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Evaluation and Screening of Reference Genes in Alfalfa (Medicago sativa L.
‘Gongnong No. 1’) Different Tissues under Waterlogging Stress
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Environment and Resources, Qinghai Minzu University, Xining, Qinghai Province 810007, China; 4. National Nanfan Research Institute ,

Chinese Academy of Agricultural Sciences, Sanya, Hainan Province 572024, China)

Abstract: The stability and applicability of reference genes in alfalfa vary significantly depending on the cultivar,
growth and development stages, and environmental conditions. In this study, alfalfa (Medicago sativa L.) cul-
tivar ‘Gongnong No. 1’ was used as material, and eight candidate reference genes, glyceraldehyde-3-phos-
phate dehydrogenase GAPDH, ubiquitin protein ligase 2a UBL-2a, Retention in Endoplasmic Reticulum
Rerl, eukaryotic elongation factor-1 alpha eEF-1a, actin-depolymerizing factor ADF, ubiquitin carrier protein
UBC, tubulin beta-1 chain TUB, and Actin were selected to evaluate their expression stability of different tis-
sues in seedling and adult plant, as well as under waterlogging stress. The analysis employed quantitative real-
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time PCR (qRT-PCR) and four softwares, including geNorm, NormFinder, BestKeeper, and RefFinder.
The results showed that, at the seedling stage, Rerl, Actin, and UBC were the most stable reference genes.
At the tissue level, the most stable reference genes for leaves, stems, and roots were Actin, Rerl, and
GAPDH, respectively. At the adult stage, ADF, Actin, and TUB exhibited the highest stability, while the
most stable reference genes for leaves, stems, roots, and flowers were ¢eEF-la, Rerl, Actin, and UBL-2a,
respectively. Under waterlogging stress, the three most stable reference genes in seedling leaves were TUB,
ADF, and eEF-la, whereas in seedling roots they were ADF, UBL-2a, and Rerl. In the adult stage, the
most stable genes were ADF, Actin, and TUB in leaves, and UBL-2a, UBC, and ADF in roots. Overall,
Rerl and UBL-2a are recommended as reference genes for studies of tissue-specific expression, as their stabil-
ity was less affected by developmental stage or tissue type. ADF and TUB are suitable reference genes for stud-

ies involving waterlogging stress.
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Fig.1 Agarose gel electrophoresis of PCR products of eight
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Table 1 Primer sequences of reference genes
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Gene (ene annotation Accession number Primers sequence (Forward/Reverse) Amplification efficiency /% Correlation coefficient (K) ~ Size /bp

UBL-2a 17 ZE (174 2 Ubiquitin protein ligese 2 17818487 F: CCAAACCCAAACTCACCAG 105.09 0.9985 108
R: AGCAGTCCAACTCTGCTCAAC

ADF L8 F %28 B F Actin-depolymerizing factor 17818469 F: GCATCTGGTATGGCAGTCC 95.35 0.9989 183

R: GCACTCATCAGCAGGAAGG

Rerl 5 0§ B 2 H Retention in endoplasmic reticulum 17818481

F: GCCTTCTGATGGTGGACCT 93.58 0.9962 165

R: GGCCAGAAGACAGGAACATC

GAPDH RS -3-Em b A PQ063785.1 F: GGCTGCATCAAGGAGGAAT 103.21 0.9981 228
Glyceraldehyde-3-phosphate dehydrogenase R: TCCAAGCTCAGCCTCATCAAG

eEF-Ia EHEME T 1o Eukaryotic elongation JZ818475 F: GAGCCAAAGAGACCCACAGAC 100.06 0.9987 194

factor 1-alpha R: TCAGTGAGAGCCTCGTGGT

Actin W& Actin AABBOTI6 F: ACTGGAATGGTGAAGGCTGG 96.07 0.9993 190
R: TGACAATACCGTGCTCAATGG

UBC 17 Z# I A Ubiquitin carrier protein 1.06967.1 F: TGATCCCAACCCAAATTCTCC 98.24 0.9937 83

R: GCACTCTACGATTGTACTCACGCT
TUB B 11 8 — 18 Tubulin beta— 1 chain XM003630465 F: AACCTCATCCCTTTCCCACG 110.09 0.9904 125

R: CTTGCATCCCACATTTGCTG
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Fig.4 Average expression stability (M) of eight candidate reference genes determined by geNorm analysis
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Note: A-D, seedling stage (leaves, stems, roots, and all samples) ; E-I, mature plant stage (leaves, stems, roots, flowers, and all samples) ; J-
K, seedling stage under waterlogging stress (young leaves and roots) ; L-M, mature plant stage under waterlogging stress (leaves and roots)
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ging stress at both seedling and mature stages. WL represents waterlogging stress

%2 NormFinder tEAHHASNMIIENSERRERE(SY) EREHEHF (R)

Table 2 Stability values and ranking of eight candidate reference genes at the seedling stage determined by NormFinder analysis

FEH i E R e 15 Ak 3 -0 15 Ak 3 -AR
Gene Leaf Stem Root All samples Waterlogging stress-leaf Waterlogging stress-root

UBL-2a 0.693/ 1, 0.467 /5, 0.535/5; 0.668/5, 2.528/ s 0.023/p,

¢EF-1a 0.610/4, 0.593/ 46 0.310/gs 0.758/ s 0.917/ s 1.983/ s
Rerl 0.126/, 0.130/, 0.378/ s 0.281/, 2.129/, 0.429/ s
ADF 0.673/xs 0.714/ 4, 0.218/y, 0.788/xs 0.815/g, 0.146/

GAPDH 0.898/ 1, 1.027/ 0.118/p, 1.242/ 0.974/ ¢, 0.433/,
UBC 0.578/ s 0.417/ s 0.373/ s 0.444/ ¢, 1.024/ 1.026/
Actin 0.586/ 5 0.174/4, 0.327/ s 0.305/ g, 1.011/4s 0.462/ s
TUB 1.346/ 0.570/4s 1.011/ 1,591/ 0.346/4, 1.337/ s

%3 NormFinder 7 #T MK SMRIENSEERERE(SV)EREMEHF (R)

Table 3 Stability values and ranking of eight candidate reference genes in plants determined by NormFinder analysis
N I e R £ o 5 Ak -0t 7 3 Ak B -AR
Gene Leaf Stem Root Flower All samples  Waterlogging stress-leaf Waterlogging stress-root

UBL-2a 0.431/4. 0.495/ ¢, 0.214/¢, 0.076/ ¢, 0.314/p, 1.625/ 0.151/R2
¢EF-1a 0.191/4, 0.344/¢, 0.538/ 4, 0.516/4s 0.765/ s 1.310/; 0.630/R6
Rerl 0.559/ s 0.152/ 1, 0.588/ s 0.155/ 5, 0.409/ g, 1.052/ 0.483/R5
ADF 0.324/, 1.135/pg 0.312/gs 0.408/ ¢, 0.540/g, 0.539/5, 0.270/R3
GAPDH 0.219/5, 0.309/gs 0.415/5, 0.121/4, 0.434/ 1.294/y, 1.626/R8
UBC 0.552/ 1, 0.912/¢, 0.158/g, 0.623/¢, 0.913/g, 0.660/x, 0.151/R1
Actin 0.130/y, 0.636/ s 0.150/ 0.838/ s 1.940/ 0.652/ 0.666/R7
TUB 1.287/ s 0.238/ 4, 0.147/4, 0.581/5, 1.577/ s 0.744/ 4, 0.444/R4
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6 BestKeeper XA M8 MEENSEREMRE
Fig. 6 Stability of eight candidate reference genes determined by using BestKeeper software
TE:A-D, 4 25 HEOR A BRE s E-1, BRSO i 25 AL AR AN AR 5 T-K, 4l i 30905 S 0 i AR 5 LM, JSORR I 55 5 A e R

Note: A-D, seedling stage (leaves, stems, roots, and all samples); E-I, mature plant stage (leaves, stems, roots, flowers, and all samples) ; J-

K, seedling stage under waterlogging stress (leaves and roots) ; L-M, mature plant stage under waterlogging stress (leaves and roots)

2.3.4 RefFinder % #7  RefFinder 4§ & T
geNorm, NormFinder fl BestKeeper [ 73 # 45 2 ,
A 3l i 58 B S Ak R AE R SE v v iy LA 2 8
IE L T U] 1 34 KO0 i 18 P 2 35 TR A o 4 4
% o JLAT - 34 %0 (geometric mean) /)N () 3 [H £
EPE# R . RelFinder 0 HT45 R Won (R 4), IEH
WFRFMNT w22 Rk ERENN
Z IR W2 Actin, Rerl 1 GAPDH 5 i # 1 - |
2R A RN R E W3 J& eEF-1a, Rerl,

Actin M1 UBL-2a; Rerl Fl UBL-2a #) %4 & £ 3% #4
PRI & I3 A 2R S P s e BN R IR TR E
EDET . BB RAENSERE N
TUB, ADF, ¢EF-la, #& ¥ i ADF, UBL-2a,
Rerl; lCEWI0T B oo BN 2 3L 9 ADFE, Actin,
TUB,# "k UBL-2a,UBC,ADF ., %&K% %, 3E
Jifr 38 F 4 SRR A Rerl B9 363K Fa 8 E #08 4T o
ADF Joig 7 i vhik J2 M b R 5 fa e, i& & 1
EPF E RGNS HE
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Table 4 Comprehensive ranking of stability of eight candidate reference genes

fit ) ¥ it E i it SHHR HrE M- A -

Period Rank Leal Stem Root Flower All samples Waterlogging stress-leal ~ Waterlogging stress-root

A 1 EF-Ia 2.00 Rerl 1.32 Actin 1.68 UBL-2a 1.19 UBL-2a 157 ADF 2.06 UBL-2a 157

Adult stage 2 GAPDH 206  GAPDH 2.0 TUB 265 GAPDH 18  GAPDH 221 Actin 211 UBC 2.06

3 Actin 271 ¢EF-la 2.63 UBL-2a 263 Rerl 2.28 Rerl 2.1 TUB 2.45 ADF 234

4 ADF 2.83 TUB 2.83 UBC 271 ADF 4,00 ¢EF-Ia 35 UBC 372 Rerl 331

5 UBL-2« 33t  UBL2a 500 Rerl 4.76 ¢EF-Ia 5.48 ADF 3.04 Rerl 433 TUB 5.29

6 Rerl 5.96 Actin 6.00 ADF 5.44 TUB 548 UBC 5.73 UBL-2a 476 Actin 5.60

7 UBC 6.74 UBC 700 GAPDH 5713 UBC 7.00 TUB 700 GAPDH 59 ¢EF-Ia 573

8 TUB 8.00 ADF 8.00 ¢EF-lIa 7.24 Actin 8.00 Actin 8.00 ¢EF-Ia 696  GAPDH 800

AL 1 Actin 157 Rer] 141 GAPDH 173 Rerl 211 TUB 1.00 ADF 1.86

Seedling stage 2 Rerl 211 Actin 2.11 Rerl 2.45 Actin 2.45 ADF 2.06 UBL-2a 1.86

3 UBC 245 UBC 2.59 UBL-2a 265 UBC 2.59 ¢EF-la 291 Rerl 2.8

4 eEF-la 263 UBL-2a 1460 ADF 2.83 UBL-2a 325  GAPDH 123 UBC 383

5  UBL-2a 495 TUB 495 ¢EF-la 4.36 ADF 3.83 UBL-2a 566 Actin 416

6 ADF 573 ADF 5.12 UBC 5.23 ¢EF-la 4.95 Actin? 573 GAPDH 447

7 GAPDH 100 ¢EF-Ia 6.00 Actin 5.86 GAPDH 512 UBC 5.89 TUB 6.09

8 TUB 800  GAPDH 626 TUB 8.00 TUB 8.00 Rerl 7.00 ¢EF-Ia 8.00

2.4 NSEEMBEMERIE
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Fig.7 Expression of the target gene normalized using different candidate reference genes (qRT-PCR)
T« B A TR] 7 B i 3 W AL I A FE G 329 B 35 22 S (P<<0. 05)
Note: Different superscript letters denote statistically significant differences (P<Z0.05)
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