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Abstract ; Rice sheath blight (RSB) is one of the most devastating rice diseases on a global basis. Genetic diversity of RSB
pathogen population is poorly understood. Studying on the genetic structure of the population will help to understand the
evolution of the pathogen, and to design better strategies to control the disease. In general, the RSB pathogen is thought to

be an asexual fungus, though a mixed reproductive mode has been reported. No information is available about the genetic
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diversity and population structure of the fungus in provinces of Zhejiang, Anhui and Hubei. To reveal the genetic variation,
gene flow, reproductive mode and genetic background of the RSB pathogen in these areas, ITS-5.8S rDNA sequencing
approach was used to analysis seventy five isolates from the infected samples collected from Fu Yang (FY) in Zhejiang
Province, Ji Xi (JX) and Chao Hu (CH) in Anhui Province, as well as Jing Zhou (JZ) and Xiao Gan ( XG) in Hubei
Province. The dominant pathogen of RSB in these areas was Rhizoctonia solani anastomosis group AG-1 IA. Seventy eight
variable sites were detected from ITS-5.8S rDNA sequences of these seventy five isolates, the content of A, T, C and G
nucleotides were 25.4% , 33.6% , 21.0% and 20.0% , respectively. The transition/transversion ( Ti/Tv) ratio was 1. 65
and the highest variation position was in the third-codon. Twenty nine haplotypes were identified based on nucleotide
variation, and haplotype 5 (HS5) was appeared on all 5 area populations with the highest frequency of 61.33%. A high
genetic diversity was observed among populations with 0. 627 for haplotype diversity and 0.482% for nucleotide diversity.
The fixation index ( Fst) and gene flow parameter (Nm) among populations were —0.0253 to 0.0170 and 5.56 to 11.12,
respectively, indicating that the gene flow were frequent among populations and overcome the impact of genetic drift. Short-
distance dispersal of asexual propagules (mycelium or sclerotia) , and long-distance dispersal via contaminated seeds may
enhance the gene flow. Analysis of molecular variance (AMOVA) revealed that only 19.03% of genetic variation occurred
among populations whereas 80. 97% existed within populations, suggesting a very low genetic differentiation among
populations. Mantel test showed that no significant correlation was found between genetic distance and geographic distance
(r= -0.241,P =0.499). Phylogenetic tree of haplotypes constructed by UPGMA methods exhibited highly mixed
branches among different areas, which was consistent with the results of Mantel test. A “star like” pattern of
interrelationship of haplotypes from R. solani AG-1 IA was found by network analysis, suggesting a bread out of population
during its evolution, because of insufficient time for the pathogen to form a more complicated population structure. Neutral
test for genetic structure showed that the populations were in Hardy-Weinberg (HW) equilibrium suggesting a high natural
selection existed in the populations. These results also showed that a mixed reproductive mode, including asexual and
sexual reproduction in the populations of R. solani. The characteristics could explain why a high genetic diversity and low
genetic differentiation existed among populations in small areas. Pathogen with a mixed reproductive mode would accelerate
its evolution, because more new geontypes could be generated by recombination and kept through asexual reproduction,
which would cause high risk of fungicides resistance. Therefore, the disease control measures will include reducing the
spread of fungal mycelia and sclerotia via shared irrigation systems or contaminated seed to minimize the gene flow,

pretreating the seeds, as well as fungicide and resistance varieties application.
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30% , PEEMT AT 5 50% o 7K RSSO TG 95 JB B b ST 22 1 1 ( Rhizoctonia solani) , FoAG HEZS )R T- 5 B
( Thanatephorus cucumeris) . 2 G2, KFE . EK KT IEEMERERE R solani IFFE, B
HREHEBAWHE ., WIEELRA S5, R solani RIS H 14 NEZRERE(AG-1—AG-13,AG-BI) *¥
MRPERE MR (27 3 DA S A 3 A A SR M URT 2 R R B IE A, FL AP il & 8 AG-1 FTH432 AG-1 TA (AG-1
IB.AG-1 IC =AW ,AG-1 TA WRER/KABER I ABOR RS .
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BRI S, B BRI MBS S SR BT ST B o AR¥E ITS-5. 8S 1DNA 51 192 et S Bk o
T [F]— G4 {4 b 5557 ok DR B B A — > B L[R]3t 1 i 3 TR B A6, BV ER A 2, P4 7K R SORS o TR R R 1)
B Z AR BIFTH Do Ciampi %) ITS-5. 8S tDNA JUFF AR, 78 20 A/KAELORA B o R T 1 Fhf
FERY, E 32 MR EBNRE 8 X T 6 R %A AR /K RESURS R B o otk B8 , T E KR SUR o B LA PR %
B F o T Rosewish 45'*’ \Linde %7 I Bernardes %" 4} 5II3R i RFLP 1 SSR 43 FAicb A7 B sz 2%,
IKFESURE A B A ek e KA A M S5 T 0. T, AR Wiie 50 3 8 5 DA RS RE
B 75 DK FESUMA R 1) ITS-5. 8S rDNA FRF#AT /04T, B 1R 7 2 IX LR 1) 382 A% S5 40 g 1% A% 1
TR FEERIT R A8 78 5 0 BB 753X, D E BT SR S Tt S A 2 ) BB 1 =
1 #R5HEE
L1 KRR S5 .

T 2007—2008 fE L FELEBGR (JX) EREW 5|
(CH) ¥t M (JZ) . #1622 (XG) F i i & FH
(FY) 737 R 58 BB f) 7K RS SUR R AE IR R AR FE A, B
6] B BURE BE B = MR HR7E 300m DL b, B EURERE A
BEHLRAE 15 AM0kE, & RV RER R B B A2 F LA 1, et f L
§H€7K£§':HE§}%%[“] SR RE AT LU B F e B 30° | L B
FOBZL DR AL0 LK HE Tom i, BT B 2R 0 7 2430 1o’ s’ 120°E
ISR B B2 K o 2 B B B A B L, T B
TBIYRS)  RESRAG KRR SUA A B AT ERALIE TR IR AF Fig. 1 A map showing the geographic locations of sheath-blight-
o infected samples collected
1.2 KAFGUR: R T8 T 22 i & B R 8

PRI 22 Rl B TR R BT P AR M T o El A R R 2 R R PR 5 2 e JRT T S A S A3t , B4 40 S| SR8 T AG- 1
IA AG-1 IB.AG-1 IC.AG-2-1 AG-2 MB.AG-3.AG-4 . AG-5.AG-6 . AG-8 . AG-9 S21 F1 AG-Bl &S HH
12 MRHER R . RS E MR A S R KB B K 5 R BK RS SUR R B2 B 5 &
R 22 Rl RE AR E TR AR BCXT , SRR HE IR , R DI T8 U 8 2246 3 1 vh SRR B I I IR 38 L EE &, BRI R 22 () A
T ERA G . RYIEE T LA IS A AR e R vk 2R A B,
1.3 JKAFGUHHETE ITS-5. 8S rDNA 731 B4 A1l 7

R FIB R I CTAB 3% 38 /K RS SR 1 O BE R 415 DNA, FIT PCR 93 1TS-5.8S tDNA J751 g 4 57
PEB#4 . ITS1 (5 -TCCGTAGGTGAACCTGCGG-3) 1 IT4 (5’ -TCCTCCGCTTATTGATATGC-3° )™ | 4
P B TKRLINE , B 44k PCR 24, 5 pMDI18-T Vector iR , % b K7 T B2 540 is DHS o, i £
FHPETERE , 32638 B AW TR A BRA RIFHATF 51 5E , 38 55 DNAMAN %% {4 ( Lynnon Biosoft) Zb ¥R 15 /551
1.4 BdEHT

FF 3 g3 AR Clustal-X B E B AT TACIE , RS 19550 R MEGA4 Bk A3 M7 %4 R
AT B 5 /8 # (B ( transition/transversion, Ti/Tv ) & Kimura X £ %% /% #E & ( Kimura 2-parameter
distance ,K2-P) , 3R P& Nei’s 5 1% 0 25 FH 4B In AL 4H S ) ¥ (unweighted pair-group method using anarithmetic
average , UPGMA) MR G LB M, UL AG-1 IB J¥3]( GenBank %35 GQ118250) iy #hit , Kimura X211 N
BRI , R G 4332 Y B 5 BER F B J1: (bootstrap analysis, BP) B LA 1000 YKo Ff DnaSP 4. 10 k{4
G5t ITS-5. 8S rDNA F¢ %) 1 B % Bl | B 3% 58U £2 #¢ B (‘haplotype diversity, Hd ) | #% H B8 £ #£: ¥4 ( nucelotide
diversity, Pi) K] [E & 1L 35 5 (fixation index , Fst) F13E K 32 FifH ( gene flow, Nm) ., Hi$E ITS-5.8S rDNA JF
B () BAAE LT R R 2 5, 32 F Median-Joining ") Fj Network 4. 5. 1. 0 % /4 ( Fluxus Technology Ltd) %
SLEAERI IR FE G RE . R T IR FBER B/ Hardy-Weinberg (H-W) P #  # , #£47 Tajima 2, D' Fl
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Fu Al Li 3% D R0 sp YRR 7 ST, 0k MRG0 O $7 E 5F BL B 35 I 0 v e AL I SCBE, T RE R vl T
FEEY KB R . F Ardequin Ver 3. 01 #4240 F 17 224047 (Analysis of molecular variance, AMOVA) J5
%, Lk 1000 RE E BN AR EHE T F BEWHERR TR EE 0 A B A e A . R
JF| Mantel test #5750 %" 47 i 3RE 1] Fr 18 14 B B 45 b3 B B AR SEPE ) B B MR 40 AT
2 ZR5H5m
2.1 JKFEGUNR B A 40 B RV B 22 Bl O H S

5 AARRASE (JXCHJZ XG F1 FY ) R4E MK RFSOM e i , 2008 S4B A5 2 75 > 7K A8 S0k i 1
o FTAR MR SRE TRIGHE R solani AG-1 TA ARHERMRIEMLG , RN B 2mE , B RS TR
ORI 22 240 0 TG A A S5 SO, AT 22 P 240 B R o A 42 fl et 568 VS, DR AE TR LSS W o A 75 S /K RE SO v
BB T R. solani AG-1 TA Ri-&FE2EA R, solani AG-1 TA B/KFESRREUR B LR,
2.2 JKFESNREFIEE ITS-5. 8S rDNA J7 31 2 5P B A R e

S0 715 3] 75 7K R BOM: W B 1) ITS- 5. 8S rDNA # 1 BR /¥ 5], GenBank % 5% 5 Jy GQ118174—
GQ118248 , X A P FN AT A% T BRAL 517, 9L AT .C.G M FHEE 51N 25. 4% .33. 6% 21. 0% Fi
20.0% ,A +T F&EH59.0% ,G+C RN 41.0% ,EEHE A + T, RIAH — & MBI E. FIHFH
P S5 E (Ti/To) AEN 1. 65, 555 55— 58 — B =A0A ) Ti/ To {EAM )04 1.41,1.03 1. 73, BR5 =4
AR o ITS-5.8S rDNA JF5I3LAE 78 AR, T 29 Fpl 7 a5 8Y, DL BA% AL HI pRiEdEfT
Hoxt, 15 B2 BT 5 PR AL E (B 2) o ARSI 4—9 R AL, R ZHOCh & MM A, b=
BRI HE HS M HI4, H HS 78 5 DMPREP A 40, SREA B0 61.33% , 40 CH #EE A 9 MEA
LT BAERL HS ;X R FY MBEAEAE 2 AL 1 Fp o5 AL H14; AR BRI N &RV A , RIE | M
AFRHI(E D

F1 KBYHRESHE ITS-5.8S rDNA FIIHEER ST
Table 1 Haplotype distributions of ITS-5.8S rDNA sequences in each population of R. solani AG-1 IA

Tl GenBank %57 & AR AR
Population GenBank accession No. Number of haplotype Haplotype
SR JX GQ118174—GQ118188 8 H1,H5(8) * ,H11,H12,H14,H24 /H28 ,H29
95 CH GQ118234—GQ118248 7 H2,H5(9) * ,H6,H7,H9,H17 ,H26
M JZ GQ118189—GQ118203 4 H5(12) * ,H8,H10,H15
FIRXG GQ118204—GQ118218 6 H5(10) * ,H16,H18,H19,H20,H22
& FY GQ118219—GQ118233 9 H3,H4 ,H5(7) * ,H13,H14 ,H21,H23,H25 ,H27

H 2R AR AL i B 5 -5 BT 3o SEHA ot BRR) — B A R AR A A

2.3 KAESURGR P RE B IR R S A AT

5 AP BAE B AR (Hd) A BRZAEYE (Pi) 235 09 0. 371—0. 800 F1 0. 149% —1.231% , -3y
{8247 0. 627 F10.482% , H.rp FY Fiif i) B A% B SAEPE ey, O 0. 800, CH MR IR Z AR I,
Pi=1.231% (K2) BT A B RAE A — D BAARHET 0T, SR BR , H K5 (39 0 67 {8 ( Tajima’ s

x2 KBYUHFAMBAMNEE SN
Table 2 Genetic diversity within populations of R. solani AG-1 IA

Ly BAERIZRETE BAFREME/ % Tajima 3 D 1% Fu 1 Li 5 D k3%
Population Haplotype diversity ( Hd) Nucleotide diversity ( Pi) Tajima’s D test Fu and Li’s D test
g JX 0.657 0.234 -1.897* -2.456*
B35 CH 0.733 1.231 -2.343* -3.111*
IR JZ 0.371 0.149 -1.549 -1.309
R XG 0.571 0.155 -2.040* -2.694*
B FY 0.800 0.642 -2.379* -3.278
43t Total 0.627 0.482 -2.766 * -5.449*

B SN A I 8 2 0 B (P <0..05)
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B2 KBYRREMEM ITS-5.8S rDNA F I ERM AHILLER
Fig. 2 Comparison of variable sites of ITS-5.8S rDNA sequences in populations of R. solani AG-1 IA

P PR 1 2T AR S 0 s R T 5 e

D= -2.76671 Fu Ml Li’s D= -5.449) , 2 & " P R AR AL IR AL V-4 , SR KRS SO TR T 76 17 52 1
DL FHREY K , FhER R AF TR IR ) B AR ERAVE A, BRI 2 B H-W P-4, Ui B 7K Rl SO o B A2 — I BEAL S
FCAEf

FHREENE) Fst {H5/M( -0.0253—0.0170) ,Nm BR (5. 56—11. 12) , 3 3 B 4 3 6] 77 72 8¢ 8 7K i 2
HHzh. Hr CH 5 FY R (E i) Nm B & Fst (&A%, B3 CH A FY B[] 2 R 32 P o % (£ 3) o
AMOVA FpHr a2, Bl (8] AR N B A5 28 SR A 2R 2.2 K F (P <0.001) , 78 5 1 478 5, 80. 97 %
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MBS R AL B P, T RR AR ] R A8 A 15 19. 03% , BR K/t tE A8 RAFE T RIEEN (£ 4) o

#3 ABYUHFEMHFONBEELERIALUT) BEERZRETAHLKUL)
Table 3 Fst (below diagonal) and Nm (above diagonal) between populations of R. solani AG-1 IA

R 2 AL S % FEPAZRAE Nm
Fst SR IX L CH Il JZ FIRXG B FH FY
SR IX - 6.01 9.70 5.56 5.76
i) CH 0.0108 - 6.46 6.34 11.12
N JZ -0.0189 0.0056 - 5.85 6.48
R XG 0.0170 0. 0069 0.0130 - 7.00
B FY 0.0141 -0.0253 0.0053 0. 0000 -

x4 KBYHFEAMBENBEEERNSFHESH
Table4 AMOVA analysis of genetic variation in populations of R. solani AG-1 IA

ZF IR TSR EoE R/ %
A5 SR e BT il FRARUA/%
L. Sum of squares Variance Percentage of total P
Source of variation Df .. e
deviations component variation

£ E] Among populations 4 26.813 0.3481 19.03 <0.001
FhE Within populations 70 103. 667 1.4810 80.97 <0.001
S 3t Total 74 130.480 1.8291 100

2.4 KAESURG R AR ] B8 AS 20fh-5 b T S A 56 R

T [B] f 388 £ B D 0. 0016—0. 0093, e 7WfrfHE ] Y 358 4 I B85 -5 AR X O 9 3t B B B E AT Mantel 25 R4S
%, SRR, BEAR ] F) b 2 B B 8 12 BE B (R AP R A R (r = - 0.241,P =0.499) , B/ KFESURR
HFHE AR A S R R R (3R 5) .

x5 KBYHFEMFEABEESCGHALUT) fEER (km, X AL L)
Table 5 Genetic distance ( below diagonal) and geographical distance (in kilometers, above diagonal) between populations of R. solani AG-1 IA

¥ Population St JX £ CH IR JZ R X6 HHFY
4R IX - 175.07 622.32 485.85 132.79
b CH 0.0075 - 530.70 389.76 273.00
I JZ 0.0019 0.0070 - 141.05 754.80
#KXG 0.0020 0.0071 0.0016 - 617.62
B FY 0.0044 0.0093 0.0040 0.0040 -

2.5 JKAELONR AP ITS-5. 8S 1DNA JFFHERIMREKR T

IKFESURE P B ITS-5. 8S tDNA JFH| BRI R G5 &R B W R B, 29 MNEAAERIR] LAy 2 &R, B H29
A, HE BRI N —2E . BA 1k B F—F BN 23T BB 4L AR R B . AFHS ARG IR
o340, BB EA SR (B 3) . BERKMRELZ X REHRMGRY ) A2 Rl R
R EHE . A FRAEREA — N EER D BRI (HS) H BB X BRIV E4 HR
A5 HS BHAEME, A5 H14 H24 H25 H27 H28 1 H29 fil4h, BATE B LA 5 HS %3, a8
BAFIL(E 4) o B K RESOR R o AP 8 22 8 A i MR oK sl R R T4/ N A BEEE AP, DARES V8 b [ L2
X B RS AR, AR FEFR AT AR 2] TR RIFE B M BRAE A , il R ik R B RAS /2 05 1 B[] 32
SRR R AR 2R A BAR”
3 itig
3.1 WhsE SR DX K RESURS o R B 38 1% AR

R SRR — R B AT BE AR B A RS AR B I M E s e F 38 hn . — MR it
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TEZREVER R, W IR (L B e K 5 a
152 REVE M B BSFR A AR AL (HD) MR E gg
FEME(Pi) . Ciampi ) F ITS-5. 8S 1DNA FH| 447 T H18
B AIEL 7 5 0 K 57 7k R SO s e 2 3 1112

fe 2Rtk , BRR I, T VY K S BOR o B R B 1TS-5. 8S
tDNA FF3 i) Hd 1 Pi 4354 0. 827 #10.917% , H'&
B K 52 GO o T AR K9 Hd L Pi 435 g 0. 431 71
0.270% ;T 7E 20 4> 7K 7 SO T FP AL R B — b B4
B, ASHEFE Fb i 5 50 b X 7K A5 SO s B A 1TS-S. 8S
tDNA F#% Hd F1 Pi 43512k 0. 627 F11 0. 482% , \g 7~ H
BA B 038 % Z FE 1, X 55 Rosewish %°/ | Linde
%) 1 Bernardes-de-Assis %8 R &R —H., 5 |
Ciampi %' 1922 5 7 A2 1 TR s A AR A RO Aot
e L), QT 5 0P S FE A 2 R A 0 A 5 o " " '
WL SRR AR T BRI, WA, KT m3 kimgussmimmes ITS-5.85 rDNA S0l S {ERK R AL S
SNREM BRI SRR SRR AR, BT H
7kﬁﬁﬁﬁ%ﬁﬁéﬁ§ﬁmﬁgéwTﬂ:ﬁﬂgjﬂﬁy“g&’-lﬂ“ Fig. 3  Phylogenetic tree of haplotypes of ITS-5. 8S rDNA
?&E%ﬁﬁiﬁﬁ@ﬁiﬁ% T%E@ Hd 1 Pi, 7J($§§Cﬁ sequences in populations of R. solani AG-1 TA

o T A AR PEAL TR (7K T, BB X PRI 28 Ak

WTEE N BRI 98 , B Y R VS, 87 T /K RSO & AL AR e 5 1R B A A A

3.2 Hire s DX K RSO o R R R 8 A 454

% 20 Ak B R R R PR % 5 4 ) SR LA, I 5 DRD SR A 1 DU 0 o B 1 A gt A A4k
Wright * A RREEIEI 3L R KT 4, W0 RE & ¥ 39 B Ak A A, 7 30 st 1% TR AR 5 R I s B Ak AR R
B, R ) B R ST AE S R T 4, FRa T AR B AR PR, 0 T RN R A AL, RS R ER it 7
FAETHREEN . FIRERIZE R SRS, s e 8 S I RE 158, P AR T IR R R L B 25 XA F TH
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