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Abstract

Rice (Oryza sativa L.) is one of the main foods of Iranian people after wheat and around
two-third of calories needed for Asian people are provided by this crop. After grain yield, grain
appearance, cooking quality, aroma and flavor are the other important breeding goals in rice. This
study aimed to investigate the heritability of agro-morphological characters including seedling
height, plant height, culm length, culm number, panicle length, penultimate leaf length and width,
and quality characters such as brown rice length, width, and shape, and mapping loci (QTLs)
controlling these characters and volatile and aroma compounds using microsatellite markers. One
hundred and thirty nine F».; families, derived from a cross between the cultivars Musa Tarom and
304, transplanted in an augmented design with 6 replications and with 25%25 c¢m planting distance,
at Khunmirza region, abroad Lordegan, Chaharmahal and Bakhteyari province. In this study we
used microsatellite (SSR) markers. Families showed transgressive segregation for all characters.
The 2-parameter model of multivariate regression including m and [a] parameters was sufficient for
mean analysis of the families for all corresponding characters. The parameter [a] was not significant
for panicle length, penultimate leaf length and seedling height. The 2-parameter model of
multivariate regression including additive and environmental variance was sufficient for explaining
the variation among families for all characters. The genes controlling the panicle length,
penultimate leaf length and seedling height showed complete dispersion in the parents. The
maximum narrow-sense heritability belonged to brown rice characters (> 0.84) and the minimum
one belonged to panicle length and culm number (< 0.2). Using bulked segregant analysis, the most
number of linked markers were identified for grain shape with 5 markers on chromosomes 1, 4, 5,
and 11. The chromosomes 4, 5, and 11 had more QTL loci controlling the agro-morphological
characters. Using composite interval mapping (CIM) method of QTL analysis, the related QTLs to
seedling height (gSEH-4 and gSEH-9) were identified adjacent to RM17377 and RM24117,
respectively. The distance between the corresponding markers and identified QTLs was about 3.94
and 2.7¢cM, respectively, which are very suitable for marker assisted selection for seedling height.
These two QTLs explained 59.74% of the variance. One QTL was identified for panicle length on
chromosome 9 with a 0.3cM distance to RM24117. This QTL showed partial dominance and
explained 14.46% of panicle length variations. Two QTLs identified for culm number, 3 QTLs for
leaf width, 2 QTLs for grain length, 2 QTLs for grain width, and 2 QTLs for grain shape. No QTL
was identified for plant height, culm length, and leaf length. From the 14 identified QTLs for agro-
morphological characters, 8 of them were on the 4™ chromosome and 5 of them on the 9™, and one
on the 1% chromosome. Over-dominance action of gene was shown for some identified QTLs for
seedling height, culm number, and brown rice length. Fourteen volatile compounds such as
tetradecane, pentadecane, hexadecane, heptadecane, nonyl aldehyde and limonene were identified
in rice using SPME method of GC/MS. Thirty seven QTLs were identified for volatile compounds
on chromosomes 1, 4, 6,9, 11, and 12 that chromosomes 9 and 4 carried the most controlling loci.
Twenty nine QTL loci showed different types of dominance. No QTL locus was identified for
butyl-cyclobutane and cyclopropane. There was not any pleiotropy of loci identified for volatile and
aromatic compounds. The suitable distance recommended for use in marker assisted selection is
lower than 4.5¢cM that in this study we identified several QTLs with this distance to linked markers.

Keywords: F,; families, heritability, mean analysis, QTL analysis, rice (Oryza sativa L.), volatile
compounds



axio olee

Y doddio — Jgl Juad
Il &b (o) 2= p9d Juad
VY 5 BLS (s0es, 5 conldl Lyl 5 -1
VY e ,o Oryza  (gasses, ol -Y-Y
VY Ty sloaiss -Y-Y
Vf & S g dluais sl -f-¥
\F# Tty slaiss Cwad -0-Y
V& ol 5Tz -V -0-Y
V& ob] i -Y-0-Y
\F# Oryza sativa acgozne —#-Y
VA iy obS swliicsy, -V-Y
VA o lusLs asly psgie —)-Y-Y
A oy -Y-V-Y
v. aslo -Y-V-Y
v. ey, -F-V-Y
v. g -O-V-Y
v. U5 -5-y-y
Y als —V-Y-Y
) 0y slals —A-Y
Y Hiye o AT
YY (QTLs) (55 Slio 0uisS J,uS sloolKly g (55 lio - Y
Y¥ QTL Cosdge fpwwnd Yo -V )-Y
vo S5y Gaid g (Siwg 4525 5l eolatul L QTL by Jguo! -1 V-V
Yo Ay Hlals i3S -V Y=Y
\f2 Sy 4325 ~Y- VY=Y
Yy (S5 AL Y-V Y-
va aslllas 550 Coproz qedgid Cyemnd —VF-Y
Y4 Gy o 0 sl s (slosgs 4y jos -V F-Y
¥ QTL obaiiss gy oslitul 3,50 5 Ll sla g, ~1O-Y
v 6L S5 bg, ~V-1O-Y
¥ SIM) ool glalols Jbacis i, -Y-10-Y
) (CIM) oS o lalols Jlasis jbg,-Y-)0-Y
¥ MIM) 8> slabols Jlbacds i, -F -)10-Y
¥ QTL obacss o,0d 5 08 1356 Jelse -1 7-Y



Glee

Yy
Yy
Y'Y
Yt
Yt
Yo
\id
Yy

Y
Y
fr
FF
FF
£
£
£
\f2
£V
FA
4
oY
oY
oY
of
oY

£
£
£
£
A
A
Al

(S5 (sl KL VY-

oelll 5 xS o sl s Lol gzt sl St - VY-
DNA sla Silas -Y-VV-Y

DNA oL Jlgs -VA-Y

sk gl ey 28T 1Y

racsl sl 25Ty Jyad V1Y

o,lgnleys , -V =Y

L;lm Lglmo)bmtaﬁ)—\—Y‘—Y

oo Jyolos; (gasipes,S olSel ~Y-V+-Y

Wo,loales; JolSS g 6 dy i Y-V -Y

2o,lgnless ) bgally ayllog —F-V--Y

ke g )3 DS 5 byl slagh, ~YY-Y

Jstzme 8ol G ool g yolie ‘Sﬂ SloS 5 a5 -YY-Y
S 4325 VXYY

SRR & 8

sSse Jye ¥

O sl 5 oo i -TE-Y

(SPME) sul> 5 ol mauly ) Saso-Yo-Y

st b Lg e sals (5,155 QTL g asllas 5,50 Slas (g pdy &dlye =YY
azals elas,l-) -V&-¥

olS glay | -V-Y#-¥

e Job -Y-YF-Y

a8l Job -F-Y#-Y

Az olawxs —0-Y#-Y

als glo S5y -7-Y7-Y

B 5 sk 5 S Sl 5 Y Y5

g g olgo— pgw Juad

GC/MS oK Slasin =Y =Y

GC/MS 5l oolicl b LS 5 bl 5 (g3lulaz =) =Y
HS-SPME s, &) 4igad (53 oolel =) -F-¥

)lw)é SlaS 5 gslwlas -Y-Y-Y

S 5 lolis —YoYoY

adllas 5550 oly) o Sy s 2Lyl -F-Y
azalS el )| -1-¥-v



dxio Cylons

Al gy lis | -Y-F-¥
sy il Jobo ~Y-f-Y
Y aigs Job —F-F-¥
4l FESTIRIRVE R 2 4
al oz S Jdle Sy Jsbo -7-F-Y
al oz S Jdle Sy oye -Y-F-Y
al Sloged gy Job -A-¥-Y
al Sloged @ 2o -4-F-Y
al Sloged gy JS&-)--F-¥
4l (LSIb) bosgs wlsesl -0-¥
Al DNA ! 5eiul -#-¥
70 o0 zl 5wl DNA oS 5 CadS pwy =Y =Y
44 a3 5leT olsest -A -
77 ol glo sy STy Y
i Lo Joald i35 (s =) oY
V¥ Sobel Juloss g gy -V
v (QTLS) (o5 Slio ouisS JyuS (slaolol> 4520
A g @i — oyl Juad
\A4 Fr sl Jusls ;0 Ll (oisid G5 (omy 2 5 s2hy5 sl Ss ) -F
AA as)ye 5 0dd b3l sla Shg Lelel g laals (uiblly 4 -V-F
AA Fr lo Joold o Siloo 4500 -Y-F
AN oa> S phd)li 0,505 9 Fr (sla Jusld il lg 4505 -F-¥
7 ool 590 o T3l Aoz (o) 9 Fr slodeold coigif Goes -0-F
W BSA g, 5l eoliil b el slo Shg b basi po slo 55T o luliss -#-F
VA b sl Sy sln QTL 4320 5l Jol> bl -V-F
WA LT 6l QTL a2 5| Jol> zls 3 HS-SPME — GC/MS 55,b 5l ooty ololis 3 slacaS 5 -A-F
Y4 6 T A -A-F
e Slolgri ~V o -F
Y &bl



b JSCs Cnw yocd
R

4

AR

Yy

Y

YA

A

M

AY

AY

AY

AD

AF

AY

15

i o ladls Jlsle Y S
Tr 5 ool laid V-V S0
i el sl YOY S8
2l (oSl condg 5 VY L) slapgisns,S 5, 2 Ll ol 5 o Sl (sla 58T )Y IS
lops)9es,S 59,
gl B Sl Emaz 50 (I cpally Sundg 5 Comer oSk By SlaJeld Slsl 3 sy VT S
(azalS) ;0 ks
)| S 5l Cmezr )3 (B (nlly Cundy 5 Coner (oSl Fr slaJeels Slgl 2wy Y -F S
(oL3) &gy
Ll 515 5l Comez )3 (MW (pally Cundg g Comexr (Sl Fr slaesls Sl @y T T JSCS
a8lw
Jsb S5 5l Comezr )3 (W (nlly Condg g Sune (Sl By ladesls Slol8 95 —F -F JSCo
g
Sass Sl Somezr )3 (I (pally Condg g Cuner (oKke Fr slaJeld S5l 3 @5 —0 -F S8
Jsb B 5l Somezr )3 (W (nlly Condg 5 Somex (S0l Fr ladels (Slgl6 @5 —F -F S8
pzn S r 8l S n
2o 5l Same )3 (W (nlly Candg g oo (ke By slaisld (SlglS sy -V Y S
pzn S r 8l S n
Jsb B 5l Comez 50 (B ually Cumdg g Come 250k  Fr slaisld Syl % @59 —A ¥ S
(Sloged i) ails
25 5l Same )3 (W (nlly Candg g oo (ke Fr sladisld Syl S @5y - -F S
(Sloged i) ails
Al Camez 50 (B pally Cundg g Comer (ks Fr ladels Sl 2 @je Y ST USS
(Sloged g5, ails JS&
5 RM23145 02 « RM23134.5la 55121 & bgsyo codlly sl ¥ 5,7 U5 5,580,550 VY —F S
L06
BSA s, jl oaliil L ails JS b Lo o b0 o lolids (gla 55T olSls )Y —F IS
BSA Ubs, 5l ooliial LY 5 )lads syiges,S 5 o ololid slo,Sel olSyls —V¥-F S
BSA s, 5l oolinad ¥ 5 )Led pgise,S mond mlolid 56T oyl —VE-F IS5
BSA s, 5l ooliil L 5,lad pgi30s,S goy p2 oo ololits gl ST olSole —VO-F S
SPoslitad bV 8)le 50,8 2 byl 950 slaSis b badpe oad asbis S51 V7 -F S
BSA (b,
ookl L VY pgi909,S 1 (bl 9)50 sl Shg b Lo yo sal anslil sle 55kl ool — VYV-F s



dmbo Oyles
V-4 (CIM) S yo glalols g, 5l oolaiwl b azalS glas | (gl QTL 430 5l Jol> Jlogai VA =¥ S
95 2 ol ez bly e 5 428LS el )] (6l ot oLulid QTL & bgy e jloges -V -F JSC3
V- A p9390955
110 QTL a5 5l oslinul L ) pgpms,8 5 oo bl QTL olSe —¥+ —F IS5
W7 QTL 4325 (bl 2 ¥ pgiges,S 5 oud (alolid GlaolSlr (S -V -F IS0
L 5,Led p93909,S 595 2 sir 90 ST b b e oad plulid slap e -YY-F S
YA CIM g, 3l eolaxul
N Sl Jeigi oS 5 4y bgryo ald Yo ¥ o5 4y bogy o l,S55)I5 -YY-F IS
SI5bokey 5o ead olulis s Al Gl l38le 5 Jawgs (o0l a3j7) odd 00 xS als ~YF-F o
A Veo¥ nd) 4 bgye (42.85) /- V0
a5 l38le 5 aSlsuliS” o 59340 (Nonyl Aldehyde) ool g oS 5 4 by e oledbl -Y0 -F S
" (Cales 135) Cosl o0 dglin Y1 —F S5 logei b
VAVAY ()55l e ol siles,S sl a8 api (V) ¥ sl 4 Logye ol S5iles s —VF ¥ S
35 (k) (CAMPene) (puieS oS5 435 5 (o) Bl oS5 Ko plyis @ (ko
\Y- 1 lesl oS 5 a5 b (FAY) ool o ailis
WA+ s losl o) plySsiles,S om0 alf apjs (I & Jusls 4 bosyn pl55Lo,s YV ¥ S
3L sl 4liS a5 (mb) H9heS oS 5 w328 (dawg) il oS 5 Sy e 4 (aido
Y s ol oS 5 a5 L (/35)
YYRA ol olop) plislesS was als s (VL) Y Jusls a4 bgpyo ol,S5ilas s YA ¥ S
Benzene acetic ) auw!l Seiw! i cuS 5 a0 (dawg) eliil oS 5 SO lgie 4 (addo
\YY 18 wlil oS 5 a5 b (AAY) ol s alss a5 (5mly) (acid
YYIX A loil oo plSsilos,S s ol 35 VL) YO Jusls & Lispm ol 55es 8 ¥4 F IS
aS (L) (Pentadecane) lSoley oS 5 4520 (dawg) wbidl cuS 5 G lexe 4 (ardo
\YY s elesl oS 5 5o b (148) ol lems s



b Jguar Cow b

dxio yles
Vo S5 @59 g «sagi) @dle pgigeg)S sl oryza sladisS V=Y Jguo
\Y Oryzeae aylb o J5 ;L5Lo g epg5905,5 slowi « oLl a a 565 doaiss slasd do iz -V-V Jgo
YA Ll slaShs 5 Jsge sla,Silis woslass glgil Y=Y Jgoor
055 51y p93509,S Bled o Fhas b b ye o sl ) (sl T3l e gy 2 350 Lo Shas -¥-Y Jsor

AR IRCER VXS @L;Aj‘Lm)f)'LéT
b7 odd b)) sla Sy sl (e ;00 Lawgs ool (5155 (6 p 3 8)ly —O-Y Jour
3,909 851l 4,55l 295509, oKl 0digd 1 )ST axdad ol oolal sl 55l bl V- Jgo

A Sl sSS 5l Jols U]
Sl Jos 5 5o gy & bge Lilyd 5 e 5 tal3 Jao slojially dadus YY Jyur

vo o Jos eSiloe 2 325
Esn 52 4 oolaiul 0550 ol o g il ly Slil anloe (gl oolainl 8,90 mlie da il )l Y-V Jgas

vo Py syl ol
Sla Ty Slads o po a0 g (Bolal JolS Sl )b (bl laaald il )ly 4526 =Y Jgur

A4 ac e 0 ol b))l
M Sy bl 39 Jae ) ool U LSy Jlone slls  LanSils a8 Y-F Jpur

AR A eyl 5l ooliiul b Joe CuliS oy 5 0 picta
ayd doyd g Fo¥ 05, g plbcmge 03, (W 5| Jol> Fr sladaals (uib)ly 455 —¥-F Jguxr

o =y SRy slp Sl
“o 5 A ol 3 ol s el Jlame b & e 5 AR el ly il FF Sy

S Sy Sl 5 Jae s Fr (slauals ol 41375 5 oslisal b gt (5,0

hTA 0 i
)|9; o)b.:‘ ‘)f)LC] 3&.:)...?).:)0 r:j)s.nj; oli:l;- ‘F\ﬂ w)b JS»:J..} LgLQ;)LC] ULC)LIQ‘ —(b—\‘ de.?-

v ous oddlice Hlgs 83l 5 Uaml 5 g0
Sge s Sy sl GBS Glaosy (:0le 5 (pWly (ke 0ol QL glaosgs F-F Jouo

Yoo axlae
L Frr comom 0 00 ob5)) 8ly) slo SS9 b g 3 lsole 3, sl 55181 Sledol -V -F Jgo
Ve B8 o 50 Gl s (glodgs a3 5l oolaiul
L)i’ﬁ) )| oslawl l; <=y sl Sihe sln FYY Coroz, o oo ] WE) <LQTL JayJA Sledbl -A ¥ de.?

VVY S o glalold Slasss
VY- GC/MS ol 3o,k 51V F 03, 4 bgy o dlge 4y 325 51 Jol> (5,155 -4-F Jgu
\Y¥  UA-HS- SPME- GC/MS o9, 4 b Jeld ;i 45555 5l Jol> oads olulis glocuS 5 -V -F Jgux
Slabols Jbasis by, 5l eoliiwl b jase g )13 slacaS 5 QTL ayjow 5l Jol> mls -VV\-F Jgox

YO S yo



\Y/\ ol ‘S’LAJLAAJ ‘S’LA.Q.MAJ LngMS)J d.; Jay).c ol ‘S’LAJLAAJ LgLQoLi:L?- Ls‘)" Lgolg(wm r:l.:—\Y—\C de.}



Jol Juas

EPRY-T)

50, Lo A s 5958 0 Ll FIA 51 Slam Coume Yo ¥ Lo B aS 098 oo 0,90 il oo ] o138 5L
S V00 Ol 4 Jlax sl Sl @ M i (eir 2188 5L el jolaie 4 cnl b g
5 2lep g ol Ol 5l ol Sl ol ed 4 altace 0l (Y0 04 () San 5 gole) ol asils [ali8l S
Cial (glym ptn Ely5 LS 90 puiS g g uled oo St azu] 1 S0 |y g Lol i gamme b wlie
03,5 Iy Cumgas (65,31 805 wal b ae Sy (s @ @ kS axwgd Sl o (Hly ] (Gl jo 0SS o0
(Oryza sativa L.) g, 5l Lewl 08 50 55 9,50 (5550 pga 99 990> .(V22% (536 Y220 (5 2N) IRRI) ool
Sl Syl o))y Lo go,m 70 51 yieS am 81 il oo il miee slalaE 51 paiS 5l am 5 995 oo (el
Ol 45 a8 oo Slml (Glez RIBN b )3 Cunex bawgi paiS g min ln a4 g, SLOlE (g wsdi e
u...al_’ LYY Jlo U Guiion 9590 Coraz (S 9590 Comax 1.0°) 0,Lde ¥ (6551 ¢ gl oL g0
T oS sl g oy 6, ws jo placd iy sams (Sl g caelyy jo > jlows Ol s oS
39SV el Gt 50 @ S @ (6t slacadlad o0l abl o (559000 ST (gl (Ll Lasgs
99 § Sz) el 0uls yomie (Jlods a0 OV U g a0 T Sldlae oo by Lis 0gx U Jleds
(Va9
IRRI 5l o ools (555 Ll Gulsl 1 Yo o8 Jlo yo Saild o5 oyseles YI0) Jpamo cpl adss
S 5l e o2l s B ke all 2 5 ape5 35 4L 5L sl ol 525 5 (- - A)



Slpolo Ll b (59,5 pal 3 (S 5wl Jgame (nl Gln @995 & o) Sl 00,5 o0 9l H5iS
il e S OTAY (S 5 (s ,) s yism A5 & (5555 Sl 055 limn el oo )
St S IRl gl el lesl cnl Ol BYs o)l 518 ely; plals S b Cod puiS g mip Jgae
5 Mol el BB gz aiBl oo e Slo 15 5 ey 9 2 e GRalS e Slas 5 Bl g
iilndge) 9y LS 1) a8y oy slacs,sld LS oS oliia 4 conl oY a4y g, SLOS (05 pal B
ol A ol ol Sal, it 5 oo kol ol 51 oolisl b iy Jgeame algs igldl Ll (Y- -4
OYAY olel) il oo Gon

0352 deka 5 (5975 ol 3 Shae Gl 5 e Slao &l 0920 5l ails Ml b)) 23l s
G390y OIS (e S0lBa 4 GLlE SS e (SNl slaty, STy (b Sz hyaebin )
=8 s o3yl o bl a0 5l aaledol pmile b Ll (6,55 S5 590 5l eolainl b Coman S slo (S
=iy O (Heritability) (g »dyd)les syl wpe G285 Sy sl (b BB (Dol sl ) s
oy §pdadlas Col (nisi g s sla i)l G bl )l 4z 0 0atiS (o oS wienl ol eassS
T 4S5 elly Ul see g 09 o0 s pally 5l a8l U (sla ) ahesgy 45715 e Sl (Sl
SLORAY (S S g s8I 5 VAAR 3sSI) WS o by el Lol oy oyl 33l Ol il Lo 4y o)lss
Cpod (0l coeo Hl (il GBSl (as Ll (o ool o)1y Slas s jo Olae (S5 (Siuson a5 L]
2 eab oyl Slas aST s )0 S Sl st Jol (pl p Coeal (nl 555 oo )13 WST 390 6 pdyilg
o Sliws sl Wgd oo Dlhe (S5 (Sunen (uildg el wrdl axdls (b @ pducdly el
S oo ool Sglitie sla s, 5l 0 ,Shas Lhal5dl b La po 5 35 Slao &,ls5 0y 4 by po el
OYAY o), 5ad 5 sow> )

9450 S 0 (2LS ol e olulid gl oDl (lye 4 il o (B, Gl S
sl S5e . (VA8Y () Kan 5 j5loyalse) wigh eolatwl ey LS sgun sloasly o Sl glo asLi
WS aUsSh el wigd s oolitul gy o Folia Lawgs Gl slaasle oy 4 Yoons a5 5,
bl (o395 9 il 5 03,28 leaBgS () 5 olisS GS  cawgte (Jiazy (pSore laadle
il 5 197020 BUE) (53515053 0590 )3 457 (Slalllas o (j95 4 @iy (iSTy 4 da Sy (nl Cuesl
elais F e o (VRSO 5Kz 5 o 5 VAPF R A8 Fabc Kix) LalS iy 5 (1AVD
5 213l oisS (s cae a0 0350 il gz 4 (oB)l 055 sl Ygame SN0 00,5 o b e
g pedlie cpl (Voo ¥ (sllo g Corol) QS oo (530 4ol p caiils wuily «(Lodging) )9 5l (605 ol> o>
505 5w g dxwgi 4 (ge5u 4y el 0ols 1,8 50 Coni 1) was (golpay sloacl p soled (goliay Glaal
O8RY (5l) Caslos,S ol 50 123+ B1AFF claJlo b |, iy e o,5las caiily sy o6

5 $ldsz) 09 oo 48,5 Hlai 10 iy (golFA i Bad (regd laie 4 Ao CoalS o Sles 1 oy
5 Gy 00 i 45 ey S 6l g (Vo A) ) Sen 5 SlshLeT sloazaS Lulul 55 (122Y LGl
sy S (g alls all (5 Lol 03,5 53 2 lgi e il o led 008 e bags (] Cadgie



