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Transcriptome analysis for walnut seed during oil synthesis period

YANG Li, CHEN Hong, PAN Cunde’, SHANG Liuqun, FANG Miao, ZHAO Mingming

(College of Forestry and Horticulture, Xinjiang Agricultural University + Key Laboratory of Forestry Ecology and Industry Technology in Arid
Region, Education Department of Xinjiang, Urumqi 830052, Xinjiang, China)

Abstract:[ Objective ] Walnut seeds accumulate a lot of fat during the oil synthesis period. It is of great im-
portance for us to understand the genes involved in lipid metabolism for genetic manipulation. Transcrip-
tomic analyses were employed to explore the expression pattern of the genes related to lipid metabolism
during the course of lipid transition period in the seeds of walnut. [Methods]In this study, Juglans regia
‘Xinxin 2’ in Xinjiang was used as materials, TTANGEN (DP441) RNA extraction kit was used for ex-
tracting mRNA. The seeds were sampled at three different stages of oil synthesis (60 to 70 days after flow-
ering referred to as G1; 90 to 100 days after flowering referred to as G2; 120 to 130 days after flowering re-
ferred to as G3). The sequencing of transcriptome was performed by Beijing Novogene Bioinformatics
Technology Company. The sequencing platform was Illumina HiSeq™ 4000. The clean reads were ob-
tained by removal of the reads containing the sequence of the joint, the reads in which the N ratio was over
10% and the reads of low quality. There is no reference genome to the walnut, so we used the Trinity soft-
ware to do the de novo sequencing using the data obtained from each gene as transcriptome, and the lon-
gest transcript of each gene was taken as unigene. The sequence features of transcript and the length of

the unigene were statistically analyzed respectively for late analysis. Protein Annotation information about
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the unigene was obtained by sequence alignment in Nr, Nt, KEGG, Swiss—Prot, PFAM, GO and KOG pro-
tein databases. The transcripts of Trinity splicing were used as reference sequence (ref), the RSEM soft-
ware was used (bowtie 2, the parameter is mismatch 0) for mapping the clean reads and ref of each sam-
ple, and accounting for the number of readcount for clean reads to each unigene. The data obtained from
the gene expression level of readcount were used as input data for differentially expressed genes and the
differentially expressed genes were screened by DESeq software(P< 0.05). [ Results] Through the RNA-
Seq analysis of the seeds of walnut during the oil transformation period, 174 545 unigenes were obtained,
the average length of the unigene was 644 bp and the N50 was 1 050 bp, among them, the length of unige-
ne sequence between 1 000 and 2 000 bp accounted for 8.51%, and the length of sequence over 2 000 bp
accounted for 6.52%. Annotation analysis of unigenes indicated that 94 133 transcripts were homologous
with those of other species in the public protein database; however, 80 412 sequences were not annotated
and might be walnut-specific. Walnut seeds with 69 235 unigenes were annotated with Nr protein data-
base. According to the classification of KOG, 27 333 unigenes were divided into functional categories,
and the function classification of GO are 51 769 unigenes. In addition, for KEGG pathway classification,
26 946 unigenes were annotated. There were 9 408, 8 316 and 6 398 differential unigenes in G2 vs G1,
G3 vs G2 and G3 vs Glwere up—regulated, 11 916, 10 485 and 5 218 differential unigenes in G2 vs G1,
G3 vs G2 and G3 vs Glwere down—regulated, respectively, which were annotated to the KEGG pathway at
each stage of lipid transformation. It was found that the highest concentration of the genes related to the
metabolic pathway of the fatty acid bio—synthesis was mostly obvious at the stages of G1, G2 and G3.
There were 34 differentially expressed genes of G2 vs G1, G3 vs G2 and G3 vs G1 of fatty acid biosynthetic
pathway. In the fatty acid biosynthetic pathway, the expression of carboxylase subunit gene (accA), biotin
carboxyl carrier protein gene (accB) and biotin carboxylase subunit gene (accC) of acetyl coenzyme A were
continuously up—regulated. The expression of B—ketoacyl ACP synthase gene (fabF) and B-ketoacyl ACP
reductase gene (fabG) at G1 to G3 period continued to increase. The expression of stearyl-ACP desaturase
gene (FAB2) at G3 phase was higher than that at G2 phase. qRT-PCR was used for the quantitative deter-
mination of 8 randomly selected genes, the results were consistent with the sequencing data. [ Conclusion]
Most of the unigene of the walnut seeds had higher matching degree with the known genes in the existing
database. The oil synthesis of walnut seeds was mostly concentrated at the G2 stage. The accA, accB,
JabF, fabG, fabl and FAB2 genes involved in the lipid biosynthesis were all up—regulated.

Key words: Walnut; RNA-seq; Transcriptome; Differentially expressed genes; Fatty acid biosynthesis
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SO ARBOR AW AE B R 588, W5 154 Tumi-

na HiSeq™ 4000,
1.3 FEESH
131 A AR Es R, B e kbRaS

JF 3K B Fr BE (reads ) (N EE IR T 109% FIAIR 5T
1Y reads , ZR 5 FI H A A9 755 5T 12 75 51 B8 (clean
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A,

132 malaR FAEBRICHT L2 BRI BE R 4, ik
K FH Trinity ZH 38 B XTARAS 09I B 24 7 DSk 21
B WURE AR BE A rh B K B SAAE R Unigene (2570
RZIGAF B FE T A1) |, XF 20 545 3 (1) 5% S5 A
Unigene (1< B 53 5 E 47 G811, I DL IR 75 2243
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1.3.3  Unigene 8 2 4724 PR HUHZHE Unigene
¥ 5I7E Ne (NCBIE J5 8 F ¥ 9 88 1% | e-value=1X
107°) Nt(NCBI'E 7 B R 17 5 U4 ¢, e—value=1X%
107) \KEGG (LR EIN SN H (1R} 4245, e-value=
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{2 (howtie 2 2% mismatch 0) , B 5L ALY clean
reads 5 ref L X] (mapping) , 8t 1144~ FE & 7 clean
reads X} 2 & 4> Unigene [ 1Y reads ¥ H (read-
count) . DA IR AP 50 45 3] 1Y readcount %1
P E Ay Ak PR 22 S 3Rk 1) B A B8 L FH DESeq #474
AT 25 R RIBHE P L (P < 0.05)

4 P <0.05 [ Pathway 5 1 N 7F 25 S FE R p i
= & 4E 11 Pathway , i ] KOBAS2.0 #4347 Pathway
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Table 1 Unigene and primers for quantitative RT-PCR analysis

A

Unigene

R

Description

Eik7s2dl

Primer sequence(5’-3")

Cluster-6295.114135
Cluster-6295.84133
Cluster-6295.87458  omega—6 fatty acid desaturase [Rhus chinensis]
Cluster—6295.99764  oleosin [Juglans regia]
Cluster-6295.91376
Cluster-6295.66098
Cluster-6295.104173
Cluster—6295.94772

GDSL esterase/lipase 7-like [Glycine max]

J. regia B—actin

glycerol-3—phosphate dehydrogenase [NAD(+)]-like isoform X1 [Citrus sinensis

glycerol-3-phosphate acyltransferase 8 [Vernicia fordii]

biotin carboxyl carrier protein of acetyl-CoA carboxylase 2, chloroplastic [Prunus mume)

phosphoesterase family protein [Populus trichocarpa]

microsomal omega=3 fatty acid desaturase [Betula pendula]

F:TCTCTCGCTCCATGTCTC
R:GATTTGTGAGCAACCCCAT
F:ACCCCATCGTAATTGCCAT
R:CAGACCACGAGATCACCCTT
F:ATGCCTTCAGTGACTACCAA
R:ACAAACACTTCATCTCGCTCT
F:CAGCACGGTCATCGCCTT
R:CGCCGCTACTCCGAATCCAC
F:TGGCTGGAACATTCTATCGT
R:CTAACTGGTTTCGCATCCTC
F:ATGACGCCGGAATATCCTT
R:GCTCCAACACGACGTAGCC
F:CATACAGCAACTTGTTCGC
R:AAATCAAGTGAGGAACACCG
F:ATGTTCTTCCTGCGGCTA
R:AATTGTTTTGCCATTGGTGA
F:CTCTTCCAGCCATCCATGATCG
R:CCACTGAGGACAATATTGCCAT

2 HiRE0

NFHERERERANEL BRI
G1.G2F1G3 RNA I i35 1) Raw reads 28 2%
Bl 423k A U AR AR B |, 4R 15 clean
reads , Q20 /& i i 7 9 7E 95.28% A I, GC 75 1
BITE 45.419%) I, & WM Sk 4 000 )5 2500 o R o

2.1

T, BB L S B I F T K
HE— 2 X 28 Trinity PFEAS 2 19 S A% S Unige-
ne /M TR IEG T (K 2) . BHEA 279 675 %%,
SEHIEE A 1038 bp, NSO 4 2 017 bp, Hi 2 200~
500 bp 1 F31 15 49.12% ,=500~1 000 bp 4751 4
18.08% ,=1 000~2 000 bp B 741 5 16.63% ,=2 000
bp FIF5 15 16.17% ., 135 Unigene 174 545 5% ,~F-¥)

®2 MEFHIEARSGIT
Table 2 Assembly and statistics of sequencing data

TSRS Transcript Unigene
AL J583' [EFd4 Unigene i S AT
Transcript length/bp Total number Percentage/% Unigene length/bp Total number Percentage/%

200~500 137 389 49.12 200~500 119 076 68.22
=500~1 000 50563 18.08 =500~1 000 29 238 16.75
=1 000~2 000 46511 16.63 =1 000~2 000 14 857 8.51
=2 000 45212 16.17 =2 000 11374 6.52
S Total number 279 675 SV Total number 174 545
K E Mean length 1038 S FE Mean length 644
N50 K N50 length 2017 N50 & N50 length 1050
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0¥ 5 5 68.22% , =500~1 000 bp 1) JF 51 5
16.75% , =1 000~2 000 bp [ ¥ %1 ki 8.51% , =2 000
bp 7515 6.52%
2.2 %:3%4H Unigene ThAE £

PHEFS B 174 5457 Unigene 53143 5 7€ Nr
Nt.KO . SwissProt \PFAM ., GO 1 KOG %5 & [ JF 545

B, A Unigene 1Y 53.93% , Hovb . 45 69 2354~
B SR A B U B B Ne B4l L 5 T A Unigene (1)
39.66% ; 1 26 946 ™% S AP 1 R B KO £54i P
7 JIr A Unigene 19 15.43% ; 45 55 687 4™ s A 9 1
B 2] SwissProt 0 ¥E % , 5 FT A Unigene Y 31.90% ;
A 51 769 e AP IR R] GO B E, i
Unigene [ 29.65% ; A 27 333 A~ i 56 A 4 1 B 3|

PE AT RS XS (1), 35A 94 133 1Mt 9 KOGHEEAE , o5 A Unigene 19 15.65%
e BT 7 80000 .

< =]
‘3_25040*— 170000 m &%

— g

*\§_§ 35: — L *60000%5%

L s 30 ] 150000 2=

HE B[ | 5 é

- 40000 T £

22 20 =S

g | 430000 2 °

RH U i

= £ g0 —20000%§

%é 5 | 110000 &

0 : : . 0
Nr Nt KO  SwissProt PFAM GO KOG
BAEFE  Data base
B 1 Unigene ;¥
Fig. 1 Annotation results of Unigene
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G1.G2 F1 G3 By F IR HEA T 9 EL X, B i
SEIEIN I G2 AR Y 22 SRk i (] 2)0 SiiEuN
R F B BB EGC20s G1.G3vs G1FIG3vs G2
39 9 408 .8 316 16 398 2% I iHF IR 22 T Ak [
H11916.10 485 F15 218 2 FIHFIAAIZEFILA

O Up-regulated
T Down-regulated
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B2 ZkfFmiERUPEARMRERRIEER
Fig. 2 Differentially expressed genes in different stages of

walnut seed oil transformation

231 EZFARKEGGRHEREHLE L X
1Y 22 3 R IA LN VAT KEGG 1R 15} 18 J%7: B¢,

0.05) i MK SFHERT 5 A2 A9 i . & Bk
FhFlIEHE AL 3 AR BE (G1 . G2 F1G3) Z [A] 22
S BRI PR A e e A 28 S R I R A
& W (fatty acid biosynthesis) , 7£ G2 5 G1 Z [A]47 118
MR RBFEHE L, o FERIE -7, TR
IE31A(FE3)7EG3 5 G2 22 Al 68 422 S Fah Kt
R, Hob Bk 204, Fi#EIL 391 (£4);
G35 GLA 1232 RGBSR w4, b 1l
Fik 80, PRI 431-(FK5),

232 EFABERATHIE NEFILHFPEEHLLE
PRI 8 22 LN, 4 q-PCR B8 UE (& 3) , Cluster—
6295.114135.  Cluster— 6295.87458.  Cluster—
6295.99764.  Cluster— 629591376,  Cluster—

6295.66098 . Cluster—6295.104173 % 6 > %5 K #Y -
PCR A X} 26 1k 7K S 5 RNA-seq FH %261k 7K F A #4
P B FEI M C1—>62—G3 Fik KB |-
. Cluster—6295.84133 I Cluster—6295.94772 1) q—
PCR A X} 3k 7K 5 RNA-seq HH X 3k 7K F 19 #4
P H, BRI R G1>G2—G3 ik k- Bl %
ik,
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Table 3 KEGG enrichment of differentially expressed genes between G2 and G1 (P <0.05)
i ID i % [ZE =3 A T P{H
Pathway 1D Pathway Enriched gene Up-regulation Down-regulation P-value
ko00061 Fatty acid biosynthesis 118 87 31 0.001 346
ko04075 Plant hormone signal transduction 330 174 156 0.007 785
ko00520 Amino sugar and nucleotide sugar metabolism 226 72 154 0.028 508
ko00071 Fatty acid degradation 120 74 46 0.030 239
ko00620 Pyruvate metabolism 198 122 76 0.030 690
®4 G35G2zEERKEEEKEGG B5(P<0.05)
Table 4 KEGG enrichment of differentially expressed genes between G3 and G2 (P <0.05)
i 1D STl EE =1 iR TR PAi
Pathway ID Pathway Enriched gene Up-regulation Down-regulation P-value
ko00061 Fatty acid biosynthesis 68 29 39 5.04x10°
ko04075 Plant hormone signal transduction 172 83 89 1.52x107
k000270 Cysteine and methionine metabolism 113 77 36 1.85x10°
ko00071 Fatty acid degradation 67 25 42 0.000 407
ko00450 Selenocompound metabolism 31 18 13 0.001 358
£S5 63561 2EERRIEEEKEGG E5E(P<0.05)
Table 5 KEGG enrichment of up—regulation expressed genes between G3 and G1 (P <0.05)
JE 1D bliificis AR 9 T PE
Pathway ID Pathway Enriched gene Up-regulation Down-regulation P-value
ko00061 Fatty acid biosynthesis 123 80 43 0.001 694
ko04075 Plant hormone signal transduction 354 182 172 0.003 104
ko00950 Isoquinoline alkaloid biosynthesis 60 37 23 0.004 883
ko04141 Protein processing in endoplasmic reticulum 394 175 219 0.015 630
ko00430 Taurine and hypotaurine metabolism 34 14 20 0.016 038
Cluster-6295.114135 i
B 25 — q-PCR B E 3.0 ——=q-PCR 1.2 o
K 94 90 | —e—RNA-seq 27 25 =BlA-seq 1 10 ¥
e X & X
:/ - B wE 20 0.8 iy
@ §e = 1.5 0.6 =
¥ s L K Y 04 =
Z % n o =
<& 8 5 Lz os 0z ¥
< i o
= 0 ZZ 00 0.0 o
Gl G2 G3 z Gl G2 G3
b Rh TR e AL AR B B Bl % A 301 AR R 7
Different stages of walnut seed Different stages of walnut seed
Cluster—6295.87458 Cluster-6295.99764
" 1400  q-PCR _ 500 g 3000 Lq-PCR 800 <
B3 1200 4~ RNA-sec B A 2 500 —+— RNA-seq A ?
R : 0 % o X 600 X E
2721000 - RET HE .00 X £
TEZ 800 00 =2 WS, Ko
2 rpi SEE = EE 1500 400 & £
e f g S 200 52 B Es-=
2S5 400 =& F L R
= 100 @ e b 200 @ x
< x v & 70 ! 500 T
< 200 , - c L
~ o = |
. 0 — 0 (- 0 0 e
Gl G2 G3 Gl G2 G3
bR 1Tl i AU [] 7y B Rk A A ) B B
Different stages of walnut seed Different stages of walnut seed

B3 £REFEENREKT

Fig. 3 Levels of differential gene expression
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w2 g Andl- T ™ T =
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Different stages of walnut seed Different stages of walnut seed
Cluster—6295.104173 cl —
Jluster—6295.
8000 ——q-PCR 8 000 L4 — — 1200
B L =19~
= 7000 —+—RNA-seq 7000 B B B
> > 1.2 i &
j:j%—f s 7 s if&%' s ——RNA-seq '00()§~;€
K235 5000 so0 gE: HIEh 800 35 5 <
2y Tis LE-ong Neg
= 58 4000 400 B2 R o e
57 EET RIS ESE
gL 2 3000 3000 S5 & .y go6 o & E
% a; e oo 3 on
L& % 200 2000 £ =5 {2 go04 e A
— v
< 1000 1000 = z abaP™ 200 =
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Gl G2 G3 Gl @ 3
5 KRN e A TRl B y . X : i
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Different stages of walnut seed Different stages of walnut seed
3 (&)
Fig.3 (Continued)

24 ZMFFREIIBAEM AR ERXBEERR
B

AR A I s FE A, DA 22 S Ak D) 8 2
B HE iR A= 90 & B (fatty acid biosynthesis ) 4% A i
B R, K AR TR Fe AL B A 153 4> 22
SRR EE, H 34 222 5K R G2 0s G1.G3 vs
G2HIG3 vs G1 TG (F4).,

$ G2 vs G1.G3 vs G2 1 G3 vs G1 Z[AIENR iR
WG GER IR 1 34422 R RS R A
AT Cluster B2, X 34 & F IR A 325, AL,
G1 3| G3 FiLBH T I, A 101022573 . A2:
Gl 3 G3 R IK | FFL: BT, A 17122572 . A3:
G1 2 G2 FhHZ# LT, G2 3] G3 Rk mZ#i I
KA T2 R (E5)

TERRWIRR A= W65 GEAR T A 17 25452 BRI
ZFIEN(E5,%6), Cluster-6295.63289 # - B3|
H: W 2 R AL (biotin carboxylase) %K ACAC, Clus-
ter—6295.63289 8 14 B¢ 3] a— R I 5 F% i (a—carbox-
yltransferase ) i & [A accA. Cluster— 6295.85582 #ll
Cluster—6295.91376 i 1T B 3 £ W) R AR
(biotin carboxyl carrier protein) #& A accB. Cluster—

G2us G1 G3 s G2

G3wvs G1

4 FEMBREYARERERERERE
Fig. 4 Venn diagram of differential genes in

the fatty acid biosynthesis

6295.93304 Bl 21 ) Z R AL B I (biotin car-
boxylase subunit) 3 A accC. Cluster—6295.74924 #f
TR 3 Bl Bt ACP 5 i 1 (B-ketoacyl- ACP syn-
thase II ) K£[K fabF. Cluster—6295.64644 #f 71 F¢ 2]
B— 5t — ACP i J5i i (ketoacyl—- ACP reductase ) &



5 93]

Mo LA BB TR A SR AL

1091

G1-2 '|

L e—
e

—

B 5 REMRENERERERERRESMN

Fig. 5 Cluster analysis of differential genes in the fatty acid biosynthesis pathway
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6295.89305. Cluster— 6295.86624 FlI  Cluster—
6295.90203 ¥ {3 ¢ 21 fifi i Bt — ACP 240 F T (stearo-

yl- ACP desaturase) 3t FAB2,
6295.111566., Cluster— 6295.115309 #1 Cluster—
6295.67793 I B HE PBE L Tl A 5 B (long—
chain acyl-CoA synthetase ) 3&[H ACSL.
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Table 6 The up—regulated genes of fatty acid biosynthesis pathway

FHID KEGG %t ECHi'S 2SRy HEHAPR

Gene ID KEGG No. EC No. Gene name Protein name

Cluster-6295.74924 K09458 2.3.1.179 JabF B-ketoacyl-ACP synthase Il

Cluster-6295.90211 K03921 1.14.19.2 FAB2 Stearoyl-ACP desaturase

Cluster—6295.63289 K01962 6.4.1.2 accA Acetyl=CoA carboxylase carboxyl transferase subunit alpha
Cluster—6295.135200 K11262 6.3.4.14 ACAC Acetyl=CoA carboxylase / biotin carboxylase 1
Cluster-6295.111566 K01897 6.2.1.3 ACSL Long—chain acyl-CoA synthetase
Cluster-6295.115309 K01897 6.2.1.3 ACSL Long—chain acyl-CoA synthetase
Cluster—6295.85582 K02160 Not enzyme aceB Biotin carboxyl carrier protein

Cluster-6295.86919 K03921 1.14.19.2 FAB2 Stearoyl-ACP desaturase

Cluster-6295.64644 K00059 1.1.1.100 fabG Ketoacyl-=ACP reductase

Cluster-6295.82205 K03921 1.14.19.2 FAB2 Stearoyl=ACP desaturase

Cluster-6295.97922 K03921 1.14.19.2 FAB2 Stearoyl-ACP desaturase

Cluster-6295.89305 K03921 1.14.19.2 FAB2 Stearoyl=ACP desaturase

Cluster-6295.67793 K01897 6.2.1.3 ACSL Long—chain acyl-CoA synthetase
Cluster-6295.93304 K01961 6.4.1.2 accC Acetyl-CoA carboxylase, biotin carboxylase subunit
Cluster-6295.86624 K03921 1.14.19.2 FAB2 Stearoyl-ACP desaturase

Cluster-6295.90203 K03921 1.14.19.2 FAB2 Stearoyl-=ACP desaturase

Cluster-6295.91376 K02160 Not enzyme accB Biotin carboxyl carrier protein
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