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QTL Analysis for Total Organic Acid Content in Tomato Fruit

QI Fei, LIU Guan,LI Jing-fu
(College of Horticulture, Northeast Agricultural University, Harbin, Heilongjiang 150030)

Abstract: An AFLP and SSR genetic linkage map was constructed in tomato with a 260 intraspecific F, population derived
from a cross between high acid content line ‘12680 as female parent and low acid contend line 12574” as male parent. Total
acid content was determined by acid-base titration,total organic acid genetic development was studied to find QTL position
related to organic acid conted. The results showed that, in totally chose 256 paris of AFLP molecule markers,185 paris of
SSR molecule markers, 24 paris of AFLP molecule markers and 17 paris of SSR molecule markers had favorable
polymorphism. F, generation were analyzed for patterns to construct the six linkage groups. It contained 41 molecule
markers, the total length of 1 358.93 c¢cM. There were two markers detected the LOD scores greater than 2.5, genetic
contribution rate were 20. 27% and 10. 98%. The 2 QTLs distributed in 2 linkage groups,among which Ta1 was negative
additive effects, Ta2 was positive additive effect.

Keywords : tomato:acid content; QTL; AFLP;SSR
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& HRTE R AR5, JUF A i Re & A8 vl DL F A8
[Flf) rDNA-ITS 43 FHRiC #E4T R E =B EC . BEl,
ZERNEBT¥MTET EMNATREEEBEME RS
RN . R R R IEAURE T B T R R
Tilh b, AR G T T 1) A1 9 R AE T A R AIE A B B0 M
5E I 454 1TS 5 B-tubulin FPH 7 51 434, i — 2 4 5
B H 4t DX AERUBE T FA 288 B A3, A SR i 35 11
Bl V& LA B 36 B AL o P BE 8 A X LAl . TRI B, DR
RZARENEYHRE AR TEEAENHE
BRI

1 #R5AZ*

L1 Rk

L1.1 HEX0GIRE 2012 48,2013 4 9—10 A 4rI7E
B Ve IRGEL L H 7 Bl R S A B A XOR R T R R
TRBEREAS , B SSOR BEIRBE 3~5 A, 0 sRALHLT Fh AN
R, BAVKE I LI ., XTRBE4 LU PDA
AT B RN A E R A V8 RHE R R RAET
12°CHBTF&M. RESBEHIEBEERERNE 1
B

*1 BEHERKIE

Table 1 Location of Phytophthora isolates

WRRS FEMAN RS

Isolate Variety Location
Pfs3 REKLH B v KB+ R A A TR
Pfst RERLH Bers XA+ B ER L E
Pfs5 R KLLH B v KB+ HLIE A SR
Pbjt KM B P S X R A 4
Pugh KM HASCEBk £ BEA
Pwme KM HA AR AL
Pcsx K HiltRERML S
Pubs2 KA H BB T IS SFBEERT
Pubs3 KA H B ET M S SFBEPRRT

L1.2 THEREA 2013 SFFERRVI R AR B FEN

S AP A SR A IR A . SRER S HBURHIR AL,
RE S AL R T2 1 m, 57252 L RIEFR,
5~10 cm BB RY 38258 A S8 4% o, AT A 0 Y ] 52
B,

113 ¥ERE DREREELNEREREPDA HF
RERI B SR V8 TS R % 2 H™ V8 BR3EH (1 8
FRAS IR B F5 B 43 1 3% SR A O JRORL AT IR A e Bh () 256
PR I FREB R B 15 5%, o Fh AR R 7 - ZE A OR A T
PR MeE IR (OA) T REBEM DB, R, FEFH
fFR = 8 PSSR (CA) B b 200 g, 3R
16 g,7K 1 000 mL; FHFRE 43 B , T8 b AR RAN A= 7= B
T MK 1 533K 1 000 mL, AT HESER 20 g,
KNO; 1 g,K,HPO, 0.5 g,MgSO, « 7H,O 0.5 g, NaCl
0.5 g,FeSO, » 7TH,0 0. 01 g, Biig 16 g; Fl Tk 1 ek
LRTH U R B SR TS SR M 10 g, B E R 2 g 38
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5 g, BERE 2 g,NaCl 2 g, K, HPO, 0.5 g,MgSO, *
7TH,0 0.5 g,Ca,CO; 1 g, 2% T M EH IR 1 000 mL
FATF BT R B 5 LA b 3% 37 B IC 7 2 BE R 4 e 3L 27 5
AN,

L2 RErk

L2.1 BHEHAREEERERNE BREMNTAE
AERURE B0 B R BT A i FH TS R K vp ik e 3R B T
FARETFARTI LBRFE 5 3R B, FHETE 8 BE ) s f 32 A 4b 1)
T 3~4 mm W7 /MR 0. LA A RIER TR ES
FATCHE K whye T4, 76 PDA b 364795 IR 04 43 35, 8
Ja565 3 RIFMR AR A AR BUIB O . W 7 B Al A i iz
HA R E PDA |, 27°C RS 5 d 5, AT
BEEEDGITRER R 5 mm BEDE B3 E
PDA.V8.CA.OA 35535 I, BRI RE L HEE 3 K. B
21°CIEIRRBRE ISR, 5 THEME 2.4.6.8 d BFWLER,
EREHANEEESHIESEEEKER, HELE
KR =% A KL2(m) / EEERKRIED.,

L2.2 BEFAEAESFLEE FUHHELEM: VS
KR b 27°C4 M T RIS 10 d J5 . 78 b2 B iR
(OLYMPUS-CX31RTSF) F VLS5 B 8 U1 % . e 2% 11
fFRESHNEHE KD, WEHARDTF 20 48F
BFER RABEZAKBEEY W AR AT E”
A IFERAEE TR TR T AEB . IR K
AEDT I R L A T B A A TR S 1 bR B AR K R
MR TR 7% 1 35 TR R AT R P 25 2R L O AT 1Y
TEASHHEE , 2 BB A K AR Kroon %017 402807 ¥k , X
JREE AT 43I E

.23 PCRy'H RAkREK CTAB 47 DNA
RE, 2% 5k B 2 0S| 5 4 0 1 O Bk 3R AR
VR, MR E A DNA-ITS 5@ 54 1TS1(5 -
TCCGTAGGTGA ACCTGCG G-3") il ITS4 (5'-
TCCTCCGCTTATTGATATGC-3)" 347 PCR ¥~
. ITSPCR RB AR K25 pl, KA fadE 2X Tag PCR
MasterMix(IL B 28 A R A R A RD12.5 pL, 3
20 DNA 1 pL, 3|4 ITS1.ITSA & 1 pL(6 pmol/L) Fl
ddH,0 9.5 pl., PCR ¥ $4H8FF J: 04°CHAEME: 5 min; it
ATEER,94°C A1 30 5,56°CiB Kk 45 s,72°CHEfH 1 min,30
MER 5 72°CIEMH 10 min, 4 CLRFE. FIHREREIY
Btl (5'-GTTTCCAGATCACCCACTCGCTTGGT-3") #1
Bt2(5'-GAGTTCTTGTTCTGCACGTTCAGCAT -3") X B-
tubulin & PR #F 47§~ 8, B-tubulin PCR & [ & & A
25 pL, HHfuFE 2 X Tag PCR MasterMix 14 pL, & H 40
DNA 1 pL,3|4%) Btl,Bt2 % 1 pL #1 ddH,O 8 pL., PCR
P HRRTF 94 CHAEYE 5 min; # AJEI, 94°C 22 P
40 s,59°CiB k 40 s,72°C #E{# 1.5 min, 30 MEW; &5
72°CHEfH 5 min,4"CIRFE,
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L2.4 FHSMRMAGEEBEWME % PCR § 1™
Yt AT e, 15 P 3 B B AL PR , #2358 GenBank
REHBUF S , i 1 BLAST T E#1 DNAMAN # 43
A7 kb Xt 43 B I LA Neighbor-Joining 77 ¥ ¥ # R 4t &
B,

L2.5 HEAEKRBURENE SHEZHEHE
Be Rl o ai Ak JE AR B AT AL 5 mm A BEDE, B
B BRE A A 2% 7 101 A, (SR AE AR B 5 e BUR 2 B 1 06 75 A1
A TR ORBU AN KR KL HL73 SRR B S
FRUOR 1 AEAE R k. AR TG B B DRE X IR, A
TR 2 MR, BB 2 MRBEE N
HE., #FT 3 ATAZE 4 A La#sT, 8/ 1245,
BY B ol B ok R A 4%, WL 3T 5% A& 15 O I B BE R
INEXFE) .

L2.6 BMAREMSE RABERBE HTHLH
4y B FREL10 g ERERABEA 90 mL TG HE K ) = Fil
W B K B A BB 2R, B P 20 min, K 107" g WREERY
TIHREREEE . W 100 pL TR, AR
900 L JCH/KHIE LB HRIFEMRS L HIAL 1077 g EE
W A EHER AL 1072 ,1074,107° 107 g AN[F) BB B e
) P TR VR R A ) kB ) R VAR T i 21
R SERE EHREERG S, #1T3REE T
2ICTFEEF 7 d,

L2.7 FEPUBEREME SR ARILED #AT R
Wi, BEEURIG 1 SRR E o BEab A EE RS
—W K 1 BREFREPEER 7 A BERE V8 B FRE L
R FEBE B 2 PR B 2 om AL SR FIBERT 5 mm [RE R
WY B 2 d RPN B TR BRI & 3 4.
i 16 HH o3 e B A R A B

1L.2.8 FHEHEKREABRBEMEEENE WHEZ2EK
R SR FH T 22 A o R T2 o 35 ) 4160 T A 400 ) 356
PEAT I RE K 2 5 P TR B P T I R B VR Y V8 B
FE T 0 8% FR AR R 2 1 X BB (CK1 2 Fh Pfs3,CK2
B Pubs?) AL FEE 3 K, B 2 d 5B EH
EHR EENE 3 dITREEZAERKRMH R, Hadk
MHIFR (Y0 = Gt R 7 B — AbBRTEVE B4 /S IR B
T ELAR <100 %6 5 il sh 0 F 0 & 3R 56 . IBURR &
B Sl sh il T B IFRE R FIRA , B W 5 72 W
YEZS XTHR MRS 3 ., 25°CHEFE 8 h 5, il
BRERHBEFHEEBR. TFHEMEROD=
Cht R ShTR 78 R 3 — b BRI 3h 87 85 & 30D / X BR e
BT R F X100% .

2 HRESW

2.1 BEELYFIER

2.1.1 BEEMEFRER EHEERESLRERE
V8.PDA.CA,OA 4 Fi R [F %55 7] DL R iFAE K,

®2 REHREAREFE LNEEX/ND

Table 2 Colony diameters of
Phytophthora Isolates on different media
WEEROER 4 D ES L&
[E Bk )
Colony diamerter(cultured 4 days)/mm Growth rate
Isolate Medium
1 il I BE  /(amed D)
V8 46 48 49 47.7b 6. 0b
PDA 43 44 44 43.7¢ 5.5¢
Pfsd
CA 37 37 37 37.0d 4. 6d
OA 59 60 60 59.7a 7.5a
V8 41 42 42 41.7b 5.2b
PDA 32 33 33 32.7¢c 4. 1c
Pfs5
CA 23 24 25 24.0d 3.0d
OA 54 55 55 54.7a 6. 8a
V8 47 48 49 48. 0b 6. 0b
PDA 43 44 45 44, Oc 5.5¢
Pubs3
CA 42 42 42 42.0d 5.3d
OA 67 68 68 67.7a 8. 5a
V8 48 60 60 56. 0b 7.0b
PDA 42 43 44 43. 0c 5. 4c
Pwmc
CA 43 43 43 43. 0c 5. 4c
OA 72 73 73 72.7a 9. 1la
V8 57 58 60 58. 3b 7.3b
PDA 44 45 45 44.7¢ 5. 6¢
Puwqgh
CA 39 40 40 39.7d 5.0d
OA 73 74 74 73.7a 9. 2a
V8 56 56 57 56. 3b 7.0b
PDA 49 49 50 49. 3¢ 6. 2¢
Pcxs
CA 45 45 45 45. 0d 5.6d
OA 70 71 71 70. 7a 8. 8a
V8 48 48 51 49. 0b 6. 1b
PDA 46 42 42 43. 3¢ 5.4c
Puwbs2
CA 41 42 42 41.7d 5.2d
OA 65 66 65 65. 3a 8. 2a
V8 44 45 45 44. 7h 5.6b
PDA 41 42 42 41.7¢ 5. 2¢
Pbje
CA 35 36 36 35.7d 4.5d
OA 64 65 65 64. 7a 8. la
V8 52 52 53 52. 3b 6. 5b
PDA 49 49 52 50. Oc 6. 3c
Pfs3
CA 40 41 40 40. 3d 5.0d
OA 65 65 66 65. 3a 8. 2a

T RPRFANGFRER P=0.05 KV LERBH.

Note; Different lowercases letters in the table show significant difference at 0. 05 level.

HEEHG, HMEBRBEMER, EERREFHRE LK
WEAKERAERABRES ., hR2 THBEEEEE
RAeERKBRRIREFRIER OA, k2 V8, 4 K &18 10
& CA,SAWZTE V8 Higndk F A K&K, OA 555
2 EAKFH .

2.1.2 WRIMIERFFME XEHEEEN TR H
PR E TR Z 5 , X HIE SRR (B D 317 88 58
i, B HILE 3. AU FIESWMERE R, 7T iyl
BALATERIA R 2 F . BEPT EXGHLIX ) Pfs3.Pfs4,Pbjt.,
Pfs5 B R 5™ pRIEE (Phytophthora boehmeriae Sawada)
R, A TFREK T 0.9~ 1.5, LR B EHREHF
e H R B B # X ) Pexs Pwmc, Pawgh , Pwbs3 , Pubs2
H & 52% 1585 (Phytophthora multivora P. M. Scott &
T. Jun) ML, I FRKFEL 1. 0~2. 1, A KHBER
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Table 3 The size of Phytophthora isolate sporangia,oogonia,oospores,and antheridia
To B R Asexual propagule A EB R Sexual propagule
T H s AT e
2 6B HEAFR
[ E Hyoha width Sporangium Ogonium Qospore Antheridia Sexual
ypha wi o o xualcop
Isolate KX5E KIEH LER Hi2 Hi2 BEJRE KX 5E A i
/pm LengthX width Length Papillate Diameter Diameter ~ Wall thickness Length X width Attachment uation
/pm /width height/ ym /pm /pm /pm /pm type

Pfs4 1.5~7.3 (26.0~67.7)X(28.8~55.1) 1.0~1.5 4.2~7.3 17.7~35.4 16.6~28.1 0.5~1.0 (10.5~19. 8) X (10. 4~14. 6) A Ho
Pfs5 2.6~9.4 (16.6~60.3) X (15.6~43.7) 1.0~15 3.1~5.7 23.9~31.2 18.7~28.1 0.6~1.0 (15.6~19.0) X (12. 5~15. 6) A Ho
Pubs3  2.0~6.3 (23.7~44.7)X(18.7~33.3) 1..0~1.7 2.1~4.2 29.1~32.2 23.9~26.7 0.6~1.0 (8 .3~9.4)X(9.4~10.4) P/A Ho
Pwmc  1.8~7.2 (21.8~39.5) X (17.7~27.6) 1.0~1.5 1.0~5.2 21.8~31.7 15.6~24.9 0.7~1.0 (8 3~15.4) X(9.9~12. 2) P Ho
Puwgh  1.1~8.3 (29.1~65.5) X (21.8~37.4) 1l.1~2.1 2.1~5.2 28.1~34.3 19.8~30.2 0.8~1.0 (7.3~15.6)X(7.3~13.5) P Ho
Pcxs 1.6~7.3 (28.1~36.4) X(21.8~29.1) 1.1~1.5 1.0~4.2 25.0~28.1 15.6~23.9 0.6~1.0 (12.5~14.6) X (10. 4~11. 4 P Ho
Pubs2  2.0~6.3 (21.8~49.9) X(21.8~36.4) 1.0~1.5 2.6~4.2 23.9~31.7 19.8~27.0 0.6~1.0 (11.4~14.6) X (8.3~14.6) P/A Ho
Pbjt 2.1~6.8 (17.2~56.2) X (15.1~46.8) 0.9~1.4 1.0~4.2 14.6~34.3 11.4~31.2 0.6~1.6 (9.4~19.8) X (9.4~16.6) A Ho
Pfs3 2.9~9.4 (22.9~36.9X(20.8~36.9 1.0~1.4 3.1~4.7 27.0~40.6 23.9~34.3 1.0~2.1 (13.5~23.9) X (12.5~18.7) A Ho

1 Ho= R RALE , A= S sk, P=I R Pl 4

Note: Ho=homothallic species, A=amphigynous, P=paragynous attachment of antheridia.

/_

50 pm

50 um 50 um um 50 um

Hal~a-9 23 HIN Pwbs2,Pubs3, P fst.Pwgh,Pfs5,Pwmc,Pcxs,Pfs3.,Pbjt HITE IR 2% JERS FIIIHL T b-1~b-9 2 F 4 Puwbs2, Pubs3 ., Pfsd, Puwgh,
Pfs5.Pwmc.Pcxs.Pfs3.Pbjt {4 71F % (& H ELBIR K 50 pm) .
Note:a-1—a-9 : Oogonium,oospore and antheridia of Pwbs2, Pubs3, P fs4,Pwqh,Pfs5, Pwmc,Pcxs, P fs3,Pbjt, b-1—b-9,sporangium of Pwbs2, Pwbs3,
Pfs4, Pwgh, Pfs5, Pumc,Pcxs,Pfs3,Pbjt (Bars=50 pm).
Bl REEREHEEHSREIE

Fig. 1 The ogonium,antheridium,oospore and sporangium morphology of Phytophthora isolates
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BB, MRS 2 A

2.2 JFF\45rHr

2.2.1 PCRYMEZR WEYVHERBH, SHERY
A5 1 4% 800 bp ZE A WITE Wi 454 . MF 58] ITS ¥
FIK By 787~855 bp(J& 2),B-tubulin JFEF1| K &y 784~
805 bp(& 3).,

2.2.2 IDNAITS FHIMAZKLBTMR HE 4 REL
BWRI4 AT A, Pfs3.Pfsd.Pbjt . Pfs5 5 P.boehmeria B
A 1 4, Pexs, Pwmc, Pugh Pubs3, Pubs?2 5 P. multivora
RA—AH, HERGEE¥ 7R R—3 M GenBank
RIBHEZ F 55 Pfs3 (KJ854387), Pfsd (KJ854388),
Pbjt(KJ854389), Pfs5 (KJ854390), Pexs (KJ854391),
Puwbs3 ( KJ854392 ), Pwgh ( KJ854393 ),
(KJ854394) , Pubs2(KJ854395) ,

Pwme

B 2 rDNA-PCR =4 5% B B8 ik B
Fig. 2 The profiles of PCR amplication

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

3 Brtubulin P=4 KR B 5k E
Fig. 3 The profiles of PCR amplication

2.2.3 ptubulin FFFIMRGKENR ohaREH,
HER 9 M R B-tubulin J¥ %5 GenBank H B 7 152
ERA LT FI A IPEE % 99% , Pfs3.Pfs4, Pbjt,Pfs5
5 P. boehmeria 3 jj— 4, Pcxs, Pwmc, Puwgh, Puwbs3,
Pubs2 5 P. multivora B h—H(E 5), HERE ITS
25 B — . M GenBank 3K 18 #2 %2 J¥ 5| 5 Pfs3
(KJ890554) | Pfs4 (KJ890551) . Pbjt (KJ890553), Pfs5
(KJ890552) | Pcas (KJ890549) , Pwbs3 (KJ890546) | Pwgh
(KJ890548) , Pwmc(K]890547) | Psdp2(KJ890550) ,
2.3 BowtENE

BN THEFhas SRR, 9 Fh B 2 5 il 28 MU b

Phytophthora multivora HQ446241
Phytophthora multivora FJ952383

Phytophthora multivora HQ446244
Pexs

99
Pwbs2
Pwbs3

5[ Pwmce

Pwqh

100

Phytophthora citrophthora JF799874

100 Phytophthora citrophthora GU258611

Phytophthora boehmeriae KF010304

Phytophthora boehmeriae KF317089

Phbjt
90| £/54
Pfs3
Pfs5
Pythium ultimum JN695789
| —
0.05

4 BEHFITSEGZEH
Fig. 4 Phylogenetic tree (NJ) based on ITS sequences of
Phytophthora isolates

Pwqh
Pwbs2
Pwbs3
Phytophthora multivora FJ665261
Phytophthora multivora FJ665260

100 Pwmc

Pexs

91 {I’hylophlhom multivora KC855343

Phytophthora capsici EF495258

Phytophthora citrophthora JIN605909.1
100' Phytophthora citrophthora JN605908.1

Pfs
Phbjt

Pfs4
100] i3

Phytophthora boehmeriae AY564050
% Phytophthora boehmeriae EU080162

Phytophthora boehmeriae DQ361135

Pythium ultimum AF218256

0.08 0.06 0.04 0.02 0.00

B5 BEEHERtubuln EERERZEH
Fig.5 Phylogenetic tree (NJ) based on -tubulin gene

sequences of Phytophthora isolates
BERRBESHREGE O HPRERBS HER
Pexs {RYePMERRR , 70 KB K LLHL R G B i K AT 3k
105 mmX 23 mm JHREFGERFE T , FEER BKE
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FRIGIE UL s R RE &R P 3, Btk e 19
FEREF R Pfss, HomBtim/h, R, il o
B AR (0] RO A0 ) SR B A 22 53, 7 76 B L B0
S, X IR A (8] B0 11 22 57 5 B AR R IR B B A AR
SR, BIH AT Bl R 4t DX A4 T 2R B0 0 BV 3R TR
X3 DX B AR

4 BB BEX AR ERRMBEELNE

Table 4 Pathogenicity of Phytophthora isolates to pricklyash varieties

- JEBRER /N X 58) Spot size (lengthX width) /mm

“RUBKLIH” “T “RA
Isolate

‘Fengxian Dahongpao’ ‘Doujiao’ ¢ Mijiao’
Pfs4 (17~20) X (8~11) (10~13) X (7~9) (12~13) X (8~10)
Pfs5 (15~41) X (12~17) (8~13) X(7~10) (7~9) X (3~6)

Pubs3 (72~95) X (19~29)
Puwmc (69~98) X (19~30)
Pquh (42~98) X (12~22)
Pczs (93~105) X (17~23)
Pubs2 (60~67) X (12~21)

(15~22) X (8~13)
(15~22) X (7~13)
(12~21) X (9~14)
(15~24) X (6~11)
(18~26) X (11~15)

(15~33) X (9~14)
(9~23) X(7~17)
(8~22) X (6~15)
(21~30) X (15~21)
(15~24) X (9~13)

Pbjt (7~85) X (5~20) (11~18) X (8~9) (10~15) X (7~10)
Pfs3 (69~119) X (27~41) (9~16) X (5~13) (11~17) X (9~15)
CK 0 0 0

2.4 FEBUBERE BT -5 M HIE I E

WD THEREESRK 1 SEEERE R
el 38 Hh A Bl 2 A A O o L AR R L VR TE S AR AR AT
v, 2 N e A B RN AR SR B TR 8 Bk, P E B 4
B BB 4 Bk TRpEH 1 BREA POHIVE R BERE 2y-1,
3 Ao O A % T VR X B T A 22 L B R B T B R
TR AT RE
2.4.1 JHERERBERELMEER  HLHE zy-1
REEBOTRE R M 2 4 K I R4S R L 5, %8
YEA zy-1 XHER W EA —EMHIER.

x5 MEEABRTEEEEZLAOMEER

Table 5 The antibacterial activity of
the actinomycetes filtrate on Phytophthora hypha
HERE R MEEZR Inhibitory rate/ %
Isolate 2d 3d 4d
Pfs3 39.5 38.4 36.4
Puwbs? 37.2 34.8 3.3

2.4.2 AR ABERITESIA T RMMEER R
6 KRB R 2y-1 R BB 22 BRBE B v o Uiy 3h A
B RN ARy 44. 200, 3 24 R WIS T8 K

x6 MEE X B RS
BRERFHEFHEZPMEIEAR
Table 6 The antibacterial activity of

the actinomycetes filtrate on zoospore germination of Phytophthora

BT R WEh T AR kRS
Isolate Zoopore germination rate/ % Inhibitory rate/ %
Pfs3 53.5 44.2
Pubs2 57.0 41.1
CK1 95.8 —
CK2 96. 8 —
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MHRA 41 1%, BIRERETE R F0 2 L8 R
ﬁl‘z—ﬁ‘ Streptomyces sp. ,%%%Eg E"J?I‘ITEE?@EF
B AR AE BN TR A KA BT I HIE A .

3 Zi5itie

B IKIE B R AE V8 B3 EIE R S A
FHE TS F1 B-tubulin K 551 43 #r S HBOw R A
PV 5 3 4, X H 7R Bl e AR AR R T 9 T R 4
YTE R 2 F L BevE KB E Y R (Pfs3.Pfs4 Pfs5.Pbjt)
TR EZ MBI 2HETE K 5 /N, AR 8,
HEES 2 R, N2 RS (Phytophthora boehmeriae
Sawada) ; H 7 B B A B 2R (Pwbs3 . Pwmc., Pwgh, Pexs.,
Pubs2) WA FRK T LR, FLE B B 2 A B, D3
Pl MRS M4 , h 23 F 5 (Phytophthora multivora
P.M. Scott & T.Jung), & EEBE A rDNA-ITS F1
B-tubulinE X 5 3 45 R 5S4 40 K45 R —3. ik
BT BIEPH P& TR R 0 R B R B A,
i A5 B AT 8 K H R A 4 6 AR IR 7 DR R R
W8 195 B (Phytophthora citrophthora R. E. Sm & E.
H. Sm) , [HiZAF 5T B B AEHUBE B3 7 T/ R A R R EC &, B
Mg A, SHA 8RR, #7 % drEpk s
X & BLA 7E PDA BEFREL 1A 5 7= A A M AR 45 44 1) 5%
FHHWWE R P. citrophthora 2/ HEMBERREZ—
AR — LR,

Fop v 2 R EMUEE RN T R B I B A
a3, H R B e B AR B BOR R , T BE 7 T R 2L
Ptk — BT Z GRS WM T HE R EREER, T
RBRESRRERAFA X, 29 EEH (P. mudtivora) &
BT WK ) 0 7 5 Ay 8 TR — T AR 2 DA AR A
W BRFIFL RS 55 2 AR BRI 4 B ok, S AR A
P75 (P. citricola Sawada) H 3F % & R IR ENA, =5 pREE
% (P. boehmeria )TER E W % EAEY) FEH *FRMRAL
MG EE Y . R RUESS MU X 2 i
HREMA FHEYZ— ERHHWNE FEZR Y AR X T
(RPN S E T

FIRB&E S B ERIEY R E R TAFD
YR ENEEREZ T, ZRBYL g T
Yo 925 2 A EL A PRI PR A 4 R TR TR MR 2y 1, L R ROV
RERE TR R 224 KRNI & B — e Ml vE A X =4
YRS WAL RESERARR. 2R LR
HAMR, KHEMEEKREERNRE, Wik, AR#E—29
FRAR , i 1 48 22 FE HUROR B8 47 1) A2 B A 7R B -
FHAT .
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Identification of Phytophthora Species Causing Pricklyash Blight from Shaanxi and
Gansu Provinces and Screening of Antagonistic Actinomycetes

WANG Jie-fei,CAO Zhi-min, BAI Lu-chao,TANG Yi,ZHOU Xue
(College of Forestry,Northwest Agriculture and Forestry University, Yangling , Shaanxi 712100)

Abstract; Taking species and distribution of Phytophthora which were isolated from pricklyash (Zanthoxylum bungeanum)
in Shaanxi and Gansu provices as material,, based on colony, sporangium and oogonium morphology, ITS and B-tubulin
gene sequences and their pathogenicity,species and distribution of the bacteria were studied,and the antagonistic bacteria
of pricklyash Phytophthora were screened. The results showed that Phytophthora isolates Pfs3, Pfs4, Pbjt and P fs5
from Baoji of Shaanxi were identified as Phytophthora boehmeriae Sawada,and isolates Pcsx, Promc , Progh y Pubs3 and
Pwbs2 from Longnan of Gansu were identified as Phytophthora multivora Scott and Jung. One actinomycetes isolated
from the soil of pricklyash field was screened out, and preliminary identified as Streptomyces sp. which showed
antagonistic activity to these Phytophthora species.

Keywords: pricklyash; Phytophthora;morphology ; IDNA-ITS; g-tubulin; pathogenicity ; antagonism
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