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Screening and validation of reference genes in Heimia myrtifolia in
different tissues and under drought stress
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Abstract: [Objective] The objective is to study the gene expression of Heimia myrtifolia in different tissues
and under different drought stress. [Method] The root, stem, leaf, and flower of H. myrtifolia at full flowering
stage and 5 leaves under different drought treatments were selected as experimental materials, and 9 candidate

internal reference genes screened from the transcriptome data were analyzed by RT-qPCR. The software
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geNorm, BestKeeper, NormFinder, and RefFinder were used to comprehensively evaluate the expression
stability of candidate reference genes. Finally, 2 stress-related genes CSLD and SOD were selected to verify the
selected internal reference genes. [Result] GeNorm, BestKeeper, and NormFinder showed some differences in
the ranking of candidate internal parameters. By using the online software RefFinder to comprehensively
analyze the results of the above 3 software, it was concluded that GAPDH was the most stable internal reference
gene and 7UA was the most unstable in different tissues. In drought stress, GAPDH was the most stable internal
reference gene and TUB was the least stable. In all samples, the most stable reference gene was GAPDH, and
the most unstable one was 185 RNA. The expression patterns of CSLD and SOD genes in different tissues and
under drought stress were verified, which showed that the expression levels and change trends of the above 2
genes were consistent with those of the selected internal reference genes. [Conclusion] GAPDH is the best
internal reference gene for gene expression of H. myrtifolia in different tissues and under drought treatment.
[Ch, 4 fig. 4 tab. 33 ref.]

Key words: Heimia myrtifolia; real-time quantitative PCR (RT-qPCR); internal reference gene

1 Heimia myrtifolia & T JE P} Lythraceae ¥ 4% )& Heimia I8 MWAETEAR, Fr=TEW, M., 7R
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S5 GE i PCR (RT-qPCR) HA REUE R . EEVELF . Fesetiom Lmis e, ke il
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i, A 7R RT-qPCR 25 RHERME, TET I RBERENNSERENSIR, NS
FE R AR E Ml 2552 I RT-qPCR Z5 R i ER D>, Bk, Tk 2058 B A N S ZE U2 1T RT-qPCR 3£
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T, B, ABFRE T RO SR AU, XA R ZH 2 SO ] B 38 TR B 0 N S R AT
SRy AN [ ZH 2 KA ] 52 Jihaf R JE K] RT-qPCR 4347 B E A 1 B2 HEAR R
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1.1
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Wi o SREERF PO AR AL AR © 25, L 4B, LURBERL A SR AT BRI (A XK B
65%~75%, ck) Fl 4 T 2 Wpia b4 (T, T,. Ts. Ty A X &K &5 518 45%~60% . 30%~
45% ., 15%~30%. 10%~15%) (RN Ko SRAEESG ST BB RE S B TR TR, JEORAFTE-80 °C UKAH
#H.

1.2 2 RNA #2BUE cDNA &

FE S B RNA B3 B35 ME %% 23 7 19 RNA isolater Total RNA Extraction Reagent (RC401-01) 71 & i
FIT AT . R BT E0R 1.2% WIBENERGER HL RS RNA (52380, (58O e B 1 e vk
FE . ORNA 4l BF D(260)/D(280) 4 1.8~2.4, D(260)/D(230) 4 1.5~2.4. fii Ji] Reverse Transcriptase M-
MLV &7 (Takara) & B cDNA 155 1 85, REEFRTHN: 37 °C, 15 min (REE%ER); 85 C, 5s (bt
SEEFRRTG I E), 4 °C VKAIRAT . BJa B cDNA P28 T-20 °C 6174 .

1.3 REEFE/SI Wit
ST W SR AU (P 91)°5 . PRINAS04698), HEHL 9 ANIEHVE ML NS I . EMEFE T 1ok
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H 3% A (elongationfactors-1a, EF-1a). o-ff & & H 3 A (a-tubulin, TUA), 3£ 3 & H F K (cyclophilin,
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LY A BT R A DG 22 57 36K SE N CSLD . SOD JE[H, Bk Py 2 5 R 3k PR 3k i 15 . )
FHI Primer 5 8, SRR NS I MDEE = PCR 5191, FHbUNA A ARA BRA E & .
1.4 SERPRHEEE PCR

PABT A IAFE ) cDNA AR R B 5 AR (571, 5720 57, 57, 57), B3 kEA, il
ONNS R MR 2 . RS ¥ cDNA i B 10 1%, RT-qPCR S Jif fiff FH o o 8 20 =) o b 19
SYBR"*Primix Ex TagTM il & (Q712). ¢t & Wi 7F Roche LightCycler 480 I 2t &AL AT, S
WK Z M 20 uL: 2xTag Pro Universal SYBR qPCR Master Mix ¢ 644k 10 pL. ¢cDNA #iffg 2 uL. | FiiF
5194 0.8 uL. ddH,O 6.4 uL. PCR Y4 e W #2 )7 Jy . FAZ P 95 °C, 10s; PCR ) 95 C, 10 s,
60 °C, 30s, 3L40 MERF. REFMIMATOCFFHITMT, RERN: 60 C H95C, 15s; 60 C,
60s; 95C, 15s,
1.5 HiESH
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1) C, P 29.90, HFEREM ., EF-lo R RIKAKEZBHR/N, C R 23.97~29.06; 185 RNA [
C, } 26.64~33.47, FIKEMEK ., I C BIR/NEIENRTE , GAPDH JEH R IAARTE HF B i
B, AR P P 2 R R A e ik KT AT e M
2.3 geNorm &%

geNorm AR IE-F UG MR FIE LR, MU, BEFEBEE, RZBEAREM,
2N RN SRR RS R TERMCON RS, ik N S B Y 3R IA R MR M BRI Ry
CYP=GAPDH, 18§ RNA. UBC. DNA J. ACT. EF-la, TUB. TUA (& 3A), 1E43FFE 5 AT S0

A M & =% W &k T, T, T, T, B M 1 2 34 5 6 7 8 9
2 000 bp 2000 bp -
iy grlie <
Y
500bp 500bp -—
250 bp -
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100 bp

M. 2 000 bp DNA maker. 1.7UB; 2. DNAJ; 3.TUA: 4. UBC; 5.18SRNA; 6. EF-la; 7.ACT; 8.CYP; 9. GAPD.

B 1 3% RNA IRIEHEE L & 7k 547 (A) #2 RT-qPCR 43§ = 44 5114 (B)
Figure 1  Agarose gel electrophoresis analysis of total RNA (A) and specificity of products amplified by RT-qPCR (B) in H. myrtifolia
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Table 1 Primer information of candidate reference gene in H. myrtifolia

FEH IEm5IYF51(5'—3) R I5 1915 51(5'—3") PHEIMop IBIGREE/C PIERER /% R
EF-la TGGTTTTGAGGCTGGTATCTCC TTTGCTTGACACCAAGGGTGA 80 56.5 95.6 0.998
TUA TCTCTGCCTTGACCGAGTGA ACCACCAACGGCACTGAAAA 82 56.5 96.6 0.998
CYP ACCCCGACTCGTCCTACAAG TCGGTGTTCCGCTCCAAATG 130 58.0 106.8 0.999
GAPDH  AGAAGGTCGTCATTTCTGCCC TGGTTGTGCAGCTAGCGTTG 114 57.5 108.4 0.999
18§ RNA CAGGGCCTAGGATTTCGTCC GCCTTCAATCTTAGTCGTGGC 113 58.5 100.5 0.992
UBC GACCTGATGACACTCCCTGG TCACAGTTGGTGGTTTGTTCG 87 57.5 99.1 0.999
TUB GGGTGCTGAGCTTATTGATGC TGAGCAATGTCCCCATGCCT 131 57.5 96.8 0.996
ACT AGGGAATGCCTTTTGATTGATCC AAACATAAGCTCCACTGCCCTC 102 57 109.7 0.999
DNAJ CGGAGCTATCACCCCGATG CGGCCTCACCATACCTGTCA 127 59.5 100.2 0.997
CSLD TACCTTGTCCCTTTCGGCG TCAGCGTCCTCATCCCGATA 149 57.4 95.1 0.997
SOD GTTGACGCAAGACGAGGGA CCGTTGGTCGTGTCACCAT 108 57.3 96.0 0.997

W, ¥ GAPDH il UBC 3LH R fasE, TUB 3L i 40

?W%E@HBﬂWxggmmmﬁ# ] IR g, 1%55
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ATFEGINB SN . SR R LU+ R haa 20 ’
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Figure 2 C, values of the 9 candidate reference genes
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AR . EHR AT, REREM NS E GAPDH 3, X 5 geNorm 3 {445 Hi iy 45 5
A
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RSN GAPDH, B AFERNSEEE N 18SRNA,
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Figure 3  Stable expression values and paired variation values of nine candidate reference genes were analyzed by geNorm

% 2 NormFinder T NS EEMNRIZIREE %z 3 BestKeeper 7T NS EEMNRIEIREE

Table 2 Expression stability values of nine candidate reference genes Table 3 Expression stability values of nine candidate reference genes
calculated by the NormFinder calculated by the BestKeeper
N EEEA T e ot N EEEN e o e
A FEH

RISEM HY REREM H LR 87 cvssD HiF¥  cvasD HUF  cvasp HHF

GAPDH  0.069 2 0.142 1 0.359 1 EF-la  346+095 2 197+053 1 258+071

UBC 0.593 5 0.452 3 0.578 2 GAPDH 2.65+0.69 1 3.78+094 4 359+091 2

EF-la 0.904 6 0.800 5 0.862 3 UBC 373+1.04 4 432+1.18 5 421+1.16 3

TUA 1.483 9 0.239 2 0.910 4 TUB 347+1.06 3 6.14+186 9 498+151 4

CYP 0.069 1 0.611 4 0.911 5 TUA 6.65+189 8 3.52+095 3 526+145 5

DNAJ 0.579 4 1.479 6 1.094 6 ACT 503+146 5 6.11+1.84 8 572+1.69 6

I8SRNA  0.494 3 1.542 8 1.366 7 CYpP 636199 6 334+£09 2 6.11+183 7

ACT 1.095 7 1.507 7 1.390 8 DNAJ 731+218 9 6.11+181 7 681+2.03 8

TUB 1.294 8 1.816 9 1.505 9 18SRNA 6.57+2.05 7 568+1.64 6 7.61+228 9

B Y, SOD RN JE TH AL DI RESE D, FE R4 8 8 SR R eIk DU A A5
MEL 40T, FEARNFAZIT, GAPDHA CYP SERE MMM G HRE N, CSLD ¥fEEh ik E i s, 7
HAA A bR K. BT TUA fENSIE I, CSLD 722 h ik B i ik, 7ent i rh Rk H i
Mo TREMNET, i GAPDHRMIENA & GAPDH+TUA I, SOD RENTE Ty b PR A Ffe s, Rk
WAKEAR ; WRH TUB SR HEATISTERT, SOD JLRAE T, bR A i, SHAMSE R L Bk, D
FERIE— TR T GAPDH JEHAE N NS N 18R e T S5 T S .

3 it h %k

RT-qPCR AR S —Fh - Ak P ik i i FSE TR, Tl FHAR X & SEAG I A TS, AR KN 2
SER R EVERY . BARA NS IR RTEAR R T , SRR RSB, RN S EE A — AT e 2 F
T AR A 5 B L B R FE T, AR WE T T B e s AU, i 17 9 W NS RN (EF-1a,
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PRy as R —3%, ERAPFEEMNE T, G6ePD 1y
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Table 4 Expression stability of candidate reference genes ranked by

RefFinder
RIS FRPba A HRE,
¥ - %Zﬂs{;% . %@;{; . ﬁ;ﬁg
1 GAPDH 1.41 GAPDH 1.19 GAPDH 1.19
2 CYP 2.11 TUA 1.86 UBC 2.11
3 18S RNA 3.57 EF-la 3.34 EF-la 2.45
4 UBC 4.76 UBC 3.41 TUA 4.28
5 TUB 4.76 CYP 4.00 CYP 523
6 EF-la 5.05 ACT 6.70 DNA J 6.45
7 ACT 5.12 DNA J 6.96 ACT 6.73
8 DNA J 5.44 18§ RNA 7.20 TUB 6.84
9 TUA 9.00 TUB 9.00 18SRNA 7.45
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Figure 4 Expression analysis for CSLD gene (A) and SOD gene (B) using different reference genes in different tissues and drought stress
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