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MNP

AR A K = AN e SN T
(" SRR 5t 5 M A SRR IFSEIT , BEFH 550025 ; > LB 4Ol B4 BEAERTSE BT, & A8 230031)

HE: EX MR EI LI RARBYRZ— BB AL EZHRIS . AT E I G069 190 4 240 7 A A4,
M) JL AR A= AR AR BR b BR | T2 BR A%, 5T CISAD (CIFAD2 A W -3 % & W52 2488 AT e IR &2 243 B XK 5
Mo REW, RAERFRAIFBHREEHET ZEF, BFRHH 1584 % ~23.05 %, F45 5 A5 H0H 522 ~
523, L kiR AT d, RRIE IR A F AR, B G RFBR o 10 2R R F EAR K . CISAD A= CIFAD2 W 3F &7 14 /~4= 3 A~ SNP,
5 ST B S A AT L84, CISAD 3k B 457 Hap3 #o CIFAD2 2 B 457 Hapl 531 5 A% A W — 3, CISAD %R A 4%
A Hap3 52 IR &% B F KRB B LA R A A TS8R &) b BR 2540 . CIFAD2 A W 45 % Hapl #) T B R R, M
Hap2 5 T BB & B F AR L AA AR, R A) T Rib R a) &k, E2ANEE RIRELT ) 1A K4 SNP AL L, 5 A A&
T Mk SAD 2 FAD2 B 75 12 £ JF 0 R AL A5 5 FFR &R A S ERR R BAG®R T o T AFIL I K A48 X 5 F bl i 47
Rt ok,

KEER : B0 MM BR 5 S AE A 5 AR G BR W Ae Ae Bl SAD FL 1 ; vt B L AG A Bl FAD2 J )

Haplotype Identification of CISAD/CIFAD?2 and Association
Analysis of Related Fatty Acids in Coix lacryma-jobi L.

SHANG Kun',FU Yuhua', LI Xiushi', MENG Qiuyi', YANG Lingling',ZHU Jiabao®
("Guizhou Institute of Subtropical Crops, Guizhou Academy of Agricultural Sciences, Guiyang 550025 ;
*Cotton Institute, Anhui Academy of Agricultural Sciences, Hefei 230031)

Abstract: Coicis oil is one of the main functional substances of coix seed, and fatty acid is an important
component. The contents of stearic acid, oleic acid and linoleic acid in seed kernels of 190 coix germplasms from
9 provinces in China were detected. CISAD and CIFAD?2 sequences polymorphisms were analyzed and the
haplotypes were identified. The haplotype association analysis of fatty acid content was carried out. The results
showed that there were wide variations in the content of three fatty acids in the seeds of different coix
germplasms, the coefficient of variation was 15.84 % - 23.05 %, and the genetic diversity index was 5.22 - 5.23,
among which the content of oleic acid was the highest and the content of stearic acid was the lowest, and there

was a very significant positive correlation between the fatty acid components. There were 14 SNPs and 3 SNPs in
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CISAD and CIFAD?2, respectively, and 5 haplotype have been identified. The CISAD haplotype Hap3 and
CIFAD2 haplotype Hapl are consistent with the reference genome, respectively. Hap3 of CISAD was

significantly associated with stearic acid content and had a negative effect on the conversion of stearic acid to

oleic acid. Hapl of CIFAD2 was favorable for linoleic acid accumulation, while Hap2 was significantly

associated with linoleic acid content and had negative effects on linoleic acid synthesis. One key SNP locus was

identified in each of the two genes, which was the key locus to the difference of SAD and FAD2 enzyme activity.

The results will provide a theoretical basis for the breeding of high oil coix varieties, as well as the development

of molecular markers and the analysis of related molecular mechanisms.

Key words: Coix lacryma-jobi L.; fatty acids; haplotypes; stearic acid desaturase SAD gene; oleic acid

desaturase FAD?2 gene

U (Coix Lacryma-jobo L.) HARARRL T4 Rk
B — A A R, R IR TN A
DX, Bk, 25 A TR [ 0 R g s ] LA ) 2]
28000 4F R, HAP~ F 2 AR B AR >, 3
BRI h, GR T (MR AL ) T
(KRELQH)SFH M, BE e E
B IR AN SR B R R R
sk g HeH, Tl =R & 90% LA E, Tl R 2y
5%, 5 Z BRI AL BARAL o 2R S H R =R Y
JIE W R = 2 R TR (49.4% ) (VIR (28.8% ) i
12 (13.5% ) FIRE R (3.6%) " . FEHIFI T I8 & Al
BRI YRR R A TR T H AT
MLHIIETE T S8 T — LI g A o Bl D8 A 5f
T B R PR K T AN (SAD, stearoyl-ACP
desaturase) F1 [N JiT (9 i R JIid 161 F0 i (FAD2, fatty
acid desaturation 2 ) JZF8 ¥ A1 1 15 12 i i I
TR G DG BRI, 0 A A0 R R TR B Wl R Vil
SN IR 14 S, B I T AR R DA 2 FiAE )
HIRIE T SAD 5 FAD2 E R g o st s
Sl T SAD Fl FAD2 3£, ¥R CIFAD2 TEN %
¥, CISAD H AN &+

IRHR 3 By S 42 W PR PRAH DG T B 57 A i A 1) T
H, BAT 53 HER A6 2t (] 2 OR RS 50 d
)R BE R e, B AR 5L BRI F 52 1)
AT HE. BN RTEZ MY b I T ik 3
5RBMRAA AT, a0 Fok RS MR A
W HEIE R IeyE" [ crtRBIVTS 52K N R A
R LBt B A e, B R al 2 . whpl™ FI
bx 1 5 F KA B HA A SN KA, Glud Fl
GluBIl SR EAT R EME &R RN
Wi {75 5 3 % S R BKIT 55 6 > 40 R AiE 3 8 249 A
X2 ZABER A IARIAETE N TEE

(R o B TR0 0 7 1SRy S BT ) o PR 7R 5
U R A 8 T H2Y . B8 3 il 40 B /N 22 3 M
57 XN TaSBEs S AL, I 3145 BASTEM &
B P SR A TR I3 o O PR e B AR — 25
7T IHED e 588 A0 4 0 2195 B U AR I
4 FhOCHE B RUZH A, 7 RRAR 7 1N R X
RS T HIE S R RS A TR T
TFARic Al Bl , A6 B b A v B R R R 4
RS S T BE I, R E T 43 F bR ic 4l Bh B b Y

HHiT, SAD Fl FAD2 5L AE 15 ZVE W v i 223k
B OB s BB YRR Rix b
PR AL 1 R B AT o DRLIL , AS BF 5 00 A 3R
VU R i DX A 5 9T R % 4 CISAD Fi CIFAD2 11
SNPs % 7 B R, I 2R F G156 45 BT F 5% 3R gk, 4
Sl A BT A e B TR S5 1 L Vi R ARSI 9 R 1) G
15CHE Sk fif BT 308 1D R 1) 43T AL A RN T ke AH 56
Sy FARie F TR SR A AR e B B R AR A
WA
1 MREFE
1.1 REEA R

190 13 3 W AU L R 5 M1 A48 A I 5
FITSC A RAT, b 72005k A =/ L 46 2K H 529H , 29
Oy F TP, 14 402K AR, 10 033K FH #5055k
FVLAR, G B AR L0, o 11 R
AR D) . FTAMRIITE 2022 4E R T 50004 IF
VR YIIF ST AT a0 S, FH B oA SR F B ML IX 20
B, AT IX 47K 5 mL, A7 0.6 m, #R1H.0.6 m, F4H
PREG IR -7 T-20 CUKA 4 F, THERR
R, AN AR S SRR B ARERE B ARG
4 CIRAF
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Table 1 Names and source of 190 coix materials

s AR pies e e AR pie e

No. Name Classification Source No. Name Classification Source

1 BN EFEw N Ho 5 /3 CaplIE=S 39 SR A SHNAFIER
2 ST by i TR IR 40 A1 by i SN T
3 RIeA7 L2 Hp LR Fh A K 41 R R HpHFh AT
4 RIEEI-1 WA= VA R 42 IR 5 Fb SN LT
5 RIEEE T -2 A A IR K B 43 PATFARA-] by il A AT
6 RIEREL-3 Lot A R 44 B Lagatv SN L
7 AU -1 LAty IR ANITEES 45 PTRFERAK HuJ7Fh SN 4T
8 RULFEE LU ;g RULE 46 PRI iy il SR IERER
9 SRR -2 HFAFip A R 47 Wi PR R HPAEFip El K =
10 UL -3 U A i iRy IRAN 48 RAFREAR H 5 Fh SN T
11 AU IR EE L Lot IR ANITEES 49 Hoa R U A i M ST
12 RN BREE T Uy A i T Rl 50 FIE A1 A SN
13 TR S A i IR 51 RO Hp g Fp A AT
14 FRIARE -1 A IRy d 2N 52 FYRERR-1 HuT5 SN RS
15 PRIIARE -2 A A AR 53 RO o7 AT
16 BT HEE HpLEFh ISy i) 54 AR Hh 77 Fh SN BT
17 BRI Hp A b IRy i) 55 SRS H 7R A AT
18 SRR A TR A 56 Je) k-1 5 SN2 il
19 €S Y/S L Lot TR 57 BN R Lagtv S A LN
20 B EA R T-1 Ly Ky iE=s 58 P ANy SV) H 7 Fh SN 2T
21 i E -2 U A i Ry = 59 BN iy il SN L e
22 FRIKEE A S R IR 60 BTk iy il RMEE LR
23 B Sl 2 1 - 1 A VA B S i 61 FHRAEOR-2 by i SN G R
24 s ks ol 5 -2 Lo VAR B S 62 k-2 by 7 UM T
25 B ks 4 X -3 U A i I PG B 63 K iy il UM T
26 PR -1 S A i IR 64 MR- U A i Givike

27 JUPERR R -2 La gt IR 65 PSSy by il AT
28 I -3 B A i K 66 SNMER HuJ7Fh ik

29 I R4 Hp LR Nt 67 S B TR iy il Giviike)

30 JPER -5 U A i IR 68 SEMIEE -2 S AR Fif Givike)

31 PUAREK HJ5 ST R 69 M FEOR-2 by il vk

32 TR Lot SR 70 SEMIEFREAR-1 HuT5 R ik

33 d R HbJy il DN BEBATT 71 DN E A EK-3 A pivLke)

34 NS BT U A i S SR 72 BHNAREK-2 A pRliEy

35 PR A A ST 73 OISR S by il Zvike

36 FHaE A SR St 74 ST ROR-5 Hu 7 F ik

37 BURERRR by il SN EUKE 75 TERARRR N LagavL SN SR T
38 SEPHARER HpLE R SMAE ST 76 IR WP A Fif SO IERER
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F1(8)

P £k sy Heii s Ein Pae s et
No. Name Classification Source No. Name Classification Source
77 (7SS A A BN I L 116 ISR A A PR i est
78 HIR A= A Wb dtin B 117 B RAFEE Ligaceil SHEHRE
79 VLR -1 A= A LA 118 R AR o5 SHMEERE
80 VLA -2 WA= A aw;iX Y 119 Db LR Fih PN RN
81 LA 1 A A LI 120 RERE LR Fh mEARTER
82 VLR -3 A A TLIE 121 (== 5530 A A KA RER
83 VLR -2 HF A= A LA 122 PRPERFR -1 A A SEE YRR
84 NAOIL(HAFRATE) by il A 123 IRIEREER -2 U A i THAIRIES
85 NAO17(ZFRATE) Hi 7 ol A 124 PRI LI B A i LA IR
86 NAOI8(ZFRAT) b 5 A R 125 TR -1 A A ZEAHIEE
87 NAO2 L (Z4FRATE) HoJr il Rig 126 THIRARER -2 A i A
88 NA023(ZFRATH) by il ENee 127 TR -1 by il P KRl BN
89 NA025(ZFRATE) B A= i AN 128 THEE -2 U A i SRS
90 NA026 (£ FRATE) HpLEFh A 129 it AR K iy il R PR
91 NA027(ZFEATE) P A i Fiyes 130 J¥5 oy R HfLE R mmA R
92 NAO32(#FRATE) Hf A= i AT 131 [ PR -1 YA i =EA PRI
93 NAO33(ZFRARHE) by il it 132 J PR -2 U A i =R PRI
94 NAO34(ZFRATE) HiJr i A 133 FEEEM R LI-1 LR A REITE
95 P ER -1 P A i PIES) 134 FrELRE -2 P A i PN E=PCRIRE
96 UK K A= A MIES) 135 TR A A KB BILE
97 DU R WA= A (SYIEYii% i) 136 Bl )1 2 LR Fh AR S T
98 PO -2 FpHFh VU148 e 2 137 BN -1 A A S
99 DU -3 Ly LIYNES) 138 B2 A A A T
100 VAR -1 AR R gl R | 139 T R 5 1 A A PR T
101 PR -2 LR DB R R | 140 SR A=A Z PR S T
102 VU -4 HFLEFD g g RS | 141 Fi AR A A S i
103 PR -5 A A gl R | 142 TR A A PN ]
104 VAR -3 WA A BRI R | 143 I V48 2 20 A A mEAEIRTT
105 DO WA= A gl R | 144 Tk 38 7 HF A A PR IR
106 AR IR miE g R || 145 BRI -1 B A Fif mEAE B
107 DU -4 A A g RS | 146 YRR -2 A PNy iRz
108 VAR -5 AR R gl R | 147 B Ligaceil SFE B
109 AR s A RMAE R 148 SR e cpil A Sk
110 o A 2 WA= A = s 149 SR R -1 YL Fh A Sk
111 TR AR R FpHEFp “MEERE 150 BRI A mEE TR
112 i R 35 A A SRR 151 SR -2 Ui S ST
113 ISR IR A= A BMANGEE 152 TR A A SEE B
114 PSR R -1 LR BEAIE 153 TRVEAR A=A PR T
115 irepe -2 A i nEA IR 154 ARk by FN KRR
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F1(4)

Fre PR o3k P2l Fre 2R o3 3l

No. Name Classification Source No. Name Classification Source
155 AN HH Y A=A =“EAMNHE 173 RHEIREEK 5 Fh PR
156 PS54 Y A=A PN KPS, 174 =M KEFER - W A o Nk
157 SCHREEA Ho 5 PR IRz 175 ZHRERE -2 2R R PN EE)
158 TR Lot PPN 176 KM HE K- Hb 7 Fih Pk
159 FedbfrEok H 5 FD “MA e 177 K2 WA Al PN K
160 U SRAR K Hi 5 il TR 178 RHIRE-3 7 o =HA
161 FARGITEFE /S iy il =R 179 THMET-4 Yy A=A PNk
162 IR -1 Y A=A =R 180 PN SY) H 5 Fh FNES
163 Ui S 25 -2 Y A=A EN R IERa 181 R ROK-1 H 5 Fh LA R
164 Il -3 Y A=A B EE 182 K- H 5 il WA ERE
165 BV EK HuJ7Fh PN PR e 183 R AEK by il ARy &
166 BV U A i PN KR =Y 184 B ETEE U A i WA R
167 st 4 8 0 Y A=A = T 185 ZI K -2 by i LA R
168 libaT 7w S H 5 Fh =EA T 186 WA TEEK-2 H A Wi s~ 8
169 SR -4 Yy A=A TR 187 A IEEK-3 A BT AL~ H
170 B L Hb 5D = 188 RN SFES/S 5 F AR
171 BRI E-1 Y A=A PR 189 WHTAR R Y A=A WiTa
172 BRI Y A=A =EA 190 WL EOK Y A=A WiTs

12 HHTE . %2 AWM

1.2.1 FRAGEEIRER QLB RIS BORPRLIEA i Table 2 Primer sequences used in this study

Bl TR A o O G A P e

GB5009.168-2016 { £ i %2 4x ¥ ZZ bR e Bl P Primer name Sequences(5'-3")

JIi5 BR 1 I % ) (https : //www. nssi. org. cn/nssi/front/ CIFAD2 -F AGCAAAATGGGTGCTGGC
107117043 . html) J5 3% JEA47 , B8 g 12 . I 2 0 SIE. 31 CIFAD2 -R CCGTCCTCGGCTCTGCAA

P P A s i (Sigma 23 ] ) 2 57 19 s 1 Al CISAD-1F CTTCCCATTGCCCTCCAG

ERMEAT Ho X e REIT S AR AR IR 3 S Y CISAD-1R CTGAAGAGTTCAATGGTC

Cie CISAD-2F TCGTAGTACTCTCTGCATC

122 DNARBEEEFIIYIE R CTAB Ik CISAD-2R CTGTTCTCCTCAGCAGTC

FPERGE B F DNA, 1% BNt e v ik RS e B

(1A T20 C 4 FHL % 190 (335 BRI CIEAD? CISAD-3F CTCAGAGAACGTGCCAAG

1 CISAD WA~ BE R R Ay 914738, 9755 5 1 90 )7 471 CISADR CARCEAGTCOTCOCAATE

W21, PCRIRB A Z ¥R 50 pL, 445 15 pL 123 B{EBET S A MEGA 118042 %t

ddH,0, 25 pL ) 2x Ex Taq Buffer (Takara) , I pL
dNTP Mix (10mmol/L), 1 pL Ex Taq(Takara),5 pL
DNA, % 1.5 uL IE R [0 514 (10x) . PCR ) 5%
494 °C 2 min; 94 °C 305,55 °C 305,72 °C 90 s
(CIFAD2) 8 3 min (CISAD) , 30 X G ¥ ;72 °C 10
min, PCRHIZE 1% S BEWHEE RS LUK A I , FFAE [
Wik 5) & (OMEGA) Bl H iy Fr B, ik 24 TAEY)
TR ) et A RS mIEA 1

190 3 & B CIFAD2 F1 CISAD F£ X 74 #E47 BLAST
FL X (S5 SR A R 5N 4 =8 S R 2%/ N A
Fe, B AR K FR)  ARICE R Py SNP A8 55 B,
I 4% K 25 A7 5k TR B A 0.05 LA N FRIAE A5 (MAF <
0.05) , {4 B 7 T JE AN B 7 (9 5, A R FEF A
geneHap 8 A 7 BAMERISE o BAE 20 ) o
IR 5 > 5 9 i PR RN 2 AT R
B, R R B2 41 geneHap 73 A7 A [ A% A4 5§ 20
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P BERR R R AR & 2 5 R R P A
Haplo. Stats'® #7545 Y 5 45 g i 2 5 12 S K 43
Hr , & F Bonferroni 4% 1F 32 fff ¢ OC 16 2 2 14 9 i
(P=HAEHIE/0.05)

2 HER59H

2.1 RERERAER ST

190 13 3 BURH 3 B IR D5 R Hh Il R 5 i > i
MR i > BEARIR & i, A 22 5 2, HAFAEAR 2
FIEMRIE(RS, K1) 3FIIR TR AL 5 R BE

R3 190 METMRFCIFEMBEERITHN

15.84 % ~ 23.05 %2 [0], BEAR IR AR 5 R B K, il
ZREMESR RN 5.22 ~ 5.23, L 190 0y 5 B0k i 3 F
NEWilR & st i Z AR 5 . TR & A
AR IR - /N (34) DU AR TN (97)
ZERE D (46) o S IHIR 7 4 i PR BRI o - 3
PRAEE-1(127) HIE R E-2(128) /MR (34) o
B i T % i v A RN B oy - TR -1 (127)
ZEE AL (170) NI (34) o X EEE A
JoT G AT A A R B 7 TR SR T A A A A e R
(RSEA RS

Table 3 Statistical analysis of three fatty acid content in 190 coix germplasms

- R/ME R PriEzE R FRE(%) B Z R E
B #fi - - - B2z e o
. Minimum Maximum Standard Coefficient of Shannon index of
Fatty acid Mean value . Range L T
value value deviation variation genetic diversity
R (mg/g) 23.12A 10.60 40.29 4.65 29.69 20.09 5.23
Oleic acid
AR (mg/g) 17.71 B 9.43 24.35 2.81 14.93 15.84 5.23
Linoleic acid
fEIEER (mg/g) 1.32C 0.65 221 0.31 1.57 23.05 5.22
Stearic acid

B G AR RS 7 B3R 22 5 k3% (P<0.05)

There was significant difference between different capital letters (P<0.05)

10 20 30 40
I I T

il o [ E

—1.0

30 ;ﬂ[
10

el F

3 =

| I | 0 ! | 3

1.0 2.0 10 15 20
A BERRER ;B IR ; C: LR ; 181 PR AL bR B AR R B AR
i, FIRTE P<0.001 /KCF T i 3
A': Stearic acid; B: Oleic acid; C: Linoleic acid; In the figure, the

o

transverse and longitudinal values represent the phenotypic data,
*** indicate significant differences at the P<0.001 level
El1 190 ERFHEIMEHRSES S
Fig. 1 Distribution of three fatty acid content in 190 coix
germplasms

2.2 CISADFNCIFAD2 EREFH &5

TE 3k % 190 153 3 18 CISAD Fi CIFAD2 K5 [H ¥ 51
BLAST Hox, &80 2 ML W A2 T N 7 - X357
TESNP AL S, CIFAD2 JENAFTE3 1~ SNP, & 14
AR LR AR (N PR IR ) , 2 R L RAS , 4k
THNREF N CISAD BEAFAE 144> SNP, 11 M T

WET, 3 FANE T, For 24 R ] A% O
RIR—H AR, R AR ), 14 R A SR
A (£4),
2.3 CISADFNCIFAD2 EFE B ERKLTE

T 190 1385 B CISAD 1 CIFAD2 FE[H A1 2.+
SNP 15 B, , %45 3 [ A5 BRI RS 756, JL 3K A5 10 Fh
FAfERY, CISAD FE R Al CIFAD2 FER & 5 Fp(£5)
1E CISAD 3[R v | B Hap5 #b , 4 4 Fili 245 750 45 5
OYAREE Y, B AR Hap | 76 23R AR R
i H A 31.05 %, HR R Hap2 BAf5 R, (5 1 26.84 %,
Hap3 5% LN M . #F CIFAD2 A, 8L
AR Hapl &5 Fik 80 %LU |, e v T HiAth 2R 7Y
552 FL R 2] PR — 5
2.4 CISAD#1 CIFAD? EF R EREHBRESEE

kil

Xif A AL RS RIS 5 L > 5 i B
FE TR D5 R O s A 7 25 540 Hr , I 2 AT 4, CISAD
FEIR Y 4 Fp A% 78 (Hap1~4) W, % TR R 2 , Hap
5 Hap2 .Hap4 , Hap3 5 Hap2 . Hap4 2 [A] ¥ 47 7EAK 5.
FES WA F IR ER , Hap1~4 22 [6] 34 G {2
FES . CIFAD2 FEF A 3 Fhaf5 A (Hap1~3) Hr, %
T i R I I PR, 5 B AL 2 (R 1 0 B 2 25 5
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T X1 TR S0 Hap] i Hap2 77 7E % 26 5%, #AOWEIRIR AL &5 B . 5 5 0 ALK S4D i FAD2
AR CISAD CIEAD2 A BIRAM T 2528 HOMEB ARG 5.

*4 SNPTRER
Table 4 SNP variation information

FH Frid 7 (bp) SN R X35k GEAFTIY
Gene Marker Position Allelotype Region Mutation type
CISAD SNP101 101 G/T HhF KR — R
SNP142 142 A/G W&F -
SNP645 645 A/G W& ¥ -
SNP691 691 C/G WET -
SNP1226 1226 C/IT W1 -
SNP1318 1318 A/G WEF -
SNP1387 1387 A/C WEF -
SNP1388 1388 C/T WEF -
SNP1731 1731 C/IT W& F -
SNP2987 2987 A/G WET -
SNP3668 3668 C/G NReh -
SNP3906 3906 C/T W& T -
SNP4175 4175 A/C TS Il 2 R — 7 2 R
SNP4291 4291 C/G T [l
CIFAD2 SNP200 200 /T ST TR S R — 4 2
SNP933 933 /T PN [ii]
SNP972 972 G/T ST [ X

~FORFAENET N T K, A B RUE

- indicates that the mutation is located in the intron region and does not cause an amino acid change

RS CISADFICIFAD2 EFE 255
Table 5 Haplotypes of CISAD and CIFAD?2

FEH B EECH A SEH A B Hit (%)
Gene Number of haplotype Haplotype Genotype Frequency Proportion
CISAD 5 Hapl TAC 59 31.05
Hap2 TCG 51 26.84
Hap3 TAG 45 23.68
Hap4 TCC 32 16.84
Hap5 GAC 3 1.58
CIFAD2 5 Hapl CCG 153 80.53
Hap2 TTT 17 8.95
Hap3 TCG 13 6.84
Hap4 TCT 6 3.16

Hap5 CTG 1 0.53
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Jede s
kK
- 25
40
*dkk
20 20
= ~ 30 e
) L0 w2
£3 27 28 H H
~ o - S = %
s ok K
5 H & B -S-BE
=25 EC 2 e
= : 5
1.0
10
10
5
Hapl(59) Hap2(]) Hap3(d5) Hapd(32) Hapl(39) Hap2(5]) Hap3(d5) Hapd(32) Hapl(59) Hap2(5]) Hap3(d5) Hap4(32)

5 NECT R B TR R R RO ; *  7E P<0.05 K- E 225 838 5 %% fF P<0.01 KF L2253 835 FIH

The numbers in parentheses indicate the amount of material belonging to that haplotype; *: Significant differences at the P<0.05 level;

**. Significant differences at the P<0.01 level; The same as below
B2 CISADEFE 4T RABFRE3MERBRSEEFSN
Fig. 2 Analysis of differences in the content of 3 fatty acids among 4 haplotypes of CISAD

2.5
40
25 *
2.0
—~ 30 —
~ 20
B3 e s
£815 25 g 8
et O S o — 9
= = 2
B =~ 20 S35 15
1.0
10
0.5 10 I
Hapl1(153) Hap2(17) Hap3(13) Hapl(153) Hap2(17) Hap3(13) Hapl(153) Hap2(17) Hap3(13)

El3 CIFAD2? BEE 3T AFRKIMIEMREEERST
Fig. 3 Analysis of differences in the content of 3 fatty acids among 3 haplotypes of CIFAD2

25 HENSERBRSEXESH

W AR AR TR B > 5 %)
i 755 3 B g 105 IR 5 & R AT O IR 4 My, I 1
Bonferroni 8 1F 72: 8 /2 W & PEBME . 6 n] A,
CISAD H£570 Hap2~4 551 g R 1 2 B A f2 28 Ok,

Horp Hap2 . Hap4 HL A5 1E 00 , Hap3 ELAT U0 .
CIFAD2 ¥ %7 Hap2 55 V.9 iR 2% 56186, H LA
BN o LA BRI I I R =2 ) 35 T S
KA HTES B 5 & A AU NG I BR 1 /25 S o T &
R—3.
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*o6 BEISEMBRSEXKRINER

Table 6 Results of the association analysis between haplotypes and fatty acid content

A A R T
HA AL TI%IEEW%F Stearic acid Oleic acid Linoleic acid
Gene Hoploype P P B PEL RO P
Effect value P-value Effect value P-value Effect value P-value
CISAD Hapl 0.311 -1.622 0.105 0.448 0.654 -0.362 0.717
Hap2 0.268 3.138 0.002* 0.995 0.320 0.759 0.448
Hap3 0.237 -4.377 0.00001* -2.081 0.037 -1.170 0.242
Hap4 0.168 3.318 0.001* 0.371 0.711 0.810 0.418
CIFAD2 Hap1 0.805 -1.200 0.230 -1.160 0.246 1.721 0.085
Hap2 0.089 -1.834 0.067 -1.189 0.234 -3.031 0.002*
Hap3 0.068 2.191 0.028 0.988 0.323 -0.282 0.778
3 it SN . CIFAD2 S5 7Y Hap 1 A3V R 1% 0 .

FEH ¥4 Z2 25 1 S W st A% Z2 FE VTR LR 43
TSR, SNP & i i UL 2 Ak w2 R Anic 2
— B3R T X 190 3 & B RP B CISAD
CIFAD2 FEH 7 50 EA 743 #r , 2E PR JE R 3 43 5]
KILT 144-F13 4~ SNP, £ W] CISAD F1 CIFAD2 1%
TN E BN 2850, B L IR ARCLE
IRZAED i AH DG HE P PN FRAG I 1) DG B SNP A5 57
WE AR R & 5 ZmSADI B 5 % 3 A
TEPEAZ 3 CDS X 1 ~E[R] X SNP A3 JERHIEIX 14~
5 bp Indel 28 5 1 52 W 5 K G Ag AH 3¢ 2 A
GmDGK7 Fl GmTPR W& AF7E 1 > SNP, H AL AU (1Y)
PACAE 5 TR S R IV S R 5 o 1 I R O B
X G AHIESY % 5E B Y SNP ] B8 2 M G i e
T2 L IR R 2

PO 53 BT H L T — L B Y SNP v AL
G HAE B E BB SNP B F 50,
I F P 5 B T R T e S R S B R A R A
VR 5T 0 U5 A0 5 R R RN T A%, ACBIF o 4
€ Bl CISAD A 4 Ff 32 2 B A5 RUFN CIFAD2 KA 3
b 32 BEAAE Y | R IR CISAD T CIEAD2 B3 70 43 1)
ACAERE AR R T R 7 i hAE A i 2 Pk 22 5, BIE
1 CISAD F1 CIFAD2 5 X 43 i 4 A s 5 2 3130 R
IR B FR 1 LI RE . 735k, CISAD 4% 74 Hapl
il Hap3 58 5 R &5 4% 2 5K T Hap2 71 Hap4, 3
A Hap1 #1 Hap3 ) CISA D JE 5 55 ) F R i 2 1] 1 R
EeAk, 255 ORI BT 4 SR, i — 2D o Hap3 A il il
TR B0 R TG P O S B B, A5 1 IR ] L SNP
A7 25 (SNPA175) , J2fif fig 1 MOt A /R 0% 42 A28 1) 5%

F Hap2, H CHE 43 H7r 2% B Hap2 X0 R & o HA
SLE RN, I, CIFAD2 A5 RIh Hap 1 H35 B0Ap
ST AR SRy T A R RE B RS SE AR AR, o 1A ETH]
SCSNP A 5 (SNP200 ) 2 P S X 9 R e £ R0 7% 4
PS5 A R A5
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