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Abstract; The purpose of this study were to detect elite alleles associated with anaerobic tolerance of seedling
from Oryza sativa japonica varieties growing in Taihu Lake region, and to screen typical carrier genotypes of these
alleles. The genotyping data of 91 simple sequence repeat ( SSR) markers on representative samples of 94 varieties )
were used in the present study, and the anaerobic responsive index of seedling were investigated. The association a-
nalysis between SSR loci and the anaerobic tolerance was performed using General Linear Model program in Tassel
2.0. Elite alleles and their carrier materials were determined on the basis of the result of comparisons between the
average phenotypic value of accessions with the specific allele and that of accessions with “null allele”. Four SSR
loci associated with seedling anaerobic tolerance were detected. Six elite alleles were RM311-176bp, RM317-
164bp, RM112-127bp, RM20-205bp, RM317-157bp and RM311-170bp. Zhendao88, Baimangnuo, Kaiqing
Youmangzaodao, Cuganhuangdao and C-bao were catrier genotypes having the elite alleles for seedling anaerabic
tolerance.
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FERHEHES . ARARMHERARZGTHH
HKEHFAR, HRASHEARAREELHAEGE
BGERMEE AT, HE R AR SRR
EEEEETKBHEARGRNLE. KBESHE
RN RHE M ERERHOKRER,3 K
FEBEARSLIRE T 13 M R B A BB 189 QTLs, 55 2
MBS RAKEAHNRERT 3N, B7 LE6KR
W3 T 24,765 1.3.8.9 F1 12 Jefalk b &8N 3
T LAV R T SRR ET R S
EEFAEER

B¢ & & ( Association mapping, AM ) & DL EBiA
FPHENEMORUBBEERC AP IR
U ARABIE SRS ER" Bk
BEFALEREROBI Y BEMATER K
BORKERNESED QTL R " o UIKBIM
3 75 5 b FOE B R A A R, B S BRAE B X RIS
#15 SSR ARIEAHT BB T 11 4~ SSR #RiC 5# T
T NHERMEER, K 30 Bl 42 M IR F IS5 TR
REGEF SN TR AR OREMR™ . BRTAX
BB 7K RS 4 T B ELAE 7 Y QTL & 4RI .

B 02 T R K RS o 8 7 XU RS R R R
MAEZHEETOBRRX, 78 K8 7B 5
M E e RE TR PR L, FXEK
Ve J5 Bk & 90 8 A S R A R B 00 R R SLE AR
B, ABTFETAKEBNKBARFRMEEGELN
FAH

1 #RE5FE

1.1 8

H 94 4 B AR R TR M AR, 495 KT IR0 URE RS st
RO R S8 4y R LA R 36 43,
1.2 MEgHERiLey %
1.2.1 MEME 2007 £ EFH 94 BFiRBHH
MRETFERRLREIHARY. S A7 A%,
BRE,SMNR 17,87 12 &, 5ARME, &
BE 16.7cm, T BE 20cm, W A HE E R, WBE
45 ~50d( ERBRMA/NT ) Wk, B8R KAT
BRI 5 Bk, 4 3000 K, WEKKFHTFHTE.ET
50°C B h AL Sd FTRKIR

154N 5 R R 200 B R FIRA B R 9om M B3
M, hmA 0.6% i ¥ 8% B B 15min # 1T
Kili, RKEGRANRKNEI R, RSEARKS
25C & FBH 48h, BREKSHF T, ATFHY
WA HERR,

1.2.2 HEABREEHMERR REKXHGTY
HENRENIE, R20 R EXTHHFET
Sem KREAM T X%, BTFREAR 150 M TAKE
gD (MR RETR), M FLAK
ARFHF; AWK K. &EH L.9cm x 1.9em x
3.8cm, HILWE I ELH 0. 6cm AHEAK L, £1
KA E T 37em x25em x9em BB KT,
F K, KB E EA , B FEEKTE Sem, W
BE T ROFWK, B 2F 8 F 4 3000 B 3 B T 9
JE RS (mm) JEH P Imm, 38 10 R EFHKE
BEHE,2 KER, KBE CXZ HERLRESRF
R HEAT, A NBREERRE N 200/ R/
16h F1 30°C /¥ B /8h,

FEAGTHEFHKENTE, RAMRK
ok, BIR 20 R B K WMEFHHEREBEER S
BRARFRMABR (A 70°) k, bEmME—-EX
HE PRRBERFED, AP KR 3em BN
FE, TR FEARBRE—BHNEKEXALER
F. MES T KNG FWHKE, T8 10 &Y
HERMKENTEYE. AB7E CXZ RIF LR
FAPHT, HWHRAANRELHRER 200/ R
B / 16h 1 30°C/ Y8 /8h, 2KREE,

ARG TERKERUERAGTFRKE
0 o B BB R 45 3, LA ik 4 R 4 A i ik R RE
FW AR
1.3 SSRiRiCAIZEIMLEFARQM

# #: Temnykh #5171 McCouch & 2= 1K
R4y F B i f i B2 308 FE (http://www. gramene.
org/microsat ) , ¥ Tl 2 K RN EEH 49 91 X SSR
B34 (@ 1), PCR KM iR4 H A 10pl, ¥ 1pmol/L
DNA 0. 7umol/L §|#%f,0. 2umol/1. dNTPs, 1 pmol/L
Buffer ( free MgCl, ), 0.6pumol/L MgCl,, 6.4pmol/L
ddH,0 % 0. lpmol/L Taq DNA K§, {# i PTC - 100
P ALHTTY M, PCR R B F R 94C B A #
Smin,94°C 4 #E 0. Smin,55 ~61°C i K 1min,72°C FE g
Imin, 47 34 MG ; 52 72°C ZE{# 10min j5 F 4C
127, PCR I M= 8% W R R A BRI Lo
W, BY R A, BB Bio-RAD visad 3.0 (Bio-RAD,
USA) AR ARG H M,
1.4 BABRKRICSHEROXERITH
1.4.1 EALAHESH A QuantityOne 4K
3 DNAMarkerOne & H44 SSR tRic S H K
SHFR EE-MSSRIYHNESHFETREL
( polymorphism index content, f&j #% PIC) JITE AR
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Chr1 Chr2 Chr. 3 Chr4 Chrt5 Chr6  Chr7 Chr. 8 Chr9 Chr10 Chril Chr12
RM84 RMS5356 RMS480 RM6314 RMI59 RMS08 RMS82  RMI52 RMS8206 RMS348 RM6544 RM20
| 12.1 | 8.6 | 13.9 | 14.6 | 19.6 | 92 | 104 3.4 | 43.1 | 95 | 12.7 | 45.0
RM259 RM327 RMS5639 RM7396 RM267 RMS10 RMI25 RMI235 RM3912 RM311 RM3133 RM277
52 | 18.3 | 280 | 3.9 | 3.6 | 14.7 | 53 | 229 | 44 | 16.4 | 21.6 | 18.4
RM579 RM262 RM218 RMI142 RM405 RM225 RMI8S0 RM4085 RMS566 RMI84 RM7391 RM7120
| 7.5 | 23.3 | 14.5 | 35.8 | 124 | 6.5 | 5.6 | 233 | 175 | 12.0 | 14.3 | 52
RM490 RM183 RM7403 RM317 RMS74 RMS0O RMB263 RM331  RM6570 RMS629 RM287 RM7102
| 9.6 | 47 | 12,6 | 50.8 | 12.5 | 20.3 | 6.4 | 1.0 | 115 | 19.4 | 10.2 | 37
RM8095 RMS5804 RM6266 RM349 RM6082 RMI36 RM418  RM72  RM257 RMI71 RM457 RMA463
| 17.8 | 41 | 219 | 9.2 | 389 | 49 | 327 | 1.5 | 13.3 | 6.9 | 19.0
RM562 RM6361 RMI68 RM598 RMS8239 RM346 RM6976 RM201 RMS90 RM2l  RMS5479
| 53.6 | 152 | 173 | 339 | 26.0 | 14.0 | 11.5 | 17.2
RM297 RMS573  RM203 RM305 RMI162 RM336  RMBS0 RM206
| 239 | 4.7 | 240 l 329 | 10.7
RM265 RM450 RMA80 RM234 RM6948
| 38.1 | 14.7 | 13.7
RMI4  RMI12 RM281
| 6.2 | 10.1
RM525 RM264
| 12.6
RM498
| 339
RM48

B1 913 SSRSIMEKBRBEALNDH
Fig. 1 Distribution and genetic distances of 91 SSR markers over rice genome
HESI YEIBIE N BIEHE B Numbers are genetic distances (¢M) between adjacent markers

PIC =1 - Y p; .3t p, RRE i M ERER A
29 HEHEARAK R SSR L AEMNER
SRR BE, EE T RS, EENERER
ET—ZERRD .

1.4.2 EHFRFEEEENSGR
RE(D') B L (E) LD BB .
D' = ; ;P-‘q/‘|D'.—,~l

Hp UAVERRERMMASMNEREKE,
pRgAHRRAMNSHE i SAUEREEM B AL

¥ s A V-

RIS SUEREE,
’ Dii : !
D §j = D—,Dg,- = %53 — Piq;

H x, BARBRF AB AR, p, M ¢, HFK

AEMNESR ARBEEN B KBE,

- [min[p;q,«,(l -p) (1 -¢g)])3D; < 0]
min[p,(1 - ¢;),(1 -p))g;]3D; >0
D'EMBEISEATEERIO~1, A ERHE

WA RASH D'ER, R WEREE L

UARIBREERR D HERX/D. BNTESBEER

Edward Buckler Lab JF % /) Tassel 3 {4 0 ( www.

max

maizegenetics. net/tassel ) 52 [, ¥ D'{EH/NT 0.5 4k
1 LD R AR,
1.4.3 BE&LEHRIH KA Structure 4 (MR A
22)MM B ARG, FFITEMREMNY Q
H, QERAE i THHRHEERATRETSE k1
W HEHEE,
144 RARUASRRENETRHNBRIA FH
2.0 WX A& Tassel 3% 4 B9 General Linear Model
(GLM) B 7 . ¥k Q EfEN AR, ¥ 4 i il &k
HENHRUBE S HFICERHETEHD . GLM
B R
Y= a + Bl + B X, + B, X, + + BX, +eg;

Hp  VRE/ MR EERMRRME, LR
FBITHBREp N FNERNERER B RBKEE
RSN ERFHBME, X, ~ X, 2% ) MR
BERATRETE 1~ MERKKHER Q E,.8, ~
BRUEBMAKEMAETFMERNNEHRNIE, s £
¥ 2= (www. maizegenetics. net/tassel) ,

SSR U KGN ERRUMBNMHALTERN: o, =

S xy/m - 3 N/m, S o RES i A SRAER
KRBEBNE,», ABEFE  SUERNE MR
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HREEMEHE, R FRER i EMTEROHH
Bo NVABHEBEMERKE F MHHHERY
WEE 0 HRALREMERHMBE. & o fd
HE AR ZEFEMER A BEMER, RZH
BHEMER ., BHE SHEROMB S,

RUEKRT Y a/mn EHHH, BN RERE

# ¥t
' 2 FRB (WA ) F L3 R BT BN ( Average
positive( negative ) allele effect of locus, AAE) W] F§-F

BUREREIT BRI, HAETEHN
AAE= Y a/n, HH o HERBMAAE ¢ MY

BB ) 038 57 B R BU S REAE, m, DR B S R 2K
(W) FMERH MR BR) FMUERKER

/
S48, 0 9 A0 H B AN = 2™ 100%

'y

[ A: average positive ( negative) allele, N; null al-
lele]!*V,

2 GER549%H
2.1 AMAEEAARENENTREERIED
SSR i &K

XiF K A 3 Oy R R R RS R 91 ML R
SSR BRM AT, EEAT 33 ANEMERTERS
BHSSROUR(MAERFEESMERME PIC KN
SSRALE) (D) ,HPEFRMHEETT 28 MIA,
R EE 26 MIA,REETERS M XFE
T RFHEOEE 21 MK, L33 MIAK
PR AR B REF LR R Z RS
YEF7EBE (R b i 2 1 1k B 5 PR IR, [R5 o 2 [
i X B fE S HEVE R B TR, A AR iE/ R X
Bt 43 H7 ( Marker/Trait association analysis) , 5 7] & 38
XX EFERNEREER.

£1 ANFHELSFSMINALRHAARCU LRIV AERFRESEVUTERE PICEH SSR IR
Table 1 SSR marker loci with high allelic richness but low PIC in genotype of Landrace and Cultivar in Taihu Lake region

Refatk i 3 B4 R A Allele loci Befs bk PR SNSRI Allele loci
Chromosome No. of loci e Ll Chromosome No. of loci 77 R HR&H
Landrace Cultivar Landrace Cultivar
1 RM8059 (0.12) RM84 (0.12) 7 3 RMS82 (0.03) RM125 (0.05)
RM486 (0.35) RMS8059 (0.22) ) RM234(0.39) RM234 (0.20)
RM486 (0.35)
2 RM7288(0.03) RM7288(0.0) 8 6 RM1235(0.23) RM152 (0.23)
RM6361(0.03) RM262 (0.03) RM331 (0.32) RM6976(0.10)
RM112 (0.12) RM106 (0.10) RM6976(0.17) RM281 (0.18)
RM498 (0.17) RM112 (0.18) RM6948(0. 10)
RM498 (0.18)
3 RM7 (0.09) RM7 (0.18) 9 2 RM566(0.13) RMS566 (0.18)
RM740(0. 03) RM7403(0.05) RM201 (0.16) RM201 (0.18)
4 RM6314(0. 10) RM6314(0.05) 10 1 RM184 (0.09) RM184 (0.18)
RM317 (0.35) RM317 (0.15)
RM307 (0.03) RM307 (0.10) 11 2 RM6455(0.09) RM6455(0.15)
5 RM267 (0.15) RM267 (0.10) RM457 (0.12) RMA457 (0.10)
RM305 (0.06) RM305 (0.10)
6 RM508 (0.03) RMS508 (0.10) 12 1 RM712(0.12) RM7120(0.0)
RM50 (0. 36)

BESNBENEA SSR A8 PIC {, The number in bracket is the value of PIC of SSR

22 XWRHEERAABEAK SSR A IEHEHR
T
91 4 SSR fil T By 4095 N &, FEMHR A
RIREANASTRFE—ERENEAT T &
(D" > 0.5, RE2XMAKLEY), HEALHHE

(P <0.01) 325 B9 W 45 R X 02 2389 BL Bl 38 A K
(RE2XBETH). FEBH RMEESD, AFE
AL AT B0 2 IO XT LN 16. 4% , B AL & o B 4
AR PE AR A AN A 8.2% . R
WA D'ERG 76 F , & B FhE 5 T 05 SR, i
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Fig. 2 Distribution of LD among 91 SSR loci on 12 chromosomes in landrace (A) and cultivar (B)

SSR s LA B A0 B0, & EXHBNUTHETIE X, Y i M, BEMAR EFHE— ﬁ?#ﬁ&ﬁﬂﬁﬂ!tﬁﬁ%ﬁﬂiﬂfﬁiﬁﬁlﬁﬂ D'fH
KA, SHFRTF T TR G 222 U5 K5 59 MR B3 61 5] LD &9 p £ (M%) K/

SSR markers are organized in ch

( as specified in text ) marked along the X- and Y- axis, each pixel above the diagonal indicates the D’ size

of the corresponding marker pair as shown in the color at the upper right while each pixel below the diagonal indicates the p-value size of the testing LD of

the corresponding marker pairs as shown in the color code at the lower right

MATEZEMAT EHAR T
2.3 XHRHEBAABANEAIH

FIF Structure 34, BT 70 XF ( M B3 8t 15 BE &
BRI 21 X4519) B2 KB EA K SSR #7id
Xt HRBRHEITE T, KE LA M (InPr(X/
K)) B KK FE M (2% Structure 3K 44 # 8 304, he-

tp://tch. bsd. uchicago. edu/sftware) , Sr tr &5 R &

B, BERBERNEM TR AR R K =8 BT,
HRAEERMERK,
2.4 XHMBEBEARKTOERBREENR
REMTERSHAMH
KAFER A RBFE A BN TRHEAR, ¥
BARHBK Q HERDER, HFHTHICER
ot R L IR 16 B0 S B [EL S AT, RS 4l v T
RN AHXEEIRIE. 7 91 MRigf APk
A 4 Mpicl A RM112 RM317 .RM311 #1 RM20 5
YEmEBREARAIAX, KPNTHE S LAY
RM311 M REERKHERER 15% (£2).

£2 5HEMRELHEXEA SSR AN (HK)®
HERHFHYE
Table 2 Average positive ( negative ) allele effect of SSR lo-

cus associated with seedling anoxic tolerance

g ARE(%) HOEF VBRI E AAE
Marker Variance explained 13 Positive W% Negative
RM112 7 +1.12( +17.9) -1.12(-15.2)
RM317 14 +0.76( +13.4) -0.62( -9.7)
RM311 15 +0.85( +13.9) ~1.05( -14.4)
RM20 ) 7 +0.35( +5.8) -0.35( -5.4)

SUNERFHYRERE S AR TR AAE BB (W) (%)
Zac/n,

N./n,

x 100%

AN, HH AAE= Y a/n, AN =

The number inbracket is AN which is the ratioof average positive ( nega-
tive) allele effect ( AAE) of SSR locus, AAE =

z a./n,
Y N./n,

Za,/n, , AN =

x 100%
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o 5 4 2 i ke 6L B 0 AL 9 4 A SR ARIE A2
A4 BIsR ) — B T 25325 S5 TR SN A
EIFIHT B ERE S RN A B ( WA R
011 253 2 5 A O 4 2 £

4 A SSR fir 5 b 3£ 18 6 A% 40 8 T B LB
HEBEHBERNRFREMNESR, RM112 ¥ H 1
A ,RM317 §- 3 H 2 4>, RM311 P4 2 4, RM20
b 1 4, H 3 A% 44 B RM311 - 176bp
(314 RM311 314 i % R4 R M9 K /D) \RM317 -
164bp 1 RM112 - 127bp LA K 928 R (643 31 %
1.48 .1.20 1 1. 12, B X 3 MR EFAER R
R BH L4 B R 88 AT (£ 3). HF
4 {778 5 RM112 - 127bp 383 %01 % 5 V- B BL
B+ 12) B, RN A HA LA GRS
17.9% (%£ 2) .

£3 5YARREENBEXBROUIRASAERN
4: 0k % k. 452

Table 3 Phenotypic effect of some marker alleles at loci

significantly associated with anoxic tolerance

of seedling

SR B

Typical material

L - AR R BB
Locus-allele a;

RM112 - 127bp +1.12 F#
EEIBE
AR
HLFF A8
HEW R
L Lig]
aEvE
EBE
HiRE 88

RM311 - 170bp +0.22 ce
-Lit ]
¥ 159

HERR

RS

RM112 - 132bp -112
RM317 - 164bp +1.20
RM317 - 157bp +0.33
RM317 - 139bp -0.44
RM317 - 142bp -0.46
RM317 - 167bp ~0.68
RM317 - 159bp -0.91

RM311 -176bp +1.48

RM311 - 174bp -0.06
RM311 - 187bp -2.04
RM20 - 205bp +0.35
RM20 - 299bp -0.35

3 g

B 57 1 FH S 10K 1 P ARG B0 K RS &4l 1 R L
QTL, ZE KM B ER AT EHAT 6 A
HAARMO M BEHANEMAEROREMB, T
P RM311 - 176 RRI M EHE K. #H RM311 -
176 %5 75 5 0 S0 20 0 U0 1 O GRS 88, AT 4B h 5

FETHBERSMRERALE=PMUFAM. A
EBEME B B AR , Zhang 2517 X K R bk B L S 0t R B
HEHZE R ABERZERETE SRR B K0
55 H R IR FR 1R BB 4R 3 B A4 23 4 QTL fi
EAESHE, AR MRS TRREE.
Eizenga %% F| B X Bt X RO AR TV B AT
EALLBMBT 32 MLASBERIIEREK, K
WAMMEESREERERH—B. EHRAMHARX
BAEE BRI TP 4 MKBH B A ERE QTL, 5
I P 2 B AR 0 21 60 4 B L QTLY M EL,
PMTFHE 4.8 12 (K By RM317, RM311 b1
RM20 274 SCH KHGEM .

KR BERERABREPEAT 33 MEME
S E R A B I, B R B/ bR ic R B AR E R
BB 4 A4~ 5 45 5K RS 4 &k B 68 1 A R BRI AR T
g1 RM112 fil RM317 IE4bF & A ™ 5 R 4 83 1 AL =
E B SN FRIE RM311 F0 RM20 W ™= E R 2
Wfr SR B L, EEREP RRMAINSE
HK RS R Fi% DA LR B R 11 MRid P,
WE S MrLERETBERIANME L, UES
BEW RBEEENMMEREIAEEH B EERE"
BB, TTRER B R R B EHROALA BEE
EESTAEEEFASEE 2K RER, AU
e SR S 4 9 Rl A9 X B AR B i — B R B AR T
WK, RREADEEERNARITE,

S5&RSEEHLXKEREAS ERRMHE,
o JE PR 7E T BE A 45 #1008 i o 5 1 ) ) 3 A P-4
e, B R SRR AR R R I L8, BRE
BT £ 52k ( spurious association Yol b, fE
B TR E BARTERIT AT, £HREN
B o0 R RS R R T B TR SRR A
BERGEH B ABI T X BEBE AR 2 0 8 B
H—E RN EY FE L, RAKH R L
MRTHMASSHEBHBHNERS RS MES
BIME(x =45.22, KF Xloman =41-34) , RALE
B EA L SMEENSNES LA XK,
HEARMPBN S B —ENBREERM, TEEA
A4EE WAz B RMBAEHAHBTBERAS
AR, TR Mok B0 o 8 0 RS s O
LA B R RR A 5 MESHREDRI R R
BEEBEER, KRR RAE SRR W b
HEEHBIETEREE—EER. AMREREY,
XFERRR T AR SR EEM,

HFABHEBRHM THERAERE MR L%
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PR R BB R R BRI R R BOEE DA
ERMBEHE AN ERLHET NS THBR
IWHEAMR, A EEEE B KR L RAEEE
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