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Abstract: Objective Selecting the stable expression of reference genes in different materials of Angelica sinensis by using the method of
quantitative real-time PCR (qQRT-PCR). Methods The different growth stages, vernalization temperatures, tissue parts and bolted /unbolted
plants were used as materials, the expression levels of 13 candidate reference genes obtained from the transcriptome database and one Actin
gene reported in previous literatures were quantified by the qRT-PCR, and the stability of expression levels was analyzed by the software of
geNorm, NormFinder, BestKeeper, AC: and RefFinder. Results There were significant differences in the stability of the 14 candidate
reference genes in the different samples. The genes ACT7, UBC32, UBC26 and UBC7 were the most stable reference gene in different
growth stages, vernalization temperatures, tissue parts, and bolted/unbolted plants, respectively. The EEFIG gene was the most stable
reference gene in all materials, followed by the RPL3 and UBC26 genes. Conclusion These findings will provide a critical reference for
further detecting the gene expression during the formation of yield and quality of 4. sinensis.
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Table 2 Sequences of primer used in the qRT-PCR analysis

R Isoforms 5 SV E (5°-37) P fop

ACT7 Isoform0016078 F: TCCAGGCCGTTCTTTCACTC 154
R: TCAGTCAGATCACGACCAGC

UBC2 Isoform0057795 F: CCAACAGTGCGTTTTGTGTCT 164
R: GCAGGTGAATTTGGATTCGGG

UBC7 Isoform0053782 F: GGGTTCAGCCTCTCAAGCAA 200
R: TTGGGTAGTTGGGCGGAAAG

UBC26 Isoform0009132 F: GGAGCTCAAGTTGGCTGTCT 177
R: TCCCTTCTGTGGAGGTGGAA

UBC32 Isoform0048917 F: GAAAGGCGTGTTCTTGCAGT 144
R: AGCATCCTGTGCAGAACCAA

RPL3 Isoform0021716 F: CTTGGAAAGACAGGGCAGGA 180
R: CAGCAGAGACTGGCGAAGAG

RPL374 Isoform0026020 F: AAGTGTCACAGCACAGCAGA 119
R: GGGAGGGCCAAAGACTCAAA

RID2 Isoform0049525 F: GCCAGAACTTCAAGCACCAC 185
R: CGCTAAGCCCTGATCCACAA

NACO71 Isoform0026745 F: GCTTCCACCCTACCGATGAG 159
R: CTCCATGTCACCTTTTGGGA

NACO078 Isoform0017076 F: CCAGGAGGGCAGAACAATGA 195
R: CGCAGTGACGTGGATTGAAC

NAC087 Isoform0009911 F: TATGGTCCCGATGCCAATCC 187
R: CGTCCCAAGTTCCACAACCA

REFAI Isoform0037665 F: CCCTGTTGGACGTGTTGAGA 196
R: TGAGGCAACATAACCACGCT

EEFIG Isoform0037665 F: GTCCCAGCAGCCAAAAAGTC 101
R: TCTGCCTTGGGCAATTCCTT

ACT % [ SCHREE] F: TGGTATTGTGCTGGATTCTGGT 109
R: TGAGATCACCACCAGCAAGG
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Fig. 1 Agarose gel electrophoresis of total RNA from different samples
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Fig. 2 Melting curves of 14 candidate reference genes
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Fig. 3 C: value distribution of candidate reference genes
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A-different developmental stages, B-different vernalization temperatures, C-different tissue parts, D-bolted and unbolted plants, E-all the experimental samples.
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Fig. 4 Expression stability of candidate reference genes analyzed by geNorm
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Fig. 5 Coefficients of paired variation of candidate reference genes analyzed by geNorm
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Table 4 Expression stability of candidate reference genes calculated by NormFinder

WZEK  KREB ) FURE ) AZWRA ) mEACRE G A REs GEED
ACT7 0.149 (D 0.592 (11D 1.425 (13) 0.032 (5 0.647 (8)
UBC2 0.422 (6) 0.141 (5 0.762 (9 0.024 (4 0.622 (7)
UBC7 0.457 (D 0.215 (&) 0.929 (10D 0.020 (1 0.954 (12)
UBC26 0.171 (2 0.123 (3) 0.170 (D 0.254 () 0.423 (2)
UBC32 0.193 (3) 0.080 (2) 0.540 (5) 1.098 (14> 0.603 (6)
RPL3 0.518 (&) 0.169 (6) 0.640 (6) 0.021 (3) 0.445 (3)
RPL374 0.757 (12) 1.001 (14> 1.508 (14) 0.766 (11) 0.899 (11D
RID2 0.591 (10 0.129 (4 0.449 (3) 0.977 (13) 0.566 (5)
NACO071 1.144 (14) 0.872 (13) 0.757 (&) 0.486 (10 1.299 (14)
NACO78 1.046 (13) 0.756 (12) 1.216 (1D 0.967 (12 1.069 (13)
NAC087 0.418 (5) 0.514 (9 0.520 (4 0.393 (9 0.508 (4)
REFAI 0.546 (9 0.052 (1 0.674 (7) 0.169 (7 0.749 (9)
EEFIG 0.282 (4 0.187 (7 0.401 (2 0.105 (6) 0.230 (D
ACT 0.627 (11) 0.534 (10) 1.420 (12) 0.020 (2) 0.821 (10)
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HRi AR E NS5 N, HoksE UBC26 #11 RPL3.ACT
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Table 5 Expression stability of candidate reference genes calculated by BestKeeper

<5 BestKeeper S HTZIENSEENRIAFRE M

WZHEN  KEHE G

FWIRE HEFP)

AN (HEF)

HENARME GEFD

PR G

ACT7 1.675 (6) 0.994 (13) 1.835 (13) 0.335 (5) 2.365 (10)
UBC2 1.548 (3) 0.513 (4 0.730 (4) 0.443 (8) 1.761 (1)
UBC7 2.027 (10> 0.591 (7 1.562 (12) 0.409 (7) 1.962 (3)
UBC26 1.800 (9) 0.705 (9 0.961 (6) 0.588 (12) 2.008 (5)
UBC32 1.691 (7) 0.564 (5) 1.438 (10D 0.333 (D 1.908 (2>
RPL3 1.565 (4) 0.766 (11> 0.580 (2) 0.487 (9 2.010 (6>
RPL374 1.434 (1) 1.232 (14) 1.002 (8) 0.119 (3 1.983 (4>
RID2 2.039 (11 0.630 (8) 0.987 (7) 1.041 (14) 2.129 (7)
NACO071 2.417 (14) 0.245 (2) 0.699 (3) 0.059 (1) 3.049 (14)
NACO78 2.403 (13) 0.186 (1) 0.256 (1) 1.034 (13) 2.750 (13)
NAC087 2.070 (12) 0.983 (12) 1.273 (9) 0.116 (2> 2.434 (11)
REFAI 1.767 (8) 0.719 (10 1.445 (11) 0.543 (1D 2.488 (12)
EEFIG 1.608 (5) 0.578 (6) 0.858 (5) 0.516 (10D 2.153 (8)
ACT 1.479 (2) 0.289 (3) 1.876 (14) 0.381 (6) 2.325 (9
®6 AGHMIRERNSERNRIAREN
Table 6 Expression stability of candidate reference genes calculated by ACt
WSHEH  REER () FRE G AZEA Gy HERREE GEr) AR G
ACT7 0.540 (1) 0.699 (11) 1.543 (12) 0.44 (6) 0.959 (8)
UBC2 0.677 (5) 0.471 (6 1.038 (8) 0.414 (2 0.932 (D
UBC7 0.727 (8) 0.499 (8) 1.235 (10D 0.414 (D 1.152 (12)
UBC26 0.581 (4) 0.444 (3) 0.897 (1) 0.493 (8) 0.826 (2)
UBC32 0.549 (2) 0.444 (2) 1.006 (6) 1.105 (14) 0.923 (6)
RPL3 0.679 (6) 0.456 (5) 0.985 (4) 0.423 (4) 0.843 (3)
RPL374 0.872 (12) 1.038 (14) 1.661 (14) 0.826 (11) 1.137 (1)
RID2 0.820 (11) 0.448 (4) 0.938 (3) 0.986 (13) 0914 (5
NACO71 1.190 (14) 0.900 (13) 1.033 (7) 0.632 (10 1.444 (14)
NACO78 L.111 (13D 0.805 (12) 1.391 (1D 0.978 (12) 1.269 (13)
NACO087 0.711 (7) 0.634 (9 1.005 (5) 0.583 (9 0.903 (4
REFAI 0.753 (10D 0.432 (D 1.063 (9) 0.454 (1) 1.037 (9
EEFIG 0.573 (3) 0.472 (D 0.900 (2) 0.436 (5) 0.786 (1)
ACT 0.747 (9) 0.652 (10) 1.543 (13) 0.420 (3) 1.080 (10)
R 7 RefFinder FHTERIEASERNREREM
Table 7 Expression stability of candidate reference genes calculated by RefFinder
WZHEE  RENE ) HRRE G A8 e sEAacRahE dE) Irakemn G
ACT7 1.565 (1) 1.199 (13) 12.742 (14) 5.886 (8) 8.459 (8)
UBC2 4821 (5) 5.384 (6) 4.120 (5) 4.000 (3) 3.742 (4)
UBC7 8.859 (11D 7.737 (10) 10.446 (11) 2.432 (1) 8.303 (7)
UBC26 4.738 (4) 4243 (4) 2.449 (1) 8.563 (11) 2.783 (3)
UBC32 2.546 (2) 2.115 (1) 6.999 (9) 10.236 (12) 4.559 (5)
RPL3 5.264 (6) 6.671 (8) 3.464 (3) 4243 (5) 2711 (2)
RPL374 6.000 (8) 14.000 (14) 12.172 (12) 7.949 (10) 8.730 (9)
RID2 10.977 (12) 4.427 (5) 4213 (6) 13.243 (14) 5.439 (5)
NACO71 14.000 (14 8.142 (11D 3.600 (4) 5.623 (1) 14.000 (14)
NACO78 13.000 (13) 6.447 (1) 6.040 (8) 12.243 (13) 13.000 (13)
NACO087 8.050 (9) 9.671 (12) 5.958 (7) 6.179 (9) 5.925 (6)
REFAI 8.712 (10) 2.659 (2) 8.887 (10) 4818 (6) 9.671 (10)
EEFIG 3.663 (3) 4.141 (3) 2.991 (2) 4.162 (4) 1.682 (1)
ACT 5.609 (7 7.579 (9 12.724 (13) 3.834 (2 9.740 (11D
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