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Y twdng chinh toan luan an:

Cac giong lta chdng ngap thong qua hinh thrc viron 16ng nhanh (co ché
tron thoat-escape strategies, 1ta no6i), Co ché cam &ng oxygen. Snorkel
genes

cac giong chong chiju,(co ché chiju dung, flash flood). Sub1- Swarna, sub1l
genes

Sau khi nudc |G rat di, cac giong la d6 gdy, hoi phuc kém.... Dan dén nang
suat thap, rat thap.

Thanh c6ng cua viéc rng dung gen ban lun, semi- dwarf trong chon tao
giong lUa cao san.

= Tang cuong kha nang chong chiu ngap clia cac g|ong l0a, dong thoi rc ché
cac gen Snorkel, giam chiéu cao cay, tang tiém nang nang suat hat & cac
giong lda noi thong qua chuyén cac gen Sub1 (Sub1A1 & Sub1B).



Poi twong cay trong, vat liéu, phuwong phap

Swarna-Sub1 in UP (Faizabad, India), 2008

After flood, July 31

After recovery
October 31

L: Land races of rice growing on floating islands in Lake
R: One of the cultivar (Taothabi) growing in waterlogged areas at Loktak Lake of Manipur, India
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Differences in the Sub1 loci among the submergence tolerant and intolerant cultivars. The
Major Sub1 QTL is mapped onto rice chromosome 9. Il) (From Bailey-Serres et al 2010)
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Differences within the Sub1 genes among sensitive and tolerant cultivars

(Adopted from Bailey-Serres et al 2010).
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Figure . Role of ethylene in Escape and Quiescence mechanisms in submergence tolerant

genotypes of rice (adopted from Bailey-Serres et al 2010).



Pat van de
Khi hau toan cau dang ndng 1€n, lam anh hudng tiéu cuc dén san
xuat nong nghi€p, dac bi¢t cac vung nhiét dé1 va can nhiét doi. Su
nong lén toan cau lam tan bang hai cuc, lam muc nudc bién dang
cao va gia tang xam lan man, mat dat canh tac nong nghi¢p

Theo t6 chirc Ndng Lwong Thé gidi (Food and Agricultural Organization) dy bdo,
muc nwdc bién s& dang cao 1 m, khoang nhirng ndm 50 cla thé ky nay, s& [am mat
khoang 70% dat ving dong bang sbng Mé Kong, 25% (2.6 triéu ha) dat Néong nghiép
Viét Nam va anh hudng nang né tdi cac nwdc cd vy do thap khac thudc khu vure
Nam va Ddng Nam Chau A. Theo IRRI, hang ndm hon 20 triéu ha dat canh tac lUa
trén toan thé gidi bi anh hudng béi ngap ung (flash flood).

Trong hon ba mwoi nam qua, ching ta d3 thanh céng trong viéc tim ra cac co ché chéng
chiu dién hinh, da tim ra cac gen quy dinh (Subl, Snorkel 1,2) hay cdc gen diéu khién,
cac gen lién quan dén kha nang chéng chiu nay (Adh, exp, pdc, sus,...). Cac giong lua
chéng chiu dién hinh nhw FR13A, Sub1 Swarna, ... Tuy nhién, cic giéng nay c6 nang suat
va kha nang chéng chiu van thap so véi nhu cau cla ndng dan, cla thyc tién san xuat.
Mat khac, co ché chéng chju va tuong tac gitra gen, (nhitng diéu twdng nhu d3 biét) ...
van con nhiéu tranh c3i, can gidi dap, can &ng dung thanh cong hon nita



Pat van dé

Cac nghién ctru gan day cho thay, cic gidng lia noi (deep-water rice) co co ché
tron thoat (escape) vwon l6ng nhanh trong diéu kién ngép sau, lau ngay. Dic
tinh nay dwec diéu khién béi cac gen Snorkel (Hattori, 2009;Nagai, 2010;
Nishiuchi, 2012)

Mit khéc, cac giong lta chiu ngap trong vai tuan (7-14 ngay) ma khong ¢ su
vuon cao cua long va than, co ché chiu (quiescence). Pac tinh nay dugc dicu
khién boi cac gen Subl (Subl1A,B,C) (Xu et al, 2006)

Trong luan 4n nay, chiing tdi tp trung vao ting cudng bicu hién cua cac gen
Subl dong thoi tre ché hoic bat hoat cac gen Snorkel (cao cdy) lam giam chiéu
cao cdy nhd d6 lam giam kha ning bi d6 sau ngap, tang ty 1¢ song sot, va cudi
cing nham ting ning suat hat cay lua.

Bang phuong phap chuyén cac gen Subl vao cc giong lua noi thong qua vi
khuan Agrobacterium



Cac muc tieu chinh

So sanh dac tmh phan tlr cua céc gen cd lién quan dén kha
nang chiu ngap & cac giéng lda vuing Dong Bac vdi Swarna
(negative control) va Subl1 Swarna (Positive control)

Tang cwong biéu hién cac gen Subl va uc ché cac gen
Snorkel théng qua chuyén gen

Xac dinh cac dac tinh phan t&r cGa cdc dong chuyén gen, xac
dinh va danh gia biéu hién Molecular characterization of
transgenic plants for stable integration and expression of
Subl genes

Danh gia kha nang chéng chiu ngép cda cay lta chuyén gen
dudi cac dieu kién ngap. Evaluation of transgenic rice for
submergence tolerance under contained conditions



Phuwong phap



KET QUA CHINH
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Figure 1. Synthesized (Genscript) Subl A1l gene and protein sequence. ATG- start codon,
TGA(***) Stop codon.
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Figure 2. Synthesized (Genscript) Sub1B gene and protein sequence. ATG- start codon,
TAG(***) Stop codon.
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Figure 3. Construction of pCAMBIA1300enh35S SublAl

Plasmid pFF19G was digested with Pstl and removed GUS (uidA4) gene by relegation to create pFF19. Plasmid
pGenscriptSubl Al was digested with BamHI and Sacl enzymes to release sublAl gene fragment and cloned
into pFF19 plasmid digested with same (BamHI and Sacl) restriction enzymes yielding pFF19 sub1Al.

The EcoRI - HindIII fragment containing 35S promoter:35S enhancer:sub/A1 gene:35S polyA was taken from
plasmid pFF19 subl Al and was cloned into pPCAMBIA1300 at the same sites to give pCAMBIA1300 enh35S
sublA1l vector.



BﬂmHI : KEnI

35S enh 35S pro 9 35Senh 35S pro PolyA pGenScript sub1B
pFF19 G pFF19

Hind 11l BamH | Kpnl EcoR |

5S enh 35S pro sub1B ronA |

P_I§>>—

pFF19 sub1B
Hind 111

v EcoR |
Lss enh 35S pro gupiB PolyA ]

—T§>—
Hind Il ;EcoR |

pCAMBIA1300
v

Hindlll
Bamkl Kppl EcpRI
5Senh  35S-pro T sub1B rponA Cf)

e I ) —

pCAMIA1300 enh35S sub1B

Figure 4. Construction of pPCAMBIA1300enh35S Sub1B

Plasmid pFF19G was digested with Pstl and removed GUS (uidA) gene by relegation to create pFF19. Plasmid
pGenscriptSub1B was digested with BamHI and Kpnl enzymes to release sub1B gene fragment and cloned into
pFF19 plasmid digested with same (BamHI and Kpnl) restriction enzymes yielding pFF19 sub1B.

The EcoRI + HindIII fragment of 35S promoter:35S enhancer:sub/B gene:35S polyA was taken from plasmid
pFF19 sublB and was cloned into pPCAMBIA1300 at the same sites to give pPCAMBIA1300 enh35S sub1B

vector.



Characterization of Sub1 locus in the North-East rice cultivars

Figure 1.1 Comparison of growth among different rice cultivars grown in North-East
region of India under (A) submergence conditions and (B) under normal conditions.1).
Swarna, 2). Sub1 Swarna, 3).Murshi, 4). Taothabi and 5). Khongan.(C) Submerged plant
height of all rice varieties in the comparison



PDC2 PDC4 M M ADH1 ADH2

RAMY3C

Figure 1.2. Agarose gels showing the PCR amplified products using certain gene specific
primers



EcoRl BamHlI EcoRl BamHI

1 234561 23456M 123456123456M

Probe: SUS3 Probe: adh1

EcoRl BamHlI EcoRl BamHI

f 11 1 r 1T 1
123456123456M 71723456 123456
: - 3

!n ——m

Probe: Ramy3C Probe:SublA  Probe:SublB

Figure 1.3. Southern hybridization analysis showing variations at the Sub1 locus among rice
cultivars where some are tolerant and others susceptible to submergence. 1). IR64, 2) Swarna,
3) Sub1-Swarna, 4) Murshi, 5) Khongan, 6) Taothabi/ Enzymes:- E: EcoRl and B: BamH1 M: A
DNA Marker.



Development of efficient Agrobacterium mediated transformation methods
for fast recovery of transgenic rice from North-East region of India



Transformation of Sub1A1 and Sub1B genes into Taothabi and Khongan
cultivars and characterization of transgenic lines for submergence tolerance



TAOTHABI

KHONGAN

Callus
induction

Co-
cultivation

Selection |

Selection Il

Regeneration



Két qua phan tich Southern Blot




Giai trinh tw RNA (RNA sequencing)

Total RNA
&
Purify poly(A) RNA
4
Fragment poly(A) RNA
“
Reverse transcription and 2nd strand synthesis

Size selection

L 4
PCR amplification and purification

Figure 2. Bioinformatics analysis pipeline

Figura 1. ANA-Saq experimantal process



Alignment statistics result with reference gene for all samples

KHCA 26142978 35584161085 24512538 11154817 13757721 24118168 784370 1230438
{100.00%: ) {100.00%: ) (95.26% ) (42.67% ) 152.62% ) (92.25% ) (3.04%) {4.71%:)
KHE2 2BE04838 3538062181 25439587 11788304 13651283 24674852 TB4TAS 1165048
{100.00% ) {100.00% ) (95.62% ) (44.31% ) 151.31%) (92.75% ) (2.87% ) (4.38% )
24976702 3239350555 23B62302 9148430 14512872 22923959 738343 1314398
KH {100.00% ) {100.00% ) (94.74%: ) (36.63% ) 15811% ) 91.78%) (2.96% ) (5.26% )
26122035 3333624138 24505600 2862105 15023485 24131130 774470 1216434
b {100.00%: ) {100.00% ) (95.34% ) (37.83% ) 157.51%) (92.38% ) (2.86% ) (4.66% )
26178116 3481900609 24896962 11253849 13643113 24065844 B31118 1281153
s8e1 {100.00% ) {100.00% ) (95.11%: ) (42.99% ) 15212%) 191.93%: ) (3.17% ) {4.89%:)
ssc2 24440867 3147851301 23325207 10574339 12750868 22557389 Te7818 1115658
{100.00%: ) {100.00% ) (55445 ) (43.26% ) i52.17% ) (92.29% ) {3.14%) {4.56% )
- 25067415 092787715 23859137 9130408 14828728 23236834 722303 1108277
{100.00% ) {100.00% ) (95.58% ) (36.42% ) 159.16% ) 92.70% ) (2.88% ) (4.42%)
26175685 3342384485 24585873 9654731 15331142 24237618 748255 1189811
st {100.00%: ) {100.00% ) (95.45% ) (36.88% ) 198.57% ) (92.60% ) (2.86% ) (4.55%)
24113722 2951402929 22883744 7137802 15745942 22066367 B17377 1229977
swet {100.00% ) {100.00% ) (94.90% ) (29.80% ) B5.30% ) 91.51%) (3.39%) {5.10%: )
SWC2 25847368 3505061210 24647045 10698621 13848424 23814109 B32938 1200322

{100.00% ) {100.00% ) (95.36% ) (41.39% ) (53.96% ) (92.13% ) (322%) {4.64% )
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Pathway

Top 20 Statistics of Pathway Enrichment for

SS5T-VS-TAT
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Hoturn

BLAST Results

Each hit on the graph below is hyperiinked to its annotation report or equivalent information if availabie.
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score=53 e-val=3e-21
LOC_0s07242510

score=47 e-val=1e-17
LOC_0s11g06770

score=46 e-val=de-17
LOC_0s05g36100

score=45 e-val=2e-16
LOC_0s05g29810

score=45 e-val=2e-16
LOC_0s03g22170

score=45 e-val=2e-16
LOC_Ds08g42550

score=43 e-val=2e-15

Hit Table

Sort by clicking (or double clicking) the column headers. The Accessions are linked to the annotation reports or equivalent information if available.
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SNORKEL 1

SNORKEL 2

Sub1A-1

AB510480.1

AB510478.1

AB510482.1

AB510484.1

AB510481.1

AB510483.1

AB510485.1
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9653976
FR720457.1
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Location

0Os12g 40960.1 C1
(SNORKEL2)

C2

T1

T2

Os9g 11480 C1
(Sub1A1)

C2

T1

T2

0s9g 11480 C1

(Sub1B)

C2

T1

T2

1111
1182
36
47
1040
1124
44
76

KH
13

1435
1345
59
46
1152
1040
137
57

Varieties

SW

958
1287
14
28
963
1417
24
18

C1, C2: control 1,2 T1,T2: Treatment submergence 1,2

SS

785
749
11
17
1541
2037
128
66
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SNORKEL 1 (GenBank: AB510480.1)

Varieties
Location Formula 4 = w %)
5 5 =9 [ :E> T e JE>
EE T2 S w3
3 = S w5
— 2 > 1
C1 5 9 0 0
C2 12 4 0 0
Os3g 22170 = 11 5 > 0
T2 5 4 3 0
c1 498 247 270
c2 224 358 439
EAea T1 636 490 586
T2 779 590 527
C1 7 2
C2 1 3
Os5g 29810 = c 22
T2 1 17
C1 5 0 0
C2 8 0 4
Os12g 41030 = 2 0 0 0
T2 1 0 0 0

C1, C2: control 1,2 T1,T2: Treatment submergence 1,2




Figure 16. Submergence tolerance exhibited by transgenic Taothabi and Khongan T1 progeny plants, one
week after submergence . Wt-Wild type, T.A-Taothabi transformed with sub/A41. K.A- Khongan
transformed with sub/A41. T.B- Taothabi transformed with sublB. K.B- Khongan transformed with sublB.
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