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Abstract: A heading-delayed mutant, dth9 (days to heading 9) was identified from an ethyl methylsulfonate (EMS)-
induced 93-11 mutant library. The heading date of dth9 delayed about 50 days compared to the wild-type and there was
no significant difference in other agronomic traits. Genetic analysis showed that the phenotype of dth9 was controlled by
a single recessive nuclear gene. To map this gene, two F, populations were generated by crossing the dzh9 mutant with
Nipponbare or Wuyunjing 7 as mapping populations. By using SSR markers and eight new designed InDel markers,
DTHY9 was narrowed to a 240kb interval between the markers D9-9 and D9-17 near the centromere of chromosome 9,
there were no reports about genes associated with heading date in this interval. In addition, the expression levels of
genes related to heading date were significantly decreased in dth9 by quantitative real-time PCR analysis.
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RIGENR dih9 . 2 2 XA 325 Fa e 8t 4L . 38 il AR 1
ARTE BT M 0 B AT RE A2 2 22 B, R W MR ) B2
A% . BOBFRRE T A I K R A0 5 T O e R R
KB4
1.2 REGERBESH
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®1 AHRPBAEMTASY

Table 1. Primers used for fine mapping in the study.

1 @& K FEFF 2 (Chin ] Rice Sci) 55 30 #4545 3 W (2016 4E 5 )

Sy T hRid Em5H 63D K54 (5'-30 K B
Marker Forward primer (5'-3") Reverse primer (5'-3") Size/bp Physical position/Mb
D9-4 AGCCTCATACCTCCCACA CGCCTGGAAGACAATCAA 151 3.047
D9-7 AAAGATTCTCAAGGCCAGTC TATCTAGATCGTGGCCCA 172 3.583
D9-8 TTGCATGGTCACGTTCCT TGATTGCGGAGTGATGAG 260 3.608
D9-9 CCAATGTAGCAGCCGTAA CGTTGAGGATTCAGTGGT 129 3.983
D9-17 AATCGGTGAATGTCCTTG GAAACATCCATGCCTTGC 124 4.223
D9-19 TCCATCGCATTTGAGTGT AAGTTAGTAGGCGGAAGG 223 4.332
D9-12 GGGGTGATGCTGGTTTAT AAGGGTCTCATCTGGAAAA 255 4.354
D9-2 GGCTTCTCAACCAAGGTAA ACGCATCAAATCAGGCAC 205 4.554
RM444 GCTCCACCTGCTTAAGCATC TGAAGACCATGTTCTGCAGG 162 5.925

PCR ¥ K/NAI BLAL 225 H AR 19791

The sizes of PCR products and the markers’ physical positions are based on the sequence of Nipponbare.

R2 WHEHBXERRZESNSY

Table 2. Primers used for qRT-PCR analysis of genes associated with heading date.

AR Em5Y ('-35 514 (5'-3"
Marker Forward primer (5'-3") Reverse primer (5'-3")

Ghd7 AGGTGCTACGAGAAGCAAATCC GGGCCTCATCTCGGCATAG
Ghd8 CGTGCAATGGTTTAGACTAAAG AACAGCATCAGCATCAACAA
Hd6 ACGTGAAGCTATGGCACATC TGTGGTCGTGCTCTGCTATT
Hd3a GCTAACGATGATCCCGAT CCTGCAATGTATAGCATGC
Hdl CGTTTCGCCAAGAGATCAG AGATAGAGCTGCAGTGGAGAAC
RFTI CGTCCATGGTGACCCAACA CCGGGTCTACCATCACGAGT
Ehd1 AATCGATTCCAACAACAAGCAA TGTCGAGAGCGGTGGATGA
OsMADS51 GTCGGCAAGCTCTACGAGTACTC GCGAATTGCTGATAGCGATCA
OsActinl GCTATGTACGTCGCCATCCA GGACAGTGTGGCTGACACCAT

B Actinl (Os03g0718100) 4 M ZFER . 20 pL
S PG E i PCR K RALHE cDNA BidR 1 pll,2X
SYBR qPCR Mix (TOYOBO) 10 pL, iF & 5%
(10 pmol/L) % 1 pL,ddH,O %M & & 20 pl., PCR
PIGRF AT 95°C F WM 1.5 min; 95°CF 10 s,
60°C K 30 s,72°C F 20 5,40 DMEH, DL 2 22T 3k
TRE A R A AR G e 2k Y R T S g A
PRI R B EM TP FE 2,

2 ZREI

2.1 REEHREHH

EUFAERY 93-11 AH LL  RAEIR dth9 1Y il 0 HE
KT 50 dZEA7 . AE v IR AT BE T, B A AR 9% AR {4
M RIIIEARTE 2 5%, B2 93-11 #hAEAT, DTHY 1}
AT 53 BEWT; 2 93-11 4 T UG, DTHY 4 F
R (R 1-A) . RARR deh9 fEW AL (K H
HED F b R0 K 9 R B /K O H R, Rz B A
FEK H BT X AR A s e T RE R Hifh F R

ZHREE AR TR EERGR 3.,
22 RTLEMEESH

h T EGE deh9 AR R B deh9 5 Y AR A
mn Al 93-11 AT IE R XA NG .2 MG Fo R
SRy IE B L U I IR A2 Bk R R R L 2
MHEREW P RER R B BB ER., 7+
drh9 F193-11 BYH & b, A 17 870 /> HH Bk 1Y £
R A I IE R AR AR 662 PR, M dh B R
RIBYREBR 208 B . 28 5 A6 30 1E il A 5 6 il e
I E AR S 3+ 1 B (X =0.281<<X{, =
3.80)(F 1), F 93-11 Ml deh9 WHEF.JHET
508 A FL bR Ay A, Fo b SR A OE B AR PR 389 Hk L MR
R R AR RR A 119 bR, 28 R J7 K 56 1 i R AL
PR AR R AR B AT S 3 1 Bt (X0°
=0.343<X%,;=3.84) (F 4), b —HFMW deh9 R
ol A AR A7 — o o A R R s o
2.3 REEEEEN

Mdth9 5 H AW 72 28 R 15 F, BE K, B
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93-11 dth9 dthe

A—93-11 M AE R RR R M AR R =20 em, B—DTHY B R FRR =20 cm,
A, Phenotypes of the wild-type and the heading-delayed mutant DTHY9 , bar=20 cm. B, Phenotype of DTHY9 at mature stage, bar=20 cm.

B EBFAERFRMAERETE dh HRE
Fig. 1. Phenotypes of the wild-type and the heading-delayed mutant dth9.

®3 FEAMREFENEZERZEREE (BTN, 2013 £F)

Table 3. Comparison of major agronomic traits between the wild-type and the mutant (Hangzhou, Zhejiang, 2013).

LR A Y RALK
Agronomic trait Wild-type Mutant
¥R Plant height /ecm 118.67+1.52 115.30+0.58"
K Panicle length/cm 23.0520.91 21.33£1.15
F3FEEL No. of effective panicles 8.34+0.5 8.0+0.8
Y Heading date/d 98.0£0.8 147.342.5"°
BRI B No. of filled grains per panicle 171.5+4.0 173.0+2.7
2t 97% Seed-setting rate/ % 93.724+0.01 92.20+0.01
F-#LF 1000-grain weight/g 31.50+£0.57 31.57+0.40
— R AAFEEL Primary rachis branch number 12.040.7 12.640.6
RBIAEEL Secondary rachis branch number 36.8+1.3 37.3+0.6

BB AR UEZ RN (n=3), .77 MHIRIRTE 0.05 A1 0.01 /K B2 57 3% (¢ i) .

Figures are shown as mean = SD (n=3). ", "~ Significant at 0.05 and 0.01 levels by z-test, respectively.

x4 BRETEREE dh9 HIEE D
Table 4. Genetic analysis of the dth9 mutant,

F,
Hike) FoRm E 8 AR B 3R il T A PR AL )
Cross Phenotype of F, No. of No. of heading-
Total
normal plants delayed plants
DTH9/93-11 IE# i Normal 662 208 870 0.281

93-11/DTHY9 IE & A Normal 389 119 508 0.343
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1—HAM; 2—93-11; 3—F,;

1 @& K FEFF 2 (Chin ] Rice Sci) 55 30 #4545 3 W (2016 4E 5 )

24

4~24—F, FEU P o8 AR R R R B 7 — BAASH B bR
1, Nipponbare; 2, 93-11; 3, F,; 4—24, Individuals with mutant phenotype in the F, population;

7, Single crossing-over plant.

2 FIAMRIE RM444 3 F, BEE R 21 D REFBHRFTERBR S
Fig. 2. Genotype analysis of the 21 F,plants with mutant phenotype using the marker RM444,

€——— 240 kb —mm>

D9-4 RM444
Chr. 9 . L
oo > = ENES -
T % . : > < Mark
Ql ? g ? SI 8 T arker
' '
AP005571 | AP005590 | AP005589
_— AP005738 H BAC clone
H
:
!
1

3 DTHY EFE M E i
Fig. 3. Fine mapping of DTHY.

BLBRTE 21 B3R il Ao 32 B 9 BB L I 07 56 T 140 X AE
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Bro RIE 9 Y ihg 2Rl iE SSR #7id RM444
5 DTHY9 RN EHR (K 2), 763% 8ibsic B
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iC D9-4, XWX B Y%t F, BEAcR 93 MR g
R BARE AT SE AL BT, 25 3R & S 7E P bR i b
HAT AE 4 A A AB B AT FRLBR AE PR A A i A (] ) & A
LA, W, ATE DTHY %14 & A1 7E A id D9-4
I RM444 Hjal, K1 ik — DK g€ DTH9 5
L FRATTE DO-4 F1 RM444 ARiC Z B & T 7 %A
LR InDel #1ic . M deh9 1 H AW UL K dth9
FRAZHE 7 54258 AR Fo BER P L3R5 T 1374
A A SR AR 1) B R, ) 3 B R B 2R i
K 40 5E A2 AE D9-9 Hl D9-17 2 [i] K2y 240 kb Hy X [d]
WL ES AP005590 I AP005738 X 4~ BAC (&
3.
24 HFEHBEXERNRIESW
RT3 TR 98 A S kot L g i R A S 3 R
FIk RS, AT o 9 O% E & PCR R XF
Hd1 .Hd3a \Ghd7 %5 5 4l 75 9] A5 G 3 PR 1) 3% 3k

TP WT . 255 Won , 5 57 AR RUAR L, BT A 60 356 A1 1)
FRMAERA R AR BT (B 4, Hob, Hdé
FEBF A BRI AS R o ) 3R Gk 22 ik B T B KO,
Ghd7 . Ghd8 . Hd3a . Hdl ., RFTI1, Ehdl F1 Os-
MADS51 WRA 278 Tk W FK¥, H Hdl .
RFTI1 . OsMADS51 TE5 K JL-F AR, B
DTHY (1587 5% Wa) F Al A5 400 AH OC BE R 1Y 3Rk

3 e

KRR E R EEY , BAE R 55 a5 X
FE W), FE ) 8 PR 20 27 0 5 32 3 ok Bl ok Bk 22 ) F
TAEH WS, bR R K FE B R LR
30 B e B T A KRR ) A A X 8 A
e A A R L, W2 KR AR A OC KL A
4 e B XoF 7 43 A TEUA R 1 35t % AL TR o o e R
FHERRBEX., 5B T 20 24 /K6l i85
LR AL T 9 A AR QTLY W deh. 1a
Hd9 . HdS8 . Hd16 , Hd3b, Hd4 . Hd2""*', Hdl
JE KR S — 3 gk P 7 v B Ok v A 1 K R il R
WIS gt 5 8 9T CO TR RY LN, LB R 4 H
TR AR HE T A6, K H IRF 30 R ALY Hd 3a 415
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Figures were shown as mean + SD (n=3). ", *

B4 HEHEAXEREdG ITERPHREER

Significant at 0.05 and 0.01 levels by z-test, respectively.

Fig. 4. Expression levels of genes associated with heading date in the dth9 mutant and the wild-type.
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