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[Summary]

Phosphorous (P) deficiency is a key constraint for rice cultivation. Problematic soils
like acid sulfate soil occupying 44% of total land in Mekong Delta Vietnam are known as P
deficiency. It causes severe damage to rice cultivation in the area. In order to widen gene
pools for rice improvement for the tolerance to phosphorus deficiency, genetic diversity
among wild rice Oryza rufipogon along the Mekong River in Vietnam was studied. Unique
genetic resources were found for chloroplast and mitochondrial genomes. The most
interested resources were detected in upstream areas where the highest diversity was found
(He=0.659). Some of the resources carried significant re-arrangements around
mitochondrial gene orf153 involving to male sterility. In additions, several novel
chloroplast types were detected by INDELs markers. Unique maternal lineage was detected
in downstream population due to vegetative propagation inferred from the genotypes. High
diversity in wild rice populations in Mekong Delta will give us a prospecting gene pool for
rice improvement. In fact, one elite variety named AS996, which has tolerance to acid
sulfate soil in the Mekong Delta has been established by exploiting these wild rice

resources.



In this study, genetic mechanism involving to the above tolerance was studied. AS996
is an improved variety crossed between mega variety IR64 and a particular wild rice O.
rufipogon inhabited in the upstream area of the Mekong Delta. The wild rice conferred the
acid sulfate soils tolerance into IR64 genetic background. The tolerance was due to ability
of efficiently utilize phosphorus to generate seeds and sustain yields under phosphorus
deficient condition. Hydroponic system was adopted to analyze the genetic segregation.
Both F2 and backcrossing populations suggested that the tolerance is regulated by a single
dominant gene from the wild rice parental line, which is not a gene, PSTOLI reported
previously. It suggested that a novel gene introgressed from the wild rice involves to the
tolerance would be expected.

Additionally, AS996 has about ten days earlier heading days than IR64 was also
reported in this study. Based on the genetic study, early heading trait in AS996 was
identified to be regulated by a single recessive gene donated from the wild parent. It offers
a wide adaptability to the variety that can be cultivated in high latitude area such as Aomori,
Japan. In fact, the early heading trait is the same as elite varieties in Aomori prefecture.

In order to detect the gene, molecular tools have been established. Genome
composition in AS996 was compared with IR64 using Next Generation Sequencing (NGS).
Possible introgressed chromosomal segments were identified by SNPs detection. Higher
SNPs were detected in several regions along genome. Particularly, relatively higher number
of SNPs was found in chromosome 4, indicating various wild introgressed segments.
Molecular markers were also established to apply for linkage analysis. Mapping candidate
gene is still undergoing.

ICP-AES analysis was applied to evaluate P allocations in different organs between
IR64 and AS996 grown under different P conditions. Different parts of tissues, root, lower
leaves, upper leaves, stem and grains were applied to ICP-AES analysis. Reasonable
allocations of P in physiological reproduction process facilitate enough seed production

under P deficient condition in AS996. It resulted in relatively high seed fertility (79.1%)



under P deficient condition compared to that under normal condition in AS996. IR64
showed 19.5% seed fertility under P deficient condition compared to that under sufficient P
condition. The most significant difference in P allocation in AS996 compared to IR64 was
detected in grains. AS996 did not show differences in P content in grain under either field
condition and relatively low P concentration was kept in the grains, whereas IR64 carried
high P content in grains under P sufficient condition. Under P sufficient condition, IR64
required around 9.53 mg/g phosphorus accumulation in grain, while AS996 required only
around 3.66 mg/g. Under phosphorus deficiency condition, 5.17 mg/g of phosphorus was
measured in AS996 grain, versus 4.32 mg/g in IR64. It seems the delay of heading and
invested nutrients to vegetative organs in IR64 was the efforts of sufficient P acquisition.
Thus, IR64 failed to allocate P during grain filling under P depleted condition. Seed could
not be matured and the appearance was poor in IR64. The reduction of P content in AS996
suggested that the low P requirement to bear seeds in AS996 is one of desirable trait
cultivated in acid sulfate soil along the Mekong river. The genetic mechanism for the
tolerance can also work to other delta areas where acid sulfate soil generated.

In order to know affected genes by P deficient condition, RNA-seq analysis was
performed. Transcriptions were compared between AS996 and IR64 grown under either
condition, P sufficient or P deficient with hydroponic culture. It detected a co-ordinated
expression of 184 genes in roots and 276 genes in shoot involving to various physiological
processes such as Phosphate transporter, Potassium transporter, C-glycosylflavone
biosynthesis Glycerol-3-phosphate acyltransferase, anther development, pollen formation,
and so on. The gene pathway would be clear after candidate gene is detected.

To saturate alleles of the tolerant gene for P deficiency, mutagenesis of AS996 was
established by Sodium-azide as a mutagen. Mutation screening identified high mutagenized
efficiency in the treated population. Although AS996 has long grains, three independent
round kernel mutant lines were detected such as twin, round shape kernel and dwarf

mutants. In addition, one large grain mutant and a novel mutation representing narrow



hulls and leaves also were created. Some of mutants would be used as new resources for
rice breeding program in Vietnam and also for development biological researches. The
mutagenesis can open the way to saturated mutagenized in the candidate tolerant gene.
Through these researches, genetic mechanism involving to tolerance to P deficiency
was identified and genes regulated by the candidate gene were also detected by RNA-seq
analysis. The information would be used to improve varieties which are tolerant to

phosphorus deficiency as well as acid sulfate soil.
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U VBRIIA R ICBIT 2 EHERMBEREBER THD. AT AZITEBNTIE 44%
NEEMETHETH Y, UV UMEAHIEMEICEAH T2 2 b A X FEOmEL D,
A R VERTHYEA R BREA RN D D712, Btk L EMm# CAEE T 58
A %,  Oryza rufipogon \ZOWTDOBIGHSHEMEMIAZIT-72. A>T A4k
TRIRIZB W TR b EWEEEEN GRS b7z (He=0.659). fRE~— 0 —IZ X 5
BT, MOKRHET V7 L L THaFRERKERL L EHICZI M2 R TIC
BALEERZHBHE L. S Fary R T7ICBO CUSREEE R RICEET 5 2
EMESINT WD orfl53 JELOIZ KRB iR Z RN E Lic, OB A A r4e
MoOBEEERZFIH LT, BEICERME LM 2 R 3 3kE 1 %, AS996 DNE K S
TW5. AS996 [TEFAA RICKH TGS NS AT TH D IR64 1T LKA
17T, MHEREEAZEAIINLTEY AKGmHLTIE AS996 OEIEDELMENT 217 9
BT, ELRDMMEBRED IO DAFTZN, o EEF R ir 27,

KB ERC X DiMERERIC LV, AS996 XA T At ER 1T 1 D OEME:
FICED K ENTWAZ ERHALNI o777, BEICHRE SN TWA A RALE,
fi Kasalath R DK Y BRI &S 1T D PSTOLI % AS996 3 FF- T Mg Z
EVMHLMNZ o722, Hia/eda o L0 iEEE N #H < Z L 2L T
72, F2 BESBENOITHAA REEOLSHERAE G FNEASNZZ 2B
L7z, ZORABKEFICE D F®AEHIBICKIT 51 > RSN AIRICR 2 & %
RH L.

MHYEBIE D7 v —= 2 TR T T D DTDICT ) LN 21T - 1=,
IR64 & AS996 D7 ) AZE 252 LIic kY, BAEAL xhBEAS YA KE
WMAEHE L, TALOEEIChF~—h—2REBE L. Bt~y r 73T
HCHDHMN, NGS U— K2nH b AS996 FrBIC 2 2R ~— D —&{EHT 5 2
EMIMND D THDZ ENbnoT-.

FEIENIZI T 2 U R OBIREA B & 2N 5 72912 ICP-AES oM &211- 7.
EAME T ppm LoV OBEREAZNE TE 5720, B, KALEE, EAZE FEiriRd
DEsBEEDITT, BB Y UBEL UL THE: L7z AS996 35 KX TN IR64 D JE % I E



Lo, BEsFEa ez Lz 24, HEGRBIE S A 5722, IR64 ([T L Tk d
BHEREVE R LEEDIIERRTH 7. EFmRICHE LT, AS996 X 79.1%DFE
THERIREHERF L T2, TIR64 TIX 195% ThoT-. I 5T, FhiLmZXKix
BERERTT VU EREPIEFICOT N Tholz., VUVBEETRDEETH
ST=DIX, ZAKIZBTDHI VBBETH-7-. IR64 [TIEFH X THOXIZHR L TH
WU VIRETHS 9.53mg/g 2 L7722y, KIEEHX TIE, ZXKF DU RIEEIX
432mg/g £ TR T L7z, AS996 ITEFX LKLY VX TO Y UERIREICAEN 2L,
R64 LV HIEREDY VB THRIZEKIIT VU EREIEL T ENTE.
ZORY VERERN A 3 TV X HIIC B WD TERME B A R L2 D TH A
9.

UVBERIINEBICB T DM EE I CES T 28 H2EET 120
RNAseq & T -7, B DHB 2R LIZBE FIZRIZB W T 184 Eis 1, ¥
2— FTIE 276 Bz ThoTz. TN OBMEFRICIE, UV UoBRENCEDL &
f ¥+ & L TH 5 4L T\ 5 Phosphate transporter, Potassium transporter, C-
glycosylflavone biosynthesis Glycerol-3-phosphate acyltransferase, #9782 B8 8 s 1,
R RICEG T 2B PR ENAHINTZ. Zh b OB B FEAIHEESLE O
BEAC e 5 & & bIMOBRFREIIFEMEER FICH#E SN D Z ENH LN E R
- f:.

it P4 8 A - OBEREMRNT D7D, [RIEAR - PNIZZEPRZ8 LD & & 5 N T 285K 48 B
ZITH 2 &IC L. 20k, (WFERIFRTHLT7 VT MU v L0 EZ AS996
IZhE LT, M2 HROERE R ZIT 72, ShElics Wik, 7re/, 78
)%,?4v/t/b,ki@ﬁ77%&k@%£ﬁ1u6%@M1%%@6@m
ST BEENCIB VT 720M2 RFEEAREE LIz & 2 A, BRI 272 EoBE
FOEELISNT T Kot (7. 4%) THAHRERBEZHmE Lz, BRLO AS996 O
IERZHES LT, AR B ORIE 2R3 R 2 M 3FEGZ. 121
Twin-spikelet Z8 SEMASANIZEB W CTHBE L 72720, HEOLRNE - RENICEM
SNTWDHLZERRHESNT. £, RMOER LALLM, T DI M4
DET IR —AAL RIIBTHHLWEREEME LTHHRHARETHA .

TN OBEINTRER S, XN FLAFAEL XOBEREEM & L COFRMEZ
BHOMZT 2 E & BT, AS996 DKLU U ERMHEZ Fi7=IZFE L. ZhbOEKR
fENTRE BT A%, AS996 ZIEM LKV BRI A * ERICHHATE 52 & 2
FFLTWV D,

WX FBE OKE R O E B

WEINTENETIE, 4 3RV VEIEA B REE R ED D 7 OV L T4
BT D8AEA R, Oryza rufipogon OBELGHSIEEICOWTFMEZIT 72, V—/ & L THERM



RLHAFED T ) AMERPOLERELZLRIZI PRI TO) =7 2 A E{fToTHRE LR
INDEL ~—H—DOHFMUERHA LM SN, TOY—LVEFATHZETAaV)Il EFOBEL %
EHNZRMEICEATNDZ L, ZO—HOEMR FTRICEE L2 L 2FE L. ZOREIE
FEm L ITARINZ. 7, INDEL B2 E L ZDICHIZOWTEGRIL 2, 3 ITBWVTAKRIN
7.

B A REFOLEMZFH LT, IR64 TR LAZHE LTRSS 4172 AS996 12>\ T, 1KY
VEETHYE O BB BT, KHEEEFIC L 2R VBRRISIZE Y, AS996 23 7 St
FIX 1 DOBEMBEE IS I END Z ERbhoT. RIERSEHTOKBAFEEE ITHIL, BE
P & & BT Y CEEENREOFIAM Y ICP-AES 3T M Thoiv7o. MBLRFE CORIRE, Rk W T
BE =N LN, BT 5 s REAY RNAseq (2K % DEG fiffric L W RE STz, B 5581
R LTZBGIERICEB W T 184 E\Ia T, 2— hTIX 276 iz Th-oTm. T 5 OEGE TR
WiE, VU rmiHicEbsEmF+E L TE STV S Phosphate transporter, Potassium
transporter HLARHEINT. IO OBME FREDMERE FOBEMIC/RD & & biIctho&E s
VRS T ICHE SN D Z ERALNERo7. b OBEEBFRMEEMELR TR &
DTPRIN, SHBOEMNICRL ZEfmIie. B TOREE fMMEREREDY — L E LTAL
ZERERIT L LT, 7T MU U LB L HEREMOEH & ZRBHENKALNT. BRE
FHIRI NG 1F, MEWRIE O AS996 123\ T 1/2 31 < WKL E DA LTI R e rkl 72 5 ONT rk2,
PIEN I DICR L o TRk, HROBERXNE LT Rt/ EFH L RAENRFEE Sz, kit
—J T AT — XD DEG2T6 B THEND SNP HBUHE AR L7 & 25, AS996 72 5 N rkl
Tl 2851 72 & TNZ 2885SNPs 23 FLWVZ &4, 34 BB TN D 113 O HiBl SNPs (Z2 FLARHE 0. 015%) 234
U7, &% 7 A TIL 55,987 SNPs LIERICRBME TH -/, ZOY— NI LY BEHEEBTICERE
HHETHILEDARTOHDL EfmIi. £, BONTZEEERD S L, rki FEEHRBRIZIBNT
TR e AR FICRIA S ) 2 A EEME A SN L

UEDFERNS, KEEZBRT EFRFRFLES B A ARHE L2005 SCGE R EMEICFE Y
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