Abstract in English

Rice (Oryza sativa L.) is one of the most important staple crops worldwide,
providing essential nutrition and serving as a primary food source for billions of
people. To ensure stable rice production in diverse environmental conditions,
understanding root architecture is critical, as root systems play a vital role in water
and nutrient absorption and in withstanding abiotic stresses such as drought and soil
salinity. A rice root system consists of three primary types of roots: the crown root,
primary root, and lateral root. Among these, the crown root is especially significant
as it largely determines the overall structure and functionality of the root system,

impacting the plant’s capacity to absorb resources and adapt to stress.

This thesis investigates the role of OSGER4, a gene implicated in crown root
(CR) development, focusing on its function under abiotic stress conditions. Our
experimental analyses demonstrate that OSGERA4 significantly enhances crown root
formation. Using OsGER4::GUS reporter lines, we reveal that OSGER4 is a hormone-
responsive gene expressed primarily in epidermal and vascular tissues during crown
root primordia formation and in vascular bundles of mature crown and lateral roots.
Its expression patterns are altered when the polar auxin transport inhibitor NPA is

applied, indicating that OsGER4 operates within auxin signaling pathways.

Further, phenotyping studies of osger4 knockout mutants under exogenous
jasmonic acid (JA) treatment showed a marked reduction in crown root formation,
underscoring the gene’s essential role in JA-mediated root development.
Additionally, osger4 mutant lines exhibited fewer crown roots under auxin treatment
compared to wild-type plants, suggesting that OsGER4 may function as a regulator,
modulating auxin distribution to optimize root growth during stress. Under heat
stress, osger4 mutants produced fewer crown roots than wild-type rice, while
overexpression of OsGER4 led to increased crown root formation. Loss of OsGER4
function also resulted in diminished lateral root development, underscoring its broad

Impact on root architecture.

To investigate the gain-of-function effects of the OsSGER4 gene,

overexpression lines were generated. Phenotypic analysis under exogenous jasmonic



acid (JA) treatment revealed that OsGER4-overexpressing transgenic rice lines
exhibited a significant increase in crown root formation, demonstrating the beneficial
role of OsGER4 as a positive regulator of root development without altering other
phenotypic traits. In addition, OSGER4 overexpression under heat stress conditions
further enhanced crown root formation. Further research is required to explore the
effects of these overexpression lines under different stress conditions and hormonal
treatments, in order to gain a more comprehensive understanding of the functional
roles of OsGER4.

These findings reveal the molecular mechanisms by which OsGER4 interacts
with hormonal signals such as auxin and JA to mediate root development. This
research provides insights into the potential of OsGER4 to enhance rice resilience
under stress conditions by optimizing root architecture, offering valuable strategies

for breeding rice varieties better suited to environmental challenges.



Abstract in Viethamese

Lda (Oryza sativa L.) 1a mot trong nhiing ciy luong thyc quan trong nhat trén
thé gidi, cung cip dinh dudng thiét yéu va 1a ngudn thyc phadm chinh cho hang ty
nguoi. Pé dam bao san xuét lta 6n dinh trong cac diéu kién moi truong da dang, viéc
hiéu biét vé cau trac bo ré 12 v6 cung quan trong, vi bd ré dong vai tro chinh trong
viéc hip thu nudc va dinh dudng, ciing nhu gitp cdy chiu dung céc stress phi sinh
hoc nhu han han va d6 man cta dat. Hé thong ré lta gdm ba loai chinh: r& chum, ré
tién phoi va r& bén. Trong s6 do, ré chim dic biét quan trong vi né quyét dinh phan
16n cdu trac va chitc ning ciia hé thong ré, anh huong dén kha ning hép thu dinh
dudng va thich ing véi cc yéu 6 stress ciia cay.

Luan 4n nay nghién ctru vai tro ctia gen OSGER4, mot gen c6 lién quan dén s
phat trién cta r& chum (CR), tap trung vao chitc ning cua n6 dudi cac diéu kién stress
phi sinh hoc. Cac phan tich thuc nghiém cta ching t6i cho thdy OSGER4 déng vai
trd quan trong trong viéc thic day hinh thanh r& chim. St dung dong promoter
OsGERA4::GUS, chiing tdi phat hién OSGER4 1a mot gen dap tmg hormone, duoc biéu
hién chu yéu & cac mé biéu bi va md mach trong qua trinh hinh thanh mam r& chum,
cling nhu trong cac bo mach cta ré chim va ré bén trudng thanh. Mau biéu hién cua
gen nay thay doi khi st dung chat trc ché van chuyén auxin c6 tinh phan cuc NPA,
cho thly OSGER4 hoat dong trong cac con dudng tin hiéu cua auxin.

Ngoai ra, cic nghién ctru vé kiéu hinh cta cac dot bién mit chic ning osgers
khi xir Iy v6i acid jasmonic (JA) ngoai sinh cho thiy su giam dang ké trong su hinh
thanh r& chum, khiang dinh vai trd quan trong cia gen nay trong sy phat trién ré qua
trung gian JA. Thém vao d0, cac dong dot bién osger4 c6 it r& chim hon khi dugc xir
1y v&i auxin so vai cdy dai, cho thady OSGER4 c6 thé hoat dong nhu mot yéu to diéu
tiét, diéu chinh phan phdi auxin dé toi wu hoa su phat trién cua ré trong diéu kién
stress. Duoi tac dong cua stress nhiét, cac dong dot bién 0sger4 tao ra it ré chum hon
so v&i dbi chimg, trong khi su biéu hién qua mirc cia OSGER4 dan dén ting cuong
hinh thanh ré chim. Sy mét chirc ning cia OSGER4 ciing dan dén su phat trién kém

cua re¢ bén, nhan manh tac dong rong 16n ctia n6 dén cau tric bo re.



Pé nghién ctru sau hon vai trd cta gen OSGER4, cic dong lua chuyén gen
biéu hién qué muc (overexpression) dad dugc tao ra. Phan tich kiéu hinh khi xu ly
bang acid jasmonic (JA) ngoai sinh cho thiy cic dong OsGER4-overexpress co su
gia ting dang ké trong viéc hinh thanh ré chum. Két qua nay cho thiy OSGER4 déng
vai tro la mgt gen diéu hoa duong, ¢ loi trong viéc thlic déy su phat trién ré ma khong
lam thay ddi cac dic diém hinh thai khac cta cdy. Ngoai ra, biéu hién qua murc
OsGER4 duéi diéu kién nhiét d6 cao ciing gop phan lam ting sb luong ré chum.
Nhitng nghién ctru chuyén sau hon 1a cin thiét dé danh gia anh huong cta cac dong
overexpress nay dudi cic loai stress khac cling nhu trong diéu kién xur 1y vé6i cac
hormone khac nhau, nhim lam sang to day du hon chuc ning sinh hoc cua gen
OsGER4.

Nhitng phat hién nay 1am sang to cac co ché phan tir ma qua d6 OSGER4 tuong
tac v&i cac tin hiéu hormone nhu auxin va JA dé diéu hoa sy phat trién ctia ré. Nghién
ctru ndy cung cip nhimng hiéu biét vé tiém ning cia OSGER4 trong viéc ting cuong
kha ning chiu dung stress ctia cdy lta biang cach tdi uvu hoa cdu trac bo ré, tir d6 mang
lai cac chién luoc hitu ich cho viéc lai tao cac giéng lta phu hop hon véi cac abiotic

stress .



