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Nghién ctru chirc ning ciia mot so gen lién quan dén
sw phat trién bo ré laa va xac dinh QTL lién quan dén
kha nang chiu han, man & bd giong lia Viét Nam

TS. Hoang Thi Giang
Phong thi nghiém Viét — Phap LMI RICE-2, Vién Di truyén Néng nghiép (AGI)
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Canh khd han & Trung bd va Tay Nguyén nam 2015 Ban d6 cac wing chiu &anh huéng nwéc bién dang @ DPBSCL

(http://khoahoc.tv/sukien/su-kien/35745_chia-se-thong-tin-
ve-bien-doi-khi-hau.aspx)

|:> Chon tao gibng chéng chiu han, mén ???



» Gilrvai tro thlet yéu trong viéc hap thu
nwdc va mudi khodng tr dat

» Bong vai tro quan trong dé cay tréng co
thé dat dwoc nang suat cao

0-20
20-40

40-60

» D06 an sdu va phan nhanh cua bd ré =
Tinh trang quan trong nhat giup thwc vat
khdi bi han han

60-80
80-100

100-120

Root development



# Do b0 ré phat trién dwéi dat, kho quan sat nén khong
dwoc chu trong trong chwong trinh chon tao giéng

# Do gap kho khan trong viéc quan sat cac tinh trang cua
hé ré nén phuwong phap chon giong MAS Ila céng cu gian
tlep nhwng thwc s mang lai hiéu qua

# M¢&i chi cd mdt vai gen hay QTL quy dinh sy phat trién ré
dwoc nghién clru & cac cay ngi coc

#Xac dinh dwoc cac gen lién quan dén cau tric va chirc
nang bod ré va kha nang chju han, man cua cay lua

Root development



Genelién quan dén sy phattrién bo ré
Aquaporins
QTLs

Genome %

» Lam sang té cac co’ ch& tham gia vao sw phat trién ré, tinh chdng chiu han, man

Phat hién cac gen méi phuc vu cong tac chon tao giéng lia dwa vao sw phat trién bo ré,
kha nang chiu han, chiuman



B Muc tiéu chung: Xac dinh dwoc mot sd gen lién quan dén cau trac va

chirc ndng bd ré va phat hién QTL lién quan dén khd nang chiu han, man

cla bd gidng lua Viét Nam.

E Muc tiéu cu thé:

(i) Xac dinh chirc nang cla mot s6 gen tham gia vao sw phat trién bo ré Iua.

(i) Xac dinh vai trd clia cac gen ma héa aquaporin v&i khd nang diéu tiét ap
suat thAm thau & ré Ia.

(iii) Xac dinh QTLs lién quan dén cAu trdc bd ré, kha nang chiu han, chiu man va

duy tri ndng suat trong diéu hién han & bo gibng Iua Viét Nam.



XAC PINH CHU’'C NANG CUA MOT SO GEN THAM GIA VAO SV¥
PHAT TRIEN BO RE LUA
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Ré phu
(crown roots)
Ré bén
(lateral roots)

Ré chinh
(seminal roots)

Pascal Gantet, LMIRICE , Hanoi, 5 Sept 2012

Root development



proCRL1::GUS

. Crown root 51
CRL1 biéu hién & vung phat sinh primodia SN e
ré phu crown rootless1
Liu et al., Plant J 2005 Cri1

Inukai et al., Plant Cell 2005 (GUS staining) Thé dét bién khéng c6 r& phu

Root development



Auxin

RT PCR cr1: Auxin kich hoat OsARF1 bam vao AuxRE2 & thi nghlém in vitro
hiéu hién cta gen Crl1

Oh 1h 3h 6h 12h 24h

Cr1

VY
(gagaca—gagact)

FIUAN

CRL1 biéu hién & vung dap ing
tin hiéu cua auxin

CRL1:GUS CRL1mutant:GUS
\
C D F

Auxin

degradation

ALIX/IAA proteinds)
B R i . activation
AuxRE2 can thiét cho sw hiéu

hién cta gen Crl1 in vivo ARF protein(s) 737

r

CRL1
Inukai, 2005 a :

> Crl1 dwoc diéu khién trwe tiép béi auxin e

;
crawn root formation

Root development



Plasmid Antisense probe

PINDEX2-
CRL1
277 gen didu hoa b&i CRL1 oo s B
(4-7% la gen mé hoa TF) . :"ét ST T RS

The validation by ahs
g-RT-PCR

‘L Xac dinh cac trién vong dwoc dieu hoa

Laital cho de tim gen bisuNicn ey, b&i gen cr/1 lién quan dén sw phat
tai mé phan sinh bén cua ré tridn ré?2?

Root development



Arabidopsis thaliana

Auxin

1

IAA14/SLR
IAA3, 19, 28 etc.

ARF7, ARF19
transcriptional &
activation
LBD16/ASL18
LBD29/ASL16

other targets

LR initiation

Okushima et al., Plant Cell 2007

Root development

Oryza sativa

>

LR formation

Auxin

degradation ‘
AUXI/IAA protein(s)

activation ‘
ARF protein(s) ???

\

cri1

4.-..-.

crown root formation

Inukai et al., Plant Cell 2005



Potential candidates:

auxin

AUX/IAA
7

ARF5/ ARF16/ ARF19/ ARF21

{
CRL1

¢

(named CR1-CR13)

¥
Phat sinh ré phu

Root development

13 candidate genes j

CR genes Putative function
CR1 Rho-GTPase-activating protein-related
CR2 N2, N2-dimethylguanosine tRNA
CR3 Homeobox associated leucine zipper
CR4 Nodulin MtN3 family protein
CR5 Endonuclease/exonuclease/phosphatase family

domain containing

CR6 E2F family transcription factor
CR7 Dof zinc finger domain containing
CR8 MYB family transcription factor
CR9 Transposon protein
CR10 Homeobox and START domains
CR11 Homeobox domain containing protein
CR12 Helix-loop-helix DNA-binding protein
CR13 AP2 domain containing protein




Phenotyping crown root formation
using histological essay

Phenotyping root development using
sand columns under greenhouse
conditions

Drought tolerance test

Root development



13 CRL1-regulated candidate Expression patterns of candidate
genes genes

Use of promoter :: GUS construction

CATINron oo FamHl Khal Hindll
LB | | A | | RB
B I ==
| HPT | | G5 |
Cahalhs CaMvals- P~ K-
nohy A ArCHTENTEr terminator pHemnter

What CR genes affect the development of
crown roots when overexpressedin WT
and/or crl1 mutant background???

What candidate genes are expressedin
crown root primordia???

Root development



CR4 overexpressionrestores crown root formationin cr/1
mutant

B N W b U O
©O O O O o o

Number of crown roots
o

WT CR4-OE
60 -
50 -
o
E 40 -
3
2 30 -
S 20 -
10 -

0 -

Root biom

Y
o
1

w
o
1

-
o
1

Length of root system,cm |§
o S

WT CR4-OE

CR4-OE

After 4
weeks
when
plants
begin
tillering

CR4 overexpression enhances

crown root number




XAC DINH VAI TRO CUA CAC GEN MA HOA AQUAPORIN VOl KHA
NANG DIEU TIET AP SUAT THAM THAU O RE LUA

)




M6 hinh van chuyén nwéc

Endodermal Exodermal
Xylem Casparian Casparian BRiratE s

Nwéc dwoc van chuyén band band

qua: |- % N
-Mach dan baIai < <

-Qua cac té bao sbng: ‘:{%

+ Con dwdng apoplast < < _\
+ Con dwdng qua céac té W L o
bao solutes

)|/
apical U U U )
| \ JLHT JL_J1 ‘\Q )
Stele Endodermis Exodermis

Horieetal., 2012

Vai tro ctia con dwdng qua cac té bao trong sw van chuyén nwéc & cay lua ?2?7?

Water transport



Aquaporins

B Aquaporins — la cac protein mang — thuc day qua trinh van qhuyén nwdc theo
phwong thire thu déng qua mang sinh hoc — la yéu to chu yéu diéu chinh sw di
chuyén nwédc qua cac té bao

B Phan loai aquaporins:
» PIPs — Plasma membrane intrinsic proteins
» TIPs — Tonoplast membrane intrinsic proteins

» NIPs — Nod26-like intrinsic proteins

» SIPs — Small basic intrinsic proteins
» XIPs — X intrinsic proteins

B Caylua: 33 gen aquaporin

Ozyrasativa L. cv. Nippobare

11 PIPs, 10 TIPs, 10 NIPs va 2 SIPs
(Sakurai et al., 2005)

Water transport



Anh hwéng cia dd man dén sw diéu hoa ciia aquaporin & ré cay Arabidopsis

Po hé s6 tham (Lp,) khi x& ly muoi R& cay Arabidopdis khi xt ly mudi

A 210 /, (AtPIP2:1-GFP)
™ : Control [l 1 100 mM NaCl, 2 h
@ 50| %
-C L
"o g0l \
E | & 100 mM NaCl
FE \!“‘HHL —

30 | T TR e \ _ i ‘wnr

(Boursiac et al., 2005)
e
Time (h)

> Mudi lam giam nhanh hé s6 tham Lp, & cay Arabidopsis
> CoO mailién hé giira viéc hé s6 tham Lp, bi giam v&i hién twong tai dinh vi caa
aquaporins

Water transport



bd

Sw tai dinh vi (relocalization) cﬁa
aquaporins tir mang sinh chat

&
%
st

. ﬁ Dot-like "{’p” \%
Diffused state SRetictire {E §

Aquaporin (PIP) Spherical body

@ PIP in an intracellular vesiclular structure

Water transport

Cau truc dang diém

Dang khéi cau



Potential candidates:

Over-expression of proteins suspected to be involved in:

1. Osmotic adjustment: 2. Membrane trafficking:
OsPIP1;1, OsPIP2;1, OsPIP2;4, Os OsRab5a, OsRMR1, OsGAP1, Os
PIP2;5,0sTIP1;1, OsTIP2;2 CAMP1
Pu:i;l Plpi;l Pi;a, PIP2;5 Pl{i;l Plli;l Pli;d PIP2:5
ﬁp_m H,0 H,0 H,0 H,0 GPl;l H,0 H,0 H,0 H,0

Vacuole

Cytosol
DROUGHT

Solutes

RMR1

Plasma membrane Plasma membrane

Water transport



Nghién ctru chirc nang cua cac gen aquaporins

; ................................................................................................................................................................................................ . CGMV35SXZOSPIP1,1—GFP OSPIPZ,l—
K1 X | GFP OsPIP2;4—GFP
i % ’
Thiét ke vector | OsPIP2:5-GFP
i
: - CaMV355x2::0sRab5—-mCherry
Bié 20 cav I¢ OsGAP1-mCherry
'en nap gen vao cay fua | OsRMR1-mCherry
"b-\.E.-c ' OsSCAMPI1—m Cherry
e OsNST1-mCherry
| OsTIP1,1-mCherry
Chon loc cac dong lua chuyéngen t OsTIP2;2-mCherry
LSCM - Ré - Control/NaCl/Han }

- Is there any relocalization of OsPIPs upon salt/drought compared to control?

- In which subcellular compartments are aquaporins relocalized?

Water transport



XAC PINH QTLs LIEN QUAN PEN CAU TRUC BQ RE, KHA NANG
CHIU HAN, CHIU MAN VA DUY TRi NANG SUAT TRONG DIEU
KIEN HAN O BO GIONG LUA VIET NAM
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Nghién ctru da dang di truyén cta bé giéng Iua ban dia Viét Nam

f

Phung Thj Phwong Nhung, LMI RICE , Sept 2014

;.”.J I.'I. g i .,'.I | l E-
MR B o6 AL NREW T ST v
Phenotyping nam 2011
tai PRC

270 accessions

D6 da dang cao, gdm cac
gidng dai dién cho cdc nhém
lGa khac nhau

Indica

Phan tich microarray bang 241 L e
chi thj DArT

PLEY NEOANE FLAC
PUSA SUGONS HHIET 1T2ELEE
SECMATL 1. 8T

BATODANG ©

Chon dwoc mot bo *%M Sadri-Basmati

gém 185 gidng phuc
vu cho nghién ctru

Genotyping 185 giong bang
21,623 SNP

QTLdetection




Nghién ciru di truyén lién két cua bé giéng lua ban dia Viét Nam

)))))))

111111
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Drought
vegetative
stage

2014-2017

nang thich wng vdi cac stress v
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phisinh hoc

FuII
Sequencing

GBS
22.000 Markers




Genome — Wide Association mapping
A method to dissect the genetic basis of the variation of complex quantitative traits
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I Genotypes

l

Phung Thj Phwong Nhung, LMI RICE , Sept 2014

(Nordborg and Weigel, 2008)

Phenotypes

i r_
lllr | II |
Tinh tl'ang 36 ‘u’O’ng ]:I

Thiét 1ap cac link
thong ké

Tim quan hé twong quan giitra alen
va mot dac tinh nao doé

QTLdetection
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Danh gia kiéu hinh ré cua bé giéng Iua ban dia Viét Nam

« Danh gia chi tiéu:
10 tinh trang ré va
3 tinh trang than

« Xtrly so liéu bang
chwong trinh Excel,
XLSTAT, SAS.

Tai bau 16 cm x 80 cm
Cat+ NPK 5:10:3 (20 kg/1m? cat) Phiing Thi Phwo'ng Nhung, LMI RICE, Sept 2014

QTLdetection




Phdt hién QTLs quy dinh sw phdt trién bo ré

Piskien by Chromagsme for NCH_2

......

« Association analysis done with Tassel

« Mixed modelwith control of structure and
kinship

« Markers are significant at P-value <= 1e-04

Phung Thi Phwo'ng Nhung, LMI RICE , Sept 2014

QTLdetection




Detection of candidate genes

P-\Values by Chromosome for NCR_2

B

2a

Found 889 genes . Number of crown roots
for all QTLs 1.00F-06
412 genes 1.00E-05 - = e
predicted function z ﬁ
1.00E-03 - >
1.00E-02 > ¢ 3 $ ¢ : miom | immom  mmems
1':]-][[]] (B - 3 4 = 5 L] Te g ¢ 0210 ™11 12
1.00E+00
(1] 1000000 20000000 0000000
*. Significant marker’s position
50 kbp
£ > Candidate genes detected by OQTLs
| I o
+ ¥ * # ok +
—i-HH
2540 kbp < >EIIJED kbp
<€ ] F-Box NN | - 11—
8940 kb 9026 kb
-expressed protein

-known function of protein

QTLdetection




Danh gia kha nang chiu han cua bé giéng lua ban dia Viét Nam

ngirrllg twéi 3-4 tuln twéi nwéce tre lai 2 tudn

c?y 6-7 tuan

S

2 tuan sau khi twéi nwéc trd lai

Trwée khi ngieng twoi 2 tuan sau khi ngirng tuéi 4 tuan sau khi ngl‘fn_g twoi

» Chitiéu danh gia:
« RWC = ham lwong nwéc twong dbi trong 14 sau méi tuan
« Do cudn la

« PO khob cua la
« Kha nang phuc héi sau khi tw¢i nwdc tré lai 2 tuan

» Xac dinh QTLs lién quan dén kha nang chiu han???
» QTLs ré cé cung vi tri véi QTL quy dinh tinh chiu han???

QTLdetection




Phenotype describe by R

The correlation between traits (full panel)
& The heatmap and corrplot show
& & . .
e e 2 big groups of phenotype:
PlantW_bf ad . .
Plantw._att| @ ® ; . 1.  score correlate with weight
< of plant before and after

ScorT4 =i
SN stress;

Dé
e
ScorT1 . cf
ScorT2 00 < o
XX 1 ) o 2.  DW,TW,DW correlate and
the correlation really close

ScorT3
in each time sampling

RWC_TO
AWC_T1
recover
DW_TO
FW_ToO
TW_TO
DW_Tz2
Fw_T2
TW_T2
DW_T1
Fw_T1
TW_T1
DW_T3
FW_T3
TW_T3
RWC T4
FW_T4
TW_T4
DW_T4
AWC T2
AWC T3




GWAS by TASSEL _ Sampling TO (full panel)

P-Values by Chromosome for FW_TO P-values by Chromosome for DW_TO

]
-

] A0 Py [T ] (LT 110054000 LT ] L0 - L 0,400 Bt o 130 B4 e B DO a9E 10001000 Ll L] L 0

Pt Poilten
[Frer ey ass i-7en g anmiiey [Fr e cd a=dci-7en1na10m1 00
P-Values by Chromosome for TW_T0 P-Values by Chromosome for RWC_TO
3 1
& oy
LR
[ ]
L
LB
.
" _”" = "
3 » 1
; 241. ™ e
. :
. i E“"l at {
. -t = e -
. Pa gt F L
i Fithan oo o :
" ﬂl. - i-l‘ -
Fl o A P f =
ol o® - P ~E
W Y
kg &
=4 B
1 TAENDCO  IHOMMIN  AMGSM .  IMMCOSEE POSMDG) Mcbads) R MMM  AEIE LW MOANSN (I0MMLO0D HOONSNE  TME0EEE
Piniten Poulion
[Fr e cd a=dci-7en1na10n1] e [Fr ey ey a=sci-7epanal0mileiz

TW_T0,DW_TO0, TW_TO have a strong maker in chr10,
RWT_TO0 have maker on chr3 and 4.



Danh gia kha ndng chiu mdn cua bé giéng lia ban dia Viét Nam

> Chitiéu danh gia:
 Panh gia mirc d6 chéng chju man
« Ham lwgng nwéce trong la
« Hamlwgng Na va K trong la

SEST SESE SESY SERS SEST

SES Score

» Xac dinh QTLs lién quan dén kha nang chiu man???
» QTLs ré cé cung vi tri véi QTL quy dinh tinh chiu mén???

QTLdetection




Dénh gid khé nang duy tri nang suat trong diéu kién han cia bé
giong lua ban dia Viét Nam

» Chitiéu danh gia:
« Chiéu cao cay
- Chiéu dai béng
« Thoi gian ra hoa
« Tbng sb nhanh
« SO nhanh hiru hiéu
« Nang suat ca thé
« Trong trwong 1000 hat

I{]If ‘# E “‘I”'I."] J‘]. 1“*’??" ”rﬂ.
!

il
1

‘l‘ I.'.IIII

> Nang suattrong dieukiénhan » Ning suéttrong diéukiénthwong

®» Xac dinh QTLs lién quan dén kha nang duy tri nang suat trong dk han???
®» QTLs ré c6 cung vi tri v&i QTL quy dinh kha nang duy tri ndng suat trong dk han???




CAC CA NHAN THAM GIA THUC HIEN

GS.TS. Do Nang Vinh,
TS. Hoang Thi Giang
TS. Mai Duc Chung
PhD. Phung Thi Phwrong Nhung
TS. Ta Kim Nhung
ThS. Nguyén Thi Hué
ThS. Nguyén Thi Thom
KS. Dinh Van Lam
KS. D6 Vin Toan
KS. Ha Thi Loan

TS. To Thi Mai Huong

Qgop

TS. Brigitte Courtois

;
|
%

i

Y
L
L

GS.TS. Pascal Gantet
TS. Stéphane Jouanic
TS. Hélene Adam
TS. Guyomarch Souazig
TS. Laplaze Laurent
TS. Lucas Mickael
TS. Champion Anthony
ThS. Floran Gathignol
GS.TS. Michel Lebrun

[l e L]
._‘?-I

=¥ bpmp

TS. Doan Trung Luu
TS. Hervé Sentenac
TS. Anne Alienor

very






