0.996 7
RPLS 3.81 16.59 0.312 RPLS 3.82 16.68 0.801 8
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&2 43 2 Tab.2 Continued

JH=2ZE N8 Brassinolide Z ¥ Ethylene
HE#4 Rank
SN Gene SD cv r H: M Gene SD cv r
TIP41 0.78 3.57 0.001 TIP41 0.41 1.83 0.001 1
cAC 1.47 6.57 0.001 UBI 0.51 2.43 0.001 2
APT 1.77 7.82 0.986 ACT 0.94 4.70 0.416 3
UBI 2.04 9.57 0.906 cAC 1.50 6.75 0.001 4
DNAJ 2.49 11.83 0.512 RPLS 1.75 7.84 0.345 5
ACT 2.60 12.06 0.267 EF-la 1.77 8.54 0.910 6
EF-la 3.34 16.02 0.988 APT 2.44 10.62 0.785 7
RPLS 4.28 19.29 0.739 DNAJ 2.90 13.08 0.598 8
JKAHIR Salicylic acid AIRIZHZH Different tissues
HE4 Rank
FEH Gene SD cv r HEP Gene SD cv r
cAC 1.43 6.07 0.001 APT 1.23 5.03 0.991 1
TIP41 1.65 7.04 0.001 CcAC 1.32 5.87 0.001 2
UBI 1.67 7.69 0.984 ACT 1.83 9.13 0.712 3
APT 1.94 8.62 0.987 UBI 1.94 8.72 0.926 4
ACT 1.94 8.90 0.420 TIP41 2.21 9.87 0.770 5
DNAJ 2.31 10.96 0.765 EF-la 2.28 11.92 0.964 6
EF-la 2.56 12.64 0.931 RPLS 2.91 13.70 0.541 7
RPLS 3.79 17.38 0.754 DNAJ 3.69 16.03 0.998 8
FrE#EA All Samples
HE44 Rank
FEH Gene SD cv r

TIP41 1.17 5.01 0.194 1
CAC 1.37 5.92 0.001 2
UBI 1.68 7.80 0.839 3
ACT 1.82 8.68 0.466 4
APT 1.88 8.46 0.803 5
EF-la 2.50 12.41 0.894 6
DNAJ 2.86 13.03 0.782 7
RPLS 3.68 16.56 0.550 8

TE: Fr ARG R AN RN 2SR [F) SN AR AL BN A

Note: All samples represent those under different plant parts and different exogenous plant hormone treatments.

BLLRG SDAER CVAE T, BRI, FEARFEZR AK
WA T mfa e NS R CAC; IE R AL HE T
WREMHNZS AN ACT; ARIAL T RFENSH
APT; AT T BA e N SR TIP41

2.2.4 Delta CT9#74%R  Delta CT(ACH MR
P 5 PR e 3K 2 S 1 AT o O M o e A PR AR PR
THER, B A XN O = EACY, Delta CT {5 #/)N,
NS BER R MR, i R (18 6) R M, 7¢

ARER . RER . KRR N T,
APT BJRERSE R ik LML BT i EN S
N TIP41; AR H AU Rk e Aa e NS 3L
EF-la. TEFTATRERN T AL 243K R Ak 3
'~ UBI FikHhE5E o

225 HAASEBAREAREZMGERE SN
geNorm, NormFinder, BestKeeper, Delta CT %
4 FhRIE A R —E R 22, 72 4 MY J5
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Fig. 6 Delta CT analysis results
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Tab.3 Comprehensive analysis results of the expression stability of candidate reference genes

JIST] GATE, HEFF IS GATE, HEFF
Treatment Comprehensive ranking Sort Treatment Comprehensive ranking Sort
. Miiba 5
pog t || Bt !
UBI 2 UBI 2
EF-lo 3 TIP41 3
TIP41 4 EF-la 4
cAC 5 DNAJ 5
DNAJ 6 cAC 6
ACT 7 ACT 7
RPLS 8 RPLS 8
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i3k 3 Tab. 3 Continued

b3 et HEF b3 et HeF
Treatment Comprehensive ranking Sort Treatment Comprehensive ranking Sort

AR !

jé]:il;i;e%rellin APT ! Etl}fjlene Tip41 !
ACT 2 UBI 2
TIP41 3 ACT 3
cAC 4 EF-la 4
DNAJ 5 CcAC 5
EF-la 6 RPLS8 6
UBI 7 APT 7
RPLS8 8 DNAJ 8

Y4B 22 7 5

Cﬂii%lzi;ii UBI ! Sj:l:fi%ic acid UBI !
TIP41 2 APT 2
APT 3 EF-la 3
EF-la 4 DNAJ 4
ACT 5 TIP41 5
cAC 6 cAC 6
DNAJ 7 ACT 7
RPLS 8 RPLS 8

W IR AIFHA

?iﬁ:?:ic acid APT ! Difl_]ferent tissues APT !
ACT 2 TIP41 2
UBI 3 EF-la 3
DNAJ 4 UBI 4
cAC 5 ACT 5
TIP41 6 cAC 6
EF-la 7 DNAJ 7
RPLS 8 RPLS 8

>t T

/Fflljﬁsi?;les UBI !
APT 2
EF-la 3
TIP41 4
ACT 5
cAC 6
DNAJ 7
RPLS 8

T A RS R A RV SURUR R SR A B FRRE

Note: All samples represent those under different plant parts and different exogenous plant hormone treatments.
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Fig. 7 Expression patterns of SIGH3.4 gene induced by exogenous IAA
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Screening of internal reference genes of tomato under

different plant parts and hormone treatments

Miao Die?, Zhang Shuxin, Wang Peng’
(School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China)

Abstract: Solanum lycopersicum is a model plant for research in genetics and molecular biology. Recently selection of tomato
internal reference genes has been reported but with less types of exogenous hormones used for treatment. An attempt was hence
made to select internal reference genes with stable expression in different tissues of tomato and under treatment with plant
hormones. DANJ, EF-1a, ACT, UBI, APT, CAC, TIP41 and RPL8 were used as candidate internal reference genes, and selected
under the 8 experimental conditions: exogenous hormone treatment with auxin, gibberellin, abscisic acid, cytokinin, salicylic acid,
brassinolide and ethylene and various plant parts. The stability of the candidate reference genes was comprehensively evaluated
using algorithms such as geNorm, NormFinder, BestKeeper, Delta CT and RefFinder. The stability of the reference genes was
validated using the auxin-responsive gene S/IGH3.4. The results showed that APT is the most stable reference gene expressed in
auxin, gibberellin, abscisic acid, brassinosteroid treatment and various plant parts, that UBI is the most stable reference gene
expressed in all samples under cytokinin and salicylic acid treatment, and that 7/P4/ is the most stable reference gene expressed
under ethylene treatment. Finally, when APT, which has a relatively stable comprehensive ranking, was used as an internal
reference gene, it was found that the expression level of SIGH3.4 gene showed a similar trend under IAA treatment conditions,
while the less stable RPLS gene failed to accurately correct the expression level of the target gene. All these results may provide
theoretical support for the analysis of gene expression networks and molecular regulatory mechanisms in the response of tomato
to exogenous hormone treatment.
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