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Selection of suitable reference genes in Solanum rostratum seeds
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Abstract The main transmission way of the invasive weed buffalobur (Solanum rostratum) is seed dispersal. It is
important to understand the hormonal regulation of seed dormancy or germination related genes in buffalobur.
Selection of appropriate reference genes can improve the accuracy of expression analysis of these genes. Here,
15 candidate reference genes were selected to evaluate their expression stability in hormone-treated and water-
treated seeds of buffalobur using geNorm, NormFinder, BestKeeper and RefFinder statistical algorithms. Valida-
tion of recommended reference genes were achieved by assessing the relative expression levels of abscisic acid-in-
sensitive 5 (ABI5). The results showed that the most stable reference genes for gibberellin, abscisic acid and
water-treated seeds were eukaryotic initiation factor (elF), SAND protein family (SAND) and f-actin (ACT),
respectively. For total seeds, PP2Acs, the gene encoding a catalytic subunit of protein phosphatase 2A was the
most stable reference gene. This work would provide references for further research on the genetic regulation of
seed dormancy and germination in this invasive plant.
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Table 1 The primer pairs information of candidate reference genes and target gene for buffalobur
o A SIHFHIG - 30 oy pamdcksy  CRM
Gene enBaAnk Primer sequence Product length Efficiency Lorre}laAtlon
accession coefficient
GAPDH MG930815 F:GCAGTCAACGATCCATTTATCTCCAC 203 101. 1 0. 995
R: TCAACAACGAACTCAGCACCAG
ACT MG930814 F:GTGTTCCCTAGCATTGTTGGTCG 172 95. 0 0.998
R:GCCATATCTTCTCCATATCATCCCAGTTG
GR MG930816 F.GCTACTGAGGCTTCCAACAATAACG 96 90. 0 0. 995
R: ACCATAAATTAGCAAGAAAATCACAGAGGC
UBQ MG930817 F:GCACTTCTTTTTCCTCTCATTCTCTCG 168 91.3 0. 996
R:ATGCCTTCCTTGTCTTGAATCTTAGC
TIPA1 KT807935 F: ATCACCCCAGTTCACACCTTAGC 170 91.4 0. 994
R:GCCCCAACAACAAGCCCAGTTAG
18S KT366002 F.CGCAAATTACCCAATCCTGACACG 266 100. 6 0.997
R: GCCGACAGAAGGGACGAGAC
RPL3 KT807936 F:CAAATCCCACACCCACCACC 260 90. 4 0. 994
R:GCAACACATTACCAACCATAAGACTAGC
elF KT596731 F: TGGTCACATCGTCATTAAAAATCGTCCT 277 93.1 0. 994
R:GGTATCATCAGTTGGGAGCCTCAAG
TUB KT807934 F:GGTGTTACTTGCTGTTTGAGATTCCCT 290 104. 7 0. 990
R: ATCATCTGTTCATCTACCTCCTTTGTGC
DNA] KT596730 F:GTTTCCGCCTCTTGCTCCACA 193 96. 2 0. 991
R:CCGCCGACGAATTTTGCTG
CYIP MK181638 F: TCAAGAAGGTGGAGGCTGTTGG 211 98. 6 0.998
R:GACAAGACCCGACCCAAGCA
EFla MK181640 F.CTGTGCTGTCCTGATTATTGACTCG 98 90. 6 0. 995
R:GGGTGAAAGCAAGCAACGCA
PP2Acs MK181639 F:GCCAGTAAAAAGCCCTGTGACTA 267 97.7 0.997
R:CGCAAGCATTCATCATAGAACCCAT
RUBP MK181641 F:GCAAAACACTGACATCACCTCCA 206 94. 2 0. 998
R: ATACAAATCCGTGCTCAGTCTCG
SAND MK181642 F: ACTAGAGAATCGTCAGAGAGGTTTGC 267 91. 6 0.997
R:CGGAGTAACCCAGCACAGTAGA
ABI5 MG930818 F: TCCTCTCATTCCTATTTCCAACCCGTA 184 100. 9 0. 995

R: ATTCCCACAA CAGCCAACG
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M: DL500 marker;1~15: GAPDH, ACT, GR, UBQ, TIPA1, RPLS, elF, TUB, DNAJ, CYP, EFla, PP2Acs, RUBP, SAND, 185
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Fig. 1 PCR products for 15 candidate reference genes
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Fig. 2 Cq values of 15 reference genes across all samples
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Table 2 Gene expression stability of 15 candidates ranked by four algorithms (only the top five genes were listed)

FRTA R HE Vs (B350 0. 124 A1 0. 115, R ff
Pefr i 4 DANSEER T oPCR 2047 (18] 3) .

pon e geNorm - NormFinier BestKeeper Re[Finder‘%
5 HE[H] el AE | K T E | A 3 . S A el AE |
Gow Rk G e sty ome SO VO ER BEL
TEZE GA 1 UBQ 0. 379 elF 0. 053 elF 0. 280 1.41 elF 1. 00
2 elF 0. 379 EFla 0. 286 UBQ 0. 350 2.04 UBQ 2.21
3 EFla 0.518 PP2Acs 0.312 EFla 0. 410 2. 30 EFla 2. 45
4 PP2Acs 0. 600 UBQ 0. 313 GR 0. 420 1. 64 PP2Acs 3.94
5 SAND 0. 637 SAND 0. 404 PP2Acs 0. 420 1.77 SAND 5.23
i 75 ABA 1 PP2Acs 0. 279 SAND 0. 097 SAND 0. 300 1. 31 SAND 1. 00
2 SAND 0. 279 PP2Acs 0. 206 GR 0. 370 1. 45 PP2Acs 2. 30
3 GR 0. 439 GR 0. 265 elF 0. 390 1. 96 GR 3.22
4 CYP 0.492 ACT 0. 281 UBQ 0. 400 2.37 elF 4. 36
5 ACT 0. 530 elF 0. 291 CYP 0.410 2.10 UBQ 4.92
#atik H, O 1 PP2Acs 0. 279 ACT 0. 224 ACT 0. 330 1. 67 ACT 1. 57
2 SAND 0.279 SAND 0. 227 GR 0. 360 1. 39 SAND 1. 86
3 ACT 0. 453 PP2Acs 0. 257 elF 0.410 2.06 PP2Acs 3.00
4 CYP 0. 500 RPLS 0. 317 UBQ 0. 420 2. 44 GR 3.98
5 GR 0.526 GR 0. 324 SAND 0. 490 2.08 UBQ 5.09
BA Total 1 PP2Acs 0. 360 PP2Acs 0. 271 elF 0. 380 1. 91 PP2Acs 1.41
2 SAND 0. 360 elF 0. 315 UBQ 0. 400 2.32 SAND 2.11
3 elF 0. 583 SAND 0. 331 GR 0. 410 1. 62 elF 2. 28
4 UBQ 0.611 GR 0. 348 PP2Acs 0. 470 1. 97 UBQ 3. 56
5 GR 0. 643 UBQ 0. 382 SAND 0. 470 2.02 GR 4. 16
020
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.16
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The V.. values below 0.15 indicates that the optimal number of reference genes is n

3 geNorm ﬁ*ﬁm%gmﬁaxqggﬁ(vnhﬁ—l )

Fig. 3 Pairwise variation (V,/,+:) of reference genes by geNorm software
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Fig. 4 Relative expression of ABI5 under different treatment normalized by different reference genes
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