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1- Quantitative Trait Loci
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1- Simple Sequence Repeat (SSR) Primers
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Figure 1. Frequently distribution of grain appearance c‘uality traits in Rice for recombinant inbred lines from two population IR x Ali kazemi
(ALIR)(up) and Saleh x Ali kazemi (ALSA)(down). A, Ali kazemi; S, Saleh; IR, IR67017-180-2-1-2. The average of parental lines are indicated by
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Figure 2. Molecular linkage map of SSR markers and position of the QTLs of three trait of rice appearance
quality in two RIL populations. R and S after q indicate the QTL of IRA and SA populations, respectively
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Table 1. Analysis of variance for grain appearance quality traits in two RIL populations in Tonkabon and Rasht regions
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Table 2. Means + standard deviation (SD) and range of grain appearance quality traits in parents and two rice populatlons in two studied regions
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Table 3. Phenotypic correlation coefficients between graln appearance quallty traits in populatlon IR/Ali Kazemi (top of dlameter) and Saleh/Al Kazeml (down of dlameter) in two

studied regions

(o) 5 Jgo (o) 5 o b JSs

(o sse) 4l Jgbo Ve AT ISV

(sreslee) il o ye A Ve — /YA
aly JSs N -+ /v Voo

44\

(s

Bauck:

M LW ¢ Koo (To ) oxciy €152 e


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-14 ]

[ DOI: 10.52547/jch.12.35.161 |

\EY

Sl gl 5| ity 4 Jgo o J5 3 ] e
Sy ) e e i ol eadplulis
GBIF (V) 55 M3 (QGLA) &> Jsbo sl slex posges,S
)8
Q> 4o ,e

GOWT) QTL dw ALIR Cumes 55 als oye sl
i oS Ab bl Sye glalol bl gy
03,5 ang |y oisid g4 5l doyd Ve/A A/ NY/A
RM1048- ,SiLis 53 o GOWT (35 e (¥ Js)
&S Jb il o Lo /Y ladedy aib o,e ials
U 9> e g peigessS 9y AGWS 5f (e 9
5 (RM1237 Sl & siges) RM5410-RM1237
RM3441- S5 95 (e 4w pojgag)S (s9) AGW3-2
Sl j) osesle oY aloba) RM5955
s il el el e Wl 5 s T (RM3441
2 ambh e Jee /YD g Ve lieds s e &l
“pige9sS 9y QTL 93 s (ope (sl ALSA Copnar
ca o 515 plolis (GGW5 4 GGW3S) iy 5 duw slo
Dol sy |y adgid g5 3l Moyd AN g NF sy
9 O 4w peigesyS 59) AGW3 55 (e (17 Jou)
Jly o)l 5 cosls 5 RM5955-RM1164 il
T2 peipesS 9y QBWS (55 plSe & Jlo 5 sl
bl el RM3419-RM5410 il 55
o deo IV Hladeas wby oie ialS cel pls Wiy )
Comar Sy w33l s adlllas b (A) o)Sad o > 50
55 B0 5 Juols (RILS) o jig5 Lalls ¥ YFY ol
L Minghui 63 5 Zhenshan 97 (cuin gy aulg
s i W o el e JsSse ,SLis YY) o3lisd
RG360- (slo)Slis (uyd O 0jled pojgessS (59) QTL
sisd Luills 5l aoys DO/AYS 13,5 luls C734b
IR alS coge ale siuljEl SIL g 08 s |,
QTL 4 (V+) ohler 5 oly 48 &l (2pe 5 yia e
ab e S Jogme colie 0 oy (AGW-D)
@ )3 allid & ojled pigeg)S 595 2 1, (GWS)
O 9 LSl plul g SBl Gl (geyn ol
))f ol u‘?}uﬁ F3Y C)'Lol Jo u9.Uaa Lgl.bu)
2 2 p9i9e9S 9> QTL 93 9 4w pigeg)s (55, QTL
Oglite SQTL Cusdgn b g cilieo (sl i i oy
RM5410 5 RM5955 .5 5e aslie ,Slts S5 | Js
9 2 > A poigesS 59y LQTL ad oble
b ALIR Cunox )3 a2 pojgagsS s9) QTL 5 Cume
Cumox )3 & peipesS 9y QTL Sy wins
Wy Loy Ll el glo Uy 5l Ll il | ALSA
o8s30 5l YA Se5j dlols b RM5955 Silis .0
Sl o ALIR Camas 1> QOW3 55 5o 4 S

a3 1,31 b ool £QTL

P Er spb cuaS Cho aw ly Gis ol o
Comox sl QTL cidn ol Lol QTL WY gg0ome
535 lolid ALSA Cames sl QTL Lt 5 ALIR
Ol @ sbpgises)S 59y » BQTL (ul (' Jo2)
)3 4oy YOIY B AD 5l oieid goid dlabd b Can g gy
Al
&l Jgb

S13 o) QTL 43 ALIR Cammos o 4 Jsb (sl
a9 4w slapiseS 59y (AGLA 5 GGL3)
5 RM3441-RM5955 (clo,Silis  Juols a» 5
Syo SMlols LKe Lbse RM8212-RM3417
oo qGL3 55 e o (Lol iuljel 3 sas ool
ogde IV 1) &y Jsb ¢ ol e Iy 51 o g 55
QGL3 Lawgi oads o3y yiudg (aigd goi wdby LinalS
@5k pojesS 9y AOLAST (e g2 Loy V- /¥
5 5 45 RMB212 ,Silis §1 o5 yge b VA alols
by 25 oms ) Cho onl (agid 55 5l Aoy YOI
VY aiesy 1, wl b JR Wy ol
&l Jobo (sly 50 ALSA Cozen jo b ili8l 2o Ls
<5 (GL5 4 qGL3) 4 S5 ol QTL &
Jolbis e m s aw slepisesS
Y/ aolba)  RM5955-RM1164 sla Sl
alolia) RMA21-RM178 o (RM1164 51 55 50 5k
[ Jsis) 535 lolis (RMIT78 j1 o5 g0 5o VY
el JEsl b s poiees)S 55, GGL3 (358
ab Job 5l pedee /A ialS coge (LIS e Al
S Iy ) ang |y g g5l Moy Ye/) &S 0
3 el Jasl by pejaes)S 9y AGLE S5l
VN Jlaiady 1y &l gb cute ailiél 5 L oo llg
Cao opl ieid g6 5l Mo yd WWF g0 [ilidl e Lo
QTL WY o jl 3o (M) (hSen 9 95 25 o |
99 5 Y VA ol L RIL cuzenr 5 > onds ololis
9 QTL 93 9 4w pgjoeg)S 55y QTL oo (Jl
3 O S WS oLl pgjeesS
Sl Aol s ilejl Jle 9 ,» qGL31
om ohbdms sd ubyly L RM517-RM473D
oS cel ol g diled doyd VV/YY U ADY
b i bs +IVE L IFY oy s s

b 4w piges)S 59, (AGL3) QTL 5> ails Jsb sl
S gt Wy 3 T L RMB955 alie Silis 5
RMB955 ,Silis .5 4l Jgb Linls camo oobolS e
Cunan 3 GOL3 b 550 Libo VIV Suj alols &S
BV I W b ‘j b diwey U lgeds «wwusl> ALIR
aw pgjgeg)S 59y 4 Jobo (lp QTL 95 cadlllas S 5
$ om 9 o Jl S)p (AGL32) (S b bl
i 4 (YY) 15 lolis PSM127 5 RM282 ,Silis
() e 9 b lawgs (AGS3) (L5 oas )55 QTL
bug 55 M3 4w pojgesS 59, AGL3 55 (e g,
&5 o eeMeay (V4) M plels K> i
osbly 5 (eee +VY) (a3l 31 cpyiie (AGLA)


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-14 ]

[ DOI: 10.52547/jch.12.35.161 |

VEA

g5 Ly b o Wlg 5l ala Il JUisl b 48 55 1o e
2 5 ol el (plS0) G b 3 403 VIO (s
(¥ Jgiz) a8 4l Jobo ials” el (cud)) 93 laes
o b ond glolis CQTL o gy AE iSany
5 S Yl &S 255 b sxe aild gyl cons caw
baomo 536 ) lag] Mzl 5 35 claplSe ol o)k
Ay LaS lio cBQTL (1+) ohlSen o gl il e
Y YAS 5 o)lsales, 0L YAD 3l edlatwl L 1) g6 o
d‘)b QTL &2 9 JJ); LS’LU&" Lo dw Py Fg
Gl S8 5 poye Jib sl ke b jbine JiiSen
Cazed D polbs Giod wli wlie & 00,8 Hlols
5k ALSA
sy90 Slio (gl sndglolis Lol bQTL auslis
SLQTL plos a5 ol ol (¥ Jgia) Cures 93 0 Jbj)
2 ab gl CubS Cao dw o gl dw pgises)S )
RM3441- (sla ) Sl oy (o09j999)5 Ssh b anb Sy
» 5 RM5955-RM1164 (¢ ,S5li 5 RM5955
Sl LS 8 se il FAY U YY o sQTL Cusdgo
Cho dw yb (glp dw pojseg)S g9y 2QTL (olulid
(V) OhlSan 5 b bawgs 35 M8 4l S 9 4o ys (Jobo
Bogli 5 Koul o8) 95 51 Jobs RIL Comen S o
S9y ¢ odbglelid QTL ad ples 35 ()l
AU S b3S ol Cumer 93 )3 4w pgigeg)S
S suto Wy 51 a1 L 5 2i5g; Lai o RMBI55 S e
g &b yoye @l Job cho aw p JyuS ) (WL e
Wy S it Su} diwej cplpl izdly a6 &l S
oM ail (gymll cuaS Glao gl Camer 93 3 b
o ol 0dds LQTL cpl (ylb 9 Gls Coge 5 atil
Job G g ails (20 dlox jl Slio (S (6l sl
Soo S oyl GenY Camex 93 gm > Wb oy 4
Lwg s pajses,S (5 (02428-ILs 4 MH6-ILs)
$9) QTL aw Jlopo 4 (V) 23,5 (515 05 (pedizee
gSGSh3 5 gSGW3 qRGW3 ol 4w pgjges,S

VD e IVD Cute g wgllae (LiuljEl S L S gy g 15,8
Ll by JSS g als oy Gli8l el /Y

L ALIR Cumes o RMB955 Sjite ,Silis
g &b yoye il Job cho aw b by cLQTL
YIN g YIN &I copa (Soi aols gy ab s
Wagey JOUS Glyieds Sl oo dox 13 9 392 (905l
ol 2 20pKs JlE 505 de g Dyge Cuo dw (pl b
Co o gy ons S CBQTL jl Sygud eio0
b &S 00 bl S can Gl Camen 93 o
Aly 93 5 (236 Camen 93 G (S5 A > gl
Pl Jl o g gop Clisiod Moll i duasge S1HIR (54
S b oy lp oM il o Sl oJ..JSCM,.o\
&5y QOW5 35556 (¢l RM5410 S it ,Silis
dols o5 035 pastie Cumex 93 O TR P9I
ALIR Cunax 3 GBWS 35000 b ,Silis ol (S5
355 515 )90l ¥/V ALSA Coman 53 ¢ shuo

6ol oS Slao gy L b bl (2iSany 3 LQTL lubis

@ S5 (B9 ls ¥V K55 dlols | RM5410
ol 5 12308 ALSA cumes 3 GW5 55 o5
2 BQTL ol b gy ,S5 olyisay als o Yt
(M) o) 5 Sils .35,5 51,8 1 Sal5dy dsgh 350 il
) ¥ SlpaisesyS oy &b oy ln |y 2LQTL
238 ol £ 90 & d)90
Aily U5

5 GGSh3) QTL 5 «ils IS5 (clys ALIR Coman
Soy Sy pldol Gbple b4 (QGSHT
9 VA i & b ool Cdn g 4w slapjges,S
O (1" Jgia) 031> gy |y (igid g5 jl o p> WY
RM3441- (gla ) S0Lis (ym duw poigng)S (59) AGSN3 5
ey bl e Wy ) L T g cusly) 5 RM5955
Ole &S Jb j5 sl sy /Y jladeds wily G ials
AU 9> gm dn pgieenS sy GGSNT
cely IR Wy ol 5 cusls)l 3 RM1048-RM6344
Sad daly o JA Hladeds ails S nol 58l

9y QTL o il IS5 (dlp ALSA Couxes j
15 slols (GGSh5 5 qGS3) iy 5 4w clapjses,S

O 4 p9j9eg)S (89, AGSN3 (55 (e (Y Jgao) 25,8
Ay ol 5 cusls 5,5 RM5955-RM1164 ,Silis ¢
3l rals dsly /50 jluded |y aily JS5 o Wb e
9 Om TR Poiges)S 9y AGSNS G e S
Wy ol 5 culy5 RM3419-RM5410 ,Silis
13 Nk oy <Y ety &l S5 Ll el plo
& Jobo s sl o b ylSe QL gy < i S
&9y » (B9 ‘_’,.3.\ wlie  QTL aw &b P
(V) 523 Qlolid B g (3)90 99) ¥ slapyjgag S
(@GSh3) QTL S uzon 55 yo 50 &by IS5 (4l
bSOl ¢ ol Jg ad (lwlid dw pigeg)S (59

Cume> ) (GSh3 Mie oS (gjobay g Sglite Cunex
Cunbge )5 3 RM3441-RM5955 ¢la S5l oy ALIR
Cazer pd S by wub 3 85 sl FO/0
Cusige 1> s RM5955-RM1164 ¢la Sl 1y ALSA
Cazen ¢3 0 qGSh3 -yl sl 5 90 Sl £O/F
S5l abis g (RM5955) alie ,Silis Sy )b
P ALSA 5 ALIR cuzes 93,5 9GSh3 o5 486 500
S5t 215 4 (b5 L) (ool S ite Ay sla T Jis
5 lg 3,8 Cumon 90y 0 b S tals cely oS
b oye 4 Job i b b o QTL S (V1) o Sen
SySUE G > e pgjeeg)S 59y b Cudn 3 )
Jal QTL olgisds 5 o3ge8 ololis R19 o C1677
VA S5 alol o5 RM5955 il 5,5 b yme
lgieds wedls ALIR oo 55 GGSH3 b 15,90 5k
A5 lolis o b dtgy Sl
s dalllae (pl 3 (AE) lasco o il (S y
ALSA Comes 5 (QGLE) 4l Job 3 oo el


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-fa.html

S yg alb sl Curengd (gl lase 55 13 a6 S0l g6 il (gl CuaS s Lol S5 e Se jd lasre 3 il iiSes g (sl B SIET-F Jgae
Table 4. Additive (A) and additive x environment (AE) interaction effects of QTLs detected for rice grain appearance quality traits measured in two RIL populations under two regions

. QTL
CaoTrait QTL Marker interval Pc()siti;)n Parent A RZ%, AE; AE, RZ%e
cM
Alikazemi/IR RIL population

aly Jobo qGL3 RM3441-RM5955 456 AL -0.20 20.4
(yo o) qGL4 RM8218-RM3417 15.8 IR 1.10 25.2

qGW?7 RM1048-RM6344 85.5 IR -0.20 11.8
&l oy qGW5 RM5410-RM1237 67.5 AL 0.10 9.5
(s2eidse) qGW3 RM3441-RM5955 495 AL 0.25 10.8
o S5 qGSh3 RM3441-RM5955 455 AL -0.70 10.8

qGSh7 RM1048-RM6344 85.5 IR 0.85 11.2

Alikazemi/Saleh RIL population
by Jobo 4GL3 RM5955-RM1164 65.3 AL -0.90 20.1
(s2eidse) qGL5 RM421-RM178 103.2 SA 1.01 18.4 03 0.2 25
als joye RM5955-RM1164 64.9 AL 0.15 8.5
. qGW3

(s2eidse)

qGW5 RM3419-RM5410 50.5 SA -0.20 9.7
s S5 qGSh3 RM5955-RM1164 65.4 AL -0.65 10.5

gGShs RM3419-RM5410 50.4 SA 0.80 12.8
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Table 5. Comparison of M-QTLSs for rice appearance quality traits between two RIL populations in two environments

ALIR population ALSA population
Trait Chr QTL Marker interval Positive allele” QTL Marker interval Positive allele”
&l Jgbo 3 qGL3 RM3441-RM5955 AL qGL3 RM5955-RM1164 AL
&l oy 3 qGW3 RM3441-RM5955 AL qGW3 RM5955-RM1164 AL
&l oy 5 qGW5 RM5410-RM1237 AL qGW5 RM3419-RM5410 SA
aly S5 3 qGSh3 RM3441-RM5955 AL qGSh3 RM5955-RM1164 AL
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Table 6. Clusters of QTL for rice grain appearance quality traits detected in two RIL populations

Range of variance

Trait QTL Chr Marker interval population Positive allele® explained
GL+GW+GSh qGL3+qGW3-2+qGSh3 3 RM3441-RM5955 ALIR AL + AL + AL 10.8-20.4
GW+GSh qGW7+qGSh7 7 RM1048-RM6344 ALIR IR+IR 10.5-11.8
GL+GW+GSh qGL3+qGW3+qGSh3 3 RM5955-RM1164 ALSA AL + AL + AL 8.5-20.1
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Table 7. Interaction effect Epistasis (AA) and epistasis x environment (AAE) of detected QTLs of grain appearance quality traits in two regions for two

S yg yalb pY Curend slp o 93 )0 ip al gyl ot Slas sad plulis S5 b Ko 1 lore 3 (il 5 (il Jlite <l 31 -V ol

RIL populations

Trait QTL; Marker interval QTI‘(E’&S)MO” Parent QTL; Marker interval QTL position Parent AA R%a
Alikazemi/IR RIL population
@y Jobo qGL3 RM3441-RM5955 45.7 AL qGL4 RM8212-RM3417 15.7 IR -0.7 10.3
(2o ske) qGL3 RM3441-RM5955 45.7 AL qGL5 RM5410-RM1237 60.7 AL 0.45 8.1
@y oye qGW7 RM1048-RM6344 85.5 IR qGW5 RM5410-RM1237 67.5 AL -0.09 34
(2o ske) qGW7 RM1048-RM6344 85.5 IR qGW3-2 RM3441-RM5955 455 AL -0.08 4.2
ab Js qGSh3 RM3441-RM5955 455 AL qGsh11 RM1341-RM5474 95.5 IR -0.2 115
Alikazemi/Saleh RIL population
@y Jobo qGL3 RM5955-RM1164 65.3 AL qGL5 RM421-RM178 102.8 SA -0.8 115
(2o ske) qGL4-1 RM8212-RM3417 15.5 AL qGL4-2 RM3648-RM124 110.5 AL 0.5 10.8
s qGW3 RM5955-RM1164 64.9 AL qGWw11 RM1812-RM1124 175 AL 0.07 4.1
OB oess qGW8 RM447-RM281 120.6 SA qGWw11 RM1812-RM1124 175 AL 0.06- 33
aby s qGSh3 RM5955-RM1164 65.5 AL qGSh11 RM1812-RM1124 18.2 AL -0.5 3.7

3 ool Bl) il Jolize Sl gl AA § ol 3 55 oK QTL (35 oK 0 o Pl eiSaje Wy Parent 590 ko) (55 Ko cuxdge QTL POSition «jglxe (cla,SLis :Marker interval d oKl ,3 55 o6 :QTL;
] Ol bawgs odid 03l gy £955 R o i) 33

AAL

Hoarer (o2 97 (=7 oifea) e g4/ 5 wudl


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-14 ]

[ DOI: 10.52547/jch.12.35.161 |

WY

Solimg! @l 0,8 Slels ab gl cuas can
kol QTL b cov baee ALIR Cumes
Cazen &S b wind sl (Aoyn A b se
sop (Mo > £0) Sl me e QTL lawg yiiw ALSA
sQTL 5 Jol sQTL 86 a8 ol lis pols izl
sl cuas s gilwo! all Glo 0 4 sxepe
ol 220 (S adlllas 3)50 Cdio g Cumex gg5 4 Al
2 Lol LQTL ssdang wigd by phaw dalllas
SBQTL J iy als s plls oS Slao (S5 )55
Lz:.’xn L QTL uw.io.m)_» W)y L 039 &w‘
Dize JiiSeny b (Lol QTL & ladd oS ol oyl
Gl (OTL s jl Szun a5 Jbjd 0y b b
30 bauss b b dxe ]38l x ]38l jiiSamy (glylo
G ol Atwgy b)SLE 5 Collae (S5 bl
Wby ) xwyliel 5 obadd j) 5l s wlyi e
S B 5 b)Sls SeSa ol o (odlpe
Er &b 6l cuiS e Cur Medla ISy

g odla|

‘j“b)-ﬁ 5 ’&W"“
)9.“5 (’?)) ulm“ ) duwgo p It UI)K@ )I uls.b)li)
gl (SI0)48 9 S oy @

6ol oS Slao gy L b bl (2iSany 3 LQTL lubis

G5 Cpl 0 il S g il o ye il Job o
S9y & BAd JS Cares 90 50 ool QTL VWY Lawgs
ol bl can g mh Gl bapgises)S
s Camed > o i (sl QTL 43 Jolis LQTL
90 Dy QTL 4w L ALIR cCuzor 0 aib 5y Cano
osb)lg cp e b i qSGLS 9 RGLA 5 o5e
Cate (ool 81 43l 5 (1o)d YAIF o YOIY) odddn g uigid
QTL aigd dw ggommo p .uad ab Job il )8l cely
o slopgiseg S (59) ALIR Cumer gl adss o> ols
P399 S9) ALSA Cumex sl adgd S g can g
b 4w pgjgeg)S 9y QTL adgs 53 008 olulid 4w
2 JS BB e Synie Ay 5l o] (0l
Adgd Cpogw Ndgs oo Cazed 8d ) ol o)l Ciuo duw
9 Sln (AGSN7 5 GGWT) cin pgjseg)S 59 QTL
uasuie ALIR Cuzes 3 alb S5 5 alb (o)e s
b Cov 35 s g3 ol &S CaS e e cplply LS
o » QTLads ol G5 @l v b gy
Syde SlE Sy load S cdn pgiges)S
to o by Lagye SWQTL L ALIR Cames ,> RM5955
LS55 alols (gl wls US55 &l Loe il Jgb o
aui ) g de o8 )se il YA YA XY Cwpa
g 090 Cubo dw (pl b dligy 0L lyeas Ay e
S EXBUCRULEL
ol Sl QTL i 03 g0oo 55 526 2l 52
dw glp (e g Cute SISTL Canex ja gl i

&l

1. Bai, X,, L. Luo, W. Yan, M.R. Kovi, W. Zhan and Y. Xing. 2010. Genetic dissection of rice grain

8.
9.

shape using a recombinant inbred line population derived from two contrasting parents and fine
mapping a pleiotropic quantitative trait locus qGL7. BMC genetics, 11: 16.

Fahliani, R., M. Khoddambashi, S. Houshmand and A. Asl. 2014. Heritability of some morphological
and qualitative traits of rice and identification of their related quantitative trait loci (QTLS) using
microsatellite marker. Seed and Plant Improvement Journal, 30 (In persian).

Fan, C., Y. Xing, H. Mao, T. Lu, B. Han, C. Xu, X. Li and Q. Zhang. 2006. GS3, a major QTL for
grain length and weight and minor QTL for grain width and thickness in rice, encodes a putative
transmembrane protein. Theoretical and Applied Genetics, 112: 1164-1171.

Gao, F.Y., L.H. Zeng, Q. Ling, X.J. Lu, J.S. Ren, X.T. Wu, X.W. Su, Y.M. Gao and G.J. Ren. 2016.
QTL mapping of grain appearance quality traits and grain weight using a recombinant inbred
population in rice (Oryza sativa L.). Journal of integrative agriculture, 15: 1693-1702.

Ge, X., Y.Z. Xing, C. Xu and Y. He. 2005. QTL analysis of cooked rice grain elongation, volume
expansion, and water absorption using a recombinant inbred population. Plant Breeding, 124: 121-
126.

Hosseini, M., S. Houshmand, S. Mohamadi, A. Tarang, M. Khodambashi and H. Rahimsoroush.
2012. Detection of QTLs with main, epistatic and QTLx environment interaction effects for rice grain
appearance quality traits using two populations of backcross inbred lines (BILs). Field crops research,
135: 97-106 (In persian).

Kepiro, J., A. McClung, M. Chen, K. Yeater and R. Fjellstrom. 2008. Mapping QTLs for milling yield
and grain characteristics in a tropical japonica long grain cross. Journal of Cereal Science, 48: 477-
485.

Kumar, K., M. Kumar, S.R. Kim, H. Ryu and Y.G. Cho. 2013. Insights into genomics of salt stress
response in rice. Rice, 6: 27.

LI, S.Q., G.K. CUI, C.R. GUAN, W. Jun and G.H. LIANG. 2011. QTL detection for rice grain shape
using chromosome single segment substitution lines. Rice Science, 18: 273-278.

10.Lou, J., L. Chen, G. Yue, Q. Lou, H. Mei, L. Xiong and L. Luo. 2009. QTL mapping of grain quality

traits in rice. Journal of cereal science, 50: 145-151.


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-14 ]

[ DOI: 10.52547/jch.12.35.161 |

W\ AR 5l YD ojladds /em3jlgd Jlo [ ely; lalS Mol asliiags

11.Luo, Y., Z. Zhu, N. Chen, B. Duan and L. Zhang. 2004. Grain types and related quality characteristics
of rice in China. Zhongguo shuidao kexue, 18: 135-139.

12. Manly, K.F., R.H. Cudmore Jr and J.M. Meer. 2001. Map Manager QTX, cross-platform software for
genetic mapping. Mammalian Genome, 12: 930-932.

13.McCouch, S.R., L. Teytelman, Y. Xu, K.B. Lobos, K. Clare, M. Walton, B. Fu, R. Maghirang, Z. Li
and Y. Xing. 2002. Development and mapping of 2240 new SSR markers for rice (Oryza sativa L.).
DNA research, 9: 199-207.

14. Murray, M. and W.F. Thompson. 1980. Rapid isolation of high molecular weight plant DNA. Nucleic
acids research, 8: 4321-4326.

15.Qiu, X., K. Chen, W. Lv, X. Ou, Y. Zhu, D. Xing, L. Yang, F. Fan, J. Yang and J. Xu. 2017.
Examining two sets of introgression lines reveals background-independent and stably expressed QTL
that improve grain appearance quality in rice (Oryza sativa L.). Theoretical and applied genetics, 130:
951-967.

16. Rabiei, B. and B. Ghareyazi. 2005. Linkage map construction of SSR markers and QTL mapping of
days to maturity in an F2 rice population. Proceeding of the 4th National Conference of
Biotechnology, Tehran, Iran, pp: 15-17.

17.Rahimsouroush, H., B. Rabiei, M. Nahvi and M. Ghodsi. 2007. Study Of Some Morphological,
Qualitative Traits And Yield Stability Of Rice Genotypes (Oryza Sativa L). Pajouhesh and Sazandegi,
75, 25-32 (In persian).

18. Sabouri, H., A. Dadras, A. Sabouri and M. Katouzi. 2015. Molecular-genetic analysis of rice grain
dimension in recombinant inbreed lines of cross of Anbarbux Sepidroud. Agricultural Biotechnology,
2: 67-85 (In persian).

19. Satagopan, J.M., B.S. Yandell, M.A. Newton and T.C., Osborn. 1996. A Bayesian approach to detect
quantitative trait loci using Markov chain Monte Carlo. Genetics, 144: 805-816.

20.Wan, X., J. Wan, J. Weng, L. Jiang, J. Bi, C. Wang and H. Zhai. 2005. Stability of QTLs for rice grain
dimension and endosperm chalkiness characteristics across eight environments. Theoretical and
Applied Genetics, 110: 1334-1346.

21.Wang, L., A. Wang, X. Huang, Q. Zhao, G. Dong, Q. Qian, T. Sang and B. Han. 2011. Mapping 49
quantitative trait loci at high resolution through sequencing-based genotyping of rice recombinant
inbred lines. Theoretical and Applied Genetics, 122: 327-340.

22.Wang, S., K. Wu, Q. Yuan, X. Liu, Z. Liu, X. Lin, R. Zeng, H. Zhu, G. Dong and Q. Qian. 2012.
Control of grain size, shape and quality by OsSPL16 in rice. Nature genetics, 44: 950.

23.Wang, X., Y. Pang, J. Zhang, Q. Zhang, Y. Tao, B. Feng, T. Zheng, J. Xu and Z. Li. 2014. Genetic
background effects on QTL and QTLx environment interaction for yield and its component traits as
revealed by reciprocal introgression lines in rice. The Crop Journal, 2: 345-357.

24.Yan, B., R. Liu, Y. Li, Y. Wang, G. Gao, Q. Zhang, X. Liu, G. Jiang and Y. He. 2014. QTL analysis
on rice grain appearance quality, as exemplifying the typical events of transgenic or backcrossing
breeding. Breeding science, 64: 231-239.

25.Yang, J., C. Hu, H. Hu, R. Yu, Z. Xia, X. Ye and J. Zhu. 2008. QTLNetwork: mapping and
visualizing genetic architecture of complex traits in experimental populations. Bioinformatics, 24:
721-723.

26.Yang, J. and J. Zhu. 2005. Methods for predicting superior genotypes under multiple environments
based on QTL effects. Theoretical and Applied Genetics, 110: 1268-1274.

27.Ye, Z., J. Wang, Q. Liu, M. Zhang, K. Zou and X. Fu. 2009. Genetic relationships among panicle
characteristics of rice (Oryza sativa L.) using unconditional and conditional QTL analyses. Journal of
Plant Biology, 52: 259-267.

28.Yu, Y., R.AA. Wing and J. Li. 2013. Grain quality. Genetics and genomics of rice. Springer, pp. 237-
254,

29.Yun, Y.T., C.T. Chung, Y.J. Lee, H.J. Na, J.C. Lee, S.G. Lee, K.W. Lee, Y.H. Yoon, J.W. Kang and
H.S. Lee. 2016. QTL mapping of grain quality traits using introgression lines carrying Oryza
rufipogon chromosome segments in japonica rice. Rice, 9: 62.

30.Zhang, J., X. Ou, H. Hu, B. Du, W. Lv, L. Yang, D. Xing, J. Xu, X. Qiu and T. Zheng. 2018.
Identification of QTLs for yield-related traits using two sets of introgression lines with a common
donor parent in rice. Int J Agric Biol, 20: 15-24.

31.Zhao, D., P. Li, L. Wang, L. Sun, D. Xia, L. Luo, G. Gao, Q. Zhang and Y. He. 2017. Genetic
dissection of large grain shape in rice cultivar ‘Nanyangzhan’and validation of a grain thickness QTL
(gGT3. 1) and a grain length QTL (qGL3. 4). Molecular breeding, 37: 42.


http://dx.doi.org/10.52547/jcb.12.35.161
http://jcb.sanru.ac.ir/article-1-1106-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2025-07-14 ]

[ DOI: 10.52547/jch.12.35.161 |

Journal of Crop Breeding Vol. 12, No 35, AUtumn 2020 ............cccooeirireeirieiiineeeeristee s s e eeeareenenesanaaesassieessnesassenesnns 11O

Detection of QTLs and Their Environmental Interactions for Appearance Quality
Traits using two RIL Populations in Rice

Hossein Rahim-Soroush®, Maryam Hossejini Chaleshtori?, Farad Nazarian Firouzabadi®,
Ahmad Esmaeili* and Ali Akbar Ebadi

1- Ph. D. Student, Faculty of Agriculture, LorestanI Universiéy, Khorramabad, Iran, Department of Agronomy and
Plant Breeding
2- Research Assistant, Agricultural Research, Education and Extension Organization (AREEO;, Rasht, Iran, Rice
Research Institute of Iran, (Corresponding author: mhkhossieni@gmail.com
3 and 4- Professor and Associate Professor, Faculty of Agriculture, Lorestan University, Khorramabad, Iran,
Department of Agronomy and Plant Breeding
5- Research Assistant, Agricultural Research, Education and Extension Organization (AREEQO), Rasht, Iran, Rice
Research Institute of Iran
Received: January 31, 2020 August: November 1, 2020

Abstract

Rice grain appearance quality traits (APQ) affect consumer preference and marketing
acceptance and long grain rice has many customers on the international markets.In order to
identify QTLs controlling grain length, width and length to width ratio (shape) and QTL b
environment interactions a study was conducted on two set of recombinant inbred lines ERILS
of two rice populations derived from crosses of Alikazemi / IR67017-180-2-1-2 (ALIR
population) and Alikazemi / Saleh (ALSA) cultivars.The treatments of each RIL population
with five check varieties were evaluated in augmented based on randomized complete block
design with 5 replications in two regions of Rasht and Tonekabon in northern of Iran. Linkage
map of the two populations using 87 polymorph microsatellite markers (SSR) covered 1356.0
cM of rice genome with an average distance of 15.58 cM between two markers. In this study, a
total of 13 main QTLs (M_—QTLS? and 10 pairs of epistatic QTLs (E-QTLs) were identified for
three above mentioned traits, including seven M-QTLs and five pairs of E-QTLs for the ALIR
population and six M-QTLs and five pairs of E-%TLS for the ALSA population. Two QTLs,
qRGL4 (1.1) and qSGL5 (1.01), were increased the grain length with positive additive effect
and the highest justified phenotypic variance of 25.2 and 18.4%, respectively. In this study,
three QTL clusters were identified for APQ traits. Of these, two clusters were identified on
chromosome 3 that was effective in controlling all APQ traits in two populations with alleles
from a common Alikazemi parent. The third %TL cluster was determined on chromosome 7
consisting of gGWY and gGSh7 for %rain width and shape in the ALIR population. Therefore it
could be stated that the QTLs on each cluster were either tightly linked or had pleiotropic effects
with considerable influences in controlling rice APQ traits. A common marker of RM5955 was
found in the ALIR population with a genetic distance of about 3.7 centimeters with QTLs of all
three traits, and could be considered as a linked marker in breeding program. In this study, ten
pairs of E-QTL were identified for three traits including five pairs per population. The epistatic
effects in the ALIR J)qulation were mostly expressed by significant main QTLs (80%), while
they were expressed in the ALSA population more by non-detected main QTLs (60%).The
contribution of explained phenotypic variances of M-QTLs in controlling APQ traits were more
than epistatic QTLs. QTL by environment interactions revealed that ong_/ one main QTL had
significant interaction with environment, while no epistatic QTLs with additive x additive effect
were found to be interacted with environment. The appropriate QTLs and linked markers in this
study can be used in the breeding program to improve the appearance quality of rice grains after
fine-mapping and validation.
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