
                                 

                  C  

                           -8-2020) 

I.                           

P. nigrum                                   ,                                                  

nhau.                                                                                      

(Howard, 1973).                                                             antioxidant), 

                 (anti-inflammatory),                   (anticancer) (Liu et al., 2010; 

Nishimura et al., 2011).         ,                                                  foot rot. 

                                                                (Anandaraj, 2000).              

                   Piper colubrinum    Piper hainanense                                  

                     Phytophthora capsici (Fan et al., 2015).                               

          ,                                                                                 

  .                                                                            ,             

                        .                            ISSR, 56                                 

                                                                                (Fan et al., 

2014).                                                                                         

            40                                                                    (Joy et al., 

2011). 

            Piper,                 EST-SSR                                      SSR.         

                          (NCBI accession No. SRX119532),         EST-SSR              

                                                    (Wu et al., 2015).  

                    ,                                                            148          , 

                                                                ,                           

transcriptome EST-SSR.                                                                      

                                            ,                                            .       

             13                                                                    loci      

                                        .                        EST-SSR                       

                             C (polymorphism information content     0,93.                      

                  0,724     1,000,               0,867.                                         

                                                        .                                      , 

148                                   clades        :       Neotropics    Asian tropics. 

Peperomia pellucida                                                                         

          .                                                                              . Tuy 

nhiên,                Asian tropics               cluster                                .     

   ,                                 ,                                                     

                                          ,                                            (Wu et 

al. 2016). 



 

 



 

 

II.                      CÂY         

        (Piper nigrum L.)                                          .                                 

               root rot                                          Fusarium solani    foot rot 

                                          Phytophtora capsici.                             

                                                                                                

                                                             .                                  

                                      .                           RNA-Seq                       

   transcriptome                (Gordo et al. 2012).                             transcriptome    

                                             NGS SOLiD                                        

                                   Multiple-k.                                                 

                      Blast2Go    orthoMCL            10.338 unigenes.           4472 

proteins                               52%                     homology) so                 

        Arabidopsis thaliana. Hai proteomes                          615 proteins,       



                                                   .                 SSRs                   

                                                                                              

                                10338 unigenes                                             

                                                                ecogenomics (Gordo et al. 

2012). 

                                     Phytophtora capsici    Fusarium solani f. sp. piperis, 

                                                                                                 

                           (Nair 2011). Despite the agricultural and economic importance of 

black pepper, knowledge of its genetics is presently very limited                   1).         

                                                                  ,                          

(NGS)                                                                                            

(Hawkin et al. 2010; Lister et al. 2009, Morozova et al. 2009; Wang et al. 2009).                

        ,                genomes                             ,                   transcriptomes 

                                                                 proteins          . RNA-

seq                     ,                                        (extremely high-throughput)    

                              transcriptome                                       (Wang et 

al. 2009).                                                                     (reads)         

                                cDNA,                                                         

                 transcriptomes (Morozova et al. 2009).                                

transcriptome-wide description                                             ,         SNPs, 

                  ,                       splicing                                           

h                                          counting reads) -                                 

                     (digital gene expression: DGE) (Wang et al. 2009; Nagalakhsmi et al. 

2010).           RNA-seq    transcriptome                                                     

                              .                  Piperaceae,         Magnoliid,             basal 

angiosperms                    ,                                            .               

transcriptomic                                           ,                                         

   microsatellites                                                              

Gordo et al. (2012          ng          RNA-seq                 transcriptome                . 

          71       reads              22363                    de novo                         

                    .               transcripts                                              

                                                    transcriptome     P. nigrum.                

            257         SSRs    .                                                       

Magnoliid                                                                                 

                                                                                                  

                                                   ,                          F. solani    P. 

capsici (Gordo et al. 2012). 



 



 

                                                                               



 

III.                                      DO     Phytophthora capsici 

Piper nigrum L.                                Phytophthora capsici                          

           foot rot                                                               . Tuy nhiên, 

                                             P. capsici                 Piper nigrum.        

                            foot rot                                           transcriptome 

                     (Piper flaviflorum)                     (Piper nigrum cv. Reyin-1) (Hao et 

al. 2016)            116.432 unigenes                                    (ba replicates      



                        ),                                              BLAST similarity 

                      Kyoto Encyclopaedia of Genes and Gene Ontology (GO) genome 

orthology.    transcriptome                                                                     

                (digital gene expression data).                                      GO     

                                                  ,                                            

         phenyl propanoid                                         P. flaviflorum.        ,    

                                                           P. capsici                       

                                                  phenyl propanoid                            

up                                       .                                                    

  ,                                                                            .               

phenylalanine ammonia lyase    peroxidase                                                   

    P. capsici,                                               .                                 

                              lignin                               .                             

                                                                                           

                                             ,                                            

gen (Hao et al. 2016). 

 

                                   foot rot         Phytophthora capsici Leonian             

                                         ,                                h                        . 

H                                                                       (Suseela et al. 2007, 

Tiong- Kheng 1990).                                      foot rot,                             

                 ,          ,           ,                                       (Suseela et al. 

2007).                                                   P. capsici                       

                                                        (Zeng et al. 2005). Sheila et al. (2012) 

                                                                       P.nigrum. Tuy nhiên,    

                                                                          P. capsici gây ra.      

                                                                                                

                        foot rot,                                                             

        .                                                   ,                               , 

                                                                                        (        

                                       ).                                               

(NGS),                           transcriptome                                               

                                 .          RNA-Seq                                           

                                     ,                                            gene discovery), 

                     transcriptomics                                          (Wang et al. 2010; 

Mizrachi et al. 2010).         ,                                        RNA-Seq             

                                                           secondary metabolites),         

cellulose    lignin                (Shi et al. 2011); carotenoid trong cây Momordica 

cochinchinensis (Huang et al. 2012); flavonoid, theanine    caffeine (Li et al. 2012); flavonoid in 

safflower (Hua et al. 2011);                      Salvia miltiorrhiza (liu et al. 2013);    

capsaicinoid              (Capsicum annuum) (Ferrer et al. 2008).                            

                                                                     ,                           

               (Verhage et al. 2010).                                                 



phenylpropanoid                                                  lignin,                     

                      lignans, coumarins    flavonoids. Phenylpropanoids                  

    phenylalanine carbon                                                                     

    ,                                         (Vogt 2010).                                      

                                     ,                   ydrogen peroxide                    

                  phenylalanineammonia lyase (PAL)        peroxidase (POD)               

                      lignin (Gayoso et al. 2010).                                 POD         

                            ,                                                                

POD                                                                           (Alcazar et al. 

1995; Piyada et al. 1995).                                                                      

         deep sequencing.                 transcriptome                           (P. 

flaviflorum)              (P. nigrum cv. Reyin-1)                                         

 llumina  iSeq™ 2000,                                                                      

           (Hao et al. 2016).  

 

                  phenylpropanoid         Piper                                           

          (Bey et al. 2004).                                                .               

                                   monolignols. Enzymes                         green        

                                                         . Enzymes                           

                     transcripts. 



 

      Phân                               Hao et al. 2016) 

IV.                           S                      

        (Piper nigrum)                                                               

piperine                              PacBio, 10x Chromium, BioNano DLS optical 

mapping,    Hi-C mapping (Hu et al. 2019).                           761,2 Mb (        45 

scaffolds            N50    29,8 Mb)                                                26 

pseudochromosomes                    .                                                   

                        Magnoliids          sister                            monocots-

eudicots                                                 Laurales-Magnoliales lineage        

180                    .                                                                      

                                         glycosyltransferase, cytochrome P450, shikimate 

hydroxycinnamoyl transferase, lysine decarboxylase,    acyltransferase.                         

                                                                                  up             

                                         .                   c                                  

                                                                                         

piperine                            species-specific) (Hu et al. 2019). 

Piper nigrum, 2n = 52: cây gia                                             Black Gold).    

              Piperaceae,                     Piperales.    Piperales                        

piperidine alkaloids               . Piperine    alkaloid                                  

     (pungency                         .                                                        

    ,                                                ,                                (Indian 

Ayurvedic),                          ,                                                 

           (Meghwal    Goswami 2013). Piperine                                         

             ,                                                                                 



         (peroxisome proliferator-activated receptor)                           ,              

                                                        PPAR agonist (Kharbanda et al. 2016). 

                          antioxidant, antitumour, antimicrobial, antidepressive    anti-

inflammatory (Manayi et al. 2018). B                                                         

                                                                                               

                                                                                                 , 

                                                                             .               

h                                  reference genome                                          

        .    n t    s  ti n   a (evolutionary analysis                magnoliid             

                          ,                                                                  

            (phylogenetics)            magnoliids”.           p  n t     enome    t n     t 

so s n             p  n t    transcriptome                                                   

                                                                                             

              piperine.   i n u  n  i tru  n                                                    

                                                                               . 



 

       a   n   i tru  n     en        ti u (Hu et al. 2019). (a                                

(b-d                                                                           (e-l)           

                                                                                               

hoa). (m                                                                                    

                                                    n                                  

                                                                                           

        Hu et al. 2019)  

 

 



V.                         &                 SS  

 

                                                                                                  

                                                                  ,                           

                                                                               Kumari et al. 

2019).                                                                           Piper nigrum 

genome                                                                                        

(Simple Sequence Repeats).                    69.126         SSRs                             

assembling                 P. nigrum.   n su t SSR   t 158 tr n m i Mb    n   a l  m t 

SSR trên 6,3 kb trong genome cây tiêu.                                                    

                ,                           dinucleotides                   48,6%,             

              trinucleotide        23,7%                  (compound repeats        20,62%.    

                            85 SSRs              ,                  74                     

                                   .                       30                             

             50         SSRs                                               .                  

                                                             SSRs,                            

                              . Tro      50         SSRs    ,    19                               

       Piper    31         SSRs                              Piper.                  SSRs        

                                      Piper,                                             .     

                                                                                  Kumari et 

al. 2019). 

        (2n = 4x = 52)                                                       Piperaceae.          

                                                                                                , 

            alkaloid piperine                (Nair 2011; Ravindran    Kallupurackal 2012).  
                                                                                 ,         

                                                                         , QTL/gene mapping, 

genomics                                                         .    DNA based markers, 

                                                                            reproducibility), 

         multi-allelic           co-dominant                              (Varshney et al. 

2005). Microsatellites hay SSRs          tandem repeats     1     6 nucleotide                  

genome (                                                          (Tautz    Renz 1984).  
                                                                 SSRs (Menezes et al. 2009; Wu et 

al. 2016).        ,                                          transcriptome                    

                                     (Gordo et al. 2012; Hu et al. 2015).  

                                next generation sequencing)                                   

                                                    (Mardis 2008, Yang et al. 2012).  

Kumari et al. (2019)                                               (P. nigrum) thông qua 

Illumina, PacBio (NCBI GenBank: PRJNA412127)    IRYS sequencing                    

                         916 scaffolds                     80X                            

sequence              genome wide mining                                                  

SSR                  .                                                                            

         genomic            .         SSR               Piper nigrum                            

cross amplification                               .                                             

                                                                                             

                                     (Kumari et al. 2019). 



 
                                                 

 
 

(       Kumari et al. 2019). 

 



 
                                                                                              

(       Kumari et al. 2019). 

 



 
                                                                 P. nigrum                     

     

 

       S                        

  



                                                             fruit transcriptome) thông qua      

         Illumina HiSeq 2000 (Hu et al. 2015).                   56.281.710 reads           

    (raw reads)                                     assembled).                  raw reads 

       ,                   44.061 unigenes,                                         1.345 nt. 

                                                 functional annotation),    40.537 unigenes      

           theo Gene Ontology categories, Kyoto Encyclopedia of Genes and Genomes 

pathways, Swiss-Prot database,                  Nucleotide Collection (NR/NT).            , 

                                         8.196 markers.                       transcriptome     , 

                                                housekeeping                               

                       ,               SSRs            ,                                 

      lysine/ornithine.                                                                        

(             .                                                    piperine              Hu et al. 

2015). 

                                                    piperidine alkaloids. Piperine              

           1-piperoylpiperidine; quy           cay (pungent),      nitrogen        alkaloid     

                 (Srinivasan 2007). Piperine,                              enhancer         

             (gustatory),                             (agonist)                                   

     transient receptor                                subfamily V member 1,             

                            (McNamara et al. 2005; Okumura et al. 2009).         ,           

                    peperine                                                                    

        .        ,                                                                         

                                                                                  

Srinivasan 2000).                                ,                           piperine,         

                                                                 .         , piperine           

                             in vitro     :                                             

                  ,                                      reactive oxygen species              

do)                                  (Zarai et al. 2013; Prasad et al. 2004).                   

                                                                                           

                               .                               piperine                       

                            (primary metabolism           lysine/ornithine.              

                                                      (Geisler                  ő   et al. 

2013). Tuy nhiên,                                 piperine                                   

                                                                                      .            

                    non-model plant),                                                         

        genomic information).                                       ,                            

                           de novo assembly of RNA-Seq                           

transcriptomes,                                                (Grabherr et al. 2011; Jain 2010). 

                   short tags                                RAN-Seq,                    

Roche 454, Illumina Genome Analyzer,    Applied Biosystems SOLiD.                 

ph      short tags,                             (assembled)                                

                                          genome                 transcriptome                  

  .                     ,                   assembly,                                        

                                                                                        

RNA-Seq;                                                                 transcript,          



             trans-splicing    ,            splice isoforms (                          

Robertson et al. 2010; Wang et al. 2009).                                ,           RNA-

Seq                                                                                          . 

                    Hu et al. (2015), transcriptome                                       

Illumina HiSeq 2000.            56       clean reads                                 44.061 

                      de novo.                    housekeeping,                      

lysine/ornithine,                                                          .                   

                                                                                               

          gene library                                                                    Hu et 

al. 2015). 
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