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5%, IR E T35 h 26. 35 A/Mb, ZApiF AT E A H ACGG.AT = AAG; 5F B F K #iAX
B3~ ANBANBMITZRAT, L P 35 6 MRAWKRTZ AT L 93.68%0; AR AL E 275 4,
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FEY T 19 52 A T 42 5 B (A 45 4 B it A it AL 7
DIABSEN T TR AR i R WO A it % 2 BE IR 3D S
MRG0 FARid. BRTM I EIRCIT &
TPk EEA 5, BV AN R B R 4 SRR B AR
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XFFE PCR 4 34 sh Ay s AR T 554 . ALt S0 Bom e 55
A TAYRER R FH I A, I8 13 e 51 4 A LA 4R
R Z AT B ARIC W IT & RO =2 Wt 5 40 ke 1) —
%A

TR 5 4 Hr i SciRoKo 3. 3 MY AEIH R 58%
ME ARG PR, HeBSe it i i T8 w32 %7 51 &
51 it Thag . X R A Hr i B RPN ER T 5 2 A B
HEI R RE AL NARME T RORSHE, WA, IR
TRREHFH K E R EAMAX X AR KRG
EHE AP M TR R R B R T E TS
BRKESZEHBEIMX, B NBURESRZSHE
PRCHF R T 2% . WP 5E i SciRoKo 3. 3 344
XoF B0 B A D 2 1 T B O B AT 4 A . D) TR R
B EMTF KRR A TE KR AL A [F A a)
O E S M A i TR T R R AL RS A A
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H Phytophthora infestans Database (http://www.
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5 S B F % flank5’ & flank3’ FE5I{E & .
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TR FHN AR SciRoKo 3. 37, Xf 5835 K
EEMWHM DR SEROSHORE 58 E LI, F&/h
HER 3, FMEEKE 15 bp, 2 ME TR s K IR
BB N 10 b, pSh, B i TR I ITH AR AC=
CA=GT=TG, ZM5EHRE S EM T RENEKHL LG
PR EREITTHRIEA RIS, AR IIPRAELL, BRE 4
MRAVEIF R AC KA,
L4 FENHAWNEAWHTES FARic I &AL R E X
SR E

EAM P EFRCHF RS TR 3 &M, (D
LARMER M TEFIBKE=20 bp™, (DPCR =)
WRAE 1M PEN A AR EM TR S EEE >
20 bp, (DFAFE DL 3 P 4 P9 A IR R e 2K AU 1 10 &L
KM 4 200 bp 75 A Clustal X #4177 51 L

Xof s BB B[RV 1 14 5 31, i 3 2 3R R R 7 51 48 2
GenBank H15 | #4¢ SRR AR 7, i — 0 @ HOE | R
B,

2 BRESW

2.1 A FORFR XIR e S TR

2.1.1 FEHS RE AL ZEE AR 190. 30 Mb
BRI RREF AN R EM T E 5 010 4, Hf
MUREREITTKE R 1~6 MRIEM DR KN 295,
846.1 490.1 071,616 F1 692, Hrh 3 MR TEE M
MURERE, 5 EE29.74% ., BEROEIETHE
FHITK R 3~6 bp M A, H 3.6 bp 288 % X I
BB 93. 68%0, T 4.5 bp KA 43 FIAAE 7 F 16 4,
FERAARF XM TEEEAR, I FXERKXN
39. 52 4~/ Mb, HUR A _E R Ui B3 S LA a) , HOAR
AR 33,40 4~/ Mb.31. 87 4~/Mb K 25. 93 4~/ Mb, T
Hh 7 XA R 16. 03 4~/ Mb, & F XIESH
P TR M BUSRR 2. 47 £5,

*1 EFRARARAREEXRIEENSH
Table 1 Loci and distribution of microsatellites in the genome and its different regions
X380 43 Be KN Bk ik =R o A FREE Vay. % &t
Regions and size/ Mb Mono Din Tri Tetra Penta Hexa Total
FHA & No. /1~ 295 846 1 490 1071 616 692 5010
Genome 4% Frequency//~ + Mb~1 1.55 4.45 7.84 5.63 3.24 3.64 26. 35
(190. 13 Mb) Lt i) Percent/ % 5.89 16. 88 29. 74 21.38 12. 30 13. 81
R ] X #d No. /4~ 223 653 760 926 319 398 3279
Intergenic #i % Frequency/ /> « Mb—1 1.76 5.16 6.02 7.32 2.52 3.15 25. 93
(126. 44 Mb) L4 Percent/ % 6. 80 19. 91 23.18 28.24 9.73 12. 14
FEPR e ¥ No. /4 29 75 211 68 140 78 601
Flank5’ #i % Frequency//> + Mb—1 1.61 4.17 11.72 3.78 7.78 4.34 33.40
(17. 99 Mb) L4 Percent/ % 4.83 12.48 35.11 11. 31 23.29 12.98
TP e 3 #d No. /4~ 36 56 253 48 104 76 573
Flank3’ 4% Frequency//~ + Mb~1 2.00 3.11 14. 07 2.67 5.78 4.23 31. 87
(17. 98 Mb) H. 4] Percent/ % 6.28 9.77 44.15 8.38 18.15 13. 26
BT #d No. /4~ 0 0 225 7 16 116 364
Exon FR Frequency//> « Mb—1 0 0 9.91 0. 31 0.7 5.11 16. 03
(22.71 Mb) L4 Percent/ % 0 0 61. 81 1.92 4. 40 31. 87
NETF ¥t No. /14~ 7 58 50 21 36 26 198
Intron 4% Frequency//> + Mb—1 1.40 11.57 9.97 4.19 7.18 5.19 39.52
(5.01 Mb) Lt i) Percent/ % 3.54 29. 29 25.25 10. 61 18.18 13.13

AR T, T2 MU E R, S-S MR TE S, W4 M T E R, S MR TE R, N6 M T ER.

Note : Mono-mononucleotide, din-dinnucleotide, tri-trinucleotide, tetra-tetra nucleotide, penta-pentanucleotide , hexa-hexanucleotide.

2.1.2 WMEEETST MR2ALUES,BURKE
F R AH A IR B PR S 28 A 272 B, H IR IR Bl
ZH) 4 T EE KA R ACGG,AT \AAG K ACG,
HBERUK R 504,368,268 K 257 4>, Mt 1 397 4,
AERAEREI S5 010 MEEM P ER 27.88%,
B BRI LG R E M T ERAE AR C2 Ff
RA L EFFAPRERRY DR CHEITELT AR
TG, R A C Hot 137 4>, 1 A #u{l 86 4>,
PR £ A T) X 38R 2 i 47 e 9 2 22 T 2R AR S () Bl 2

BRI nfEFF A Z B 504 4~ ACGG #1368
A AT by FE oo 2 2 v, 76 56 B ) X f9) 08 40 3
481 ANFN 336 4, 43l i BB 95 %0 1 91 % 5 Thi 78 P
HP R 3 MR EE MR W EE A AAG, K
BECR 268 A4, F K XAFTE 182 4, i BB 70%, K
AR F I E R AL 73 A4, P XA T
B BB 40.11%.
2.2 HHNARE SR T RS

240K 2 AL EsE A TR Z ] I BEES 7E 10 bp &
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Table 2 The perfect microsatellite motifs in the genome and its different regions
X3k X2 ik =R e g A FREE NI Mt
Regions Mono Din Tri Tetra Penta Hexa Total
AT (368) AAG(268) ACGG(504) ACAGT(70) AAACTC(92) ACGG(504)
A %A C(174) AGQAT) ACG(257) ACTC(194) AAGCG(66) ACCAGC(67) AT (368)
Genome Motifs/ (4~ AQ2D) AC3D) AGC(242) ACAG(115) AAAAT (48) AAGGAC(57) AAG(268)
ACT(229) AAAT (43) ATGCC (30) ACACGT(33) ACG(257)
AT (336) ACG(174) ACGG(481) AAGCG(39) AAACTC(92) ACGG(481)
H: [ if) e} C(137) AGLSE) AGC(123) ACTC(173) ATGCC (25) ACCAGC(59) AT (336)
Intergenic Motifs/ (4~ A(86) AC(165) AAC(96) ACAG(109) AAAAT (20) AAGGAC(55) AG(198)
AAG(86) AAAT (25) AAAACT) ACACGT(28) ACG(174)
AGUS) ACT(78) ACTC(13) ACAGT(39) ATGTAC (6) ACT(78)
FEPR e p5i] C(16) AC(I9) AAG(42) ACGG(11) AAAAT (11) AAGAGC(4) AG(45)
Flank5’ Motifs/ (4~)a A(13) ATAD AGC2D) ACCC(10) AAGCG(10) AAAACG(3) AAG(42)
ACGAD AAGC(6) AGAGC(T) ACCAGC(3) ACAGT(39)
AGES) ACT(101) AAAT (9 AAGCG(14) ACAGCT(5) ACT(101)
H P T U3 %R CAa9 AT (6 AAG49) ACGG(8) ACAGT(13) ATGTAC (4) AAG(49)
Flank3’ Motifs/ (4~)2 A7) AC(15) AGC(29) AAAC(8) AAAAT (9) ACCAGC(4) AGC(29)
ACG(26) ACTC(6) AAAAC(T) ATCGTC (4) ACG(26)
AAG(73) ACGG(2) ACCGC(2) ACGAGG(9) AAG(73)
BT p3i5 AGC(55) AAGC(2) ACTCG(2) ACAGCT(6) AGC(55)
Exons Motifs/ (4~)2 ACG(34) AGCG(1) AGCGC(2) AACAGC(6) ACT(34)
AGG(26) ATCG (D) AGCCG(1) ATCGTC (5) AGG(26)
ACGD) AAG(18) AAACH) AAAAT (7) ACAGCT(2) AC(30)
WEF p5i] C(5 AGED) AGC(10) ACGG(3) ACAGT®4) ATGTAC (1) AG(22)
Introns Motifs/ (4~)2 A2) AT(6) ACG(6) AAAT (3) AAAAC3) ATCTGC (1) AAG(18)
ACT(4) ACTC(2) AGCCG(2) ATCTCG (1) AGC(10)

W () B TR IETTAI SR, Note: (Counts)? ; The amount of motif,
DINBESM 1A ESRM IR, AP Wi d4e &
T A 3 PR, AEBURBEREEFNANE FAM T
7 3 DR X5l BT SR A1 AN oy 18. 18 %6, PR I 7E X L
B AR T RS, UBUREREE N A A, B0k
BB FA P I EME GBI TR 275 4, 3k 47 Fp2k
A, fR 3 AL E A, R g BRI PR 226 4, 3
A 18 FhZSHY, AT-AT ZSRUH IR 124 4, & i oe 2257
BB 54. 87 %, HA R K K, HIK, & AGTG-AGTG,
ACTC-ACTC.AG-AG #il TC-TC, 384> %1H 30.20.17.
16 A, B & e B 4K R 2 13.27%. 8.85%. 7. 52% FlI
7.08%.,

*3 EFAPHEERAPMIERR RIS

Table 3 Types and characteristics of

interrupt perfect microsatellite in the genome

R 4 ATA, TR A R 49 A, 3R 29 FhIsAY,
Horr BT R B K AAGT-AGTG, TCG-AGT #
TG-AG, HEE 4370 7.6 F1 5 4>, 2% ISR fr oy Lb
B4 B A 14.29% .12, 24 % F1 10. 20% , 7E %2 A o [F]
— A 2A 2 AN R IR B 5T & B2 A
A T AR AT LA 3 20 00 25 TOA 3 A A0 3 A Bk 2k
KA, AAGT-AGTG 2K#IH AGTG fl3@ i3 AAGT )
B A 5HEE G B HIKE, TTCG-TC 28 TC 7] &
it TTC ZRAIFREEE T i ELR IR, CAC 2e#ld AC 7]
Wit CRABAPIREE A FHH A KRS, X5 Kofler 51 7£
LY a2 SR LR W 8 MY R R E A R
PEFARRFHIGEE R A MMM EH I, H i, R

*k4 BEFEAPFEESRFHESGHIDERRRIFIE

Table 4 Types and characteristics of compound and

TR K i FHER VRS interrupted compound microsatellites in the genome
Type of interrupt perfect ~ No. /4~ Average distance/bp Frequency//> + Mb—1
HE R BAE R Hukt B b
AT-AT 124 3.13 0. 65
Type of compound and No. Average distance Frequency
AGTG-AGTG 30 3.20 0.16
interrupted one /A /bp /A~ + Mb™1
ACTC-ACTC 20 3.90 0.11
AAGT-AGTG 7 3.0 0. 04
AGAG 17 2.35 0.09 TCG-AGT 6 1.0 0.03
TCTC 16 3.13 0.08 TG-AG 5 2.9 0.03
ACT-ACT 4 4. 00 0.02 ACAG-AC 3 6.0 0.02
AAC-AAC 2 2.00 0.01 ATAG -AG 2 8.0 0.01
ATCT-ATCT 2.00 4.50 0.01 TG-TCTG 2 3.5 0.01
AGT-AGT 2 3.00 0.01 TTG-TGC 2 1.0 0.01
A1t Total 226 3.17 1.185 A3t Total 49 2.76 0.26
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U M 2 A U T R B KRR RE TR M TAE.
2.3 FERANIEATF R DR FIRiC NS 5
M 5 ATLLE H  AEBURRE B N 4 H 2 BRRY 5 010
MREEMTES EAMTEIF &K CLASSHT 5 1 236
A, #at PCR X PR s AR i, fr i 5 1 i it
KE—BADTF 20 bp, HHLE PCR F=YLEH B
TR, T 22 BRI TR 5 H) BE <20 bp MM T
B, EB0REE CLASSIZEA R TR 4t & B 542 /]
BE<<20 bp M B2, B A M BEF KW EEHE
694 A, FEXT 694 S TR A B F S HEAT L X4
W, K RS 2P N DR A A 264 4. g Bk 3

AR 5 010 Ml RN A FERAIRE T 430 MES
B2 SHM P RN S, I BT HiE A M D ERC T
FRIAL G % X R A SR B B B KR
97. 65 %, H RN &1 R i R R0 3L, AT o kb
B 55 82. 76 % .62. 68 %6 60. 77 %% , F A ) X da /)
X 18.23% . X% TR GmAs X K HLAR T X IT & i 1L
BEARMCA RS, W3R S XA K. ok, iE & B
Wi e A R, M2 8 D SR K, D
T ACGG.AT M1 AAG 25805 T AB, ZBLA 85%
DL b 298 DL, DR I PR 38 O - T B F R i S 7

%5 EFRARARXIBAEEFEZMIEMRCHAR
Table 5 The suitable loci as microsatellite markers in the genome
X35 R 56%-20 EZ2 4 EBETF R D ERE bk BT o i)
Regions CLASS[/ 4~ Perfect-20/4~ Multi-copy/ 4~ Suitable for microsatellite markers/ /4~ Frequency/ /> « Mb~—1 Percent/ %
F[H 8] Intergenic 850 406 251 155 1.23 18.23
S M3 Flank5” 142 96 7 89 4.95 62. 68
4bBF Exons 85 84 1 83 3. 65 97. 65
M & F Introns 29 26 2 24 4.79 82.76
BRI TF M3 Flank3” 130 82 3 79 4.39 60. 77
£t Total 1 236 694 264 430 2.26 34.79

2.4 MBREZEERUE

H AR 430 MEATF R T EN S,
A SN BT BEHLE BT 32 A, i A AE 4 A5 X 35
VEHLT 105 Mk TR N7 45, #4759 FF & Hil PCR B 1E.
FE 32 DYMAS X H A 1 ML AR Y 1 AR ] PCR 7=
Yy, TEAY 3T AT 1S 1~2 R0 MT a0 44, il
BRI R 96.88%, 1 2 A M EL 3y 54. 84 %,
T AR AS X BENLIE B A 105 M BENL 5 H .55 M &
AP 1~2 WM 4, AP R B 52.38%, 3%
RAMHI 1L 43%4RE T 4. 58 %, HEZ S MM T E
d 60. 0%, THAESMAD X ) % PR ZE B E P 2 A
Fr BB B RTA A3 N AT 55 A A K
BEETF I ARAA  HITEF ) 481 JE B K LB
Ak A TR R BRI EAE X5 |5 G S
3 g

BTN BO R B A e R R K IR e 2 e A
R PR HAT T WA RIS 5007 B8 T %00 IR T 5
PR AR IR A A TR A B B L o0 A B, O 0 1
TEAZREREM DR S FhRc 2RO, SR, 2
MEOREERXFNAM TEFA RSRPEART 2 MER
KIERBERIRR, B 2 4 X800 4] H B3 oK B R 3
5% 6 bp A TR K Anfar 3 inBow g2 & i PR R C T &
BB
31 WX R AR T

SNE TSR T oS X, Bt FRITKE R 1.2.4
15 bp AT TR H BTSSR, B 25t DR

B HIUHH AL & SR N R A D AR, 1 R
SR R D RE AR B BB 2% , ot A= 0 A7 396 R Ak R
R, SR, FEBOR R BN F XA T otk
B 4 15 bp M TR, [F X6 i B 4D BT 51 (L
PEBRFXMAETKE 1~6 bp, EEHREMKK A
[16,5,5,5,5,5 DM e R WG 1 i sh i A iR
WY E—BERENINE FFI PGB EERA G NE
FPF K E=12 bp)t R T 1.2.4 15 bp Mg T
B, HENEE R AT AR R (DR R Y Fh g i X i 1R B{E
KRR (O FHER B FITKE N 1.2.4 1 5 bp I
PERFMBMBE”;DIEITKE R 1.2.4 F1 5 bp KL
PR %A DNA EHIEFHANME, h T HamEE A DIER
Bk, SBOET, AR , LR R AT #H— S HE .
3.2 EHEAWNER TR T EIRCHNLE
HTREEUREERENA DA H SR ER
MERSFAICT &%, M PR AHEE .5
EM PR, HFFK =20 bp; MR T & /el BE N
20 bp; BRFE DL, RSFKE &M, BE M PEERRRTF
Jese M LA™ M B EFIKE K TET 20 bp K
PEINEEEMOHTED , B HK A S
e e AR 24 HE B-DNA #9558 hn i £ e A5 =0 | [ if
F IR R — B R R A 2 N R RN,
Bl , (AG),, TC(ATCG ) ZEIE P AL43 MBS, S [7] B
] AG EHEHIUE/A 2 ANEE S ATCG EE Rt/ 1
MNEE,HY A BRKEMS, S8 RIRRSE RN KR,
SAFWIITTHREEEREEE,. e TEREEEN
HNE A EARC I & AL R RT 2 40, R,
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BURRERENANER FH LR FR L Xt al

B I N PR 248 DL i T8 HE IR JL3R, ) 3 267
FRMTEFRC A RES I 1 AR N R — S X &
S D B SR  SE M I 45 SR i 2 o DR T 2 0 R
AR SR KA R LR b R B AR E RS I, (H
T HETBoRERRENA R AT 1 & HAZE 2R RYE,
IS T R — LR A T B A7 A5 T 0 38 1 371 2 A AR <
UBTERATGFINIFREFELEE . Hit, ik
M R— BRI , 2 T8 & MU T B ARiC AL 8
Tt — LI KL,
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Detection and Analysis of Microsatellites in the Phytophthora in festans Genome

ZHANG Hong-lei,ZHU Jie-hua, HU Zhen-zhu, YANG Zhi-hui
(Department of Plant Pathology, Agricultural University of Hebei,Baoding, Hebei 071000)

Abstract: The amount and distribution of pure and compound microsatellite in the whole genome and its different regions
of Phytophthora infestans were identified by software SciRoKo. The results showed that,a total of 5 010 loci for perfect
microsatellites were detected in the genome, whose density was 26. 35 SSRs/Mb,and the perfect motifs were ACGG, AT
and AAG. Only motif for 3 to 6 bases occurred in the exons,in which the percent of microsatellites with 3 and 6 bases
motif accounted for 93. 68%. The number of compound microsatellites were 275,accounting for 82. 18%4 was interrupted
perfect microsatellites. The loci suitable for microsatellite markers were identified according to the software of SciRoKo.
At last,430 loci suitable for the development of microsatellites were acquired,in which the coding regions were 83 and
non-coding regions were 264. In the coding region and non-coding regions, which were respectively selected 32 and 105
microsatellite loci for validation. The results showed that the success rate of its development and polymorphism
significantly increased. This provided a reliable method for the development of microsatellite in genome of high repetition.

Key words: Phytophthora in festans ; genome; microsatellite
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