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Abstract 

 

Specific primers synthesized according to conservative regions of polygalacturonase 

inhibiting protein (PGIP) gene were used to amplify Prunus Dulcis genomic DNA by 

polymerase-chain reaction (PCR). Six bands (pgip1, pgip2, pgip3, pgip4, pgip5 and pgip6) of genes 

were obtained and cloned into PBS-T vector. According to the length of bands, 717bp, 864bp, 

796bp were A1 (pgip1, pgip2, pgip3), A2 (pgip4), A4 (pgip5, pgip6), respectively. DNA sequences 

showed that the fragments taken together were the gene encoding PGIP. A2 and A3 contained two 

exons interrupted by one intron, which has GT-AG sequence. Its DNA and amino acid sequences 

were highly homologies to those from Prunus Persica; Prunus Salicina; Prunus Americana; 

Prunus Mume, respectively. A conserved lencinerial fragment exists in the derived protein 

sequence.  
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1. Introduction 

 

Almond (Prunus dulcis Mill) is a plant of Rosaceae. One pathogenesis of almond gummosis and 

almond leaf curl is caused by fungi. They mainly do damage to the trunks, leaves, flowers and fruits of 

almond. Polygalacturonase (PG) is the disease-causing factor of many pathogenesis fungi (Desiderio et al, 

1997). It is the first catabolic enzyme of plants in the process of invasion of pathogen fungi, and it can 

decompose polygalacturonic acid of plants. This decomposition not only makes the attack of other cell wall 

catabolic enzymes to their substrates much easier, but also provides sugar source to the growth and 

development of fungi. If PG activity is inhibited by either PGIP or other factors then the oligosaccharide 

innoxious factor can be formed, and the plant defense mechanism can be activated. PGIP widely exits in 

cell wall of dicotyledon; it can combine with PG, and declines and restricts the activity of PG, and also 

induces the formation of oligosaccharide. So PGIP plays an important role in the defense response of 

plants (Yao et al., 1999, Wan and Zhou, 2002, Sharrock et al, 1994, Mohamed et al, 2003, Zhang et al, 

2003). 

PGIPs are located in the plant cell wall, and are rich in disease resistant related leucine repeat 

sequence. The combination of PGIP and PG inhibits activities of pathogen fungi specifically, reversibly, 

and noncompetitively, and reduces the occurrence of these kinds of diseases. In addition, the interaction 

between PGIP and PG causes the accumulation of oligosaccharide on plant cell walls and induces 

defense responses so that plants can obtain systematic disease resistance. Furthermore, PGIP is related 

to the development of fruit, stress response, cool temperature storage, disease- and insect-resistance. 

Therefore, gene encoding PGIP has become the focus of the genetic engineering of disease resistance 

and long time fruit storage. 

So far gene encoding PGIP has been isolated from raspberry (Williamson B et al, 1993), apple (Yao 

CL et al., 1995 and 1999), pear (Sharrock et al, 1994; Mohamed et al, 2003), apricot (Puehringer et al, 

1998), cherry (Zhang, Zhang, 2000), soybean (Favaron et al, 1994; D’ Ovidio et al, 2004), tomato (Stotz et 

al, 1994), potato (Machinandiarena et al, 2001; Krinitsina et al, 2006), strawberry (Schaart et al.2005), 

melon (Zhang et al, 2003), rice (Jang et al. 2003) and wheat (Wan, Zhou, 2002).  

This research used “Jin Almond” selections as materials to clone and sequence the gene encoding 

PGIP. The plants’ expression vector was constructed in order to establish the foundation for breeding of 

disease resistance and long storage tolerance. 
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2. Material and Methods 

 

Plant Materials 

The fruit samples of “Jin Almond No.1” were obtained from the experimental garden in Pomology 

Institute of Shanxi Academy of Agricultural Sciences. 

Extraction and detection of genome DNA 

The young fruits (0.5mm diameter) were obtained at the beginning of May. The genome DNA was 

extracted by improved hexadecyltrimethy lammonium bromide (CTAB) method, electrophoresized by 

0.8％ agarose gel, stained with Ethidium Bromide (EB), and stored at -20℃ for the next step. 

Cloning of gene encoding PGIP 

A pair of primers were designed based on the three genes encoding almond PGIP which were 

already logged on Genebank. The two primers were synthesized by Shanghai Sangon Biological 

Engineering Technology and Services Company. Primer sequence of 5′end was: 

ACTCTGTCACCTGTGACTCC; primer of 3′ end was GACCACACAACCTGTTGTAGC. PCR amplification 

was done by using the young fruit genome DNA as template. The selection of annealing temperature was 

done by gradient PCR, range from 50℃ to 60℃ and every 2℃ as a grade. The PCR reaction system 

condition was: 10×PCR buffer 2.0μl, dNTP (2.5mM) 0.5μl, DNA template (120ng/μl) 1.0μl, primers 

(20pmol/μl) each 1.0μl, TaqDNA (5u/μl) 0.2μl, ddH2O 15.3μl. The amplifying procedure was: 

predenaturation for 5 min. at 94℃; denaturation for 1 min. at 94℃, annealing for 1 min., extension for 2 

min. at 72℃, 35 cycles; extension 5 min. at 72℃; storage at 4℃. 
The fragment of interest was confirmed after electrophoresis of the PCR products. The amplified 

products were cloned into pBluescriptⅡks﹢vector (PBS-T). The vector ligation reaction system was: 

10×T4 DNA ligation buffer 1μl, PBS-T (15ng/μl) 2.0μl, products of PCR (335ng/μl) 4μl, T4 DNA (350u/μl) 1μl, 

ddH2O 2.0μl. Then the mixture was left over night for ligation. The ligation products were transformed to 

the competence Escherichia Coli. A single white colony was picked and cultivated on LB cultivation 

medium under 37℃ over night. Plasmid DNA was extracted by using Alkaline miniprep. DNA was digested 

by double restriction enzyme digestion of Pst1 and Xhol (fig.1) and electrophoresised with 0.8％ agarose 

gel, and stained with EB solution. Finally pictures were taken. 

Analysis of Gene Protein Sequence of PGIP 

MegAlign process of DNASTAR software was used to do the homological amino acid comparability 

comparison of PGIP gene among almond, peach, cherry, apricot, plum. This process also was used to 

draw the homology tree. The genes which were used for the comparability of PGIP gene and the analysis 

of system evolution were: AY986899 (Prunus americana), AY903223 (Prunus mume), AY883417 (Prunus 

salicina).  

 

3. Results 

 

Selection of annealing temperature 

All of the 6 amplified systems got results under different annealing temperatures. The banding was 

more clear especially under 58℃. Therefore, 58℃ was chosen as the annealing temperature in PCR 

reaction, and other conditions were the same. 

Cloning of fragment of interest and selection of recon 

PCR was processed by using almond genome as the template. Products of PCR were cloned into 

PBS-T. Restriction enzyme digestion identification was done to the recon cloning (fig.2). 

Sequence analysis of fragment of interest 

Sequencing results (completed by Shanghai Sangon Biological engineering Technology and 

Services Company) of PBS-T cloning products (0.75kb bands of fig.2) 3, 5, 9, 12, 13, 14, 17 showed that 

No.12 was empty. On the basis of analysis of homology and open reading frame (ORF), the other 6 

products can be divided into 3 groups according to different lengths as A1 (3, 5, 14) 717bp, A2 (9) 864bp, A3 

(13, 17) 796bp, corresponding to pgip1, pgip2, pgip3, pgip4, pgip5, pgip6, respectively. In group A1, pgip1 

(3), pgip2 (5) and pgip3 (14), there was 5bp of difference among them; in group A3, there was 1bp 

difference between pgip5 (13), pgip6 (17). A2 and A3 were to composed of two exons and one intron (parts 

highlighted). The length of pgip4 was 864bp, included two exons (one was 360bp and the other one was 

357bp) and one intron (147bp) which had the typical GT-AG concatenation character of eukaryote in both 

ends (fig 3, fig 4). 

Nucleic acid homology tree analysis of gene encoding PGIP 

The sequences of 6 fragments of interest suggested high homology to mRNA and DNA of peach, 

cherry, apricot and plum which were logged on Genebank. The sequences of amino acids which were 

encoded by those genes were also in high consonance with other species. These results indicated that the 

fragment we got was gene encoding PGIP. 
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Conservatism analysis of amino acid sequences 

All of the amino acid sequences include leucine repeats with the length of 24 residues 

(LXXLXXLXXLXLXXNLLXGXIPXX). A1 (fig6) and A3 (fig8) contained two of these kinds of sequence, but 

A2 (fig7) just had one. This is the special conserved sequence which belongs to expression protein PGIP 

disease resistance gene for most plants. 

 

4. Discussion 

An almond is a kind of nut in which the only edible part is the kernel, not the hull (equivalent to the 

“flesh” in other stone fruits). The original research of PGIP began with its affection to fruit ripening. Most of 

the research on PGIP of fruit trees is concentrated on fruit which has flesh as the edible part. There were 

few reports on species which do not take the hull as the edible part such as almond. So far, reports on 

almond gene encoding PGIP only limited for a few genes logged on Genebank. 

Many researchers suggested that there was polymorphic PGIP in different plant species. These 

PGIPs have different inhibitory activities against different PG fungi. Plants may have more than one kind of 

PGIP expression. It may come from at least two closely related PGIP gene copies. For example, Favaron 

et.al. (1994) reported that there were 4 PGIP genes in soybean: Pvpgip1 gene was expressed after 

wounding; Pvpgip3 gene was the response to oligosaccharide; Pvpgip2 was detected after invasion of 

oligosaccharide or acid caused by wounding; the forth gene did not express even after all of these 

stimulations. Occurences of these differences are because all of these genes contain a W-box (D’ Ovidio 

et al., 2004; Krinitsina et al, 2006) which is related to signal transduction. 

Further research will verify if the activity of gene encoding PGIP in almond will help the expression 

of its products and establish a relationship between the activity of PGIP gene and the special genes of 

almond. PGIP genes can also be introduced in transgenic tobacco to describe the purification and 

characteristics of cloning gene protein and to investigate the inhibiting activity of some fungi. 
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Tables and figures 

 

Table 1. Similarity (%) of the consensus nucleotide sequences of the Prunus dulcis pgip genes to 

each other and to other PGIP gene 

 

 

Gene 

 

Pgip1 

 

Pgip2 

 

Pgip3 

 

Pgip4 

 

Pgip5 

 

Pgip6 

Pruns 

Persica 

AY903221 

Prunus 

Salicina 

AY986899 

Prunus 

Americana 

AY883417 

Prunus 

mume 

AY903223 

Pgip1 — 99 99 95 91 91 95 94 94 92 

Pgip2 — — 99 96 92 92 95 94 95 93 

Pgip3 — — — 96 92 92 96 94 95 93 

Pgip4 — — — — 90 90 97 94 97 94 

Pgip5 — — — — — 99 91 89 90 90 

Pgip6 — — — — — — 91 89 90 90 

 

Figures 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The cloning map of pBluescriptⅡⅡⅡⅡKS+ plasmid vector 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Digested result of PGIP recombinated plasmid 
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ACTCTGTCAC CTGTGACTGC ACCACAAACC GCATCAACTC CCTCACCATC 

TTCTCTGGCC  

AAGTCTCCGG TCAAATTCCG ACCCAAGTCG GTGACTTGCC ATATCTTGAA 

ACACTTGAGT  

TTCACAAGCA ACCGAATCTT ACCGGACCAA TCCAACCCTC CATTGCCAAG 

CTTAAGCGCC  

TCAAGGAGCT GCGCCTCAGC TGGACTAACA TCTCAGGCTC TGTACCTGAC 

TTCCTCAGCC  

AACTCAAGAA CCTCACCTTT CTTGACCTCT CATTCAGTAA CCTCACAGGC 

TCCATCCCCA  

GCTCGCTTTC TCAGCTTCCC AACCTCAACG CTCTTCATCT AGACCGTAAC 

AAGCTCACAG  

GTCTGTTCTT CCTTGATGTA TCTCTTTCTA CCAAGTGCCC AGAAAGAAAG 

ATACAACTTT  

GTTCAAAATT TTAATATAAT TTATCTTGAT ACCGATAGTT AATATTTTCC 

GTTAACTTCC  

ATAGTTAATA CCCTTGCTTG CTTACAGGTC ATATTCCGAA GTCATTTGGA 

GAATTCCATG  

GCAGTGTTCC AGAGCTCTAT CTCTCTCACA ACCAGCTCTC AGGCACCATA 

CCAACCTCAT  

TAGCCAAACT GGACTTCAGC ACCATAGACT TCTCCAGGAA CAAGCTCGAA 

GGCGATGCAT  

CCATGATCTT TGGATTGAAC AAGACTACCC AGATTGTGGA TCTGTCGAGG 

AACTTGCTGG  

AATTTAATCT ATCAAAGGTG GAGTTCTCCA AGAGCTTGAC TTCGTTGGAT 

CTCAACCATA  

ACAGGATCAC AGGCAGTATT CCGGTGGGGC TGACCCAAGT GGATTTGCAG 

TTCCTGAACG TGAGCTACAA CAGGTTGTGT GGTC 

 

Fig. 3. Sequencing result of Prunus dulcis pgip fragment A2 

(Note: The sequence line with shade of nucleic acid respresents intron) 

 

ACTCTGTACC TGTGACTCCA CCACAAACCG CGTCAACTCC TTCACCCTCT 

TCTCCGGCGG  

ACTCTCCGGT CAAATCCCGC CTCAGGTCGG AGACTTGCCA TATCTTGAAC 

TCCTTCAGTT  

CCACAAGCAA CCCAATCTCA CTGGCCCAAT CCAACCCTCC ATTGCAAAAC 

TCAAGAGCCT  

CAAGTTACTG CGCCTCAGCT GGACCAACAT CTCCGGCTCT GTCGCTGACT 

TCCTCAGCCA  

ACTGAAGAAC CTCACCTTTC TTGAACTCTC ATTCAATAAC CTCACAGGCT 

CCATCCCCAG  

CTCACTTTCT CAGCTTCCAA ACCTAGAGGT TCTTCATCTA GACCGTAACA 

AGCTCACAGG  

TCTCTTCCAA ATTTTCGTAT AATTAATCTT GTGTCGATTT TCTGTTAACA TCCATATTTA  

AAGCCTTGCT TGCTTACAGG TCCTATTCCA AAGTCATTCG GAGAATTCCA TGGCAGTTTT  

TCAGCTCTCT ATCTCTCCCA CAACCAGCTC TCAGGCAAGA TACCAACCTC 

ATTAGCCAAA  

CTGGACGTCA GCACCATAGA CTTCTCCCGG AACAAGCTCG AAGGTGATGC 

ATCCATGCTC  

TTCGGATTGA ACAAGACAAC CCAGATTGTG GATCTGTCGA GGAACTTGCT 

GGAATTTGAT  

CTGTCAAAGG TGAAGTTTTC GAAGAGCTTG ACTTCCTTGG ATCTCAACCA 

TAACAAGATC  

GCAGGCAGTA TTCCGGTGGG GCTGACCCAA GGGGATTTGC AGTACCTGAA 

CGTGAGCTAC  

AACAGGTTGT GTGGTC                              

 

Fig. 4. Sequencing result of Prunus dulcis pgip fragment A3 

（Note：The sequence line with shade of nucleic acid represents intron） 
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Fig. 5. Homology tree of nucleic acid sequence of PGIP 

 

S  V  T  C  D  S  T  T  N  R  V  N  S  L  T  L  F  S  G  G   L  S  G  Q  IP T  

Q  V  G  D  L  P  Y  L  E T  L  E  F   H  K  Q  P  N  L  T  GP  I QP  S I T  K 

 L  K  R  L  K  E  L  R  P  S  W  T  N  I  S G  S V  P  D FL  S  Q  L  K  N  L

  T  F  L  E  L  S  F N  N  L  T  GS  I  P S  S  L S  Q  L  P  N L  D  AL  H  L 

 D  R  N  K  L  T  G   H  I P  K  P  F  G  E  F  H  G  S  V  P  D  L  Y  L  S  

H   N  Q  L  S  G T IP  T  S  L  A  K  LD  F  S  T  I  D F  S  R  N  K L  E  G 

 D  A  S  M  I  F  G  L  N  K T  T   Q  I  V D  L  S  R  N  L  L  E  F  N  L  S  

K  V  E  F  S   KL T  S  L  D  L  N  H  N  K   I  T  G  S  I  P  V  G  L  T  Q  

V  D  L  Q F  L  N  V  G  Y  N  R  L  C  G     

 

Fig. 6. Protein sequence of Prunus dulcis pgip fragment A1 

The sequence line with shade of protein indicates leucine-rich repeat 

 

S  V  T  C  D  C  T  T  N  R  I  N  S  L  T  I  F  S  G  Q  V  S  G  Q  I  PT  

Q  V  G  D  L  P  Y  L  E  T  L  E  F H  K  Q  P  N  L  T  G  P  I  Q  P S  I  

A  K  L  K  R  L K  E  L  R  L  S  W  T  N  I  S  G  S  V  P  D  F  L S  Q L  

K  N  L  T  F  L  D  L  S  F  S  N  L  T  G  S  I  P  S  S  L  S  Q L  P  N  L  

N  A  L  H  L  D  R  N  K  L  T  G H  I  P  K  S  F  G  E  F  HG  S  V  P  E  

L  Y  L  S  H  N  Q  L  S  G  T  I  P  T  S  L  A  K  L  D  FS  T  I  D F  S  R 

 N  K  L  E  G  D  A  S  M  I  F  G  L  N  K  T  T  Q  I V  D  L  S  R  N  L  L 

 E  F  N  L  S  K  V  E  F  S  K  S  L  T  S  L  D  LN  H  N  R  I  T  G  S  I  

P  V  G L  T  Q  V  D  L  Q  F  L  N  V  S  Y  N R  L  C  G   

 

Fig. 7. Protein sequence of Prunus dulcis pgip fragment A2 

The sequence line with shade of protein indicates leucine-rich repeat 

 

L  C  T  C  D  S  T  T  N  R  V  N  S  F  T  L  F  S  G  G   L  S  GQ  I  P  P  Q  V  G  D  L  P  Y  L  E  L  L  Q  F  H  K  Q  P  N  L T  G  P  I  Q  P  S  I  

A  K  L  K  S  L   K  L  L  R  L  S  W  T  NI  S  G  S  V  A  D  F  L  S  Q   L  K  N  L  T  F  L  E  L  S  F  NN  L  T  G  S  I  P  S   S  L  S  Q  L  P  N  L  E  V

  L  H  L  D  RN  K  L  T  G  P  I  P  K  S  F  G  E  F  H  G  S  F  S  A  L  Y  L S  H  N  Q  L  S  G  K  I  P  T  S  L  A  K  L  D  V  S  T  I  D  F S  R  N  K  

L  E  G  D  A  S  M  L  F  G  L  N  K  T  T  Q  I  V  D L  S  R  N  L  L  E  F  D  L  S  K  V  K  F  S  K  S  L  T  S  L  D L  N  H  N  K  I  A  G  S  I  P  V  G   

L  T  Q  G  D  L  Q  Y  L   V  S  Y  N  R  L  C  G  

 

Fig. 8. Protein sequence of Prunus dulcis pgip fragment A3 

The sequence line with shade of protein indicates leucine-rich repeat 
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