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Abstract Pathogenesis related proteins (PRs) is a class of proteins which are induced in pathological or patho-
logical conditions. The production and accumulation of PR protein in plant are the main characteristics in the re-
sponses of biotic and abiotic stress. In recent years a large number of PR proteins have been identified, which were
divided into 14 functional families based on their structure, phylogenetic and biological activities. However, little
PR protein has been found in soybean and cereal grain crops. In this paper we acquired 36 PR protein members of
9 families predicted through the BLAST and HMMER program with the queries for all the PR proteins in Ara-
bidopsis, rice, corn and legumes. A comprehensive analysis has been carried out by the aspects of the PR gene dis-
tribution, gene structure, length, number of exons, and evolutionary relationships. The PR family clusters distribut-
ed in GmO05, Gm10, Gm13, Gm15, Gm17, Gm19 and Gm20, and several linkage groups, most structural features
of gene are relatively simple, such as most sequences are shorter, less than 1 000 bp, and introns are less too. In the
PR4 family, its members are very similar, and PR1-4 and PR1-3 with other members of the family are long dis-

tance. The predicted PR proteins in this paper might provide a good foundation for disease resistance in soybean

(30971809)
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breeding program and disease resistance genetic engineering, as well as provide a powerful gene prediction ap-

proach for other gene family in soybean genetics research.
Soybean (Glycine max L.), Pathogenesis related proteins (PRs), BLAST, HMMER
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Table 1 Recognized and proposed families of pathogenesis-related proteins (van Loon and van Strien, 1999)

PR
PR family Type member Properties
PR-1 PR-1a

Tobacco PR-1a Unknown
PR-2 PR-2 B-1,3-

Tobacco PR-2 B-1,3-glucanase
PR-3 P,Q s s s s

Tobacco P, Q Chitinase type , , , , ,
PR-4 “R” s

Tobacco “R” Chitinase type
PR-5 S

Tobacco S Thaumatin-like
PR-6

Tomato inhibitor Proteinase-inhibitor
PR-7 P6g

Tomato P6g Endoproteinase
PR-8

Cucumber chitinase Chitinase type
PR-9 “

Tobacco “lignin-forming peroxidase” Peroxidase
PR-10 “PR1”

Parsley “PR1” “Ribonuclease-like”
PR-11

Tobacco class  chitinase Chitinase type
PR-12 Rs-AFP3

Radish Rs-AFP3 Defensin
PR-13 Rs-AFP3

Radish Rs-AFP3 Thionin
PR-14

Barley LTP4

Lipid-transfer protein
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Figure 1 Sequence aligment of partial PR-1 protein
Note: Pisum sativum: gi|76873802; Glycine max: gi|82408517, gi|4928711; Oryza sativa: gij47497165, gil47497750, gi|34395064; Zea
mays: gi[260080581, gi[195636216, gi|195606898, gi|226492447, gi|195606704, gi[226503055; Others were all Arabidopsis thaliana
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2 PR

Table 2 Sequence and accession number of candidate PR protein

PR GenBank
PR family Number GenBank accession No.
PR-1 6 GR829030.1, CO985321.1, EV267541.1, EV280245.1, CK605693.1, EH222829.1
PR-2 2 CA851287.1, CK605693.1
PR-3 3 GR854577.1, EH039766.1, GR848734.1
PR-4 2 EV269439.1, GR852796.1
PR-5 6 BW655245.1, CA819895.1, EH224066.1, EV279491.1, EV280480.1, CX710653.1
PR-6 2 GR844225.1, GR844226.1
PR-10 4 FG991039.1, BI787890.1, BW653136.1, FK020996.1
PR-12 1 GR851812.1
PRNF 5 FKO019450.1, GR837433.1, BW651463.1, CX703056.1, GR848614.1
PR-1 PR-5 6
PR PR-13 PR-14 NCBI CDS,
PR-1.PR-3.PR-5.PR-6.PR-10 PRNF
o PR4 PR-2 PR-12
PR-2
1.2 HMMER PR CDS PR-2  PR-1.PR-3 PR-12  PR-13
CDS o
HMMER PR (6~43 kD) pH<3
PR (van Loon and van
.CDS CDS C 3 Strien, 1999) - PR
PRS5 16 PR-12. PR
PR-13 PR-14 1
1 000 bp E-value e-100
PR-12 2 589 bp o N
( 4 PR
13 PR 1000 bp
BLAST HMMER °
3 HMMER PR CDS
Table 3 CDS of candidate PR protein by HMMER
PR CDS (bp)
PR family Number Linkage group CDS length (bp)
PR-1 3 15,07, 10 537,498, 762
PR-2 3 5,15,15 33, 814,772,763
PR-3 6 01,01, 10, 16, 19, 18 63,312,067, 145, 108, 100, 100
PR-4 2 10, 03, 19 705, 429, 597
PR-5 16 10, 10, 11, 14, 07, 04, 11, 16, 675,567, 813, 579, 738, 1 089, 657, 1 941,
14,12, 15,5,5,5, 15, 19 645,702, 807, 675, 1 071, 654, 699, 963
PR-6 4 20, 12, 08, 04 4717, 885,417, 456
PR-10 6 17,9, 15,6, 10,5 474,747, 465, 543, 657, 864
PR-12 1 20 2589
PR-13 1 17 543
PR-14 1 20 330
PRNF 2 15,13 537,486
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4 PR
Table 4 The information of the members in PR family
PR E
PR family Copy  Location Linkage group LG & copy E-value Length No. of exon
PR1-1 10 4781238-4781681 Gml5 Gml5,5; Gm13,5 e-100 444 1
PR1-2 2 4775249-4775734 Gml5 Gml5,1; Gm13,1 0 486 1
PR1-3 2 928477-928118 Gml3 Gm13,1; Gm17,1 0 360 1
PR1-4 6 2229051-2229137 Gml7 Gm17,3; Gm07,3 0 477 1
PR3-1 3 3943395-3945625 Gmo02 Gmo02,1; Gm16,2 0 963 3
PR3-2 3 9437955-9439341 Gmll Gmll,1; Gm12,1; Gm13,1 0 708 2
PR3-3 3 47257733-47259129 Gml9 Gm19,1; Gm10,1; Gm02,1 0 819 2
PR4-1 1 44827166-44827694 Gm20 Gm20,1 0 453 2
PR4-2 2 49117583-49118293 Gml9 Gm19,2 0 636 2
PR4-3 1 46430142-46430949 GmO03 Gmo03,1 0 429 2
PR4-4 2 49117583-49118293 Gml9 Gm19,2 0 615 2
PRS-1 3 4738945-4739662 Gml2 Gml2,1; Gm11,1; Gm20,1 0 636 1
PR5-2 3 2327444-2329498 Gm12 Gm12,1; Gm01,1; Gm11,1 0 981 2
PR5-3 2 41535645-41536319 GmO0S5 Gm05,2 0 675 1
PR5-4 1 46780412-46781223 Gm02 Gmo02,1 1.50E-63 282 2
PR5-5 2 15933457-15934851 Gm07 Gm07,1; Gm08,1 0 738 2
PR5-6 6 5625916-5626340 Gml0 Gm10,6 0 425 1
PR5-7 2 41535954-41536319 GmO05 Gmo05,2 0 366 1
PR5-8 7 5624843-5626534 Gm10 Gm10,7 0 651 3
PR5-9 2 1800851-1801525 Gmll Gmll1,1; Gm10,1 0 675 1
PR5-10 4 49305647-49307309 Gml4 Gml4,1; Gm17,1; Gm19,1; Gm04,1 0 627 2
PR5-11 4 38386057-38386794 Gm05 Gm05,2; Gm08,1; Gm12,1; Gm10,1 0 738 1
PR6-1 3 43135962-43136157 Gm20 Gm20,3 2.90E-96 213 1
PR6-2 2 14262715-14267005 Gml2 Gm12,1; GmO06,1 0 885 4
PR10-1 1 12036586-12037191 Gml5 Gml5,1; Gmo06,1 2.00E-153 483 2
PR10-2 4 3355972-3357768 Gm09 Gm09,2; Gm15,2 0 702 3
PR10-3 2 3324147-3325199 Gm09 Gmo09,1; Gm15,1 0 477 2
PR10-4 1 39741646-39744207 Gm20 Gm20,1 1.10E-120 672 3
PR10-5 2 12001574-12001852 Gml5 Gm15,1; Gm09,1 1.50E-139 279 1
PR10-6 1 2216965-2217779 Gm17 Gm17,1 0 474 2
PR14-1 2 35867299-35872962 Gm20 Gm20,1; Gm10,1 0 1218 8
PRNF-1 2 922675-923202 Gml3 Gml3,1; Gm17,1 0 528 1
PRNF-2 1 35995473-35996433 Gm13 Gm13,1 2.00E-63 372 3
PRNF-3 2 60632478-60634170 Gm18 Gm18,1; Gm08,1 0 1191 2
PRNF-4 1 36771289-36772060 Gm13 Gm13,1 1.60E-107 279 2
PRNF-5 2 4775249-4775734 Gml5 Gm15,1; Gm13,1 0 486 1
PR PR4
PR PRI1-4
GmO05.Gm10.Gm13.Gm15.Gm17.Gm19 Gm20 PRI1-3 5
° PR ( 4.
3 2
PRS Gm10 (2 3.
MEGA4 9 36 2.1 PR

PR
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Figure 2 Distribution of genes in PRs families on the LGs
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Figure 3 Distribution of PRs families on the LGs
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(pathogenesis-related protein in no family, PRNF)
PR 9 266 PR ( 5o seed °
12 HMMbuild  align seed
seed.hmm  align.hmm
NCBI (http://www.ncbi.nlm.nih.gov/) PR .
GENSCAN “# hmmbuild PR.hmm PR.msf”,
(ORF) HMMsearch HMM
o E HM-
EST o MER E-value 0.01 .out o
NCBI BLAST2.2.16 “#hmmsearch PR .hmm soybeandatab-
HMMER3.0 o ase>PR.out”,
33 PR out
PR CDS
PR E PR .
0.01
35 PR
o PR tblastn PR EST
EST PR °
EST PR GENSCAN (http://genes.
EST . mit.edu/GENSCAN.html) ORF,
ORF NCBI
34 PR HMMER CDS
N N PR o
PR ALIGN Phytozome (http://www.phytozome.net/)
HMMER PR
seed align o N N
NCBI o
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Table 5 Classification and numbers of PR families
PR
PR family Number Arabidopsis thaliana Zea mays Oryza sativa Fabaceae
PR-1 79 26 12 29 12
PR-2 4 0 0 0 4
PR-3 17 3 0 13 1
PR-4 4 1 1 1 1
PR-5 19 14 3 0 2
PR-6 3 3 0 0 0
PR-10 29 0 3 4 22
PR-12 0 0 0
PR-13 6 6 0 0 0
PR-14 14 14 0 0
PRNF 87 43 4 36
266 114 23 83 46
Totle
:PRNF  pathogenisis related protein in no family

Note: PRNF means pathogenisis related protein in no family
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