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Genetic analysis of fatty acid contents in flax ( Linum usitatissimum L.)
grown under different environmental conditions

ZHAO Li, ZHAO Wei,LI Wen-juan, WANG Li-min, DANG Zhao
(Institute of Crop Research ,Gansu Academy of Agricultural Sciences,Lanzhou, Gansu 730070, China)

Abstract: To reveal the genetic mechanism of fatty acid content in flax seed, 233 recombinant inbred lines
(RILs) derived from DYMXSTS (F,.,) along with their P, and P, were planted in 3 environment conditions, i.e.
Dingxi, Gansu Province; Guyuan, Ningxia Hui Autonomous Region, and Zhangjiakou, Hebei Province, respective-
ly. Fatty acid contents were analyzed with a gas chromatograph. Mixed major gene plus polygene inheritance model
was used to analyze the P,, P,, and RllLs. The results showed that; (1) In the samples from Dingxi, Gansu
Privence, palmitic acid, oleic acid, and linolenic acid contents were with a model of 1 major gene plus polygene
and stearic acid and linoleic acid were with 4 major genes inheritance models; (2) In the samples from Guyuan,
Ningxia Hui Autonomous Region, palmitic acid content was with polygene inheritance model, stearic acid and lino-
lenic acid were with 4 major genes inheritance models, oleic acid content was with 3 major genes inheritance mod-
els, and linoleic acid content was with 3 major genes plus polygene inheritance models; (3) In the samples from
Zhangjiakou, Hebei Province, palmitic acid,stearic acid, and linolenic acid contents were without major genes in-
heritance models, oleic acid content was with polygene inheritance models, and linoleic acid content was with 4
major genes inheritance models. Correlation analysis showed that linolenic acid content had highly negatively signifi-
cant correlation with palmitic acid, stearic acid, oleic acid, and linolenic acid contents while stearic acid had high-
ly significant correlation with oleic acid content. Therefore, high linolenic acid and other special fatty acids breeding
should also consider the effect of the growing environment change on a—linolenic acid content beside of genetic fac-

tors.
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Table 1  Variation parameters of fatty acids in parents and RIL population in different areas

. - 7R Parents RIL B RIL population
Location Fatty acid DYM STS  FPIE  H/ME BKE TPHE REE TRAK RE B
P, P, Mean Min Max Mean SD CV/% Skewness Kurtosis
PR Palmitic acid 6.46 5.58 6.02 4.90 7.04 6.03 0.45 7.44  -0.341 -0.706
T fHfEMR Stearic acid 4.83 3.78 4.31 2.89 6.18 4.27 0.73 16.99  0.199 -0.774
INA JHFR Oleic acid 21.94 2491 23.43 17.65 31.29  23.89 2.62 10.97 -0.080 -0.609

Dingxi, Gansu(E,;)
WIMPR Linoleic acid — 27.31 13.51 20.41 11.47 30.87 19.71 5.01 25.39 0.186  —1.447

W FEER Linolenic acid  39.47  52.23  45.85 35.56  58.04 46.10  4.81 10.43 -0.013 -0.886
FAHARR Palmitic acid  6.87 5.54 6.21 5.13 8.15 6.26 0.48 770 0.142  0.173
TfEMR Stearic acid 4.71 3.60 4.16 0.74 6.30 3.90 0.87 2225 -0.363 1.533

MR Oleic acid 21.25 2451 22.88 17.87  31.08  23.60 2.70 11.46  0.308 0.127
WilAR Linoleic acid  28.85  13.39  21.12 11.70 2993  19.68  4.84  24.61 0.196 -1.353
WFEBR Linolenic acid  38.32  52.95  45.64 33.51 5639  46.56  4.91 10.54 -0.148 -0.805
FAEBR Palmitic acid  6.48 6.12 6.30 4.76 7.37 5.85 0.43 737  0.036  0.108
f#JEHR Stearic acid 3.62 3.45 3.54 1.37 5.19 3.24 0.71 21.81 0399 -0.162

TR Oleic acid 20.19  20.00  20.10 1436 28.92 1939 222 11.46  0.467  1.268
WiHER Linoleic acid  25.41  24.54  24.98 13.01 2936 20.14 457 2268 0209 -—1.442
WBRER Linolenic acid  44.30  45.90  45.10 41.34  61.08 5138  4.52 8.79 -0.162 -1.124
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Table 2 AIC values and adaptability test of optimum models for fatty acids in RILs in different areas

RIVTIR W5 T AT :
Fa?t}ﬂfﬁa%d Coriliion Opiiltr:%ridel Gert%‘::ion Alc Ui % Us nW* Dn

P, 0.07(0.79) 0.01(0.93) 0.44(0.51) 0.05(0.91) 0.18(0.99)

E, MX1-A-Al P, 1297.97 0.00(0.99) 0.02(0.88) 0.28(0.60) 0.02 (1.00) 0.13(1.00)

RILs 0.00(0.96) 0.00(0.96) 0.00(1.00) 0.04(0.96) 0.00(1.00)

N, P, 0.45(0.50) 0.83(0.36) 1.11(0.29) 0.10(0.61) 0.31(0.63)

Paﬁﬂigicid E, PG-A P, 309.33  0.87(0.35) 0.35(0.55) 1.54(0.21) 0.17(0.33) 0.17(0.99)

RILs 0.77(0.38) 1.09(0.30) 0.60(0.44) 0.18(0.30) 0.00(1.00)

P, 0.03(0.87) 0.01(0.90) 1.27(0.26) 0.21(0.25) 0.37(041)

E, oOMG P, 391.40 0.02(0.89) 0.03(0.86) 1.52(0.22) 0.16 (0.37) 0.35(0.48)

RILs 0.03(0.87) 3.61(0.06) 48.15(0.00) 0.96(0.00) 0.00(1.00)

P, 2.17(0.14)  2.73(0.10) 0.81(0.37) 0.33(0.12) 0.54(0.06)

E, 4AMG-AL P, 468.87 0.02(0.88) 0.02(0.88) 1.39(0.24) 0.06(0.83) 0.17(0.99)

RILs 0.00(0.99) 0.00(0.98) 0.01(0.93) 0.01(1.00) 0.00(1.00)

FSTH p, 1.62(0.20) 1.07(0.30) 0.62(0.43) 0.24(0.21) 0.14(1.00)

Stearis acid E, 4AMG-EEEA P, 495.64 3.58(0.06) 3.62(0.06) 0.08(0.78) 0.38 (0.09) 0.19(0.98)

RILs 0.04(0.85) 0.00(0.95) 0.24(0.62) 0.04(0.91) 0.00(1.00)

P, 3.11(0.08) 6.20(0.01) 9.80(0.00) 0.52(0.04) 0.18(0.99)

E; PG-Al P, 373.99 3.09(0.08) 6.05(0.01) 9.21(0.00) 0.56(0.03) 0.14(1.00)

RILs 0.00(0.96) 0.49(0.48) 8.93(0.00) 0.23(0.22) 0.00(1.00)

P, 0.82(0.37) 0.55(0.46) 0.28(0.60) 0.12(0.50) 0.13(1.00)

E, MX1-A-A P, 1123.06 0.35(0.55) 0.40(0.53) 0.06(0.81) 0.07(0.78) 0.27(0.77)

RILs 0.21(0.65) 0.20(0.66) 0.00(0.99) 0.05(0.88) 0.00(1.00)

T P, 0.30(0.58) 1.18(0.28) 4.83(0.03) 0.28(0.16) 0.49(0.12)

Ol;iﬂigfcid E, 3MG-AI P, 1147.56 0.08(0.78) 0.01(0.91) 2.43(0.12) 0.11(0.53) 0.19(0.98)

RILs 0.00(0.99) 0.00(1.00) 0.00(0.95) 0.02(0.99) 0.00(1.00)

P, 0.26(0.61) 0.32(0.57) 0.09(0.76) 0.06(0.82) 0.20(0.96)

E; PG-A P, 1172.87 0.15(0.70) 0.23(0.63) 0.17(0.68) 0.07(0.76) 0.25(0.85)

RILs 0.20(0.66) 0.09(0.76) 0.23(0.63) 0.12(0.49) 0.00(1.00)

P, 1.08(0.30) 1.57(0.21) 0.97(0.32) 0.19(0.30) 0.15(1.00)

E, 4AMG-EEEA P, 1297.02 0.10(0.30) 2.12(0.15) 3.12(0.08) 0.32 (0.12) 0.53(0.08)

RILs 0.00(0.97) 0.00(0.98) 0.04(0.84) 0.06(0.81) 0.00(1.00)

o P, 0.00(0.99) 0.09(0.76) 1.63(0.20) 0.08(0.69) 0.11(1.00)

Linﬂcﬁzlfsgfcid E, MX3-AI-Al p, 1319.34 0.00(0.96) 0.00(0.96) 0.00(1.00) 0.05(0.89) 0.13(1.00)

RILs 0.00(0.99) 0.00(0.99) 0.00(0.97) 0.00(1.00) 0.00(1.00)

P, 2.57(0.11) 5.11(0.02) 8.02(0.00) 0.43(0.06) 0.16(1.00)

E, 4MG-CEA p, 1467.36  1.83(0.18) 3.12(0.08) 3.37(0.07) 0.43(0.06) 0.12(1.00)

RILs 0.20(0.65) 0.00(0.98) 3.29(0.07) 0.99(0.00) 0.03(0.97)

P, 0.01(0.90) 0.04(0.84) 1.57(0.21) 0.06(0.80) 0.15(1.00)

E, MX1-A-A P, 1386.03 0.02(0.88) 0.08(0.77) 0.36(0.55) 0.04(0.93) 0.15(1.00)

RILs 0.00(0.99) 0.01(0.93) 0.11(0.74) 0.03(0.98) 0.00(1.00)

N P, 0.56(0.45) 1.37(0.24) 3.16(0.08) 0.20(0.27) 0.45(0.19)

Lin:])ijfri\ficid E, AMG-A P, 1421.51 0.26(0.61)  0.65(042) 1.62(0.20) 0.12(0.52) 0.10(1.00)

RILs 0.00(0.95) 0.00(0.98) 0.14(0.71) 0.03(0.96) 0.00(1.00)

P, 0.02(0.89) 0.03(0.86) 1.55(0.21) 0.19(0.29) 0.35(0.45)

E, oOMG p, 1520.28 0.03(0.87) 0.01(0.91) 1.26(0.26) 0.20 (0.27) 0.36(0.43)

RILs 0.29(0.59) 11.18(0.00) 127.70(0.00) 2.79(0.00) 0.00(1.00)

U3 U3 U3 B MER  snW2 - Smimov 203 D : Kolmogorov K23, 455 P BUIH WHEAR (H

Note: U2, U3 , U3 mean uniformity test;nW?means Smirnov test statistic ; Dn means Kolmogorov test statistic ; Values in parenthesis mean probability.
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2.3 BERRERAS & ERIEXES T

3 AN [ s DX R 2 5 2 18] B9 A 5 20 B 45
SRR SRR A e I A 19 7ok 10 R I 9k 7 1)
(B0 3% TR O BEARIR SR & (1) i 3% IE A
Ko HARIG 0T R 1] B4 4 5 5 28 1 PX) 4l 50 A ] T AN
[A) o e H A 2 P AT L 5K 5K 1 X, AR R 5 Y
MR 5 W35 IEAR G SC R, 18 T B [ IR AT L 5k K
I H DX, A 1R 5 A TR 2% B (A ) S A 5 s 1
[ Ji ot DX, A e PR 15 9 G 2 Wl 3 T AH OG5 A5 WG R
[ Ji ot DX, i R 5 IV 0 R 4 S A 5 SR O, L
FRIAEE (K 4),

3 e 54

I 105 1 A2 TRV B 2 2 1) S MR 3 A ke £
XHIg W R 5t 4% 19 BF 7% 5 21820170 IR F 5% LA
DYMXSTS 345311 ¥, , 4 A58 RBEARLE 3 DA
IRBE T R 7 R o 2 1) 728 AR AF 58 0 R IR 5 R &5 &2 1
iR, BESRAE SRR AR AE 3 LA (MR K
HR PG 7 5 A bk 51 1 M X)) (1) 8 A4 A
RS 50R 1 % 2 e R+ 22 S PR ARE A | 22 5 PRI ASE 60 D
TG 2 B RIS 5 A5 Ji 2 1) 35t A A5 18 4 30l Ry 4 %o = O
PRI 4 Xof = J5 DRSS A6 T TG = 56 DRSS AL 5 i 92 119 35k
RIS 50 R 1 % 2L PR + 2 JE PR R 3 %) 3 S [R
LT 22 FE DRARLTRY 5 STV 9 T 1) 35 A5 A 78 4 331 Ay 4 %
FHEPIRERY 3 50 = S A AR + 22 B DA A A 4 %6 5=
FEDRARAY ; bR TR 1Y) 382 A5 B R 43 331 A 1 % 32 1R +
ZSERIBETY 4 %f 32 PRS0 RN g SE RIS R | 32 PR
FZ B H B s SRR TR L2 3, AT DL Rk A -

1) 5 FRRE TR & f st AL B A & 2%, A [ IX 1Y) fe i
FERISE AR, BV IX 5 FhIR G R FZ RN £
FE A Bl F2 5 N+ 2 R DB A [ A R 3
PR+ 22 L DR 4SS 7Y D) Ko 22 R DR TR 1 7 5 5K 11 b IX
JLUESS: 5 v =t PSR 72 9P 1 e S R 1
HH R 7 B 1ot A% 1 52 2, TR] et 3 B 3 5% 3580 g o flig
IR 5 B AL A —E HISE I
X R e A TR RR i I R B
R, G W IR 5 15 S AR b3 F 2 R + 22 3 (A st
Pt R 5K B 0 A5 XA JRR A 7 AR A A 5T
Y, P JRRIR 5 £ hy 2 X S SR 3 5E IR st A%, 355 I
AL N 36% ; WARBR & 10 3 X S5 ik 32 28 P st
&, FEEIBALHN 80% ;MR At R AR AR TR &
RIS T RO 1 22 3 gt A, AHESE
RS 2 SRR, W RESE T LA I T Y IR
2 RIL AR R, AR B 58 02 DL o= JRR
PR o 25 ORI 2 AR A REAS b 8 1
T, FBH AR 5 A BT AR AR S O TS
JITFR)SE AR FH 2 LT FH 2R A R 5 £F 2 AUV Rk 2% 58
PR SR OB R AR 2RI 2R MR
TE EWMAFTE—E N 2ZE 5. I HRTAE 52 53 4l
RAEE WG RRE AN R BT 25 5 25 74
Ko i ESEEMmEWEY ik 25, Horbr
SERM 22 AR AT AT R, 2R AR R A
TS RAE HoN e v 7 B AN AR S 3 A1l
A, N R TE R st R, PREEROW X B Wi
PR e B AL AT — 2 P2, DR b 1 25 R A2 R
HEE R I E R E

R4 AEMXEEERAS & EBRIEXKE

Table 4  Correlation coefficients of fatty acids compositions in flaxseed in different areas

Hb e Jiig iy Fig s A4 FrRE R AR R R &% iz SRR R
Location Fatty acids Palmitic acid Stearic acid Oleic acid Linoleic acid ~ Linolenic acid
AR Palmitic acid 1
i JGIR Stearic acid -0.066 1
E, R Oleic acid -0.035 0.234™" " 1
MM Linoleic acid 0.138" -0.036 -0.406 " * 1
W JFRIR Linolenic acid -0.208 " * -0.235" " -0.154" -0.827" " 1
AR Palmitic acid 1
T AGIR Stearic acid -0.248" " 1
E, MR Oleic acid 0.129°* 0.133"
TR Linoleic acid 0.067 -0.070 -0.311" " 1
WPJKER Linolenic acid -0.192" " -0.156 " -0.280" " -0.810" ~ 1
FERRIR Palmitic acid 1
EHEHR Stearic acid -0.154" 1
E; IR Oleic acid 0.019 0.239" * 1
TEIMER Linoleic acid 0.154* -0.109 -0.326 1
AV JFRER Linolenic acid -0.235" " -0.147" -0.201" " -0.848 " * 1

. o= = FoR 0.01 Bl FKF; = Fok 0.05 B E K,

Note: * * means significant at P=0.01 level; * means significance at P=0.05 level.
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