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Abstract

Rice (Oryza sativa L.) is one of the economic grains that are used as important sources of carbohydrates
in the world. A fragrant cultivar ‘Khao Dawk Mali 105" (KDML105) is the most popular rice among Thai and
international traits. It is therefore, commonly implement as the main rice genetic resource for breeding program in
order to improve novel properties of trait with higher productivity and better nutritional values. ‘Mali Daeng’ (MD)
rice has been previously identified as KDML105 mutant, which was characterized by its red pericarp at seed coat.
However, there was no previous report showing clear identification of the genetic differences between both
cultivars. This present research is the first report that reveals the structural genetic differences between KDML105
and MD rice by using simple sequence repeats (SSRs) marker. On the other hand, the differences of proteomic
patterns detected in grains using Gel.C- MS/MS shotgun proteomics were clarified. The results showed that
KDML105 and MD had different genetic characteristics. The differences could be found on the chromosome 4, 7
and 10 by using the SSRs molecular markers from 4 pairs of primers, namely RM241, RM11, RM481 and RM304.
Moreover, different protein expression profiles were observed in rice seeds. Among the 342 identified proteins, the
expression of proteins ( 3- ketoacyl carrier synthase Ill, UDP- glucose flavonoid 3- O- glucosyltransferase and
glycosyltransferase family 61 protein) that related to biosynthesis of fatty acids, phenolic compounds ( flavonoids)
and antioxidant activity were increase in MD. The results suggested that both varieties had different genetic

backgrounds and can be distinguished by using SSRs molecular markers and MD may have higher nutritional value

than KDML105 rice and suitable for promotion of planting for rice export.

Keywords: Khao Dawk Mali 105, Mali Daeng, molecular markers, SSRs, proteomics
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Tastalanusient Falwsnaduas SSRs (Rice Microsatellites; RM)
1 RM9, RM84, RM212, RM302
2 RM6, RM110, RM207, RM213, RM279
3 RM7, RM168, RM251
4 RM241, RM261, RM280
5 RM31, RM153, RM164
6 RM111, RM190, RM253, RM276
7 RM11, RM295, RM336, RM481
8 RM38, RM149, RM310
9 RM219 RM257
10 RM228, RM258, RM304
11 RM21, RM229, RM287
12 RM12, RM20A, RM247
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UK) 21414 14.1-97.0 kDa ﬁﬁwﬁmﬂwmﬁlu%”um@LLﬁi@:%yumﬂfaﬂﬁqmauvLsnﬁtrypsin ANNATN17289 Maksup et al.
(2014) udasili/IngRlEannnsdeslaaLdinieees Liquid Chromatography (Ultimate 3000 LC System, Dionex,
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Differential Analysis software (GE Healthcare Europe GmbH, Freiburg, Germany) (Johansson et al. 2006; Thorsell
et al. 2007) ‘lu%umu?ﬂﬂﬂvlwm‘ﬁmmmmmﬁ@uﬁu%gﬂﬁm@ﬂniﬂ 90% tannzitlIngan 10% AuandAINULANFN
fuluwsiazieteazgninndinszifag gaudieys Mascot (Matrix Science, London, UK) (Perkins et al.,1999) uaz
nniniBaumeullsilenvesnedailuuuuninasnanuuy Venn diagram laaldldsunsu jvenn (Bardou et al.,

2014)
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QL@?W:‘MWJHLm'ﬂwmﬂimmmmu simple sequence repeats (SSRs)
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‘ﬁlaLm‘ﬂxﬁu@:?zmﬁm%’ﬁmqu 342 Wsfu (10T 2) fsRuinuwiuiuludinar 2 Wug 21101 291 Tilshiu usd
Tﬂ?ﬁu‘ﬁlwuL@WW:TMLN@“@%QW‘LATB‘: KDML105 /112t 27 Talsiu 18un chromosome condensation regulator, RCC1
repeat protein (gil657399281), expansin-A1-like protein (gi|657404458), galactose oxidase/kelch repeat protein
(Qi|657399966), peroxisomal ( S) - 2- hydroxy- acid oxidase GLO1 (gi|657398880), FO F1-type ATP synthase_ beta

subunit( gi|657405681) , 3_4- dihydroxy- 2- butanone 4- phosphate synthase( gi|657400075) ,0s0 1g0319200
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(gi|113532418),SNF2 family amino-terminal protein (gi|657379707, carboxy-terminal region remorin (gi|657384763),
lipase (gi|657405566), DUF3595 family protein_ partial ( gi|657404648), cytochrome P450 family 709 protein
(gi|657379610), DNA replication licensing factor MCM8 (gi|657379678), frigida- LIKE protein (gi|657399858),
Isoflavonoid glucosyltransferase (Qi|358348234), glutathione S-transferase (gi|657379669), actin cross-linking
protein (gil657374313) way hypothetical protein 8n 10 TRA Imﬂiﬂiﬁudqu‘l,uaaiﬁqvl,sim‘muﬁﬁﬁﬁ oA luLian
LLﬁwudﬁﬁTﬂ?ﬁuﬁ'Lﬁmf’ﬁmﬁuqmmmqmmﬂmLu@“mﬂgj%w A8 Isoflavonoid glucosyltransferase wae glutathione
S-transferase %IqLﬁlﬂﬁmﬁumiﬁqLﬂiﬁ:ﬁ*f\lmifm@aﬁLL@xnﬁiﬁ’]u@gHaEmz PNAL waznudnfiTusfufing
e zluinaninaWug MD a1uau 24 Tushu THun B3 domain transcription factor (gil657378011), vesicle-
associated-like protein (gi|657399673), receptor serine/threonine kinase (gi|355518822), HAT family dimerization
domain containing protein (gi|357521159), tRNA(his) guanylyltransferase (gi|657380415), transcription cofactor_
putative (gi|657400415), hopanoid biosynthesis associated glycosyl transferase Hpnl_ partial (gi|657367809),
Aspartic proteinase ( gi|357511709), frigida interacting protein ( gil657397943), heat shock 70 kDa protein
(gil657377609) , ABA response element- binding factor ( gi|657399548), IQ calmodulin- binding motif protein
(gi|657402637), vacuolar protein sorting-associated protein (gi|657404887), disease resistance protein (TIR-NBS-
LRR class) (gi|657394121), plant/ MNA5-17 protein (gi|657385186), F-box plant-like protein (gi|657404739), DNA
topoisomerase | (gi|657394712), signal recognition particle protein (gi|657378995) was hypothetical protein an 6
THA (m‘wﬁ' 2) Imﬂ‘ﬂﬂsﬁuzﬁfm‘l,m&iﬁwuluﬂzjm?fﬁﬁ:immuﬁﬁﬁ%ﬂmu‘lumﬁmLﬁuﬁu wrivneldsfu L Aspartic

o

proteinase WluaulmdtaslUsAuteananaadasfunisinsnasiuluwdnld wananninudnildsiuniszdunns

wansaangInInNdn 4 Wi luwdsdnaiugnane MD Waauiudnaiug KDML105 a1uau 53 Tilshu (119797 2) uay
lsAunszaunisuaniaanginnnndn 4 wirluwandnowiug KDOML105 Weinauiuiug MD anuaw 111 Tussiu
(Supplementary file 1)

KDML105 MD

24

i 2 Tdsiunnulumdadnaisunndiuou 342 Tsfiu wuluWug KDML105 waz MD 41uau 318 uay 315 Tilshiu

Aua1AU uarllsiunulumandnarisaesiugiaiuu 291 Tlseiu
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KDML105 911491 53 Tl3fu

Relative protein

No. Name of proteins Protein ID ID Score  ANOVA p MH+ (Da) Peptide Expression*
KDML MD

1 signal recognition particle protein gil657378995 14.650 0.013 1445.769 MSNEILINKEVR nd 12.536
2 DNA topoisomerase | Qi[657394712 26.040 0.014 1602.735 DVLNALDNLVRPNR nd 8.599
3 F-box plant-like protein gil657404739 18.590 0.026 1264.652 HLILKTQMHK nd 7.805
4 hypothetical protein MTR_8g027390 gil657372852 21.820 0.050 1655.066 KAELWNVMKRR nd 7.404
5 D111/G-patch domain protein gi[657394372 28.160 0.000 520.932 TGQVYR 2.048 9.330
TCP-1/cpn60 chaperonin family protein gil657401569 16.270 0.023 1777.406 DKEQVISRMKAAVASK nd 7.103
7 hypothetical protein MTR_5g029875 gil657384438 1.470 0.014 549.607 ASKED nd 6.794
8 plant/MNAS5-17 protein gil657385186 16.610 0.011 1394.385 MFTEGLDKNALR nd 6.726
9 disease resistance protein (TIR-NBS-LRR class) gil657372201 11.880 0.015 945.499 FTMQIYK nd 6.550
10 vacuolar protein sorting-associated protein Qil657404887 11.970 0.025 1677.165 DFVKKLNSLPEMTR nd 6.178
11 hypothetical protein MTR_4g070750 Qi357473371 7.190 0.001 703.664 AIKGTSK 1.576 7.701
12 transmembrane protein, putative Qil657397942 14.180 0.012 1643.946 GNVNEGANAEEEGPQK nd 6.103
13 FAR1 DNA-binding domain protein Qi657394394 1.520 0.036 594.574 VFKSI nd 6.086
14 ribosomal protein S14 (mitochondrion) gi[110225714 16.480 0.029 1047.038 SSITQIKNR 0.311 6.366
15 1Q calmodulin-binding motif protein gil657402141 10.630 0.020 1444.720 TSKWLRNLLKGK nd 5.909
16 hypothetical protein MTR_020s0019 gi[358343760 2.520 0.002 568.452 AAHGGR 2.102 7.806
17 ABA response element-binding factor gi|657399548 11.250 0.001 1468.762 MMKNRESAARSR nd 5.685
18 heat shock 70 kDa protein Qil657377609 12.950 0.031 842.080 MYAAITNATK nd 5.514
19 red chlorophyll catabolite reductase Qi[106880178 8.010 0.029 1396.221 EAAAARMPSLAHR 0.222 5.679
20 frigida interacting protein gil657397943 20.190 0.000 679.423 MSNIELQR nd 4.538
21 cytochrome P450 family 88 protein Qil657401706 20.160 0.039 949.113 KGLMAREK 2.778 7.102
22 hypothetical protein MTR_8g100060 gi[357520597 7.220 0.032 536.198 MVVDG nd 4.197
23 FAD/NAD(P)-binding oxidoreductase family protein gi[657380421 9.200 0.042 1454.180 SSYGTSRKSILKK 1.324 5.514
24 magnesium transporter MRS2-like protein gil657399476 23.810 0.033 1184.050 EYAILLNLGSLR 4.469 8.536
25 F-box/LRR protein gi[657402247 12.090 0.009 1594.533 SDDELFAIAKSMPR 1.365 5.401
26 Aspartic proteinase gi|357511709 11.410 0.015 860.206 MRIGLQK nd 3.833
27 3-ketoacyl carrier synthase I11** gi|657400458 10.310 0.002 1888.762 MANASGLFSTPYTPNFR 5.395 9.001
28 LEMS3 (ligand-effect modulator 3) family protein gil657398316 2.370 0.038 520.303 KSISS 3.301 6.838
29 hopanoid biosynthesis associated glycosyl Qil657367809 8.220 0.000 643.349 VSPPSR nd 3.309

transferase Hpnl, partial

30 apurinic endonuclease-redox protein Qil657402603 9.610 0.037 625.333 VPAKGR 0.188 3.481
31 ARM repeat protein interacting WITH ABF2 protein gi|657383681 3.950 0.024 667.782 FHAHR 0.950 4.017
32 hypothetical protein MTR_6g055290 gi[357498383 11.400 0.008 679.422 VSRRY nd 3.024
33 haloacid dehalogenase-like hydrolase gil657400541 16.830 0.016 986.032 GVRAAGGGGKR 5.692 8.618
34 O-fucosyltransferase family protein gi|657401604 16.240 0.027 721.386 TAPKPSPR 2.974 5.814
35 hypothetical protein MTR_7g025990 Qil357503417 16.570 0.003 615.419 DNIPR 3.692 6.524
36 inhibitor of trypsin and hageman factor-like protein Qil657403746 7.230 0.025 545.209 MPKIG 0.766 3.542
37 ubiquitin-conjugating enzyme Qil657373074 16.220 0.031 1728.872 MSSPSKRREMDLMK 5.095 7.801
38 core histone H2A/H2B/H3/H4 Qil657388238 3.840 0.041 442.499 GGGPR 2.742 5.434
39 pentatricopeptide (PPR) repeat protein gi|657380019 14.010 0.010 1105.427 RDYRLEPR 3.717 6.406
40 hypothetical protein MTR_2g031470 gi[357448667 21.710 0.012 864.978 DRISDRR 3.550 6.080
41 Myo28B1, putative gi|657400865 1.260 0.040 484.166 GGVPR 4.070 6.565
42 transcription cofactor, putative gi|657400415 14.980 0.034 1326.541 LKVFKMMLER nd 2.472
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KDML105 411491 53 Tlsfu

Relative protein

No. Name of proteins Protein ID ID Score ANOVA p MH+ (Da) Peptide Expression*
KDML MD
43 tRNA(his) guanylyltransferase gil657380415 6.410 0.000 1136.569 YTEDGAPVER nd 2.463
44 CRS2-associated factor 1 gi|657370235 17.050 0.033 1213.002 GILNQEQPSDL 6.756 9.155
45 HAT family dimerization domain containing protein gil357521159 11.960 0.000 1242.432 MATGMLSKFNK nd 2.369
46 START-2 domain protein gi|657379993 20.410 0.043 1408.503 QLIGSGFRLYQK 3.882 6.178
47 ribulose bisphosphate carboxylase Qil657371735 64.850 0.000 701.801 DDFIEKDR 1.841 4.096

large chain domain protein

48 DUF581 family protein gil657394216 17.980 0.013 906.119 VMSMVSPR 4.941 7.187
49 predicted protein gi[158283729 12.910 0.007 806.645 HLAPLTR 0.419 2.660
50 PPR containing plant-like protein gil657398931 19.020 0.031 1681.228 GLFENGFGFFLEMR 9.213 11.434
51 050190959900 [Oryza sativa Japonica Group] gil113534993 27.490 0.030 713.434 EALLSSPR 4.985 7.198
52 hypothetical protein MTR_4g033960 gi[357470579 9.480 0.001 1104.398 QLATTSNLTR 5.429 7.446
53 glycosyltransferase family 61 protein** gi|657383872 13.710 0.001 757.098 VGAIKIR 0.006 1.994

UDP-glucose flavonoid 3-O-glucosyltransferase*** gi|657398130 21.860 0.029 945.941 NNIKDALR 9.388 9.512

J . N 4 =< 1 a
* AN relative expression AR log2 value WLag nd e lainTlsfu
a dld v dl dl v o U =3 v | o
> Tﬂimuwuuu’mmmmmﬂ‘uQmmmﬂmmﬂmL:Jaml,m\ﬂms;l‘mﬂumum

*** UDP-glucose flavonoid 3-O-glucosyltransferase H3xAUNN3uAAIBANAINGN 4 Wi uiluiifinendasiuaniAmIseImssesuan

ARSUNANISINEY

b o

laqifunisAnariunainuananeiugnssuaasinainliAsasunnaluiana (molecular markers) g9l
% o d‘ o Y ddld o o e‘d’l 1o a o o/ = v =S o o ol
n1sdRsuUn Wesanugdnaninisdiudseiufiulvaddnidn s nisduguineiafieafaii warunane g
va o =S o v oa a 1 o v v dl =
AN INATANIINUgNITNgININ AeinliAnANRAnA A TuNTTUENARNLAN AN TasaNTUE LA nslErseanung
Buetaelun19UsTA N LANFNR9AN AN UENT (varietal identification) R4uNUIMANATYTuN9T98RuUN AN
wANsinasan g IR AN NAaguHuENNINET (Kate-ngam, 2003) tezasusneluanan o ldivaraaiia
AFLP, RAPD, RFLP, STS, SSR way SNP tfufiu Ingianiviasaansniamiduiadia SSR Aanldlunisdssiiu
o o ey Ao v = o A aa s @ aaa @ ¥
ARINNAINUAIENIHUGNITN BB A WUT 1 NH A InE1AeaiY Wesandstlulsnazaanuazsanidanez1d
Ween1991U 5N PCR way agarose gel electrophoresis @18190151399ANLARINLANG19 18981 ALLLA LH 49 (high
polymorphisms) AAauuaugn wazlinduefiuiuuiFunnuties (Saengprajak, 2012; Singh et al., 2010)
AINTILINUNITITUNUIIHNIFANHIAINNAINUANEN1IN UGN 99N Ta9E19 WUE MD Foenatianisld
wiseannnaluanauuLLanafeia (HAT-RAPD) uarleleainaand (ISSR) iednuuniufuasinanzinaudunus
N19RUgNIINTa9E19 1A 10 aesig (Sumrith & Thanananta, 2014) wazldALEuIBLATAINNNELLIL InDel markers
Wan1sanuunaiatiasdunng wazandeiinnlwmanuginalng 96 a1eWus (Prathepha & Srisa-ard, 2014) atingls

=3 o

Aeugsliiseunisidefi B auiiauauuansmeiugnssiaesinoiugnane MD fudinawug KDML105 A3l

NMUKTAANE I REUWHLANNLANANNITRLENITNTRIENIAIT WA naa NN sANEINLANE9iWE KDML105

waziugnane MD HAnwueniugnssnuans1eiy Ingainisonsanumsuansaunlnsiulauwian 4, 7 uaz 10
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Mlaensldimsasmaneluanauuy SSRs anlnamaianuau 4 g lHun RM241, RM11, RM481 uaz RM304 deaniilu

v
o a o Y

10% a9 lnginadianun (Nnd 1) Malaundaninsmeine 4 giinduuniasluloniivanalusesiuees Temnykh

al
v '

et al. (2000) waz Temnykh et al. (2001) AMNHANIINAABIRUAAS ITTILINEN9TUENANY MD HANBULNIWUENITNT
wlAguuladlilaindnn KDML105 LL@:mmmLmﬂmﬁmﬁuﬁ:ﬂfﬂﬁmﬁqmwﬁmfﬂﬁimﬂ?ﬁ Lﬂ%mmﬂmmmmu SSRs

u@ﬂmnﬁ”m@miﬁﬂmgﬂLmummmm@@ﬂ'*um‘llﬂ'a‘ﬁu“lum5@%’1%5@\1%\1%%*@& KDML105 uaz MD Tn2ia5
GelL.C-MS/MS shotgun proteomics wufi’WT”q 2 WugHgtuuunisuansaanaesiisfusnaiu (mwﬁl 2 LAZANIT 2)
Tnelusnunn 342 Wsdufszyaia 1y wudilllsfiuvanseiiafinestesiuandmisensresuda Tnsiannz i
3-ketoacyl carrier synthase Il (gi|657400458) Tdsmu glycosyltransferase family 61 protein (gi|657383872) wae

-

usAu UDP-glucose flavonoid 3-O-glucosyltransferase (gil657398130) wuanfszaunisuandaanluuandnawug

Do o

MD gand1419%ug KDML105 winfiu 7, 4 uaz 0.25 win annanau tnelisi 3-ketoacyl carrier synthase 111 intini
Tunszuaunisdamsziingaledy (Clough et al., 1992) TUsAu glycosyltransferase family 61 protein Finmtinilu
N9LUIUNIFUAINTIANT arabinoxylan ﬁdlqﬂmmdmmumm?\lu@aﬂmeﬁqmqﬁrﬁm@%@@mx (Anders et al., 2012;
Malunga & Beta, 2015) wazl1sf UDP-glucose flavonoid 3-O-glucosyltransferase AmtinfiAgafunsdaasey
anananTauass (Offen et al., 2006) uwandliivind inannesdinariug MD anafiiunmunsalaiu anstsznauiuedn
uaznanlauesfgandnlunanaesdnawug KDML105 ANV ARSI RARAAREITLNATH T Maksup et al. (2018)
SefnunTsflefindrasiinanfesuaziinanfassantasdingiug KOML105 wag MD finudngiluunnisudaseantas

= < ¥ 14 ¥ ¥ % :; o ool ' o d”o/ g < Y o o :/j
Iﬂiﬁlulum@ﬂ‘ﬂ’]"m@@\iLL@$°1I’1Qﬂ@'r]ﬂ\‘l’ﬂﬂﬂJ@\‘i"H']']‘VNZQ’B\?W‘LéQNﬂ’]’mLLﬁ]ﬂﬁl’]\iﬂu UBNAMNULNWLINNA ATIINUY MD 14

a

ludnaizdnandesuardtanfessenitininanstsznauiuednson uaulnloeniiu uazgnanissiuayyadasyge

'

naNAndiniug KDML105 (Maksup et al., 2018) Adtiuinandinoiug MD asdidselamimnelnguinisganandinaiug

]

KDML105 uazmsnzaensdadsaniuiuginaasegiasely

a71nans3e

(2
a o a

#1997 KDML105 uazii§nane MD HANHUENIaRUgNIsiuanseii uananigedlgluuunisuansasn

al

' v
=2 o ' o

= s v A " e e . a = o = 9
ﬂl@ﬂiﬂ?muiul,llﬂﬂmquLLmﬂ5]rNﬂumﬂiuLLQ‘ﬂ@ﬂmuﬁIﬂTmuLL@xTzﬂUﬂqﬁ‘LL@WQ@@ﬂﬂl@\ﬂﬂ?mu Eﬁ\imuu@wuqqﬂq')wqa@\?

WugHUgNIsuuaNFneiy

npenssulsznA

a o

a o o dyo < P 4 = d‘ Yo L a a o a o al
NuAtaaiuidFaaslffaad asannliuny El"‘mﬂ‘VlLL\‘IfLI'ﬂ??JN’WMLLNLLG’]MNM’WV]EH@EINMG]Z\] tlszant

q

utlsranns 2560 waraareuAnanITualun gudiugiaanssuuazimalulagdoninwrieans d1Inauimun

1
o

a - P A o o P a A A a o a
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