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Abstract: Senescence is the last developmental process in plant, which has an important impact on crop yield and quality. In this study, a stable hereditary early-senescence line BC64 was isolated from the high-generation recombinant inbred lines of 93-11 and Wuyunjing7 (W7). Genetic analysis showed that the premature aging phenotype was controlled by a dominant gene derived from 93-11. By linkage analysis, the gene was primarily mapped in the region between marker B4 and B5 near the centromere of chromosome 4, described as ES(4). Through multiple backcrossing with W7, the near-isogenic line of ES(4) (NIL-ES(4)) was obtained. Compared with wild-type W7, NIL-ES(4) plants showed more sever senescence phenotype in both nature and dark conditions. In NIL plants, leaves turned yellow at the fully tillering stage; photosynthetic rate, pollen fertility and seed setting rate were decreased. Moreover, the malondialdehyde, proline content and relative conductivity in NIL-ES(4) were significantly higher than those in W7; both transcript level and activities of reactive oxygen species scavenging enzymes were repressed; H2O2 and O2− were significantly accumulated. This study provides a basis for further cloning and function identification of ES(4).
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1  Introduction

Rice is one of the most important food crops, and half population of the world take it as the staple food. The growth of rice yield has further slowed down during the first decade of this century. The rice-consuming countries population continues to increase rapidly at a rate of over 1.5% per year, leading to a growing demand for rice. Therefore, improvement of grain yield and grain quality are of key agricultural importance [1]. Senescence is the final step of plant growth and development. Initiation timing of senescence has great influences on the plant biomass and quality formation. In crop plants, early senescence strongly affects grain filling, directly limit grain yield and quality [2,3]. Therefore, defining the molecular and physiological mechanisms of early senescence in rice are of great significance to enhance grain yield and quality.

Leaf senescence is a very complicated process, a range of internal and external factors appear to cause leaf senescence [4–6]. The process of leaf senescence is accompanied by a series of changes in cell structure and physiology of plants, including changes in chlorophyll, protein, photosynthetic efficiency, reactive oxygen species (ROS) scavenging and accumulation, malondialdehyde (MDA), proline and other indicators [7–9]. Thus, a large number of genes play essential roles in leaf senescence, and many senescence-associated genes have been identified in rice. These genes are found to function in several different biological processes, such as chlorophyll synthesis and degradation, chloroplast development, ROS scavenging system, programmed cell death and biotic and abiotic stress responses [10–13]. Chlorophyll is an essential molecule for harvesting light energy during photosynthesis. Therefore, genes involved in either chlorophyll biosynthesis or degradation are responsive to leaf senescence. The mutants of OsPORB [11,14], OsCAO1 [10], OsNOL, OsNYC1 [15,16], OsNYC3 [17], OsNYC4 [18], OsPAO and OsRCCR1 [19] have been reported to have early-senescence phenotypes, as well as low grain yield and quality. In additon, many genes involved in the chlorophyll metabolism or other important processes in chloroplast development, also could induce senescence, such as OsPSL [12], OsARVL4 [20], OsNDPK2 [21], OsCRTISO [22], WFSL1 [23], Heme Oxygenase 1 [24], ES1 [25] and so on. ROS scavenging is repressed and ROS is accumulated in all these mutants. Moreover, most early-senescence mutants are more sensitive to biotic and abiotic stresses [10,21,24,25]. Although many senescence associative genes have been identified, more genes and mutants are still necessary to further understand molecular mechanism of senescence because this process is truly complicated.

In this study, BC64 with stable early senescence phenotype, was isolated from the high-generation RILs of 93-11 and wuyunjing 7 (W7). This line appeared severe premature before heading. Genetic analysis revealed that the early senescence phenotype was controlled by a dominant gene which was derived from 93-11; and the gene was mapped to the near-centromere region on chromosome 4, named ES(4). We performed phenotypic identification, physiological and biochemical analysis to explore its function and mechanism in regulating leaf senescence.

2  Material and Methods

2.1 Plant Materials and Growth Conditions

ES(4) is a stable hereditary line, BC64, with early senescence phenotype, which was found in the high-generation RILs of 93-11 and W7. The near isogenic lines for ES(4) (NIL-ES(4)) were developed from the BC4F2 generation by repetitive backcrossing with W7. All plants were grown in the paddy field in Jiangxi Agricultural University, Nanchang, Jiangxi Province, China.

For dark-induced senescence assay, the flag leaves were harvested from the NIL and W7 plants, and were cut into small size, about 1 cm. Then the samples were incubated in MES buffer (30 mM, pH 5.8) and kept in darkness at 28°C for 4 days.

2.2 Genetic Analysis and Linkage Analysis

For genetic analysis, BC64 was crossed with its parents lines respectively, and the phenotype of F1 and character separation ratio of F2 were detected. The F2 population of BC64 and W7 were used for linkage analysis. The DNA extraction of the mixed pool for genetic analysis and the F2 individuals of gene mapping were performed by CTAB method. For linkage analysis, a DNA bulk poor from 23 F2 individuals with normal leaves was screened with a total of 265 simple sequence repeat (SSR) markers and sequence tagged site (STS) markers uniformly distributed on all 12 chromosomes in our laboratory. Subsequently, 274 individuals were used for confirmation of the linkage and genetic distance estimation. The PCR products were seperated by 8%–12% polyacrylamide gel and 4%–5% agarose gel, and the band results were stained by silver nitrate and gelred, respectively. The molecular markers were listed in Table S1.

2.3 Chlorophyll Content Analysis

Chlorophyll content of W7 and NIL-ES(4) flag leaves were examined at the fully tillering stage. The leaves were cut into pieces of about 1 cm, and 1 g of leaves were soaked in 80% acetone in darkness for 12 h with gentle shake. The extract was collected for colorimetric determination. The total Chl were estimated with spectrophotometric values of 470, 645 and 663 nm.

2.4 Quantification of Senescence-Related Physiological Indicators

The flag leaves of W7 and NIL-ES(4) were selected for the determination of their physiological indexes at the fully tillering stage. Peroxidase (POD) activity, superoxide dismutase (SOD) activity, catalase (CAT) activity, MDA content, and proline content, were measured by using corresponding kits of Jiangsu KeMing Biological Company (POD-1-Y, SOD-1-Y, CAT-1-Y, MDA-1-Y, and PRO-1-Y, respectively). The specific method is described in the manual, and the measure of each indicator was repeated three times. Conductivity was determined as previously described [10]. The net photosynthetic rate was measured by using a CI-340 portable photosynthetic apparatus (CID, USA) in the presence of sufficient sunlight at the filling stages.

2.5 Hydrogen Peroxide and Superoxide Anion Detection

The accumulation of H2O2 in leaves was detected by diaminobenzidine (DAB) staining (0.5 mg/mL in 10 mM potassium phosphate buffer, pH 7.6); NBT (1 mg/ml in 50 mM Tris acetate buffer, pH 5.8) was applied to detect O2−. The fresh leaves of W7 and NIL-ES(4) were harvested separately, then the leaves were immersed into the staining buffer. After staying in darkness for 8 h, the leaves were transferred to alcohol and boiled to remove chlorophyll.

2.6 RNA Extraction and Quantitative Real-Time PCR

The leaves of W7 and NIL-ES(4) were collected at the fully tillering stage or filling stage. Total RNA extraction was performed using a TaKaRa MiniBEST Plant RNA Extraction Kit (TAKARA, Code No. 9769). All the samples were digested by DNase I (TAKARA, Code No. 2270A). Reverse transcription was performed with PrimeScript™ II 1st Strand cDNA Synthesis Kit (Code No. 6210A). 2 × SYBR Green PCR Master Mix (Applied Biosystems) was applied for real-time PCR, the reaction was carried out in a two-step process using a PCR procedure of 95°C for 1 min, 95°C for 15 s, 60°C for 30 s, and 40 cycles (ABI 7900). The transcription level of these genes (including OsLchb1, OsLchb4, OsNOL, OsNYC1, OsNYC3, OsNYC4, OsPAO, OsRCCR1, OsAPX1, OsAPX2, OsPOD1, OsPOD2, OsCatB, OsSAG, Osh36 and Actin1) were quantified, The primers for qRT-PCR were listed in Table S2.

2.7 Statistical Analysis

RNA or protein samples used for detection of chlorophyll content, electrolyte leakage, senescence-related physiological indicators and expression levels of related genes were obtained from bulk samples of three independent plants. The 2−ΔCt and 2−ΔΔCt methods were used for gene expression analysis. All of the experiments were performed in triplicate, the error bars indicate the standard error of the mean. For statistical analysis of photosynthetic rate, mean and error bars from at least 10 plants are indicated on the y axes.

3  Results

3.1 Genetic Analysis and Linkage Analysis of the Early-Senescence Gene

We obtained an early-senescence line (BC64) from the progeny of the high-generation RILs of 93-11 and W7. The BC64 showed an obvious early-senescence phenotype at full tillering, leaves turned yellow, and the height was significantly lower and tiller number was less than its parents (Fig. 1A). In order to elucidate the genetic pattern of the early-senescence phenotype of BC64, this line was crossed with each parent, respectively. The F1 hybrid plants of both crossings showed a premature aging phenotype (F1 of W7 and BC64 was shown in Fig. 1B, F1 of 93-11 and BC64 was not shown). All F2 individuals of 93-11 and BC64 showed different degrees of premature aging phenotype (data not shown), while the F2 population generated from crossing W7 with BC64 showed separation in the target trait. We obtained 274 normal individuals from a total of 1132 F2 plants from crossing of BC64 with W7. The ratio of individuals with a normal phenotype to those with an ES phenotype showed a good fit to the expected value [i.e., 1:3 (χ2 = 0.382, P = 0.537)]. All these results indicated that the early-senescence phenotype was controlled by a single dominant gene derived from 93-11. We found that the tip of 93-11 leaves also appeared yellow before heading, showing a certain senescence trait (Fig. 1A). Moreover, the hybrid rice varieties generated from 93-11 as both male and female parents, have a significant senescence at the late stage, indicating that there was a dominant premature senescence gene on the 93-11 genome, which was completely consistent with our results in this study.
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Figure 1: Primary mapping of early senescence gene ES(4). (A) Morphological comparison of BC64 and its parents at the tillering stage; (B) phenotype of F1 plants of BC64 and W7; (C) ES(4) was linked to the molecular markers B4 and B5; (D) genotype analysis of F2 individuals with normal phenotype; (E) the genetic distance analysis of linked markers and ES(4). Scale bar = 10 cm

274 normal plants from the same F2 population were used for linkage analysis and genetic distance estimation. Linkage analysis was carried out by the BSA method. The results showed that the early-senescence phenotype was linked to the molecular markers B3, B4 and B5 (Fig. 1C). The genotype analysis of F2 individuals confirmed the linkage, and indicated that ES(4) was located in the interval between B4 and B5 which contains the centromere (Fig. 1D). The genetic distances between ES(4) and molecular markers were calculated with recombinant gamete ratio. There were 110, 62, 21, 7, 82 recombinant gametes in the total 548 gametes at the B1, B3, B4, B5, B7 sites, indicating that the genetic distances between ES(4) and them were 20, 11.3, 3.8, 1.3 and 15 cm, respectively (Fig. 1E).

3.2 Development of Near-Isogenic Line NIL-ES(4)

According to the complicated genetic background of RILs, eliminating the interference of different varieties is crucial to identify the function of ES(4). Therefore, the near isogenic line NIL-ES(4) in W7 background was developed by continuously backcrossing. Compared with W7, the height was lower and tiller number was less in NIL-ES(4) (Fig. 2A). NIL-ES(4) plants showed severe premature aging before heading, the leaf turned yellow rapidly (Fig. 2A), the chlorophyll content was much lower in NIL plants (Fig. 2D). The electric conductivity of the blade was increased significantly in NIL-ES(4), increased by about 60% of that in W7 (Fig. 2E), indicating that the NIL-ES(4) cells were damaged seriously, leading to early senescence. The photosynthesis rate of leaves at the filling stage in the NIL plants was severely inhibited, it was only about one forth of that in W7, which might be caused by chlorophyll degradation and senescence (Fig. 2F). The expression levels of OsLhcb1 and OsLhcb4, two important photosynthesis-associated genes, were also examined. The results showed that OsLhcb1 and OsLhcb4 were strongly down-regulated in NIL-ES(4) compared with W7 (Figs. 2E and 2F). Additionally, the pollen fertility of NIL-ES(4) was partially reduced; about 14.7% pollen was abortive, resulting in a low seed setting rate (Figs. 2B and 2C).
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Figure 2: Construction and phenotype identification of NIL-ES(4). (A) The senescence phenotype of NIL-ES(4); (B and C) pollen fertility comparison between W7 and NIL-ES(4); (D, E) chlorophyll content (D) and electrolyte leakage (E) in W7 and NIL-ES(4) at the tillering stage; (F and G) photosynthetic rate (F) and expression level photosynthesis-associated gene (G) in W7 and NIL-ES(4) flag leaves at the filling stage. Error bars indicate SD; n = 20 plants. * and ** represented a significant difference (P < 0.05) and an extremely significant difference (P < 0.01), respectively

3.3 Relative Expression of Senescence-Associated Genes

In order to further explore the functions of ES(4) in senescence, we detected the expression level of senescence-associated genes, including chlorophyll degradation-related genes, ROS scavenging-associated genes and senescence marker genes. Among five chlorophyll degradation-related genes, OsNYC3 and OsPAO were significantly up-regulated in NIL-ES(4) compared with W7 (Figs. 3C and 3E), while OsNOL, OsNYC1 and OsNYC4 were down-regulated (Figs. 3A, 3B and 3D). Thus, ES(4) might mainly participate in the chlorophyll degradation pathway by regulating OsNYC3 and OsPAO; the chlorophyll content was much lower in NIL plants, suggested that even smaller amount of these genes were enough for chlorophyll degradation. Therefore, ES(4) might not directly affect chlorophyll degradation to induce premature.
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Figure 3: The expression differences of senescence-associated genes between W7 and NIL-ES(4). (A–E), transcription level of chlorophyll degradation related genes: OsNOL (A), OsNYC1 (B), OsNYC3 (C), OsNYC4 (D) and OsPAO (E); (F–K), transcription level of ROS scavenging related genes: OsAPX1 (F), OsAPX2 (J), OsPOD1 (H), OsPOD2 (I), OsCatA (J), and OsCatB (K); (L and M) expression of senescence-induced genes, OsSAG (K) and Osh36 (I). Actin1 was used as a reference gene. The mean of each expression was based on the average of three biological repeats calculated using the relative quantification method; leaves from more than 10 plants were used for qRT-PCR to avoid individual difference. * and ** represented the significant difference (P < 0.05) and extremely significant difference (P < 0.01), respectively

All ROS-scavenging-related genes which were detected in this study, including OsAPX1, OsAPX2, OsPOD1, OsPOD2, OsCatA and OsCatB, were down-regulated in NIL-ES(4), especially OsPOD1 and OsPOD2 (Figs. 3F–3K). The expression levels of OsPOD1 and OsPOD2 in NIL-Es(4) were less than 1/4 and 1/32 of those in W7, respectively (Figs. 4H and 4I). Two typical cell senescence marker genes, OsSAG and Osh36, whose expression were senescence-induced [26,27]; and their transcriptional levels were obviously increased in NIL plants. The OsSAG was sharply up-regulated, 32-fold of that in W7, indicating the serious senescence in NIL-ES(4) (Figs. 3L and 3M). These results suggested that ES(4) repressed the ROS scavenging associated genes and then caused early senescence.
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Figure 4: Determination of physiological characteristics of senescence. POD activity (A), CAT activity (B), SOD activity (C), MDA content (D) and Proline content (E) were quantified in W7 and NIL-ES(4); H2O2 (F) and O2− (G) were detected with DAB and NBT. Error bars indicate SD; n = 20 plants. * and ** represented a significant difference (P < 0.05) and an extremely significant difference (P < 0.01), respectively

3.4 Determination of Physiological Characteristics of Senescence

Several indexes of leaf senescence were detected at the tillering stage. The enzymatic activities of SOD, CAT and POD in NIL-ES(4) leaves were significantly lower than those in W7 leaves; the activities of CAT and POD were decreased by 59% and 39%, respectively (Figs. 4A–4C). These results revealed that the ROS scavenging ability in NIL-ES(4) leaves was seriously decreased, which is consistent with the down-regulated expression levels of ROS scavenging related genes (Figs. 3F–3K). Subsequently, we tested the accumulation of H2O2 and O2− (Figs. 4F and 4G) in leaves with NBT and DAB staining methods. More dark spots/tissues appeared after either DAB or NBT staining, indicating that more H2O2 and O2− were accumulated in NIL-ES(4). In addition, MDA and proline were quantified. Compared with W7, the content of MDA was increased by 52%, and proline content was increased by 72% in NIL plants. These results suggested that the leaves of NIL plants showed more severe cell damage. Taken together, ES(4) affected the expression of ROS scavenging-related gene, then the activity of the ROS scavenging enzymes was decreased, resulting in the accumulation of ROS, cell death, and finally accelerated senescence.

3.5 ES(4) Accelerates Dark-Mediated Senescence

Besides premature under natural conditions, dark-induced senescence was also examined. The detached leaves from the NIL and W7 plants were incubated in MES buffer and kept under darkness conditions at 28°C. Chlorophyll was quantified at 0, 2 and 4 days after the dark treatment separately. Although the initial chlorophyll content was lower in NIL-ES(4) leaves (1.87 mg/g·FW in NIL and 4.46 mg/g·FW in W7), the chlorophyll degradation rate was faster in NIL-ES(4) than that in W7, especially after 2 days (Figs. 5A–5C). After 4 days, the leaves from NIL turned almost completely yellow; the chlorophyll content was as low as 0.67 mg/g·FW, while 2.79 mg/g·FW in W7; Compared with the initial contents, only 35.8% chlorophyll was left in NIL-ES(4) leaf pieces, while 62.6% in W7 leaves. These results indicated that ES(4) in NIL plants could also accelerate dark-mediated senescence.

[image: images]

Figure 5: The chlorophyll degradation in dark induced senescence. Chlorophyll a (A), Chlorophyll b (B) and total chlorophyll content (C) at 0, 2 and 4 d after dark treatment. Error bars indicate SD; n = 5 plants. * and ** represented a significant difference (P < 0.05) and an extremely significant difference (P < 0.01), respectively

4  Discussion

Early senescence is one of the most important factors which affect rice yield and quality [10,28]. Senescence in rice was reviewed by Leng et al. [29], many mutants were identified such as es1 [25], pgl [10], and psl3 [30]. Most of the identified mutants are controlled by recessive genes, while the dominant gene-controlled early senescence mutants (e.g., psl3) are very rare. On the other hand, Indica cv. 93-11 is a popular variety widely grown in China. It has many advantages: stem stout, erect leaves, perfect plant type, good grain quality, stable yield and lodging resistance. Moreover, 93-11 is the paternal cultivar of a super-hybrid rice, Liang-You-Pei-Jiu (LYP9), which has 20% to 30% more yield per hectare than many ordinary rice varieties. However, 93-11 has a light early senescence phenotype after heading (Fig. 1A), and hybrid rice varieties from crossing 93-11 with other varieties also have the premature phenomenon, indicating that there is a dominant gene causing early senescence in 93-11. Thus, cloning and functional identification of this senescence-related gene is beneficial for rice breeding.

It is well known that crossingover rarely happen near the centromere. Therefore, it is truly hard to narrow the region containing the target gene by map-based cloning method, leading to a related large interval in our experiments (Fig. 1E). However, only a few genes have been cloned and their functions were identified; among them, several genes encode definite or potential senescence-related factors. OsSRT1 encodes a NAD+-dependent histone deacetylase, and negatively regulates leaf senescence by repressing expression of downstream genes such as OsPME1 [31]; its knockdown plants increase the acetylation and decrease the dimethylation of H3K9, resulting in H2O2 production, DNA fragmentation and cell death [31,32]. OsAPX3 encodes an ascorbate peroxidase which catalyses the conversion of H2O2 to H2O and O2 using ascorbate as the specific electron donor [33]. APXs play essential roles in scavenging and in protecting cells against the toxic effects of H2O2 in higher plants [34]. OsGRX12 is a member of glutaredoxins which are ubiquitous oxidoreductase enzymes; they mediate the reduction of disulphide bonds of substrates in presence of glutathione. These enzymes are involved in diverse cellular processes and play an important role in defense against oxidative stress [35].

According to genetic analysis, ES(4) was proved to be a novel dominant gene inducing senescence in BC64 (Fig. 1A and 1B). Most of the identified senescence mutants are controlled by recessive genes, the dominant gene-controlled early senescence mutants are very rare. PSL3 was also a dominant gene, this gene was mapped to an interval of 53.5 kb on chromosome 7. In psl3, the chloroplast number of mesophyll cells decreased, some chloroplasts membranes were dissolved and the thylakoid was disorderly arranged; the SOD activities were significantly decreased in the senescence part of the psl3 mutant. However, the PSL3 gene has not been already cloned, so the regulatory mechanism of PSL3 in leaf senescence is not clear [30].

Over 185 senescence-associated genes have been identified in rice [30]; they are mainly involved in chloroplast development and degradation [10,36], phytohormones signal transduction [37,38], and energy metabolism [32,39], and nitrogen remobilization [40,41]. During leaf senescence, chloroplast degradation usually induces the production of ROS. On the other hand, hyperaccumulation of ROS in plant cells cause severe damage to lipids, proteins, and DNA [42,43], which would induce chloroplast degradation. Therefore, production and scavenging of ROS must be tightly controlled by the antioxidant defense system to maintain a dynamic balance of the ROS level in plants [44,45]. ROS (O2− and H2O2) was accumulated in NIL-ES(4) leaves, which would result in severe damage to the proteins, membrane lipids, DNA and other cellular components of plants [46]. Leaves turned yellow earlier and chlorophyll content was lower in NIL-ES(4) than in WT plants. We detected five genes involved in chlorophyll degradation; only OsNYC3 and OsPAO were up-regulated in NIL-ES(4) (Figs. 3C and 3E), and the rest were down-regulated (Figs. 3A, 3B and 3D). Nevertheless, both transcriptional levels (Figs. 3F–3K) and enzymatic activity (Figs. 4A–4C) of the major antioxidant enzymes (including CAT, SOD, POD, APX) were significantly decreased in NIL-ES(4). Taken together, ES(4) are much more likely to directly influence ROS scavenging than production (e.g., chloroplast degradation).

Chlorophyll is a key component in the plant photosynthesis system; the transcription level of the photosynthesis-associated genes (OsLhcb1 and OsLhcb4) and the photosynthesis rate were reduced which might result from the yellowing of leaves in NIL plants (Figs. 2E–2G); MDA is a substance produced by the oxidation of cell membrane lipids which caused by the accumulate of reactive. MDA is the final product of membrane lipid peroxidation which caused the accumulation of ROS, and proline has been reported to be a stabilizer to protect cells [47,48], so MDA and proline are direct signs of cell death. Accumulation of both MDA and proline together with increased expression of OsSAG and Osh36 (senescence-induced genes) indicated more severe cell damage in NIL-ES(4) plants (Figs. 4K, 4M, 4D and 4E). Finally, plants are more sensitive to internal or external disadvantageous factors at the reproductive stage, especially pollen development. So, most early senescence mutants have low fertility [22,25,49]. Both BC64 and NIL-ES(4) had very low fertility (Fig. 2C), which might be caused by ROS accumulation, leading to low seed setting rate.

5  Conclusion

The widely grown Indica cv. 93-11 harbour a dominant senescence-related gene, ES(4). ES(4) is located near the centromere of chromosome 4. The ES(4) allele in 93-11 repress the expression of ROS scavenging related genes, and increase ROS accumulation, leading to cell death and early senescence. However, further studies are required to clone ES(4) gene and investigate its molecular mechanism in regulating senescence.
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Table S1: Primers for linkage analysis ot ES(4)

Markers Forward primer Reverse primer
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BS5 GTACTACCGACCTACCGTTCAC CTGCTATGCATGAACTGCTC

B7 TATGCGAAGGATGTGCGAC ACGAATACATGTGCCTGCC






OEBPS/Images/Phyton_25266-fig-2.png
(A) (B) _4

w7 NIL-ES(4) : e
/ “wr
/ ———
(%)
/ 4 .l

3 S(4)

)

0 L] 0 Photo M

400 0
4.0
..‘

U 0

: 0 0% c10 0.6






OEBPS/Images/Phyton_25266-fig-1.png
W7 BC64 F, ESpool Normal pool W7 BC64 F, ES pool Normal pool

(D)1 2 3 45 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23

B4
— B o IR o | ™ R Ba. B “—ﬂ’—-‘r—— Y
> - - -
B5
(E) 53(4)
R g
B1 B3 B4 B5 B7

20cM 11.3cM 3.8cM 1.3cM  15cM





OEBPS/Images/phyton-logo.png





OEBPS/Images/logo.png





OEBPS/Images/table-2.png
Table S2: Primers used in qRT-PCR
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CCATGTTCTCCATGTTCGGCTTCT
TACCTGCAGTTCGAGCTGGAC
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TGCACAATGGATGGGTCAGA
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