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CHALERMKWAN SUKKASEM : THE INFLUENCE OF
INHERITANCE AND ENVIRONMENTS ON OLEIC ACID CONTENT
IN SUNFLOWER. THESIS DVISOR : ASST. PROF. THITIPORN

MACHIKOWA, Ph.D., 57 PP.

Helianthus annuus L./FATTY ACID/GENERATION MEAN ANALYSIS/

HERITABILITY/ENVIRONMENTAL EFFECT/CORRELATION ANALYSIS

Sunflower oil with high amount of oleic acid is high quality oil due to its high
level of oxidative stability. It is appropriate for cooking and using as a raw material in
various industries. The objectives of this research were : 1) to determine the
heritability, gene action, and inheritance of high oleic acid content in sunflower, and
2) to evaluate the environmental effects on oleic acid in sunflower seeds. The research
was divided into 2 experiments. The first experiment was conducted to determine the
heritability, the gene action, and the inheritance of high oleic acid content. Two low
oleic acid lines of sunflower (2A and 5A) were crossed with a high oleic acid line (Pl
649855). Two F; crosses, 2A x Pl 649855 and 2A x Pl 649855, were used to develop
F,, BC; and BC; populations. Six populations including P4, P2, F1, F2, BCy, and BC,
were evaluated. The results showed that high oleic acid content was controlled by two
major genes with additive effect, but epistasis gene effect was not found. Broad sense
and narrow sense heritabilities of high oleic acid trait showed moderate values
(62.83% and 58.68%, respectively). The second experiment was designed to grow
sunflower under different planting dates in order to evaluate the environmental effects
during seed filling on oleic acid content. Five sunflower varieties/lines including

three low oleic acid (S473, Pacific 33 and Pacific 77) and two high oleic acid



(Pacific 22 and PI 649855) varieties were grown in four planting dates. Two planting
dates were arranged in dry season and the other two were conducted in rainy season.
Seeds from all planting dates were analyzed for oil, oleic, linoleic, stearic and palmitic
acid contents. The results showed that all varieties produced higher oleic acid content
in dry season than in rainy season. The highest oleic acid content of all varieties was
found in second planting date of dry season, which exhibited a high value of solar
radiation but a low amount of rainfall and low relative humidity during seed filling
period. However, in all planting dates, no significant differences in palmitic and
stearic acids were found. In addition, high oleic acid had negative correlation with

linoleic acid but had positive correlation with oil content.
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acetyl-CoA 1aenuau Iaitlumelalasaisveuniisiuiumsveu 18 ozaoy ¥4nTUIUMST
[ d a 2 { o aan [ .. a ..
duns1zvnsa lodnazsuINmMsNn acetyl-CoA Vliﬂ;]ﬂﬁfﬂfm carboxybiotin ((PAV1N biotin
< I 1 K] ° Aaan o
CRIRIRY prosthetic  group ﬁgmzagﬂu acetyl-CoA carboxylase (ACCase) ‘VH‘]JJ;]ﬂiEﬂﬂ‘U
14 4 < v 1 aan I g
asvoulavenled Taell ACCase 1Wuansalfaser) 18Tl malonyl-CoA 910101 malonyl-
CoA 32 lili¥euseny acyl-carrier protein (ACP) 1a malonyl-ACP Ao acetyl-CoA &M
aaa v W a I Z a aaa 1 4
UAT815970A90 1 malonyl-ACP 1naIT U acetoacetyl-ACP  91nHuvzIAAlfNTo1A0I04 3
Y ] v
VUADU AD reduction, dehydration L& reduction IUNT ¥19'ld saturated acyl-ACP FauT I
4 aan g‘; 1 a aan 1 %
MIVDU 4 BEABY (butyryl-ACP)  Iaglgn3enauani1snal§nse15e1119 acetyl-CoA iy
4 a 2 9o’ o o 4 A 3
malonyl-ACP Hagtavusvaieson v 1Hs1uIuAI UeUVe acyl-ACP iiNvUAAE 2 oznoy
v I o 4 LY aaa o A 1
Ap3501 1Al malonyl-CoA 1iudaldmisueud1liaeny acyl-AcP UfAsonvzdutiuae
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aluedn (18 : 2) Iawunu Tasou e oleate desaturase §19519 2.6
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51 2.5 msduns1zinsalemdn (Buchanan et al., 2000)
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ACP 18 :0
2. Most of the 18:0 —ACP is 1. Some of the 18:0 —ACP that results from
desaturated to 18:1 "—ACP fatty acid synthesis is used directly for lipid
by stearyl-ACP desaturase. synthesis by one of several acyltransferase
and is not further desaturated.
ACP Tls:l &
3. The 18:1 ~ACP is used
Lipid -18:0
for lipid synthesis by one of N /
several acyltransferase.

Lipid  -18:1%

4
4. Some lipid-linked 18:1 ’
. 9,12
is desaturated to 18:2 " by
oleate desaturase.
N\

Lipid ~ -18:28™"
y

5. Some of the lipid-linked 18:2 """

is desaturated to 18:3”"" by 1

linoleate desaturase.

A9,12,15

Lipid )-18:3

Y oA o { a o 1 o @ a 1
51 2.6 oulainsihmihn lumsiAuiuse g Iinunsaluiuaiiaa1e 9 (Buchanan et al., 2000)
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v 1w

a [Y] [ 4 % a a 1 1 @
1@ nUANUFURUTUUVAVALNTAD 11E0N AU NUMAUFUNUTINND -0.81
%l Y [ 1 a A [ Y LY a a 9 Y
139197 UNIUALIUUDNINNUINTA 1D NUANUFUNUTAUNTAD LUadALAD 69
[ [ o J o A Aa 2 A L= @ o o [
NUNTANUTURUTNUNTATIAET A28 FIUT 10UV AR TURUT IUNNUINAUNTA
A A " W v A A a <3 T A A
AREINNINY 0.79 (Baydar and Erbas, 2005) HuAsianunsalaaangansznunilsuim
A A 9 dyw 1 Aa A [ v o o A 1 S 3 4
NIANAETNGIAE UONIINUGINUIINTAToradnUANUANRUTIUGN YLD 1Y 1lesIFua
%l o S 3 Ja a 1 a a @ Y- { A
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v Y o 72 Y o A v o & o sl <
Tun199 59 UNNA DB T IFUAINU (-0.69) HazNMEAUFUNUTNIIUIN (0.79) NULlosiFua
291U E (Baydar and Erbas, 2005)
o v Aa YY) 4 a 4 <
TumsAnmianuduiusvenia lomonnuanyazdulunysiadun lananisnaasa

=

TusiuouReINU 199 Schierholt and Becker (2001) 1@viimsdau1lfSunansalomanlusnia
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dl? 1 a a A [ Ly 4 [ =) a a
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NIADLIIFAN (-0.85)
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2.5 MIManendnbaznsalomadn
A (% a g o @ =
ioannanyaznialemaniluanvazlsua tagmsuaaioonUean YU INAYDN
a 2 Yy oy A g g o = o 0 q ¥
BULA TN UNEITBIAIE AIUUMTANYINTHAAIDDNVDIANY UL IV a 5D
A o o o ] a A o
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Y 9
heritability) q\iﬁﬂ 0.93 (Schierholt and Becker, 2001) Tagiimsfnuinsoreneadnbaziinalu
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wu'lmidinanazgnduds lufinsulasusinnsalermdnilunsaa luaon danaliiSua
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(NCRPIS) ansgomsn 313 1 a1enug laun PI 649855 Fuiluaiewugniilfsumnsa
Toradnga aaudas 13 luasei 3.1
3112 aouiinmMsnaaey
4 a @ 4 4 a 4 a @
Wi Inede uazgudinseeInmdaniuazina lulad ¥n1Ine1as
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3.2.6 MIAATILHIVRYA
a 4 = d o 1 9 . .
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4.1.1 MInszaeiIvesanyaznIalamangdlulszyinsagg vaamunz
i]’]ﬂ@nﬁ’l\iﬁ 4.1 Llﬁﬂﬂf’hlﬂaﬂ ﬂf]’lllﬂa’l@lﬂa@ull’]ﬁﬁﬁ’lu Llagj'lﬁ'ﬂuc]? YIANHULNTA

Toradnluilszanns P, P, F, e F, Vougueu 2A x PI 649855 11az SA x PI 649855 &9

2

s ¥ o

o < o s ' a o 1 <
ETT(’J‘W'H‘]; 2A LaY 5A L”]Ju’ﬁWEJW‘L!‘ﬁTHJLﬂ@iLGﬁHWUWNUQ’Q LL@ﬂiﬂI@Lﬁ@ﬂWl 93U PI 649855 L‘]J'Ll

a
Y

o A =Y a . =1 1 U =Y
meugnifFuunsalendngs F9nmsnaaesinunluguan 24 x PI 649855 15010
a Y S < 4 A A a
N9 191adnNVe P, (PI 649855) 1NNV 67.47 weosiyua uaz P, (2A) H5uansalewmon 21.51
I 4 =1 a S 2 4 o w [
Weoddud Uszanng F, wag F, ISuunsaloadn 39.03 tag 40.72 wlesidua mudiau dau

[ 1 =1 a S 4
Tugwa 5A x P1649855 W91 P, (5A) Hfsunainsaleadn 27.65 nlodsud 1szans F, uay
=Y a N~ 4 o o @ [
F, Nif5uansalomdn 29.00 tag 36.47 losidud aud1au n13nTeaIvedanyuynia
TotadNueIWaN 2A x PI 649855 aadlugili 4.1 uasaney 5A x P1 649855 aadnagili 4.2
v 9 ] [
FINUN F, YoINIeoguauiinIaniz1eaiogiznane P, ag P, ualimdiniaumnaovodne
T [ a'l o a 4 3| ] 1
pazi FUIFNBUAIUANENEUZNIA TotadnTe 19T unsINVIEIU (partially dominant
A [ ~ 1 1= U ] 1 = 9 dyw
gene) ¥30aNHUZD19YNAIUAN IAgBuriateg uaguauluaedluanimeudss uenaINig
9 v F2
WuI3Eans F, v0anidesgnauiinisnizaienigs uaz 1¥a1ogizyane P, uaz P, 33193
{ [ Aa o ] < @
NouinuauanyuznIa lomdngenizneadlu P, uaz P, 0619150 0N15n520180209 F,
= A 1 1 g’; [ S I SR d =y a [l @ 'o
AN gIed lurnua 20-50 wesidua Fuiluilsuunsalomdnogluszava-1thunai
[ v { I 1A =3 a o :
Taglndifeany P, (@1onug 24 uaz 54) Aloduwinddsuiunsaleadndr #aling
9 :, 1 1 d' 1 1 = % 1 ] Y A [ =
uarasoanlinadinAuRAsYRINBL HaziMINIzeaIeg lus IndiRsanulszvng F, U
o Y (g 9y Y a o ¥ 2 a A o
par linsnszaear ldudeslidunsaToradndr Natio1amnaiionNWUFNTINVY0IA 1Y
v Jd 1A o Y ] < g’; t:y n v o
ugnorazwinihunldluminaaes egnlsnau msnaasenseil lildnaaeumsnavady
INA (reciprocal cross) tH89910151891171 anEaznIalom@dn lUTBNTWavee maternal effect
(Urie, 1985)
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U 4 ' y 1 = [~
aray Tagld la—dunis wua1 Nedesguauiin1snsz91eaniunuy bimodal  uazlinis



30

nszaeiailudandiuvesduiiiingalewdnd : nsaleadniunans : nsale@dngs
IR 12 22 2 2 (A 2A x P 649855 A1 X'=1.00 < X’
A X*=0.13 <X’

=5.99 UASANEL 5A x PI 649855

0.05

x a Jd o 1 @ 1 g < Y
005 = 5.99) HIINMIAATIZHOATITIUAINAMUNAA IR UNANBUZ NI A

Toradngnaaugu Ingduod1aiios 2 g

H 1 § 4 4 o ' Y
ﬂ]’iNﬁ 4.1 ﬂ'llﬂaﬂ mmﬂmmﬂﬁeummgm 'J"IGEJL!GI)' uazmmuﬂmmﬁummaﬂymzﬂiﬂ

Totadnluilsewns P, P, F, uag F, V0agWay 2A x PI 649855 uag 5A x PI

649855
QHa Uszrans  Sunumduna  nsaleradn (%) NBeud b (k)

2A x PI 649855 P, 13 67.47+10.90' 118.88
P, 15 21.51+£7.57 57.25

2.03
F, 15 39.03+16.51 272.50
F, 60 40.72420.06 40229
5A x P1 649855 P, 13 67.47+10.90 118.88
P, 13 27.65+8.00 63.99

1.83
F, 14 3233+1111 12341
F 60 37.72+15.32 231.86

2

'AnuAAIANABULIATI Y (Standard error; SE) = Vs2/n; n = Siuammdunalunaazilszying
k = Suauguessuntesnganaiunuany e
o v = d‘ v a 1 o 1 = d‘
4.12 uguesBuiinIuguanyuznsala@dn A1sziaveItIuIugoIaun
AUANANYUNIA Toraon lugnay 2A x PI 649855 uaz SA x PI 649855 udad 13 lua131an
9 F4
41 WUNM an¥AULNIATodNYeINIaeIgNay UA10glueaa 1.83-2.03 19BN anvMLNIA
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deandosnumInadeunsniziearlude 411 Fanua oasraruvesdauluda F, i
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oandIuvesduniinsaTeradna : 1unare : g mn 12/16 : 2/16 : 2/16 uena N Miller
9 ] o a a 1 = o
et al. (1987) l@s1e01u anvaz loedngagnaruaulasduan (O wazduaauilag
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1Hlumsnaaen Fohlnlagugndiulngiituegluanin oloMl_uaz 0l M1 ead13lsnam
UNABUNABDINI 1IN dnbuzNIa lomdngagnaIuan Tagaumu 1 g (Fick, 1984; Urie,

1985) uazeu 3 ﬂ (Fernandez-Martinez et al., 1989)
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413 M3UAAILINVISEUNAZMIMENBAANHUZNIATODNGII UM UAZ IY
MTAATIEHANHULNNWUFATTUNBANYINTUAAIDONVDIDU LAZNITAIBNDABNBULNTA
a Y a L& dy
Toradnga lanamsinsiziiaail
a 4 . as < a 4
1) MIAATIEN scaling test 1A8I5 Mather (1949) 11IUNMIUATILHANHIZ A
494 additive-dominance model 11N139T1L1IANULANAINYDIAUNAVOIUILHINT P, P, F,
1 { I a J o 1
F,, BC, 118 BC, TUgWa 2A x PI 649855 (113199 4.2) 1Jumsuasiznuing1ialagrin A,
[ a 1 1w o 1
B 118 C ¥94an¥UENIA 1p1adnge ¥Ina1 A, B uay C 1MAUgus 1aaddn MIaaioonusd
@ ] % { I @ g’/
JudoANADINUAUNTUUVLIN-UY F9910a15197 4.2 1HUMsuaaIn1snIz1ea110INI 6
Y5295 FINUN UN13nT218a2v099n 1uG F, iniiga ilonadouuiagianyaim A

paz ¢ Lifianuuana1an9ana uaa B Innuuanaieedeliiedinnsanieaan (P<0.01;

e

d‘ d' = [ =] ] LY 4 A A J aa 1 =
M15197 4.3) elinasidalatin liminugue vielinNuuana 1IN Iana Uey n1s
~ ~ @ a [~ ] A A
uﬁmaanmmﬂuﬂmm«juaﬂymzﬂmTaLaaﬂqu"lmﬂu”lﬂmmﬁumm‘uuum-ﬁum U ERETRE
naAI0oNYBIU N3 0100 BUNUVYNIING (cpistasis) 13001V WHANTZNULHLBIVIN
ANNUIARDUADMNTLUAAIDDNVDIAN YL
a 4 an 4 o a ¢ A
2) NNFAUATISH generation mean Tae75 Hayman (1958) WM AT
Us21liul 38158 M3198Y (epistasis) 1AYIT generation mean VDI Hayman (1958) 91013
1 a 4
naaoua t 14 6 W311093 AD m (mean), d (additive effect), h (dominance effect), i (additive x
additive effect), j (additive x dominance effect) (182 1 (dominance x dominance effect) VD
Y v
anyaznIa loladngaveINan 2A x PI 649855 W91 Bideaa d iy Nudaaisd Ay dau
] Y v
A1 h, i, j uaz 1 lidauuana 1 aneana (15190 4.4) 1a¥nounmuquanyuznialoman
=) = I 2 I a o
gaunsuaatoonveIgwlunuuuIn suilusuranlunisaiugunisudatonnaznis

a A

1 @ a G 1 Y~ @ & 1 (=} A =S
areneadnyus lotadng Wiena1d laonienilan Lulidnswansemsudaseonvesauly
[l A aan U = 9 A 9 =< dy 9 (%
HUVINHIDUNTONTENINEUNIN NIV Fawan13NaaeIll d0ANABINUNITNAABIVEY
Schierholt et al. (2001) WU ANBAUZNTATRIADNGIYNAIVAN TABNITLTAIODNVDITULILIY

= 1 9 1
mﬂuaz"luuﬂ”lsmmma
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MINN 4.2 MINTZIBAEaNBULNIA Totaonlulserng P, P, F,, F,, BC, 18z BC, Y94

WA 2A x PI 649855

e U203/ UIUAY
n3aloaan P, P, F, BC, BC,
(7977 88.18) (3997 88.41)
80.01-90.00 3 5 1
70.01-80.00 1 2 3 1
60.01-70.00 6 3 4 10
50.01-60.00 2 3 8 4
40.01-50.00 13 4 14
30.01-40.00 2 12 7 16
20.01-30.00 6 15 6 23
10.01-20.00 7 7 2 5
00.00-10.00
(ﬁ'@ﬂ 12.51) (Gzhf;rﬂ 15.24)
NUIUAY 13 15 60 35 75
Aunds 67.47 21.51 40.72 45.30 38.33
NiTeud 118.88 57.25 402.29 33424 23428

H 1 J a 4 v a 1
{mi"lflﬁ 4.3 A1 A, B, C Llagn1 t 91NNI1TAUATICH scaling test ﬂl@ﬂﬁﬂ‘ﬂmgﬂiﬂimﬁ@ﬂiuﬂWﬁM

2A x PI 649855

2A x P1649855
Value t value
A -15.90 -1.96 ns
16.12 2.63 **
C -4.16 -0.30 ns

# ns = UANUUANANAUNNADANITEA 0.05, 0.01 taz 1UNANVLANAIININFDAAINEIA L

TIUIUAFUNA (n) VBINITNATOY t—value VOINIATT A, B 1tag C UAWNIND 63, 105 Liag 103

AU
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MINN 4.4 NsuaaIeanveduNaIuaNlIuIunsaleadngs nmsnadey 1asds

generation mean

Parameter' n3alamdnluAWaN 2A x PI 649855
m 39.93
d 23.66 **
h 4.06 ns
i 5.24 ns
j -10.58 ns
1 -4.96 ns

#* ns = HANVUANANAUNNFDANTZAV 0.01 uag lTANNUANA N UNa DA
"m= mean, d = additive effect, h = dominance effect, i = additive x additive effect, j = additive x dominance

effect 11A¥ 1 = dominance x dominance effect
v ¥ a 4 5 . v ~
JUU NNNTAUATIEH scaling test LS generation mean WU MIUTAIDONUDIBU U
HUVVINTANNAIAYADNTHAAIDDNVBIANHULNTA 1D1aDNFININNI MILAAIeeN THLL
] = "9 1 ] < a té . 1 1 Ao oo o X
iy waz lutimsandwg eg1alsnalunsina1z scaling test W31 A1 B Tied Ay ¥9o19
a A aan A 9 A A o Y a [
INAI0INIINNINTNaveIan INuIAde NN UHaYiI Iinaauulsisiuvesanyay
o Y oA [ a 1 a3
i Iiwanmsuaaseonvesduinuguansuznialomong luduldamaunisuny
VIN-93 W3 olMIuaaIeonYelfase1ve U IuE
4.1.4 dAMUENIINVRIANHUZNIAIBIADN
a 4 o @ Y =
MNMIAATIEHHITATIHUFNITUHVUAIN (h) Bazuvuay (h’) MuITV04
Warner (1952) vosanymznialomongelumuaz Jugueau 24 x PI 649855 aaudaslilu
~ T A v @ 9 S 4 = @
M13197 4.5 NN VEAHUFAITULUVAIN 62.83 1lodikud tazlidnsiugnIsuiuLAL
I 3 4 Y < J [ a v A1 W @
58.68 1lodifua taadlimud anyuznsalomdngalumuaz U0 INUEATINULY
9 [ = 1 dy 1 o a
AazuuuuaY IuszAVYIUNa19 H31U9% dnbanIAlaadngIgnAIuAN 1Aen1s
= [ = oA 1 g v o
uerasoonvesdulunuuuinluszauilunan-ge Inavesdun luilusuuuinluszaus
v A Y 9 a 9 o o o =1
LA dINANNLIARDUVINUNGIVRINUMIHAAIDDNVBIAN UL TUsEAUNA1T MY

'
a A

@ Y a o . 1<
’f]@]i'lwuﬁﬂiin(’“ﬂQﬂiﬂiela@ﬂﬁluﬁ%u'luu%u@ﬂu il I@U Schierholt and Becker (2001) NWU

[ 1

' @ a @ 9 s 3 J
FunuN anvaznsalemongalusndalioasiugnssunuuniregade 93 wodidud uazlu

o—

[ Y]

a  a ' ' s 3 SR g
DINTIUDNI mgﬂﬁmmmmmgclume 63-72 L”]J’é)il“]ﬂ!@] (Singkham et al., 2010) G?);Q‘IN%'N
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v
=1

H ' a ' o o o o
ﬂ]’iNﬁ 4.6 A1 mean square VINNITUATIEUIIUNIUASIU 5 Wu‘n;/mﬂwu‘g ﬂﬂgﬂiuﬂﬂlléjﬂ

wazggru 4 Juilgn

. n5aluaiu
Sources df HINH
Totadn alwadn  1hadidn  «Aesn
(%)
Planting date () 3 145.513%*  374.424*  237.829%* 1357 0.121
Block/E 8 6.484 75.022 22.669 2.135 0.577
Variety (V) 4 609.730%* 2217.012%*  1619.740%*  2.350 1.217
VxE 12 12.038 98.315 100.065 3.618 0.200
Error 32 7.086 59.393 62.836 1.798 0.548
CV (%) 7.76 16.58 21.99 26.20 25.72

* % PANUUANA NN UNNEDANTLAL 0.05 1AL 0.01 ANAIAL

4

a [ g}/ v d o 7 1 J o
ﬂﬁﬂiﬂ!a@ﬂ Tuniuazuna s NUT/AONUT %Qllﬁﬂﬂiu@’]ﬁ’mﬁ 4.7 WU aYNUD

q

a,

PI 649855 Ti1f5unanialemdnmasgeigand 67.27 wleddud (U7 4.7) so9asmie wWug

q

an { a < { 1 @ an a

ul&ia 22 AlinsaTewadn 54.10 wWeidud (51U 4.3) druiuguldila 33 insalomdnilos

! < ! 4 @ U
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MIMANUINT 1 YoyaanInLIAGoua19 53nIuRoulguIou 2553 DuAsuliguIsy

2555

1ou QM1 (°C) Ganasiwy  aoadudining  anandamas

gaga  Aga (3131.) (%) (Cal./em’/day)
WOAIMBU/2553  29.62  19.45 3.4 70.67 253.65
FUNAV/2553 3028  17.25 0 66.38 247.58
UNIIAN/2554 2801  21.60 0 66.59 277.08
AUAMWUE/2554 3283 19.43 16.8 64.62 264.18
HUIAN/2554 30.81  19.69 46.6 63.08 282.79
I8 /2554 34.03  21.53 153.7 62.58 293.50
WOBNIAN/2554 3409  23.04 95.8 70.78 313.19
NQuIeU/2554 3372 2411 116.8 70.78 278.43
NINYIAV/2554 33.55  23.95 136.5 70.04 259.24
TINAN/2554 31.77  24.00 135.6 71.32 233.36
AUIBU/2554 3153 23.73 2427 75.4 230.97
AANV/2554 29.94 2296 204.7 74.96 192.03
WOAIMBU/2554 3090  20.78 10.8 68.7 246.42
FUNAN/2554 2752 16.12 0 58.39 267.85
UNITIAN/2555 30.00 20.00 87.8 63.21 229.65
AUMWUE/2555 3329 2033 0 56.22 289.20
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