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Abstract: [Objective] A dwarf rice mutant was generated by culturing rice embryo tissues and characterized to elucidate the

reasons for leading to an occurence of semi-dwarf rice with more tiller number. It is expected that this study will provide a theoretical
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basis for scientifically cultivating rice varieties of lodging-resistant and high-yielding in overcoming the dwarf obstacle factors.

[ Method] In this study, both the rice dwarf mutant and wild type were phenotypically profiled, and the structural characteristics of
flower and cell appearance of leaves were investigated by stereomicroscope and light microscopy; The differential gene expression
profiles were analyzed by both the transcriptomics and qRT-PCR, and the sensitivity of the mutant to exogenous gibberellin was
detected by spraying exogenous GA3; The enrichment profiles of gibberellin in the mutant were detected by a high performance
liquid chromatography and a mass spectrometry. [Result] Data showed that the mutant demonstrated a decrease of 56.59% in the
average plant height and an increase of 47.44% in the effective tiller number compared with the wild type, respectively (P<<0.01).
Observation showed that the mutant led to disappearance of the epidermis and revealed a smaller stamen accompanying a delayed
development in the flower organs. Although the mutant has a higher effective tiller number, but significantly lowers the seed setting
rate, which only accounts for 12.62% of that in the wild type. The length and the width of grains also are significantly reduced (P<<
0.01). Stem longitudinal sections reveal that the mutant decreased the cell length of 23% compared with the wild type (P<<0.01).
However, when the mutant was exposed to exogenous gibberellin, the plant height, effective tiller number, seed setting rate, seed size,
epidermis and the stem cell length were obviously restored, indicating that the dwarf mutant possibly results from the shortage of
GA’s synthesis in plant. Transcriptome sequencing showed that the mutant significantly up-regulated the OsGAI30x gene, and
exhibited an identical result with the qRT-PCR analyses. Since the OsGA130x controls the conversion of the GA12 to the GAS3,
both of which are converted to the GA4 and the GA1, respectively. Particularly, the GA4 exhibits a higher activity than the GA1,
suggesting that rice dwarf might be triggered by the reduction of GA4 enrichment in plant. Measurement confirmed that the
accumulation of the GA4 in the mutant was decreased by 94.9% compared with the wild type. Additionally, as a specific receptor for
SL (Strigolactone), the D14 gene is involved in the SL signaling transduction in plant, and thus inhibits branching or tillering. The
qRT-PCR showed that the mutant significantly down-regulated the D74 gene compared to the wild type, however, both the wild type
and the mutant significantly up-regulated after spraying GA3. The data suggested that the up-regulation of the D/4 gene might lower
the effective tiller number, while the down-regulation of the D/4 gene possibly increase the effective tiller number. Statistical
analyses demonstrates that the mutant significantly increased the effective tiller number, but both the wild type and mutant decreased
the effective tiller number after spraying GA3, indicating that the expression profiles of the D4 gene in rice might be modulated by
GA, and thereby exert on the tiller number.[ Conclusion }Semi-dwarfed rice mutant is likely caused by a decrease of GA4 enrichment
because of abnormal expression of the OsGA130x gene, and GA might indirectly regulate rice tiller by affecting the expression of the
D14 gene.
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Table 1 Fluorescent quantitative PCR primers
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OsGAl3ox F: AGAAGTGGAGAAAAGACTACGG

R: CAATGATCTTTCTCTGGTGTGC
D14 F: AGAAAGAGAGAGAAGAAGCGAG
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A ZRNEF ARG ARTEA: B BRI (LB, 2em) ¢ C: SURHA/NEE CLEHIR, 2em) ¢ D: BPARURISUAR A s K/
A: Morphological characteristics at booting stage; B: Spikelet in the WT (Scale bar, 2 cm); C: Spikelet in the sd/3 (Scale bar, 2 cm); D: Mature seed size

1 FHEBRMRTHRHREESR
Fig. 1 Phenotypic differences between the WT and the sd /3

GAWT sd13+GA

A—D: GA Wi i J5 A4 A S oK R/MEDE S (HBBIR, 0.4 mm) 5 E—H: GA WHilinT 5 B 4 BUOMZE B AR E (BB, 0.4 mm)
A-D: The spikelet morphology of the WT and the sd3 before and after the application of GA3 (Scale bar, 0.4 mm); E-H: The flower characteristic of the WT
and the sd13 before and after the application of GA3(Scale bar, 0.4 mm)
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Fig. 2 Microscopic phenotypes of the WT and the sd /3
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Fig. 3 The apical internode cell size of the WT and the sd/3 before and after spraying GA (Scale bar, 25 pm)
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B4 BHEREMRTEKEREREZMEREL TSR
Fig. 4 Statistical analyses of phenotype and stem cell lengths of the WT and the sd/3

sdl3 sdI3+GAY  sdI3+GA® sd13+GA®

A: BESOBIEBE GA SRR, B: BIRMRIMARKE GA FRAIEFIA, GAY. GA®R GAY4 ML GA3 WKEE N 1.5X10™, 3.0X

107 #16.0X10°° mol-L™!

A: Phenotypic changes after application of GA by soil culture mutants; B: Mutant phenotypic changes after adding different concentrations of GA in nutrient
solution, the GA ”, GA” and GA” represents the concentration of GA3 is 1.5><10'4, 3.0x10™ and 6.0x10°° m01~L'l, respectively

5 GAAMEFREMRAYFETL
Fig. 5 Phenotypic changes of the sd/3 after GA treatment
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sdI3+GA  sdi3 WT+GA WT

Cluster analysis of differentially expressed genes sdI3 VS WT
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D AR % = S8 (sd13 VS WT_ALL)
Statistics of pathway enrichment (sd/3 VS WT_ALL)
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A: Differential gene clustering. Each row represents a gene and each column represents a sample. The color is from red to blue, indicating that the expression
level is from large to small, and the expression patterns of genes in similar clusters are similar, indicating that these genes may have similar functions or
participate in regulation of the same metabolic pathway; B: Differential gene volcano map. Genes with significant differential expression are indicated by red
dot (up-regulation) and green dot (down-regulation), and genes with insignificant differential expression are represented by blue dots; C: Differential gene GO
enrichment map. Green represents biological processes and orange represents molecular function; D: Differential gene KEGG enrichment scatter plot. The size
of the dot indicates the number of differentially expressed genes in the pathway, and the color of the dot corresponds to a different Qvalue. The smaller the
value, the more significant the enrichment
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Fig. 6 Transcriptome sequencing results
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XN GA UM AIHIEDME R0 M, R —
NS IRBEREAAKIN OsGAl30x, 1EFARAFRILH]

iE, 459 (B 7)) WoR, OsGAI3ox fERAAK B E I
FsB TR AR, THARPRRIERER & HS WT
AL ZE W OsGAI3ox 1ESEARRM v fRIA AL
i, 5 WT MR R (e P 2 R A 8.
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MFARRIAT GA WELZ J5, OsGAl3ox MIFRIAR I
ANFIFEEER N, Forp e Zafnmdh St GA 2 jiAHLL
ZERE . BIHSARAIE H OsGAI30x Fik 585 i
1, H. OsGAI130x XI5 GA BUK,

*2 FTIRMNE GA BT RiAHERAIERE

Table 2 Expressing opposite genes before and under GA
application in the sd13

K Gene i€ Function

Os01g0115600  HEIWEELIRE, 45 ATP
Kinase function, binding with ATP
Os01g0781700  ATP £54r H1f% ATP binding

Os10g0463800  Bjfie R %1 Unknown function

050320332100  GA130x, fifk GA12 4k ) GAS3, ¥ GA4 Fil GAL
f) EL A2
GA130x, Converts GA12 into GA53, determines the
ratio of GA4 and GA 1%
Os04g0223500 BRGNS “RZEIR, A NHT 1
FAD, monooxygenase activity
Os04g0606000 T SLHE RS FFiT 1t
Transferase activity, transferring acyl groups
050620364500 £ ¥E4545 fig Polysaccharide binding

Os12g0231700  HEWM &%, 4% 45 4 Transposon protein, putative

JT A SE R h g4 2 5 [ Uniprot 8 1300 S AH Gk, T IF
All gene functions are reviewed from the UniProt database and related paper,
the same below

2.4 KIERTIKGA EEFE

J AR RAS AR OsGA130x ik R 51K
T GA4 F AR, s ORI TTRE I ASO0 SAR A4
W) GAL il GA4 FEATATIN 04T . 45 REW], 5 WT
HILL, S8R ) GAL &0 W&, 5P 5
) GA4 ¥/b T 94.9% (K 8), 257 3% (P<<0.01),

040 Qwr

03sp Hsdi3 "
B sdi3+GA

030 A

0.25

0.20f

HIXF A Relativa expression levels

1t Flower X Stem I Leaf

7 0sGA13ox EREREREFHHERIEE
Fig. 7 Relative expression of the OsGA4130x gene in flowers,

stem and leaf of the sd/3
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Fig. 8 GA test results in the WT and the sd/3



5 3 PR 83 GA4 KRR R IR FE 25 [N 1 795

L g5 R —30, YRGS A th GA4 B> |
&,
2.5 GAXIIKFESEERIRZIE

FZE (GA) FMHEHNEE (SL) S5l
PEREIIORE 4 o B s o B2, 9F HL GA Rl SL Z Il 47
fEA 354 DELLA B (145 AR o6 R0, Bl
FEor AT R BoR, BPAERFISAR R 12 A JEFEN
GA NAFER (] 9-A) , FIH GO HREIRHIX 12
AR ThEE (£ 3) « AWML, &b 3 AR

F 3 BHEBMRTARERIERN 124 A MEEE

Table 3 A total of 12 genes responding to GA in both WT and sd13

050320203200, Os03g0251350 1 Os03g0856500 755
Ak N IL . 050320203200 5 D14 EH, 1F
MG R (SL) WREFRIESZ AR, W 5o ReE =24k
GID1 34 DELLA & 45G A7, WPy K K
B, qRT-PCR 48R ER8 (K 9-B) , LEFAERALL,

DI4 {E5ERAT N RIL, ZRiliBa . BAERRISAR
1AW GA 5, D143 BRI, B4R D14 Eif
Tk, R (P<0.01) , MR BER D
HIL T _ARIE, (H5WE GA Z ML, =R AEE .

R Gene YjHE Function
Novel00727 Lnc RNA, TS5 IR Lnc RNA, probably participate in regulating the phenotype of plants
0s01g0191200 TR BABEG . Acid phosphatase activity
0s01g0198900 LIfE R4 Unknow function
05010368900 e H K- A S AR SR B 5 1 Has a glutathione-disulfide oxidoreductase activity
0s01g0501800 Z 5566 ARG 1 MA2EFMEEE Involved in photosystem IT assembly and stabilization
0s01g0600900 ez, Hi#)6f5"5 The light-harvesting complex functions as a light receptor
0s01g0948200 3% [AF DNA-binding transcription factor activity
0s03g0159900 IIfEARH Unknow function
0s03g0196250 IIfEARH Unknow function
05030203200 D14 15 5MM4 AN (SL) 5510 577 %545 DELLA 4540
Involved in strigolactone signaling pathway; Competition with GA for DELLA binding sites””
050320251350 BRI, K H B IT1EP Probable transcription factor involved in the regulation of flowering time under long day®®!
050320856500 Lkpliio N R4, i A #11F Ribosomal small subunit binding, negative regulation of translational elongation
A WT+GA VS WT sd13+GA VS sd13 B
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Fig. 9 Venn diagram of differential genes and relative expression levels of D74 in the stems of the WT and the sd3
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3 itig
3.1 0sGA130x BEFRIXE M SRV BRTHRE
ey ER

VI 2 W50 3R B KRG I B A0 B 1 B A 5 R 3 3%
A RIS T2 ML 0%, ITOH 2P se 2 Wl K
T OsGA30x2 AL J& d18 FELARIEAL I IR A, 1 LO
2LEBVE LB R L OsGA20x KFGH £ N BLBE AL ST
G IXRLEPLG A R R GA3ox AL Ak B 4 1l
A GA1 Al GA4 [ OCBE R, T GA20x A fLT
A LUE GAs $li4k R30I 5T R I — Kk TR fb
RARE, HM&ZR, nEENL, HIE kK,
SECRAR . LA AMIE GA BUK, JF Bt
GA; AR R AUAG B — e PR M, 0B % 588 4
N DI Re R R R GE AR . IR R I A R SN R -
W SERIE A R (KS) « WHR- L FE A2 45 19-5A 1L
(KO) . GA-13-321bH (GA130x) M GA-20-%H
bl (GA200x) MM —WEE (K100 . &fF
WFFT R, el JFPPPIRUK R, GAL 14
YIE PEAR T GA4, 1T GA130x 1 4y % GA4 FIl GAL
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HIRYIR N GA4 FI GAT FIAR R Reoe K 15 45 15 2 (1)
YER . AW S 4L 7 AT qQRT-PCR 45 3L R,

5 WT ML, PEBIAREE 0sGAl30x FRIE L,
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Fig. 10  Gibberellin synthesis pathway in plants
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SRS AT E OsGAMYB G, S5 GA 13
S S 2 B A . ZHANG 25 DS 3% 3
OsWRKY24 W n] LA A8 205 5 W% 3. GUO
SEBTF 5 R WL TG 7% GDI 2 9 i EL A 0055035 P 1
B3 St sk KT, gd ] TRAR AR ST AU, 1 I
HIVRA SIS, RN RILRRE (GA) Kigkk
OsGA20x3 HIFIEBEWIN, JFHWIET gdI 5
AZAKHT OsGA200x1. OsGA200x2 F1 OsGA3ox2 3 F
GA W& A NIk D, SN GA4 =W
AR AMIE GA A A W] DL R 5T GD1 KX,
Ifif FLRERE S 7 D24 gd 1 FERAAIIIBNARSE, BB GDI

T4 0sGA130ox BANFHFIIHBIEFTMER

REMEHNTRIRE ) 7R N AR 3 I SR N () R0k . DA, 4
MAKTFH OsGA130x 1575 FKIE T REL HAT G
PE ) B S DR 7 S8R A7 G o I FH R 4 e s DR 5048 I
(http://planttfdb.cbi.pku.edu.cn) *f OsGAI30x 5 3iL
SR ATET 500 457 FS 100 457 J5 3l 5 F1EA T e Tl
SRR 4 Pron. BRItz Ah, JiE, RKFHR JA)
AJ DU i 5 240 GA200x A GA130x M S F59T GA
(4 B, B RO JA ITRERSPIZE T GA AW
Gie ATLAY OsGAI30x AHICHIFE SR &5 5484
R FHE— DRI, IF HERRFFHIIR A L R el I
fFERE A L OsGAl30x 57 RIS K.

Table 4 The predicted results of the motif in the OsGA130x gene promoter

A Gene 7 Motif Fi% Family IifiE Function
050390224200  CAGTATCTTT ARR-B S5 R T (R 0
Participation in the transduction of cytokinin signaling”®”!
0s06g0130600 CACTCACATTCTCTCTGCACA  BBR-BPC WK BKn3 (21510
Regulate the expression of BKn3 gene in barley!*”!
0s10g0419200 TTTTTTTTTTTG C2H2 R A 55 A B A B A K I e AT
Promote the transformation of plant vegetative growth to reproductive
growth!!!
05070236700 GTATCTTTTTTTTTTTGCGCC Dof™*?! AR S 5 iR A AR RO AY, F B AL
Possible involvement in light regulation of carbohydrate metabolism genes,
plant defense mechanisms
0s03g0821200 AACAAAGCTAAAACATAAGGG  Dof*! ZEMTHIR, RO RRIR P R 87 5% s A DR ) 1 4
Involving in seed germination, regulation of gibberellin reactions in aleurone
after germination
0s03g0324300 GTCTAGATTCATTAC EIL T AE 5 RN (1) 1 [ Y4 R )
Positive regulator of ethylene signal response!*’)
0s03g0324200 GTCTAGATTCATTAC EIL RIS, 25 2055 1 31
Participation in the transduction of ethylene signals when plants are injured™*!
050920490200 TAATGAATCTA EIL %5 0755 %' Participation in ethylene signal transduction
Os11g0681200 GAAACACGCGCGCGC FARI1 2 5kH155 ) Enhance the resistance of disease!”!
0502g0680700 TAGATATTA MYB_related*®  ZhfgA %1 Unknown function
0s08g0157600 TAGATATTA MYB_related*®  BhfigA%1 Unknown function

3.3 GA ATREIBITIFIS D14 B RI& BBk TR D EE
MR gal-3 SERBIAELZ N, BERIE
OsGA2ox [F/KFEAB LRI 4> BEME 200, Wik d6l
AR IR A R N T R A1 4 B D1,
ViU GA REfS NI KFE 4> B2, 1TO 25 CE W 4 A
GA REM AT /KRG /) BE o S AR IR IR BIK & B R 3%
246, M4 TR (SL) RS a3 R 4% 49 B 5l
SYBEMW HOSL & 1% GA 155", D14 A
A SL [¥e v 524k, % AEWS A1 DELLA & 45 &

TERE AW, i FH R R RIA, iy
o4 Rl BE . AWK, 5 WT #LL, %
AR D14 FARIE, W D14 1E8 SL k1%
e, NIHRESAM SLAE SIS, MimflnsE £,
X 5 SRR I 43 BESE 2 M4 G SR GA ff D14
ERIL, Sy SL A 5 Ml o BEuk b, i WT
Wi GA J& 43 B I IE T IX— 550 . AR 7% 4
W GA W HEIE L D14 1335 M R P R AR A 4
Iy K ER ) BE
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