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Abstract: [Objective) This study selected the appropriate reference genes for RT-qPCR by comparing
the stability of candidate precursor miRNAs and traditional housekeeping genes in different tissues of soy-

bean under different stress treatments. [ Method]) Six conservative PreemiRNAs genes and four regular
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housekeeping genes in soybean were selected as candidate reference genes to evaluate their expression sta-
bility under salt and alkali stresses during RT-qPCR process using GeNorm and NormFinder. [Result) In
leaves,the most stable combination of genes under salt stress was PreemiR166 and Pre-miR172 whereas the
best single gene under this stress was FboX. While,in roots, the most stable combination of genes under
salt stress was Actll and EF1A whereas the best single gene was Act11. Under alkali stress conditions, the
most stable combination of genes in leaves was Pre-miR393 and Pre-miR172 whereas the best single gene
was Pre-miR393. The most stable combination of genes in roots was Act11 and 60S whereas the best single

gene was Pre-miR172. [Conclusion) Precursor miRNAs reference genes can be used as reference genes to-

gether with traditional housekeeping genes.

Key words: soybean;salt stress;alkali stress; RT-qPCR ; Pre-miRNAs;reference gene
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Table 1 Primer sequences and characteristics of the 10 reference gene candidates
T
AN NREELY] AOE Y] KB /bp BN Bl e S 7 51 5
Gene Forward primer Reverse primer Amplification Function Accession No.
length
MR RE I E A
Actll GCGGGAAATTGTAAGGGATGT TCGCCAATAGTGATGACCTG 141 Cytoskeletal (NCBDNM_001252731. 2
structural
B IE A 2
EF1A GCCAGATTGGAAATGGATACGC — AGCTCCTTACCAGATCGCCTGT 109 zgir‘g‘;rlg’n‘"m (NCBD XM_003553245. 1
factor
PR E A
60S GTCCTGAAGGCCATTCCTAAG ACTGATGCCCTGCTCCAACT 131 Ribosomal (NCBD XM_003551021. 1
protein
FhoX & 1 K 1
FbhoX GAATCGGTGGGAGATTTAGCG CCAAAGAGTGTCATCGGAAGC 120 FboX protein (NCBDNM_001254106. 2
family
N Hi & miRNA .
Pre-miR156 TTGACAGAAGAGAGTGAGCAC GACAGGAAGAAAAGAGAGCAC 77~100 . miRBase
miRNA precursor
. T A S A PG, A A Hi & miRNA .
Pre-miR166 GAGGTTGAGAGGAATGTTGTCT TGGGTGTGGGGAATGAAG 80~145 . miRBase
miRNA precursor
R N . . NG . i & miRNA .
Pre-miR167 GAAGTTCGCAAAGGAAAAAGTG GTCCCCAAATAGGAAGGAGTG 119~121 . miRBase
miRNA precursor
. s A R AT Hii & miRNA .
Pre-miR171 CTTGAGATATTGGTGCGGTTCA CATGTGATATTGGCACGGCTC 76~102 . miRBase
miRNA precursor
. s AT A A A T T AT o, TPk miRNA .
Pre-miR172 AGTCGTTATTTGCGGATGTAGC GTGAAGTCGTTTATGGCTGATG 154~157 . miRBase
miRNA precursor
Pre-miR393 GGAGGAGGCATCCAAAGGG GGAGAAATCCAAAGGGATAGCAT  101~167 fi 6 miRNA miRBase

miRNA precursor

TE T Pre-miRNA JE B ZEHE 8 51 ] 4 [R) P 0 » B0t i 51 W B A i TR G A2« PR G T — % 5 1 0 AR TR R R b e 47 38 7= i K

BERAT 5.

Note: Since the Pre-miRNA gene homology between family members is high, universal primers were designed with gene family. Therefore

there are differences in the same primers for different members of the family.
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Fig. 1 Agarose gel electrophoresis for total RNA in soybean
M. 10 000 bp DNA Marker;1—12. Randomly selected samples of

soybean leaves; 13— 14. Randomly selected samples of soybean roots
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Fig. 2 Electrophoresis of fluorescence quantitative
PCR products of candidate primers
M. 10 000 bp DNA Marker;1—10. Candidates of primers
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Table 2 Primer amplification characteristics for each candidate reference gene

N T T 1 2 N i T il 2
H B PHBR/ % o S PR/ % Y
Gene PCR efficiency )Fﬁjfjgﬁ Gene PCR efficiency *Eﬁ;%ﬁ
Act1l 98. 1 0.997 Pre-miR166 108. 3 0.996
EF1A 95. 3 1. 000 Pre-miR167 99.9 0.996
60S 100. 0 0.998 Pre-miR171 106. 5 0. 987
FboX 100. 7 0.999 Pre-miR172 96. 3 0.999
Pre-miR156 97.8 0. 990 Pre-miR393 99.9 0.995
SEa i Je SRR PEAT BT 25 5 . HUePAE N M i pE i 2
SEP A AR E M (IR RS 2 (H M R/ HER » M(E B
4000f /NEE R ED B 2K K IR O Pre-miR393/Pre-
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1000} (0.373)>Pre-miR167 (0. 405) ; 7E AR 1 fi % N 2 5k
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Fig. 3 Dissolution profiles for specific amplification of

10 candidate internal reference primers
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Fig. 4 Ranking of candidate reference genes based on their expression stability under alkali stress calculated by GeNorm
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Fig. 5 Determination of the optimum number of reference genes for normalization under alkali stress calculated by GeNorm
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Table 3 Ranking of candidate reference genes based on their expression stability under
alkali stress calculated by NormFinder
B H Leaves 2 Roots -~ It Leaves i Roots
FaE MY - = Fa s AP — -
Order B FasE B FasE Order FEH FaE(E FEH FasE H
Gene Stability Gene Stability Gene Stability Gene Stability
1 Pre-miR393 0. 045 Pre-miR172 0.095 6 Pre-miR166 0.199 60S 0.277
2 Actll 0.108 FboX 0.166 7 EF1A 0.258 Pre-miR167 0. 327
3 Pre-miR172 0.109 EF1A 0.213 8 Pre-miR156 0.277 Pre-miR156 0. 341
4 FbooX 0.129 Actl1 0. 241 9 Pre-miR171 0.319 Pre-miR166 0.477
5 60S 0.182 Pre-miR171 0.268 10 Pre-miR167 0. 340 Pre-miR393 0.484

2.4 KEHPETEENSERMNRIEIRESE
HT EIKR T E TRERENANSHENA,
AHF5E A GeNorm F1 NormFinder {4 43 5l %
SN GRS SR 3 oo I R S n S i FES
K EMEFEAT TIEM . GeNorm 43 Hr4h e (& 6) i
71 FEER 38 R b R ) 2 B IR R R E M N

F I H Ik & Pre-miR166/Pre-miR172 (0. 076) >
FboX(0.097) >Pre-miR171 (0. 146) > Pre-miR167
(0.171) >Pre-miR393 (0. 213) > Act11 (0. 248) >
60S (0. 275) > EF1A (0. 301) > Pre-miR156
(0. 346) 5 AR Hhfige i P 25 5 PR B S R D v BRI 2
Act1l1/EF1A (0. 038) > 60S (0. 093) > FboX
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(0.122) > Pre-miR172 (0. 145) >> Pre-miR156
(0.166) > PreemiR393 (0. 187 ) > Pre-miR166
(0.240) > PreemiR171 (0. 301 ) > Pre-miR167
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Fig. 6 Ranking of candidate reference genes based on their expression stability under salt stress calculated by GeNorm
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Fig. 7 Determination of the optimum number of reference genes for normalization under salt stress calculated by GeNorm
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Table 4 Ranking of candidate reference genes based on their expression stability calculated by NormFinder

Basi 37 hee R Roore 1 st W heaves e —
ot T e i A e i O B e i A e (i
Gene Stability Gene Stability Gene Stability Gene Stability

1 FboX 0.036 Actll 0.013 6 60S 0. 190 Pre-miR156 0.122

2 Pre-miR166 0.074 EF1A 0.013 7 Pre-miR171 0.191 Pre-miR393 0.155

3 Pre-miR172 0.081 60S 0.036 8 EF1A 0.229 Pre-miR166 0.296

4 Actll 0.129 FboX 0.036 9 Pre-miR167 0.239 Pre-miR171 0. 394

5 Pre-miR393 0. 154 Pre-miR172 0.058 10 Pre-miR156 0.332 Pre-miR167 0. 587
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3 Ziwe5ire

96 B PCR & — > I B 98 KA & 1 70 M 4%
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