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The APC/C™"P'.WIDE LEAF 1-NARROW LEAF 1
pathway controls leaf width in rice
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Abstract
Leaf morphology is ane of the most important features of the ideal plant architecture. However, the genetic and molecubr
mechanisms controlling this feaure in crops remain largely unknown. Here, we characterized the rice (Oryaa sativa) wide ledf
1 (wi1) mutant, which has wider leaves than the wild-type due to more vaseular bundles and greater distance between small
vascular bundles. WLT encodes a Cys-2[His-2-type zinc finger protein that interacts with Tillering and Dwarf 1 (TAD1), a
of the anaphase-pi " (APC/C) (a mulci-subunit E3 ligase). The APC/C'*"" com-
plex degrades WL1 via the ubiq pathway. of TAD1 resulted in plants
with narrow leaves due to reduced vascular bundle numbers and distance between the small vascular bundles.
Interestingly, we found that WL1 negatively regulated the expression of a narrow leaf gene, NARROW LEAF 1 (NALT), by
recruiting the co-repressor TOPLESS-RELATED PROTEIN and directly binding to the NALT regubatory region to inhibit its
expression by reducing the chromarin histone acerylarion. Furthermore, biochemical and genetic analyses revealed that
TAD1, WL, and NALT operated in a common pathway to control the leaf width. Our study establishes an important
framework for underscanding the APC/C™®'=WL1-NAL1 pathway-mediated control of leaf width in rice, and provides
insights for improving crop plant architecture

Introduction

Since leaves are imporeant for photesynchesis, leaf width is 2
eritical plant architectural component. Appropriate  leaf
width has great biological significance in terms of improving
the absorption and conversion efficiency of light energy (Ort
et al, 2015). Therefore, in-depth studies on the regulatory

mechanisms of leaf width are not only important theoreti-
ally, but also practically for improving rice (Oryza sativa)
yield. Leaves develop from the shoor apical meristem (SAM),
which contains specialized rapidly dividing cells on its
periphery that develop into leaf primordia first, then alcer
their plane of division and establish a 3D axis along the
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POLLEN WALL ABORTION 1 is essential for pollen wall
development in rice
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Abstract

The integrity of pollen wall structures is essential for pollen development and maturity in rice (Oryza sativa L). In this
study, we isolated and characterized the rice male-sterile mutant pollen wall abortion 1 (pwal), which exhibits a defective
pollen wall (DPW) structure and has sterile pollen. Map-based cloning genetic complementation, and gene knockout
experiments revealed chat PWAT corresponds to the gene LOC_Os1g55094 encoding a coiled-coil domain-containing pro-
tein. PWA1 localized to the nucleus and PWA1 was expressed in the tapetum and microspores. PWA1 interacted with the
transaription factor TAPETUM DEGENERATION RETARDATION (TDR)-INTERACTING PROTEIN2 (TIP2, also named
bHLH142) in vive and in vitro. The tip2] mutant, which we obtained by clustered regularly interspaced short palindromic
repeats (CRISPR)/CRISPR-associated protein 9-mediated gene editing, showed delayed taperum degradation, sterie pollen,
and DPWs. We determined that TIP2/bHLH142 regulates PWA1 expression by binding ta its promoter. Analysis of the phe-
notype of the tip21 pwa1 double mutant indicated that TIP2/bHLH142 funetions upstream of PWAL Further studies
suggested that PWAT has tanscriptional activation activity and participates in pollen intine development through the
[-glucosidase Os12BGIu38. Therefore, we identified a sterility factor, PWAT, and uncovered a regulatory network underlying
the formation of the pollen wall and mature pollen in rice.

Introduction

The pollen wall a crucial layer that proteets the pollen grain
is indispensable for pollen formation maturation, and activ-
ity (Zhang et al, 2011). In rice (Oryza sativa L) the polen
wall is composed of three parts: the pollen coat, exine
(outer pollen wall), and intine (inner pollen wall). These
three parts have different morphological structures and
chemical compositions. The exine is composed of

sporopollenin secreted by the tapetum, and its formation
begins with the establishment of the primesine template.
Based on its structure, the exine can be divided into the flat,
botcom nexine layer, and an upper sexine layer; the sexne is
composed of colummike baculae and rooflike tectum
layers (Zhang et al. 2011). The spaces between the baculae
are filled wich sugars,lipics, proteins, and small molecules se-
creted by the tapetum. These materials, refered to as the
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Integrated genetic mapping and transcriptome analysis reveal ki CYB22138
g 9 Pping ptom Y € ) The Crop Journal GE 15 5 O 4983245
the BnaA03.IAA7 protein regulates plant architecture and gibberellin )
signaling in Brassica napus L. joumal ol
Xiaoke Ping' - QianjunYe' - Mei Yan' - Jianyan Zeng® - Xingying Yan>- Haitao Li® - Jiana Li' - Liezhao Liu'®
4 ¢ i o N
N, B o= 3
BnbHLH92a negatively regulates anthocyanin and proanthocyanidin k H)g _—g‘ *IJ ﬁE :Fs E 7 Fﬁ T@j:ﬁ:l: jLEE %_l_ B}ﬁu %Fr i E
Received: 20 April 2022 / Accepted: 3 August 2022 /Published online: 12 August 2022 biosynthesis in Brassica napus
\d Nature 2022
Ran Hu*>“', Meichen Zhu*"", Si Chen*"", Chengxiang Li", Qianwei Zhang ***, Lei Gao ™",
Xueqin Liu >, Shulin Shen *><, Fuyou Fu®, Xinfu Xu®"<, Ying Liang **<, Liezhao Liu *", Kun Lu*"<, A
- b Shen - Fuyou Priy
Hao Yu®", Jiana Li****, Cunmin Qu 5 . S SRR T 1 /2 M
Key message A novel mutation in the BnaA03.JAA7 protein reduces plant heightand enhances gibberelin signaling ) Q - WA B RIS TR SR TR R 1/2 SRR
in Brassica napus L. 'mwu[wmmm Sauthwest University, mugugan:ms China.
Abstract Rapeseed (Brassica napus) is an excellent and important source for vegetable oil production, but its production is Engnering Recearch Cener of My of B, - R B A BERE e T R At HEFY ;R
severely affected by lodging. Lodging hinders mechanization and decreases yield, and an ideal solution is semidwarf breed=- "Agricu lture and Agri-Food Canada, Saskatoon Resenrch Centre, 107 Science Place; Sackaioan, Sasks ichewan S7N 02X Canada. BT ; e S i Y
ing. Limited by germplasm resources, semidwarf breeding developed slowly in rapeseed. In the current study, a mutant i .,
called sdAO3 wmmlmd from EMS-mutagenized lines of Zhongshuang 11 (ZS11). The inheritance analysis showed that & M B 7L 2019 1 1227289.X
bya gene. Genetic mapping, RNA-seq and candidate gene analysis ARTICLE INFO ABSTRACT
identified EnnAlJJ IAA7 as a candidate gene, and a function test confimed that the mutated BnaA03.ia? regulues plant ey o el TR 1 3 G bR S i pere A Tor e eaing et sy e come &) il H. 2019912 A 04 B ETRALFRH I SIHIXEH BoMLP
ina manner. Yeast and transient expression experiments illustrated the PSTL sub- Received 10May 222 T apened St ey prosnhcysnidi (P2 e mor et oot Pt T T H &
stitution in the GWPPV/I degron motif of BnaAO3 iaa? impaired the interaction between BnaA03 IAAT and TIR| proteins, Aopind 1 Augon 222 ors volved e e loaimthests e been character . | B BERR S
and BnaA03.iaa7 prevented ARF from activating the auxin signaling pathway.The gibberellin (GA) content was higher in Avaitabie online xxxx in rpeseed. Overexpressing SnbHLHSZa both i Arabidopsis and in ,w e LR OB A PR
$dA03 hypocotyls than in those of ZS11. Further expression analysis showed more active gibberellin signaling in hypocotyl — g;;uwm s gorte mﬂm'g-) the expression profiles of anthocyanin and PA biosynthesls gmes iR (R . =
and richer expression of GA synthetic genes in rootand cotyledon of sdA 03 seedlings. Finally, a marker was developed based Brasscn mapus L LD vercspre cine Arabiispes seete. Indionting ot nbLHD epresses the Snthocyanin ‘ L e e D SR e 5 VEEAR DEER R i o
e e spressing ps ing o ya: s HE: 400715 EECATALENIR R LHG 2 S BERFIHIRV )
on the SNP foundin BnaA03.iaa7 and used in molecular breeding. The study enriched our understanding of the architectural Anthocyanin and PA biosynthesis pathway in Arabidopsic BobHLHS2a physically interacts with the BiTTG1 protein
regulation of mpeseed and provided germplasm resources for breeding Prasmhocyaridins o D i e EE 3 ]
> > 3 o ATT1S prometer and represses its expression. These susges i
. ‘apsimam reguaior of Aavonold biynibesis inBnopus e : 2022 %03 H 08 I FEHR A G S N 110754366 B it A &
5 . . P Science Society of China and s Ton Science, CAAS. Publihing services by Ekevier
Keywords Auxin - Brassica napus L. - Gibberellin - TAA protein - Semidwarf e e o S B s e R L e R R AR LR AR EAEER WL
AR )R 3 A= AT » RERTF AR, 3 L '}
R A SRR ETuRe, FARARRASEZ Bl k. $HRMRA=TF, 4 Hﬁﬁﬁéﬁ PR RO S MPE PR
Background L& LE S
. N B 1. Introduction and [27-9]. - AL T ABUE SR 6 AL . RS, AP, Rk Sk, WA s
Rapesced (Brassica napus, AACC, 2n=38) is considered s s SR PR o i e g
as one of the most important oil crops (Li et al. 2019b). Rapeseed (Brassica napus L. AACC, 2n = 38} is one of the most  stood. Proanthocyanidins (PAS. as nsed tannins) are * R 4 2 L 18883328991
Benefiting from heterosis, rapeseed breeding has made great impartane sources of edible vegetable oil and feed meal. and is also  the main flavonoids that affect seed caat color in Brassica species
Commucac by b AT, Pk progress. buthe plantheight has lso icreascd 10 approxi- L T L D L T FARILTER 2022777 RR 2024457
mately 2m in the Yangtze River basin. Lodging has become thinner seed coat. higher oil and protein content. lower cellulose  [13] 1 for-
& ummotn the biggest problem associated with mpesced growth: it andpolyphenolic comercs, and clearer oil (7} Breeders are  maton of seed ot ol the Tavanesd potharay, which hos
Sweden wastes seeds and increases the difficulty of mechanized har- o the alivy of s eecs st and o1 \BRET prov- ;li“’m;““"‘;‘ e naractenzed "J’“‘:"";‘I"“ﬁj";:“g'l_fl": o 1000 0T 0 AR
! College of Agronomy and Biotechnology, Academy vesting (Islam and Evans 1994; Khan et al. 2018). Dwarf Natural rapeseed germplasm with the yellow-seeded trait ha_i w1 ~tx19, Transparent Testa Glabra 1 (ttg?). and Transparent Testa
of Agricultural Scicnces, State Cultivation Bas of Crop and semidwarf breeding have been proven to be effective in ‘Seed coat colar is a quantitative trait aff Glabra 2 (1tg2)) [ 14-16]. Mast of these genes have also been iden-
Stres Biology far Southern Mountainous Land, Soutw - N ltiple aciors. nchading poygeri contol, marernal eecs nd associated with the flavonoid biosynthesis pathway in
R redwing odzing. and deceminirg he genci ises of e e e e e =
R height and applying them to breeding can be an ideal way to g s, [151. B_juncea (19]. and B. napus [20: and EnTT1 in 5. napus [21]. AEAXEHARTERN
¥ Biotecimology Rescams onter, Southwest Unversiey, maximize the economic value of rapeseed (Hedden 2003). L These genes display expression patterns that differ between B
ongging i Dt and semidwarf matants have been entensively T suthors comtranted cqualy 145 wrk biack- and yeliaw-seeded Arassica lines |22-261.
* Stute Key Laborutory of Biocatalysis and Enzyme.

Engineering. Hubei Collaborative Innovation Center
for Green Transformation of Bio-Resources, School of Life
Sciences, Hubei Univemsity, Wuhan 430070, Chi

studied in the model plants Arabidopsis and rice (Oryza
sativa), and many genes have been mapped to either the bio-
synthesis or signaling pathway of plant hormones, including

it ffdaiorsf1 01016 5 202207.015
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