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Genetic and Linkage Analysis of a Rice Panicle Mutant zhao I
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Abstract: Panicle apical abortion is often observed in rice production, which impairs the number of grains
per panicle, the seed setting rate and the yield of single plant, and should be avoided in breeding practice. The
dense and erect panicle is a plant type adaptable to dense planting. It is of importance to isolate the genes related
to these two traits in molecular design breeding. Here, we present the research result of a rice panicle mutant
zhaol, which displays the dense panicle and panicle apical abortion. Either dense panicle or panicle apical
abortion was segregated independently in the F, population derived from zhaol crossed with IRAT129. Genetic
analysis showed that the dense and erect panicle trait is controlled by a single dominant gene, while the panicle
apical abortion trait may involve no more than two pairs of genes. Based on the linkage analysis and map-based
cloning at both traits respectively, the gene DEPI was found to be the candidate for the dense panicle trait in
zhaol which carries the identity mutation as the dep/. The linkage mapping and map-based cloning to the trait of
panicle apical abortion finally delimited the candidate gene to the physical interval of 6.85-6.93 Mb on
chromosome 3, where 8 putative genes are annotated. The gene LOC Os03g12790 was observed with the most
significant decrease on transcriptional profile, and served as the best candidate for the panicle apical abortion
phenotype. Collectively, our results laid the foundation for the future cloning of the functional gene in rice.
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Table 1 Newly developed polymorphic primers for gene mapping of mutant zhaol

IR BN EmFH(5-3") S 741 (5'-3")

Primer name Forword sequence(5'-3") Reverse sequence(5'-3")
Y9-30 AAGACGAACGGGTCAAACAT AAAGACTGTGTCGAAGCCTAAAA
Y9-46 TGGACACCCACTGTATCCAC GGGTTTTGGACTTTTGGTCA
Y9-63 ATCTCCCGCCACTTCTTCTC TCGGCCACGATCTTATCTCT
09-8 ACATCTCTGCTCGCCATTCT GCGAGGTTTGAGTATGCTGG
09-10 CGGGCACTAAATGATCGTGG GGCGACGTGTACAAGAGGTT
S$S9-25 CGCCAAATACTTGTCCTGAT AAGGAGGAAGGCGATTTAGA
Y3-59 CGTTTTATCCGACGTGACACT GCACTATGGGGAAGAGAGGG
09-40 TTTGGGAGGAAGCCAGAGTT CAGAGCCAGAGATGCGTTTC
Y3-53 TGTCACCAAACTCGATTGCC CATGGGCACATCCTCTTTCC
Y3-3 GGTTGCTGGACACCAGAGAT GTGGCCAAACTACGACCAAT
Y3-35 CAAGATGCTCGCCTAGTTGC TTGTCTCATACACCACCCCA
IN1-1 CGTTCGATCGATCTCTCTCC TGTTTCGTGCAACACACAAT

1.3 REEENREEST

XX BRI G AR A 1) 401 B iE A T HURE B 1 2 mL 4
oh A R 2wl EGR G T H AR RNA 48 )
b5 H BE A H AR A BR 2 W] ) PrimeScript 1T
1st Strand cDNA Synthesis Kit i 7| & & il cDNA,
fif F TaKaRa 7% ®] TB Green™ Premix ExTaq™II

(Tli RNaseH Plus i® 51 &) , W 5 5% i I 1) 5 — ke
cDNAVE N FNASHGIE T PCRY MG SN . SR P A
PH TPCRY 1 BRERE 55 1 4595 °C 30 s ARt 56
2495 °C 55,60 °C 30 s,40 MG ;55 3 45, s fd il
k. WERH/KREIEEE Ubiqutin (0s08g40930) , 3t
FFRESIYIE 2, BRI E 3N YRR .
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Table 2 Primer sequences employed to detect the expression level of possible candidate gene

Sl 4R

Primer name

1 (5-3")

Forward sequence(5'-3")

K P51 (5'-3")

Reverse sequence(5'-3")

LOC_0s03g12790
LOC_0s03g12810
LOC 0s03g12815
LOC 0s03g12820
LOC_0s03g12830
LOC 0s03g12840
LOC_0s03g12850
LOC_0s03g12860

Ubiquitin

GCCGGTCTCCATTTCATCTTTCTC

ACCTCTTGTGGAAGCTATTGTTGG

TCTCCTTCGTGCCCTTTCTGTTG

CGTACAACTGCTTCAAGAGAGGAC

TCCGTGAACTCTTGGAGCAGATG

TTGGCGTCTATCGATTTCCAAGAG

AGGATGTGGTAGCGTTGTGC

CGCTTTAGCGAAGCAACTGAACC

GCTCCGTGGCGGTATCAT

GCTGCTCAGCTTGGTTATACAGAC

CTTCAGCATGGGCAGTCAGTTG

TCAACGCTACCAGGGATAGAGACG

AGCGCAAGAACCGGATGAAC

AGTGTTTCGGATCAAGCCCTCTC

AGTGGTCTTGGAGGAAGTTCTGAG

CAGAGTCCCTCTTCCTCTCCTTTC

CCGTCTGCTTCAGCTTTGTCCTTG

CGGCAGTTGACAGCCCTAG

2 HER59H

2.1 zhaol RETRKIREISHT

zhaol FE7AEMIEE A T & Fl H B — A~ QAR
SEARE, BB FER SRR ER (F 1) . K
ARR BB A RAR I (G2 3) , AR bR = PG (R
1A 58.8 cm, X IE 97.87 cm) ; 4> BE /D (5754 4.3
A XTI 12.00) 5 FAEAR K (287284 12.1 em, X 1E

19.6 cm) 5 — IR B AR 2 (R A5 1K 24.0 4>, % B]
1114 5 M/ NERON Z2 (9828 204.0 1, X RE 141.7
A5 TR A/IMER Z (S8R 73.7 4> X B 13.3
A, T B AR AT B A B AR SR SR T (AR A
130.3 %7, Xf B 128.3 ) 5 AR A (1) s 82 15 XoF HEAH
FEBH SRR (A2 1R 17.8 g, xf 18227 g) o DA RZ52R
R, zhaol J&— AR FIRR B E Z AR A BT
SAZ AL

E
|
;
)
:
)
)
'
)
)
b

—e s FTceTeaTes e

Pitnan
U084

AT HE (2 ) 55875 zhao I (A7) SIS HE AR AR TS, FLBIR 15 em;; B2 it B8 (22) 59825 zhao 1 ) ) SRR FEIEAS s LB 6
em; C:Xf M (7)) 5 RABNA zhao I () SRR RIS B1EF — 19 0] 35 79 1) 5F% =19 0] A5 IO )3 FU &), FEI R 2 em; DFREAH 388 Y IE 4
T E W AR B B R ONERA) AT B 548K zhao (72) 5% BE (A FPRABE LA, EBIR R 2 em; F: 587284k zhaol (1)

S I CR)FPRLTERE UL, FEBIRCN 2 em
A': Plant phenotypes of wild type CK (left) and mutant zhaol (right) after heading stage, bar=15 cm; B: Panicle morphology comparison of wild

type CK (left) and mutant zhao! (right) at heading stage; bar=6 cm; C: Comparison between the first, second, third and fourth internodes of CK

(left) and mutant zkaol (right) heading at the same time, bar=2 cm; D: In F, population, four phenotypes were isolated from left to right: normal

panicle, normal panicle + bald tip, dense panicle, dense panicle + bald tip; E: Comparison of grain length between mutant ziao! (left) and CK

(right) , bar=2 cm; F: Comparison of grain width between mutant zhao! (top) and CK (bottom), bar=2 cm
1 REMIREE zhaol FIREVETE
Fig.1 Phenotypic characterization of CK and the zhaol
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Table 3 Agronomic traits comparison between wild type and mutant

2R X Ad RABA
Agronomic traits CK Mutant

# 5 (cm) Plant height 97.87+5.49 58.80+2.07"
4y BEXK Tiller number 12.00+2.14 4.30+0.74"
F K (cm)Main panicle length 19.61£2.07 12.15+£0.51"
— KB A% Primary branch number 11.11+0.83 24.00+3.05"
T URHBAE%L Secondary branch number 23.44+5.16 19.50+6.34
J/INEEL Total number of spikelets 141.67+25.23 204.00+39.60
12 4k/INEXL Total number of aborted spikelets 13.33+5.08 73.70+24.95™
45 FEITRIEL Grain number per panicle 128.33+24.32 130.30424.76
25525 (%) Seed setting rate 90.52+0.04 64.65+0.08"
#7K: (mm) Seed length 8.04+0.64 8.71+0.19
b7 9% (mm)Seed width 3.12+0.23 2.90+0.13
T-kiE (g)1000-grain weight 22.7142.49 17.86+1.67"

JIA B R o P AR R ( n=10) 5 (5, "FRIRTE P<0.01 75 WEVEES; TR

All data are presented as mean=SE ( n=10 ); ™" indicates significant difference at P<0.01,as determined by -test; The same as below

2.2 zhaol REEHIZEEDHT

T oA AR ) A A AR TSR A B %
WA WriZ 28 AR PR AT REVS P~ DL F LR ) 2848
ZM B AT BB O Iz I ) % R 3
depl, [RlIf 3B A T HETR AL . T X 53
LD, R H— AR IE 8 0 5 R IRAT129 fESE A,
Be il 24 sS40 A5 F 2 0 L7 2 R S5 R TR AR AL #e R
R TR R . B TR IGHRAR (b i
5y Z IR FE F REACHRAS R R0 R T 1R f b B
AR B R T X AR B R R
(A0 15 FL B e R st AL A . B FL 19 5l
RIAYBI R R 2424k v 3 R 5 E R R AR R L
Bk 175 E o %R 67 IEFRE, Zad ROT R 7 &
3:1(57=0.93 < 10=3.84) I 40 B HLA | T LA 2 i
AR IR PR . [RIAE M, A T 4SBT
BB F K R 196 bk B TR Ttk 3R B2
5 IE W bR R BB 163 FE 0GR 1k 2 33 1E
T, T TS0 A Ak SR BT 8 o T B PR RY
FIRREL, B A T 3 1B AR 1 IE R REURN 15384k
Bl IR Z 0], ¥ KR Z2F B 0 A TR Ak
HMH,
23 EEEEMNELSHH

J T W zhao ] ESL TR KRR TR AL
LR, R AN 364 zhaol F1 IRAT129 [a]45 £ 25

127 XF 519, X643 5 B 11 25 R R A R RE T 53R f b
TR AT B AT . i B AR 5, 721
EEPOCRIG T F, A B B R 101
BR/ANERARIEA TR0 067, K BT I e T4 9 %
Y A, K W S R 30 RI9-8 I RM24457 22 ] K 24
1.4 Mb IR B I i — 2T R T 6 XM 22805 19
Y9-30.Y9-46.Y9-63.09-8 .09-10 f1SS9-25(5% 1), [F]
I REATEIAR Y K E 4154, Fe Zof 3 B IE R g o
TE5| ¥ Y9-63 F1SS9-25 2 [A] ) 16.40~16.49 Mb [X
[P . H %90 kb X [AA & A BB BEE R DEPI,
B B AR AR depl TE55 5NN E T A
12 bp 4l AFI1637 bp (UL, CDS JP A A8 5 . X 58748
1K zhaol B DEPI 3[R 5 25 81 , 825K zhao ]
1E DEP1 LR |4 12 bp i A 1637 bp Fr Bl 2%,
PERTIE A& 1L %W T, 5 depl A J5 XA
[W(E2).

F I RE TS 1R A FEAS A T 2 150 B, ZE X TRt
il b, Se A F, BEA TP R AR AL R A 1Y) 64
/AR TTRIR AL I R 2L 2 L 565 3 5 4L
TR FAR1C RM3872 HI RM1338 22 ], i — 4k
TR 2 600 1k , 14 L2 e A L5191 (£ 1), 5
SN A 1 SE P R S 7F A5 1] RM3872 AT INT-1 2 [H]
6.85~6.93 Mb £ 80 kb L E N (& 3) , % X (a4 F%
8 ML SL N A 45 5 NI REFEIN (2 FRINE A LA
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DNA #EF7 88150 H7 , K I zhaol FE7 R BAEAE % 1
AL T2 8 S YR AU A5 gPAAS, NI IESE T
zhaol W] BE& A PAXT TR EfL IE A

FAAMEEE A [, FAEE T4 6.8 54
ok F T GE 1 QTL 3 8 19 7 T Fric JL6-28 .
JL6-30.7.JL6-31.56 . RJ8-3 . RJ8-6, RJ8-11, RJ8-14.
RJI8-16" 43l %iF I 3 5 He e {4 f1h ek 100358 12 £k Pk

Marker Y9-il6 Rl}/[24457

A

Chr.9 [ [ n=101
- Lo " - - = = -~ -~
- g
Marker Y9-|46 RMII 189 Y9-(I>3 S?()-ZS OI9-8 O9-i0 R1\|/124457
| | ] — =S
Recombinants 32 11 5 6 8 9 13
B ORF1 ORF2 ORF3 ORF4 ORF5ORF6 ORF7ORF8 ORF9 ORF10 ORF11 ORF12 ORFI13
90 kb i

625 bp deletion

zhaol

B
w1 i i
-

TGA premature stop

TGA premature stop

i i3

DEP]

TGA

A HAL RIS AN E AL T3 14 Y9-63 5 $S9-25 22 1] 149 90 kb JHHE £ 4, n 378 & (v B B AR AL BARR O RO H S Lk Oy Fos llTHG

HENLIT IIARIC, T 5 FRIZFRC T T S MREL, T I 5 B+ 7 B M ORS 240 e (o2 X 1R] P Ao e B 81 P L £ 6 i SARE D H AR5 C
DEP] 5% 3£ dep ] &5 75 5]

A': The dense and erect panicle gene of the zZao ! mutant located within 90 kb physical distance flanked by the primers of Y9-63 and SS9-25, with n
indicating the number of individual plants that would target the dense and erect panicle genotype. The upper part of the horizontal line is the primer
marker for the gene mapping, and the lower part is the number of recombinant exchange plants under the marker, the same as below ; B: Candidate
gene maps within the fine mapping interval of the dense and erect panicle trait, the red arrow box is the target gene; C: Structural variation of DEP/

and allele dep!
B2 ZEHEERMBHEENMT

Fig.2 Fine mapping of dense panicle gene

] ]
Chr.3 ™ n=64
Marker RM54'77 RM3872 IN1-1 RM1022 RM14677 y3as T RM1338
] | ] | | | =600
. | | 1 | |
Recombinants 44 11 8 9 12 19 35

ORF1 ORF2 ORF3 ORF4 ORF5 ORF6 ORF7
€ 80 kb >

AEAK zhao 1 BETHFRIE AL L RS AN E A2 T RM3872 5 IN1-1 /14 80 kb W HEIX [8] P, n s FH T & M HUE fL B B kk ) % H

n indicating the number of

57
The apical abortion gene of the mutant ziao! located within 80 kb physical distance between RM3872 and IN1-1,
individual plants that would target the apical abortion genotype

3 FETEDIR (L E B E i

Fig. 3 Fine mapping of panicle apical abortion gene
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AR 7K R 5 DR 20 50 e |, O LR ToP AR AL B LA
O Tt el VA Sl T S R O 7 v~ 3 S B 7 P
LOC _0s03g12790,LOC_0s03g12810,LOC_Os03g12815,
LOC_0s03g12820,LOC_0s03g12830,LOC_Os03g12840.,
LOC 0s03g12850 .LOC _0s03g12860., N HE— 1
JE R RE D X AT T TN , 8 AR 5 Al il , 78
CDS XA K2R HHGX 8 Msib BRI i ik &
(E14), SXTREAH L, SRR B LOC_ 050312790
FE B AU B AY 127, Wi K LOC_0s03g12820
FILOC_0s03g12815 IR w4 5I3E N T 2.6 f5H13
i, =5 0E.

25¢
h O XHEECK

207 s B 2875 kMutant

MO ES7N Y
Relative expression level

4 FRUBRZEERENRESH
Fig. 4 Expression analysis of candidate genes for apical
abortion type

3 e

AW AE T 1A F A s AR AR 5 6k
zhaol WY RFIFIEAL LA , I X 9822 By PER AT T
i e FE PR o o 98 AR AR ) R U Oy B ST 8 Rl e T
HBIR AL, BRUL LASP A 2 B 43 BED /D AR B AR ZE AT
KL ZE SRR TR T, it R I 37 )5
U P42 S N I D B T o S o R
THFRIR AL 2 F % Rl S R TR R b 4 A Y, TR
A AR R IO AR A 2 P A I S R . AR F
SEFTIASPERIR 23 B AR A 728 7, 4 T 7 23 R 7R i
R T257 95 YL iRk 5 1 41 Y9-63 Fil SS9-25 2 [A] )
90 kb PIHEFE B N, X (8] N5 A & e bE i) DEPL
LI 45 5 R 28 AR IR DEP 1 SE A A1 -4k
&M 637 bp B4 112 bp i A4S, T R AT 1
BT, ULH zhao I 55 L[ dep .

Xof S — R TSR Ak MR A 308 A% T A7 e e
PS5 LI, zhaol W] BEAFFE AN L R 0T 42 o il
THERIR A LR R Al e A i 2 S e B, by 14

BT 5 3 G AR i 43 F bR i RM3872 1 IN1-1
2 [6] 6.85~6.93 Mb £ 80 kb (7 FBl N . H Fr X 5k o
AT 8 AMBERE SE IR, AL 2 AN AR T A ) R
M4 LOC 0s03g12815FILOC Os03g12850,
1MEGE B I S RN LOC_ 0503212830, 1 4 7%
R ANHE RS 12 25 1 g i 3L R LOC_0s03g12790, 1 4
maf 8 [ % 5 5L [H LOC 0s03g12810, 1 4~ SRO
M4t 5 LOC 0s03g12820,1 41,3, 4- =Wk
LR 5/6- 155 T 2 65 & [ LOC Os03g12840, F1 1 4>
[Fi] 5 S R0 5 R O % 5 U IR ar 5% 45 A8 1Y) G 14 6 1A
LOC 0s03g12860. EmEERE/R,FHLOC 0503
g12790 Fik fa Ak i K, SEARPRAR XS T XF B S P
W T 2745, M LOC 0s03g12820 F1 LOC _Os03g
12815 B FEIRE A HIIEIN T 2.6 501 3 £, X SEHL
{HARE— e . RS LOC 0s03g12820 F1
LOC _Os03g12815 W) 2%k 2 1 & 38 i, #2480 ) 45
B, AR RN A B 22 (R A P9 25 5, HEBR T
BATTE M e L K AT B . Upadhyay 4670 Fl
Qin ZEPVHFSY B LOC 0s03g12790 i —A & A
MATE %5 #4381 ABA SMEHG 12 & 11 DG, 28728 (K
dgl K T MATE Z5 #6505 SO R K R
DG4S ABA iz i 5 FFRLER A 5C , B IR
B HATAARNE LOC 0s03g12790 )3 5h 11X
WP 3, 1% BE R 75 5 R T R A AR AT T 5%
SERTHIBFIEH  FE 05261 15 3 YefafA 14.5~21.4 Mb
X BEAN 931158 3 JefafAk 8.0~ 13.45 Mb X B X461l
R IR AL QTL ™ e T AT RE A& [R]— 1~
THERIR AL FE N, Wios 35 B T0UHRAR A 3 R AT RET 12 A7
FET AR RTGE IR T AEAS U — 2B IS M AT . A
WG T 4578 1% R 7E B VA B Ak b AR B
HEJAN.
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