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Supplementary Table 

Table S1. Fresh and dry weight of shoots and roots of alfalfa (Medicago sativa) 5 days after the application of Zn doses of 
0, 0.01, 0.1, 0.5, 1, or 10 mg Zn plant−1 to leaves. Means ± standard error of three replicates are shown. 

Dose of Zn 
Application  
(mg plant−1) 

Shoot Fresh Weight Root Fresh Weight Shoot Dry Weight Root Dry Weight 

 _________________________________________________ g plant−1 ________________________________________ 
0 4.28 ± 0.12 1.96 ± 0.46 0.75 ± 0.01 0.19 ± 0.01 

0.01 3.85 ± 0.46 2.40 ± 0.06 0.63 ± 0.06 0.19 ± 0.01 
0.1 4.73 ± 0.80 2.24 ± 0.16 0.84 ± 0.11 0.29 ± 0.04 
0.5 4.27 ± 0.98 2.39 ± 0.24 0.78 ± 0.17 0.26 ± 0.03 
1 4.07 ± 0.33 1.75 ± 0.19 0.78 ± 0.06 0.26 ± 0.01 
10 4.29 ± 0.85 1.76 ± 0.10 0.82 ± 0.14 0.23 ± 0.05 
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Supplementary Figures 
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Figure S1. Neighbor-joining (NJ) phylogenetic tree (Saitou et al., 1987) of ZIP gene sequences of 
Medicago sativa L. and Medicago truncatula Gaertn. and of other plant species (Arabidopsis thaliana (L.) 
Heynh., Glycine max (L.) Merr., Hordeum vulgare L., Oryza sativa L., Triticum aestivum L., and Zea mays 
L.) obtained by GenBank search. The tree was inferred by MEGA X (Kumar et al. 2018), and evolu-
tionary distances were calculated by the p-distance method (Nei and Kumar, 2000). Branch support 
bootstrap values were derived from 500 bootstrap replicates. The phylogram was drawn by MEGA 
X and edited by Adobe Illustrator CC 2017. 
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Figure S2. Neighbor-joining (NJ) phylogenetic trees (Saitou et al., 1987) of zinc-induced facilitator (ZIF) (a) and metal 
tolerance protein (MTP) (b); evolutionary distances were calculated by the p-distance method (Nei and Kumar, 2000). 
Branch support bootstrap values were derived from 500 bootstrap replicates. The phylograms were drawn by MEGA X 
and edited by Adobe Illustrator CC 2017. 
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Figure S3. Neighbor-joining (NJ) phylogenetic trees (Saitou et al., 1987) of yellow stripe-like pro-
tein (YSL) (a) and heavy metal transporter (HMA) (b) gene sequences of Medicago sativa L. and 
Medicago truncatula Gaertn. and other plant species (Arabidopsis thaliana (L.) Heynh., Glycine max 
(L.) Merr., Hordeum vulgare L., Oryza sativa L., Triticum aestivum L., and Zea mays L.) obtained by 
GenBank search. The trees were inferred by MEGA X (Kumar et al. 2018), and evolutionary dis-
tances were calculated by the p-distance method (Nei and Kumar 2000). Branch support bootstrap 
values were derived from 500 bootstrap replicates. The phylograms were drawn by MEGA X and 
edited by Adobe Illustrator CC 2017. 
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Figure S4. Neighbor-joining (NJ) phylogenetic trees (Saitou et al., 1987) of nicotianamine synthase 
(NAS) gene sequences of Medicago sativa L. and Medicago truncatula Gaertn. and other plant species 
(Arabidopsis thaliana (L.) Heynh., Glycine max (L.) Merr., Hordeum vulgare L., Oryza sativa L., Triticum 
aestivum L., and Zea mays L.) obtained by GenBank search. The trees were inferred by MEGA X 
(Kumar et al. 2018), and evolutionary distances were calculated by the p-distance method (Nei and 
Kumar, 2000). Branch support bootstrap values were derived from 500 bootstrap replicates. The 
phylograms were drawn by MEGA X and edited by Adobe Illustrator CC 2017. 
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Figure S5. Melting curve analysis of the PCR products obtained by the newly designed 14 pair of primers: MsZIP1–7 
transporters and other Zn-related genes (i.e., MsZIF1, MsHMA4, MsYSL1, MsNAS1, and MsMTP1). 

  



Plants 2021, 10, 476 10 of 14 
 

 

 

 

Figure S6. Examples of electropherograms of seven PCR products obtained by the newly designed primers for MsZIP1–7 
transporters. The electropherograms represent one replicate of the three PCR products obtained by each primer pair. 

  

Figure S7. Examples of electropherograms of seven PCR products obtained by the newly designed primers for genes 
involved in Zn transport-related processes: MsZIF1, MsHMA4, MsYSL1, MsNAS1, and MsMTP1. The electropherograms 
of the PCR products obtained by the newly designed reference genes, MsACT-101 and MsEF1-α, are also reported. The 
electropherograms represent one replicate of the three PCR products obtained by each primer pair. 
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Figure S8. Standard curves for 14 newly designed primer pairs (a,b). The curves are based on three replicates of 10-fold 
serial dilutions of complementary DNA (cDNA). The cycle threshold values (Ct) are plotted against the decimal logarithms 
of the concentrations of the reverse-transcribed total RNA. Linear regressions are shown in each subfigure in order to 
indicate the linear range of quantification and the precision (R2). The amplification efficiency (efficiency), as inferred from 
the slope of the lines (S: angular coefficient), is indicated at the bottom left of each subfigure (%). The names of the genes 
(abbreviations) and localization are shown in Figure 1. 
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Figure S9. Cycle threshold (Ct) value of the reference genes, actin 101 (MsACT-101), and elongation factor 1-α (MsEFf1-α) 
in shoots (a,c) and roots (b,d) for the no-Zn addition control and the three Zn doses (0.1, 1, 10 mg Zn plant−1). The Ct values 
of MsACT-101 in shoots and of MsACT-101 in roots were stable across the Zn doses, as confirmed by the non-significant 
ANOVA (data not shown). 
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Supplementary Material and Methods. 

Material and Methods S1. 

PCR Details. 
PCR amplifications were performed using the designed primer pairs (3 replicates per 

each PCR amplification), targeting the selected genes. PCR amplicons were generated in 
volumes of 20 µL with 0.5 U of HotStarTaq DNA Polymerase (Qiagen, Venlo, Nether-
lands), 10 µM of each primer, 0.2 mM of each dNTP, 1 mM of MgCl2, and 1x reaction 
buffer, using a S1000 Thermal Cycler TM (BIORAD, Hercules, CA, USA). The thermal 
cycler was programmed as follows: 95 °C for 2 min, 30 cycles at 95 °C for 45 s, 60 °C for 45 
s, 70 °C for 1 min, and a final extension step at 72 °C for 10 min. Reaction yields and frag-
ment lengths were estimated using a 1% agarose gel electrophoresis, containing Sybr Safe 
(Invitrogen, Carlsbad, CA). 


