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Abstract: [Objective]lWalnut (Juglans regia L.) is an economically important nut tree in China with a
long history of cultivation and a wide range of distribution. It is rich in fatty acids of which about 90%
are unsaturated fatty acids which are essential nutrients for the people. The degree of unsaturated fatty
acids is one of the important indexes to determine the quality of the oil in walnut for the characteristics
of lowering cholesterol in the body of human The research on the mechanism of unsaturated fatty acid
formation in walnut has also become a hotspot. The composition of the fatty acids in walnut and key
genes related to high unsaturated fatty acid synthesis are of great significance for studying the synthesis
of unsaturated fatty acids and optimizing the distribution ratio of fatty acids. As a critical enzyme in the
lipid biosynthetic pathway, the fatty acid desaturase 2 (FAD2) takes part in the desaturated conversion
of oleic acid (18: 1) to linoleic acid (18:2). Currently, the FAD2 gene has been deeply studied in other
plants, but it has not been reported in walnut. In this study, we cloned the walnut F4D2 gene to explore
its role in the synthesis of unsaturated fatty acids in walnut in order to provide a basis for the analysis of

the synthesis mechanism of high unsaturated fatty acid in walnut.[Methods]The components and rela-
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tive contents of fatty acids of the 20 walnut cultivars were determined by gas chromatography-mass
spectrometry (GC-MS). High linoleic acid varieties and low linoleic acid varieties were used as materi-
als, and the expression patterns of the fatty acid desaturase 2 (F4D2) in high and low linoleic acid variet-
ies were analyzed by real-time fluorescence quantitative PCR (qQRT-PCR) based on the whole genome
annotation information of walnut. The CDS sequence of the JrFAD2 gene was amplified by RT-PCR
and its structure was analyzed by NCBI. MEGA7 was employed to build the phylogenetic tree of the
FAD?2. The expression vector 35S::JrF4AD2 was constructed by pBI121 vector with GFP tag through
Agrobacterium-mediated transient expression system, and the expression of the walnut FAD2 in the epi-
dermal cells of tobacco leaves was observed by using laser con-focal microscope.[Results]1The fatty ac-
ids of the 20 walnut varieties were mainly composed of linoleic acid, oleic acid, stearic acid and palmit-
ic acid, of which unsaturated fatty acids were up to 90%. The content of linoleic acid was the highest,
its average value was 58.63%, and its coefficient of variation was the smallest, 10.4%. The variation
range of oleic acid was 24.17%-48.27%, and the coefficient of variation was the largest, 21.18%. There
were some differences in the expression levels of the £4D2 in the high linoleic acid varieties and the
low linoleic acid varieties, the expression level of the WALNUT 00002632-RA in high linoleic acid vari-
eties ‘Daihui’ and ‘Zhengduan 15 was significantly higher than those in the three low linoleic acid va-
rieties (p <0.05), but there was no significant difference between ‘Zha 343’ and low linoleic acid vari-
eties. The difference of the WALNUT 00027620-RA between ‘Daihui’ and the low linoleic acid variet-
ies was significant. The expression level of the WALNUT 00011902-RA in the three high linoleic acid
varieties was all significantly higher than those of the low linoleic acid varieties. The WALNUT _
00011902- RA was selected as the gene to clone, and the CDS sequence of the JrFAD2 gene with a
length of 1 152 bp was obtained, which codes for 383 amino acids, contains the functional domain of
omega-6 fatty acid desaturase, and belongs to Membrane-FADS-like Super family. The JrFAD2 in wal-
nut had higher similarity with the FAD2 in the other plants, and it was speculated that they had similar
structure and function. Phylogenetic analysis showed that the walnut JrF4D2 was closely related to the
Vernicia fordii FAD2 and the soybean FAD2. The results of subcellular localization showed that the wal-
nut FAD2 emitted fluorescence signal in the cytoplasm, which was presumed to be mainly located in
the cytoplasm.[Conclusion] The fatty acids of walnut were mainly composed of linoleic acid, oleic ac-
id, stearic acid and palmitic acid. The critical gene JrF4D2 in walnut may promote and regulate the syn-
thesis of linoleic acid and the ratio of oleic acid and linoleic acid during the synthesis of the unsaturated
fatty acids.
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Table 1 Primers used in this study

BN CIE/EA i SIHFFIG-37) Fig&
Gene Primer name Primer sequence(5°-37) Purpose
Jr18S rRNA Jr18S rRNA-F GGTCAATCTTCTCGTTCCCTT L AsEEIL]
Jri8S rRNA-R TCGCATTTCGCTACGTTCTT Internal primer of walnut
WALNUT _00011902-RA W00011902-F TGAATCTGGCAGTCTGAAGC WIGE R

W00011902-R

W00002632-F
W00002632-R

W00027620-F
W00027620-R

JrFAD2-F
JrFAD2-R

WALNUT 00002632-RA

WALNUT 00027620-RA

JrFAD?2

AAACAACATAGGAGAATGAGTGG

TCGTCAACAAGAGTGAAGAACA
GAGAATGAGCGGAAGAGGGAA

AAGCGAGTTCCCCACACAAAG
GGAAGAGAGAGGCTAGTGCGAG

taTCTAGAATGGGTGCCGGTGGCCGAAT
gcGGATCCTCACAGCTTGTTGTTGTACC

Fluorescent quantitative PCR primer
TOERTI
Fluorescent quantitative PCR primer
P E G
Fluorescent quantitative PCR primer

RIEFARIE G

Primer of expression vector construction

T F FoR B 5190, R 05 R es1 0, R 73 R XU k3o

Note: F represents the upstream primer, R represents the reverse primer,and the underlined part represents double enzyme cutting sites.
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cDNA MR 2 puL, IK B 7518 K #h 42 20 plo N FE
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45 MR

FEA 3R 0K & 1) TF SR A 2k, R ) SPSS
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TRAF o PCR=WIH 1.5% 158 g b EAT RS, 48 )5 ik
AT R (a1 Wi 44K CTIANGEN, B g 4 i DNA 1] i
WANED o A BN P2 21 2B 1) PCloning007-T
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N 13.45% 5 03 R (19 AR X & 20N 44.46%~64.75%
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55/ 5 9 9.89% s TR A XS 2 & (1 ARG H R 24.10%~
46.86% , V- H511H N 30.64% , TE AN [F] i Bl 1] (78 5 &R
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Table 2  Fatty acids composition and relative content of different walnut varieties %
75 i i TR AR THER (g
Order Variety Palmitic acid Linoleic acid Oleic acid Stearic acid
1 1% 18 5 Zhongduan 18 5.68+0.51 62.64+0.42 26.97+0.25 4.4140.32
2 #7] Chico 6.11£1.17 61.25+0.79 27.61=0.61 4.73+0.58
3 145 16 %5 Zhongduan 16 5.01+0.75 60.65+0.40 27.50+0.40 6.60+0.36
4 "1#% 155 Zhonghe 15 6.34+0.98 57.68+0.53 30.00£0.69 5.73+0.48
5 IR 185 Wen 185 5.700.83 58.98+0.33 30.76+0.69 4.27+0.34
6 J& 15 15 Zhoukoudian 1 5.43+0.74 64.75+0.41 25.42+0.41 4.12+0.33
7 W EEF Hartley 5.86+1.57 55.21+1.35 32.99+1.77 5.28+1.10
8 %% Qingxiang 7.65+1.00 57.59+0.79 30.00+0.84 4.45+0.59
9 A% JE A Zhongheduanzhi 6.19+0.83 53.69+0.12 35.78+0.89 4.06+0.28
10 7 861 Jing 861 5.58+0.75 56.42+0.25 33.48+0.64 4.28+0.17
11 =% 45 Gaoling 4 4.70£0.66 44.46+0.82 46.86£1.26 3.68+0.22
12 *#%F Zhonghefeng 5.97£1.05 45.71£0.78 43.26+1.82 4.77+0.38
13 AR5 76 Songfangxi 6.04£1.05 62.78+1.42 24.10+0.56 6.97+0.73
14 {5)% Daihui 5.65+0.96 64.56+1.15 24.60+0.66 4.91+0.69
15 11343 Zha 343 5.44+0.76 64.62+0.77 25.89+0.38 3.51+1.36
16 P A%k Xinzhongheduanzhi 5.17£0.72 57.26+0.43 32.54+0.50 4.87+0.23
17 5 Baofeng 4.2241.01 55.29+0.52 35.65+2.04 4.10£0.60
18 W Jizaofeng 6.13+0.88 63.71x1.21 26.22+0.53 3.61£0.56
19 F%H 15 % Zhengduan 15 5.86+0.69 63.83+0.38 24.72+0.19 5.33+0.18
20 L1 Liao 1 4.31+0.90 61.62+0.31 28.56=1.18 4.74+0.50
“FH4{H Average 5.65+0.76 58.64+5.80 30.64+6.12 4.7240.91
A5 5 2280 Variable coefficient 13.45 9.89 19.98 19.37

AR TR 9 19.37%

93t — 2B LR A BT 20 43 A% Bk R Y i i R
T2 K X5 &, B MEGAT7.0 % e iE 4T 3 2500
B SR 1. 7ERE B REON 25 J 11 B P= 2 T8¢
A, — A NAB.CIHWE D, KA
ARSI A 15457 < FL 3437 % 10 Mk
B, B ZHALHE RS R] R R R R S 8 AN

Fft, C AL A F K w457 0 X3 )T

JIE 197 B AR AT 27 LA I, A 20 10 4 12 Bk it Fof

FIMER S EE TBA , BHE T C4., 34

(IR & & IR 4 5 2 A, R, 3 2H 1] P AR AR R K

WEARIR & R A R 2 R (R 3).,

22 BEHCHER R SEE FAD2 R E R FRIEER S
M NCBI H T 8 A AE Y FAD2 £/ 57 3 51 I R
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Fig. 1 Cluster analysis of 20 walnut samples

*3 A ERALH BRI EE
Table 3 Fatty acids between different clustering groups
%

i AR RIS IR T IR
Group Palmitic acid Linoleic acid Oleic acid  Stearic acid
A (n=10) 5.57+0.56 63.04+1.49  26.16+1.48 4.89+1.15
B (n=8)  5.83+0.98 56.52+1.71 32.65+2.31 4.63+0.61
C(n=2) 5.344+0.89 45.09+0.88  45.00+2.55 4.23+0.77

F At BLAST 528k 2 2% B R 203047 U XS 4047, 3
2 NAZ Bk 2 2 Fe D A b A 4R 3 A I R i AL
FAD2 2[R, B [ 1D 43 73 9 « WALNUT _00011902-
RA~WALNUT 00002632-RA J2 WALNUT _00027620-
R4 . v WALNUT 00011902-RA CDS K & A
1 152 bp, % i 383 2 2R , WALNUT _00002632-
RA CDS KA1 149 bp, 4atidh 382 NN HE R , WAL-
NUT _00027620-RA CDS K &£ 5 1 167 bp, % i 388
MNRAEERR . =F LR 5 FE M & A AL S
85% ., LT &5 LK 2.

BT 5E AR BAHE , A rb et W R S B
A3 72 5 1) R R Al R < AR AR 1557 4L
3437 DL RACIE R it M “ 0 457 R T 8617
YEJy e Ak, R 2 i€ B PCRAZAXS 3 4Nl R
it S FAD2 FE R 3E AT R IE A 53 #r , I e AR AIE
TR A 8] FAD2 323K K- FAFAE 2 57, i 3 BT
Hof WALNUT 00002632-RA 75 75 WV /1 B2 & A < 6%

W AR 155 I RIEKF 3 a3 MK i
PR i P (p < 0.05) , (5 < 4L 343" S5 0 7 82 i b 22 1)
238 R FRIK K P T 2 57 3 3 1 (&I 3-A) s WALNUT
00027620-RA 1E {5 ML R it Ff < 505 ” [1) 214 B 51K
U R P A B 22 S WA, HAE N
(1) 35 R Rk 7K1 fe v (1 3-BD s WALNUT _00011902-
RATE 3 MK R it i [8] (1) R 08 KUK, 3 AN
G JH R b ol 1 2R A e 1 S 3 v TR T R A B (A
3-C),
2.3 1%k FAD2 HosTiE

T POt Ba ], ik WALNUT _00011902-
RA AT % , 344 Hodin % N JrFAD2. ¥4 PCR 24
AT BT W I R W 5 15 3% 2R ) CDS K2Ry
1152 bp(E4-A), 4 383 N IEIR , H 7 5 KT
()2 LR 7 51 an ¥ 4-B BT
2.4 FAD2ERF5 9 R (L

AN 5] #8990 () FAD2 B A5 %8¢ e 1 R YR M, A
DANMANT7.0 ¥ 4% Bk JrEAD2 F& R 9 1Y () 52 FE 1R )5
A1) 5 Ath 47 Fof [+) 05 6 R P S B PR 7 1) R AT XY, R
4% Bk FAD2 5 GeneBank 1 & 2 A7 () 400 5 7+ <
OIS ERR K B O — R AR
FAD2 Z 3 1% 1 41 a1 P [R5 AR ABA 28 5 v 0K 84% ,
rh 55 R A RO Tl i ] 55 46 S JBR XU 5 ] 5 1
T MR 5350 R 84.6%82.25%81.46% , H. 5k}



P S Ak IR I A S R JrFAD2 1) SO B 3RIR A

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT 00027620-RA
WALNUT 00011902-RA

Consensus

WALNUT 00002632-RA
WALNUT _00027620-RA
WALNUT 00011902-RA

mgag m s

a pphcfqgrs sfsyv yd

1481
UEREAQNTVY . . . NKEEEOKA THORE: (RIS 5 37
WENECRE TA L PTANKEDOS DR Pl KNS Tae ([ 40
HEXECREvAr . . LTHEKSESCSHX T e i 38
1 rvph kppftlsg kk
AMPPHCEQRSIYSS E'SYVENY DSl i 1A T I i T I
AMPPHCEQRSINNSFS YV Y DIRNBSHI - v 1A TIYv I 12T S
AP PHCEORSIAREISFS Y VIY Y DIFSRNSRI b v 1A TI v I3 iz Y
f yiat y h1l
[Plztl1,S Vi AWD T vTMEOGCT TGV TAHECGHHAFS DYORMEEEN
[Pl(o 1S vIA DT YT RESOGCIT TGy TAHECGHHAFS DY ORRIE
[PO) 1 S ViAW DIV ABIOGCNL TGV IAHECGHHAFSDY Ol
P lsy awpiyw ggc ltg wviahecghhafsdyg
QY DDfEY I . Ei ST LV Y FSTKMS HERHE SNTGSLERDE VISEEEN
Q#D DI Glae 1 Fi SIET. 1V PY PSRN S HERHHSN TGS LERDE VST
4l D DRy G 1SR LLY PY FSWRMS HERHHSNTGS LERDE VISR
dd vg lhs llvpyfswk sh rhhsntgslerdev
[V PKIZKAN Iz Y SKYNNPPGRVMT LY T HT.GIVELY LA CN
[V PKINKEIIe Y SK YWNN PP GRVI T LIS T LI TGP L Y LANIV
[V PKIGKEIRRZI Y SK NN PPGRVI T LASIT LI LGP LY UMM
fvpk k wysky nnppgrv tl tl lgwplyl
[NVSGREY Dl ARHv|BPYGP T VEWRIRIO T Y TS DAGHSSALUNNNPER
[NVSGRPY DFARHYEPYGPT YEBRORISOT Y IS DAGEATANANEN
[NVSGRPYDIgFARHYNPYGP I IMPRIRIZOT Y 1S DACHATANSINPRL
nvsgrpyd fa hy pygpiy r r giyisdag a
[T YRR AMAK G RN N Y QY PLLIVNGE LVAN I THTOHT HISER
[vleT, v AMAK G TRV AR Ry GEPLLIVNGE LV T TRTOHT HgeR(l
[v[eT. VIS A MK G LIV Bty Gl PLLVNGE L VI T T LOH THES
y ly am kgl w c¢ yg pll vngflv it lghth
[PSLPHY DSEEWDWLIAGALITRIDR DY GYLNKWFHN T TDTHVERR
|PSTPHYDSIEWDWLEGA LETIDRDY GELNKMEFHN I TDTHVEPAV
[PSLPHYDSEEWDWLIZGA LAIDR DY GHLNKMEHN I TDTHVIEERIE
pslphyds ewdwl gal t drdyg lnk fhnitdthv
AHHLESTMPHYHAMEATKATKP I LGEY YRIFDGTISEY KA WIERER
AHHLFSTMPHYHAMEATKATKPTLGBY v/ F DGTIMY K AN WKLY
AHHLEFSTMPHYHAMEATKATKPILGBY Y8F DG Tjlly KAUWEERRN
ahhlfstmphyhameatkaikpilg yy fdgt vka w
REAKECHYVEPDECHENESKGV FWY{@IiK] 381
[REAKECHYVEPDEGEIN® SKGV EW YEWK] 387
382

ME® SKGYET N

Consensus reakec yvepdeg

skgviwy k

2 iEHHBERER S FAD2 B EF I bR

Fig.2 Sequence alignment of oleate dehydrogenase FAD2 gene in walnut
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Fig. 3 Analysis of oleate dehydrogenase F/4D2 expression in walnut
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Fig. 4 PCR product and amino acid sequence of JrFAD2 in walnut
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Table 4 Amino acid sequences alignment results of FAD2 between walnut and other plants

i 5 Hk FAD2 7 5 AL P 518k FAD2 J3 5 A%

Species Sequence similarity to walnut FAD2/% || Species Sequence similarity to walnut FAD2/%
Z W Sesamum indicum L. 78.85 TR Vernicia fordii 84.60

WS Camellia oleifera Abel.  80.16 JW® Nicotiana tabacum L. 78.91

Wk Linum usitatissimum L. 76.76 H Wi B3 SE Brassica napus 77.34

WFTT Arabidopsis thaliana  76.50 A Sapium sebiferum L. 82.25

WRIRB Jatropha curcas L. 81.46 fti ke Gossypium hirsutum Linn. 74.87

{4 Arachis hypogaea Linn.  74.41 UM Davidia involucrata Baill.  80.16

WS Canarium album 76.76 BLRR Ricinus communis L. 81.72

KE Glycine max 81.98
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Fig. 5 Prediction of FAD2 protein domain structure in walnut
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Fig. 6 Phylogenetic analysis of FAD2 between walnut and other plants
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Fig. 7 Subcellular localization of F4D2 in walnut
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