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Abstract ; Phytophythora root rot caused by Qomycete Phytophthora sojae, is a devastating pest in production of soybean ( Gly-
cine max L. Merr. ). There are two types of soybean resistance to PRR; One is controlled by single gene (locus) with com-
plete resistance to specific races, and the other one is controlled by multigenes, which are quantitative trait loci, with broad
but partial resistance to all races of Phytophthora sojae. To date, totally, 26 single genes underlying complete resistance to
PRR (resistance to Phytophthora sojae, Rps) have been identified, which distribute on Chromosomes 2 (1 gene), 3 (12
genes), 10 (1 gene), 13 (4 genes), 16 (2 genes), 17 (1 gene), 18 (4 genes) and 19 (1 gene), respectively. Among
them, Rpslk provides the most stable resistance to PRR. Some clusters of disease-resistant genes were detected around the Rps
genes regions, but so far, only Rpslk-1 and Rps1k-2 in Rpslk locus were isolated among all the identified Rps genes loci. Mo-
reover, these 2 genes can further form Rps1k-3 through recombination. Generally, the resistance of single gene can maintain a-
bout 8-15 years, whereas the resistance of QTL can remain much longer as well as stable. To long-term and effectively control
PRR, screening more PRR-resistant soybean germplasm resources and identifying more new PRR-resistant genes are required,
and finally the genetic and molecular mechanisms of soybean resistance to PRR would be elucidated. Here, this review focuses
on the recent progresses in identification of novel Rps genes, research on genomics ( transcriptome ), small RNA and pro-
teomics related with soybean resistance to PRR, and functional identification of the genes influencing the resistance to PRR.
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Table 1 Rps loci, genetic sources and candidate functional genes

ERdRLA LAl

oL L REAE (K]

POEREN SN . BE R . 275 3k
Genetic resistant Candidate
Chromosome Resistant locus Genetic source Reference
resource functional gene
Hah18 Williams x B2 18
2 RpsZS18 [16]
Zaoshu 18 Williams x Zaoshu 18
Blackhawk Mukden
3 Rpsl [31]
Illini Harly
Rpsla Mukden [33]
Mukden 0X 281 x Mukden [35]
Rpslb PI84637 [33]
P1172901 [34]
Rpsle PI54615-1 [33]
Harosoy
Rpsld [32]
PI103091
Rpslk Kingwa [31]
Rps1k-1
Elgin 87 Elgin x Elgin 87 Rps1k-2 [18-19]

Rps1k-3
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gxR1
; o EAR e U LRl (Z3792))i1z2 .
ASEERES PUrELA o BE R ) E= BTN
Genetic resistant Candidate
Chromosome Resistant locus Genetic source Reference
resource functional gene
Rps7 Harosoy [36]
0X281 0X281 x Mukden [35]
Rps9 Ludou 4 Ludou 4 X Youchan 4 [11]
Cangdou 5 Cangdou 5 x Williams
RpsYu25 Yudou 25 Yudou 25 x NG 6255 [9]
Zeng 92116 Zeng 92116 x NH 5
Glyma03g04030. 1
RpsYD29 Yudou 29 Jikedou 2 x Yudou 29 [12]
Glyma03 g04080. 1
RpsUN1 PI567139B PI567139B x Williams [7]
KI5 A R 575 A x B
RpsAH [14]

Dafangliuyuezao Fangliuyuezao x Aijiaozao

Tanbakuro x

Unnamed Waseshiroge (8]
Waseshiroge
i 88-M21 I 88-M21 x i /NE T

10 RpsSu [15]

Su88-M21 Su88-M21 x Xinyixiaoheidou
13 Rps3a PI171442 [33-34]
Rps3b PI172901
Rps3c PI1300046

PI399073 x A95-684043
Rps8 PI399073 [38]
PI399073 x TA2008R

Williams x PI399073 [36]
16 Rps2 CNS [39]
RpsUN2 PI567139B PIS67139B x Williams [7]
Glymal7g28950. 1
17 Rps10 Wandou 15 Wandou 15 x Williams [6]
Glymal7g28970. 1
18 Rps4 PI86050 [41]
Rps5 PI91160 [42]
Rps6 Altona [43]
Glymal8g51930
RpsJS Nannong 10-1 Nannong 10-1 x 06-070583 Glymal8g51950 [10]
Glymal8g51960
Y572 30
19 RpsYB30 [17]
Youbian30
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FEZ AT 213 K 16 SR ik FrEfin 2.3
R 1A QTLI™ o Li 45 i R 2B B (1) Con-
vad F P A o R A T 25 258, JF k20 R
15 140 4~ F,/0 T 4H H 28 & (recombinant inbred lines,
RILs) , ] 164 4~ SSR 43 F4ric & 57 B A1 1Y i 1% &
7, it i R R R Y R B E 5 2L 2 4F
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A, % J5 3 57 X020-8 x PI398841 5 X020-8 x
PI407861 A 135t 1% 3% LA S iX 6 /> RILs {4 i Bk
A 1B EE (Joint linkage mapping) , U 5E T 16 4>
Pt PRR 4 QTL, Hrf 4 /4S8 QTL 43 A £ 55 4 .9 .
12 16 G5gutafhk - 53 oh 7856 18 S v ik -4
SEM QTL 2 PI427106 %% PI427105B (1) F % QTL,
Tk T 10% ~45% KyditE. Sun 57 0K STk &
ji% (association mapping) i i T PRR $iit4 QTL A9 %E
7, 1 138 A~ SSR ZrFHric i i 175 A~ K & %6 b
Pl % 78 7 730 4~ SSR i f, Hirf 4 4> SSR i g
( Satt634-133 | Satt634-149  Sat _222-168 F1 Satt301-
190) 5 PRR #ifh5CHE

R QTL iy 7 S5 e R KRB LA 58 T K
LR PRR HTERER , BT A /9 PRR ST AR E |
FeA BRI ¥ QTL 5 A ;S Ho ik o7 £ 45 A R ok
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(1) — > E B
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etrl-1 RASHRUR XK G HEE TR 4 5 T S /Ny
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SAH 1AL RS PRR JESY JE R AN Rpslk

7 5 40 B Rpslk-1 F11 Rps1k-2 Wi~ CC-NBS-LRR
TITIRE N, H =% AT 848 B Rps14-3%"
Rps2 {3 g5 5 # 9 I~ NBS-LRR JL[H , 553 51 2 4~ 3L
(Rmd-c Fl R2) ¢ i FE H % , T Rps2 & TIR-NBS-
LRR RN Rpsa nl G215 Rpslk AHBLEY
CC-NBS-LRR BB Fit 522 1 RpsYD29 {5,
(GmO03: 3857715 ::4062474) 445 2 4~ 4= [y NBS-
LRR 3 [A, B} Glyma03¢04030. 1 i Glyma03g04080. 1,
45 Rpslk-1 1 Rps1k-2 () DNA J7 5 AL i 35
62% ~75% "' o F34h, b SCRTIRAE Rps10 4 5 30
[ 2 A B 3L Rps10-1 1 Rps10-2 5 h 2245,
12/ 95 %4, FR 25 [ 1% B ( serine/threonine protein ki-
nase) "o {HUE, R BTA 4 B o I 9 Rps FE A
BT B — 20 7 (DI BE IR IE .

2 XEPRREEHERAZ . /N RNA RE
BERAZSH

VTR, K 5L PRR HUPE i B PR 20 25, o ) O
SR AAAIESY B IS — SE g, AnAE A BE I H K B
Y58 SNPs , N7 Ry 5 T 1 3845 35 LSS JE 50 PRR
1 QTL, Ik — 20 M e R e 1 i 3 25 e AR BRI
DAHEMGTPE R 2% 5 B AR 46 1/ RNA 994
5 58 F B ST, R GAT PRR AR FHHL AR F
FERME T RESHFEL,

TEHE [ 41 % J7 1, Gajendran 55 457 T K &
P2 25 T 5 RE ) A LA T %) B e i TR 4 2 s T PF-
GD ( Phytophthora functional Genomics Database, ht-
tp://www. pfed. org) , f1 5 Phytophthora infestans Fl
Phytophthora sojae WFERIA | PR % 57 5L P 2RIk I
TIREI 5 45/ Hh %8 . Narayanan 2% FI| ] ¢cDNA
SCPE 53 B 9% 45 TR e % 1S U1 R &L 1Y ESTSs (ex-
pressed sequence tags) FikZE 5, WHEHT Rpsl-k £:[H
HK T Williams 82 %55 2|7 75 7 12 Y4 )5 204 44§
SFRIA B, i — 2P B Microarray 43 HT % E F|
15 DRI B E R m 51555 A LS
8 ANFRIAACE W3 R BRI, S5k, AT H
Soybean Affymetrix Gene Chip( 24 37 500 > K G5%
KT 15 800 RS RE 3 I e 53 A1 7 500 AR i
P M s ) M E Bk 5 5 B OR 5 & R1Ls 7EfE %
WA YL B RE DR SRk K28 4L, DL R 25 28 Ak
(R PR AT DU Y, JEAR 8 )7 371 L X 4558 SNPs, 57
WAL B3, 5E A7 QTLIY . Wang %" 28 Soybean
Affymetrix Gene ChipMicroarray 43 #7, 8 & 186 />
Conrad (FRI3471E) x Sloan (53 J8%) RILs 225 %5 1 =
YUJR RS R R IR AR, SEE T S AL T 12
13,14 17 J 19 9 fk By QTL, &> QTL BTk
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Z14% ~T% WHitE, H# Conrad A Sloan, 7£3iX 5
A QTL JE[A 21 DI 35 A7 55 4> Wl 3% 22 7 AR IR Y 5
N, il % Conrad 55 Sloan 755 19 544 44
12 > QTL By B PR 4 3 91 5 B ] (153 4>) Rk K
AL, N 87 A HERI 3 5E T 1 025 A4 SNPs, Hirh
54 ANFEH R 304 4> SNPs 3k [ Conrad, 11 />3 [A]
J& Conrad FA 1Y, X LR R E A FL 5K
TARNIE T3 SRR A Z5H 2 ik &
BERIPUEA G, X U B W BTk QTL f7 /e — 1k
(=i O]

Lin 451 00k F G955 T 12 % 5 Sk i Fl Williams
T H 10 28 E R & (near isogenic lines, NILs, %
AN NIL 5 —A> Rps {3 s BE ) J5 0 5% SRAd B 47 T L
BOrHT. M\ Williams H3E5E H 4 330 422 5 R 8 2k
Al ( differentially expressed genes, DEGs) , T A 10 4~
NILs 135l 4% ) 2 014 ~5 499 4~ DEGs, 4F51 32
R 25 M GRAR G PE % K MAPK ( mitogen-
activated protein kinase) {5 5% 5 /) DEGs nJfig 5k
AR HE MBI AT 5. AR DEGs #2255, I L
4 NILs 43 1% 3 41565 1 204 A Rpsl-a |1 NIL, 55 2
YA 57 A Rpsl-b Rpsl-c Fil Rps1-k () NILs, %5 3 41
&5 WA Rps3-a ., Rps3-b Rps3-c. Rps4 . Rps5 Fll Rps6
(%) NILs, iX%& DEGs Jyfiii E 4T PRR i i J A £ 1k
THERR

/IN RNA £345 microRNAs ( miRNAs) Fl1 small in-
terferingRNAs (siRNAs) , =218 38 00 B A% 4= ) B
FEIBAE PR -, 7 K 0 577 0 28 B T 4R G v Ak 2 O
PR . Wong 251 S T — R AERE B TR IR YL
KEARFFER /N RNA, H &, miR393 il miR166
RIS R TR S 7 A, R 8 2 5 KT
il 75 8 B2 13 . Wong 451 1 % B i 44 36 73 miR393
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¥EXT Phytophthora nicontianae FEIRFLIE , Ui W HELS &
RES 5 KT PRR b o S 4k, BT Y
FERT TR O 1 AL 7 psCRN63 il psCRN115
5l A AL S (catalase ) T #5240 B AE FH R 95 40 i A%
FFPEFET ( programmed cell death, PCD) Az 35 % 1k &
FRSh 25 -4, I 7 IR 25 2 K G e B b ™



326 PN 2 1

TEPEE P8 7 T, NS T — N BGR0 JE 3h
FI¥F, Chai 55 T K EEEH GmaPPO12 1)
¥, %A B TR R TR Y R TS Bl i 5
SEFIFEIR, He GmaPRla J 8 T i Rk H Rzl
T34h, e PR BT L A UL RE $ = R B9 PRR it
P, Wl EE T H AR % M (nonhost resistance ) 3
PSS1 ( Phytophythora sojaesusceptiblel ) & 1L K & 5
BB ¥ —A Sclerotinia sclerotiorum & 1134
K¥ ScCut FeAp B R G, A 25§ i/ RS2 A PRR
PorE® R BT T P S D AT B
TR BRE D Ak | 398 0 57 ik PR R AR PR 10 3 5 TR
Ptk

4 Hit5RE

K G PER H ( Phytophthora sojae) 1R 22 4= B /N
Pl AR YR 5 AY PRR ™ 8§20 Kk &L 2k K&k
H, BEGERERWATHIUR . R HER T
AR IR BTG PRR $7t. A7 ¢ KELAY PRR 471
PEAMTCAR T KR8 L 2250 0, e 38 T 26
A~ PRR HiPEA S W, A S 21 1 7 v
YE T —RYI 0 PRR HiMERY R EEA, 40 Gm-
STG1 .GmPR10 .GmPRP }; GmERF5, 3tHITWHRTH
KR PRR P56 4%~ /)y RNA R 2R A 4l
FAE T TS

SR, R SLBIFSE , A4 PRR HLPEAT ST, MG &
— MR ) B R DI RE S . R
22y 1.01 Gb R/, Tl 25 %545 000 24~ FE A, 5L [H
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