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Abstract:[Objective] The differential expression genes from the three representative samples were ob-
tained by synthetically analyzing the expression of transcripts in the endocarp of walnuts, which laid a
foundation for the comprehensive and systematic study on the molecular mechanism of lignification in
walnut endocarp. [Methods] Walnut fruit was divided into two parts after sampling, one for observing
lignin deposition in endocarp and the other for extracting RNA. With the former fruit, it was cut trans-
vwersely and then longitudinally into thin slices. Finally, all the flakes were washed with flowing water
and soaked in the modified Wiesner reaction solution for 5 minutes, and the image was photographed.
With the later fruit, it was cut into pieces with a knife, and only the endocarp was preserved by remov-
ing the green peel(husk) and seed, and the endocarp (shell) was frozen with liquid nitrogen and pre-
served at —80 C. The extraction of total RNA from walnut endocarp was carried out with pBIOZOL

plant tissue RNA extraction kit (BioFlux). Specific operation was carried out according to the instruc-
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tion sheet. The samples of RNA extraction were sent to Beijing Genomics Institute in Shenzhen, China
for quality and integrity detection. After qualified detection, mRNA was enriched with the magnetic
beads of Oligo (dT) and then sequenced library was constructed before it was sequenced on computer.
The sequenced image data was transformed into sequence data (raw reads) by base calling software, fil-
tered by filter fq software to obtain the final needed data (clean reads), and then the clean reads was
spliced and assembled. Finally, the required Unigene was used to screen out the differential expression
genes among samples by bioinformatics and software and to predict the biological function of the
Unigene.[Results1By Wiesner method, we found that the lignifization of the endocarp began at 44 days
after full bloom, and the process of lignification was basically completed by 80 days after full bloom.
The lignin deposition was on the endocarp at the same time, but the amount of lignin deposition in the
top of endocarp of the fruit was higher than that in other regions. A total of 76 814 Unigenes were ob-
tained by using Trinity software to assemble reads, and 1 077 differential expression genes were ob-
tained using FDR<0.001 and [log.Ratio|> 1F as screening conditions. Three statistical significant gene
expression profiles were obtained by further analysis of 1 077 selected differential expression genes in
The Short Time-series Expression Miner (STEM) software. The gene expression profile was No.l
(0,-2,1),No.6 (0, -1, 1), and No.10 (0, 1, 0) in turn. Through expression profile analysis, we finally se-
lected 609 differential expression genes to be assigned into the salient model. In order to explore the bio-
logical function of 609 Unigenes, we first selected GO database to annotate 609 differential expression
Unigenes. The results showed that Unigenes were significant enrichment in 42 functional terms under
three major Gene Ontology, and in their biological process there were 17 terms, mainly including some
cellular process, metabolic process, biological regulation, developmental process, signaling and repro-
duction and growth; there were 8 terms for cell components, including cell, cell part, organelle, mem-
brane, membrane part, organelle part and cell junction and symplast, and there were only 11 enriched
term numbers in molecular function. Secondly, KEGG annotation showed that differential expression
genes were significantly enriched in protein processing in endoplasmic reticulum, ABC transporters, en-
docytosis, plant-pathogen interaction, phenylpropanoid biosynthesis, spliceosome, phenylalanine metab-
olism, plant hormone signal transduction, ubiquinone and other terpenoid-quinone biosynthesis. Among
them, transcription factor BIM1 gene CL169.Contig7 All, serine/threonine-protein kinase SAPK3 gene
Unigene28134 All, ethylene receptor 2 gene Unigenel18324 All, auxin response factor 3 gene CL447.
Contig4 All, histidine kinase 2 gene CL4024.Contig3 All and so on were involved in plant hormone
signal transduction pathway, the gene CL2824.Contig3 All was involved in the synthesis of ATP-bind-
ing cassette transporter, the gene CL9312.Contigl All, Unigene27245 All, and CL3278.Contig2 All
were involved in the synthesis of ABC transporter A family member 2, ABC transporter B family mem-
ber 11 and ABC transporter C family member 3 in the ABC transporter pathway and gene CL2405.Con-
tig5_ All, Unigene24904 All, CL2983.Contig6_All and Unigene7110 All were involved in phenylpro-
pane biosynthesis pathway, phenylalanine catabolism pathway, phenylalanine lyase, coenzyme A ligase,
acyltransferase, acyl-coenzyme A synthase and peroxidase.[Conclusion]We screened out the main met-
abolic pathways of differential expression genes in the endocarp of walnut, which laid a good founda-
tion for the systematic study on the molecular mechanism of lignification in the endocarp of walnut in
the future.
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Fig. 1 Lignification of endocarp of walnut during different development periods
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Fig. 2 Sequencing data statistics of walnut endocarp
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Table 1 Assembly statistics of walnut endocarp transcriptome sequencing

FEA SSHEEE 2] FEA K Fe P B R N %2 Unigene % 4228 Unigene 44
Sample Total consensus sequences Total length/nt Mean length/nt Distinct clusters Distinct singletons
51°K51d 74 630 64298 801 884 1706 36923 37707
66 X 66 d 72 810 49 633 755 819 1535 36279 36 531
80K 80d 74 561 58 171 808 879 1682 36 893 37 668
Bk Al 76 814 96 656 456 1258 1983 37 966 38 848

7 : Total consensus sequences 421 %% i 1) Unigene 441 ; Total length 4 i1 Unigene /7 51 ) & 58 3 4 ; Mean length A Unigene T~ 35 i i
#1:N50 9FTE Unigene fK K/NHEF, M /N Unigene JF48 B INTT SO E, 22 INH00E: 055 T RO A 20— 1 I 4 B Unigene HBRIEH Iy
Unigene ] N50; Distinct clusters % 5[] Unigene; Distinct singletons ¥ H.5# 1) Unigene.

Note: Total consensus sequences is the number of unigene assembled; Total length is the total base number of all unigene sequences; Mean length

is the average base number of unigene; N50 is the number of bases for all unigene in order of size, starting from the smallest unigene. When the num-

ber of bases is equal to half of the total, the number of bases for unigene is N50 of unigene; Distinct clusters are unigene of clustering; Distinct single-

tons is a separate gene.
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Fig. 3 The quantity relationship of differential expression

genes in walnut endocarp
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Table 2 The top 10 enriched pathway of differential expression genes

g 2 S 5 R 38 6 4 FE PRI 388 4 1 .

Pathway S genes with pathway gen§s with pathway P-value Pathway ID
annotation (191) annotation (19072)

AT N T 28 (14.66%) 818 (4.29%) 1.26E-08  ko04141

Protein processing in endoplasmic reticulum

ABC #4357 ABC transporters 10 (5.24%) 245 (1.28%) 0.000 188 k002010

&1 H Endocytosis 21 (10.99%) 884 (4.64%) 0.000 22 ko04144

Hi40-9% JiL H.AF Plant-pathogen interaction 29 (15.18%) 1497 (7.85%) 0.000 453 ko04626

R KEZE AW 4 B Phenylpropanoid biosynthesis 10 (5.24%) 296 (1.55%) 0.000 829  ko00940

BY34A Spliceosome 20 (10.47%) 932 (4.89%) 0.001 109  ko03040

RN E # AR Phenylalanine metabolism 5 (2.62%) 110 (0.58%) 0.005012  ko00360

F R 22 5 R RO G AR M 3(1.57%) 58 (0.3%) 0.020392  ko00073

Cutin, suberine and wax biosynthesis

HYHERESES 25 (13.09%) 1 693 (8.88%) 0.03194  ko04075

Plant hormone signal transduction

32 AN FC A 2 B A P 4 (2.09%) 126 (0.66%) 0.038 013 ko00130

Ubiquinone and other terpenoid-quinone biosynthesis

2.6 RNA-seq#%RARILRTRIEEE PCRITIE

T B UE B sy LI 4 SR I T RE L R I 5E 1
AR F AW A G B ) 10 AN b T EE BT A R
72 i 318 kIR 3E AT S 9Ot 8 B PCR B E . #4
qRT-PCR i 48 1 53 2H 90 7 B340 450RE 5 1% 20 B, L
A 74 qRT-PCR 25 5 5 5 5 20 0 s 25 2R 5 35 A1
I UE BT e S AN P 45 SRR SR R SR A (S B2
AIEERI (R 3D,

3o i

AT T B S AR B R SR R B AR AR
JR PR AR EAT T WD R T . FERBE N S R
R A2 FUH A K S 4R A 2, 7E R s R AR
SRS To v Y AR 1) 3 4 ROE T BORLOR, E4EE R |
R E IR A AN B AT T SRR 47 1 R
F U 2% o )R = Ty G 25 S 3R B AR R A% B A o
RUIBUHBLEAL J5 44 d(6 H 6 HD , iZ B IR sz 1)
Gt 0 7 o SR S TR PN SR 7 X 3 G e B 21 B (2 4
TE A5 B F A X 380 LT T8 Z2 500 B T B R ok
St TR A Y H 20 X 3N 2R Rz Y ) L 3B
o DRI, HE D 4R 57 A% 0k P9 SR B K S5 A T B AE R A
PSR R B LT R I R AR 1, I L 3 AR Ak 1

®3 HREARIESEMTLES PCR EXME S
Table 3 Correlation analysis of RNA-seq and qRT-PCR

R A R
ARSI . hRIE R XA
Lignin V377 £ Determination  Correlation

Regression equation

biosynthesis coefficient ( R*) coefficent ()

related gene

ZJ-PAL y=82716x+18903 R*=0.9591 0.979 3*
ZJ-C4H y=25828x+35.629 R*=0.99%41 0.997 1**
Z7J-4CL y=296.92x+0.8512 R*=0.9921 0.996 1**
ZJ-FSH y=33.878 x +25.791 R*=10.9972 0.998 6**
ZJ-CCR y=259.2x+ 147.64 R>=0.9823 0.991 1**
ZJ-CAD y=12732x+22697 R*=0.900 6 0.949 0
ZJ-C3H y=155.756 x +79.833 R*=10.990 2 0.995 1**
ZJ-LACS  y=1628.6x-16419 R>*=0.9962 0.998 1**
ZJ-COMT y=-42478x+61.426 R*=0.13 -0.360 5
ZJ-POD y=-49029x+1536.6 R*=0.0443 -0.2104

EEHF R y FORESEL, x R QRT-PCR; *E /R 7 p <0.05
K L FRIRTE p<0.01 K BB E DG,

Note: The y means transcriptional group and the x means qRT-PCR
in the regression equation; * is significant at p < 0.05 level and ** indi-

cates extremely significant correlation at p < 0.01 level.

RESYEEALG AR, X5 3CFFEH T
B 72 A B A R T SR T 1) 45 1 A — 20, AR G
A5 Ja BT IT . HEI AT BE Y LR S A6 H 2
HAREA EEASHE T 6 H 6 H BIREA AR BAL LR
D] LA f U %5 1) SR Tt IR 4 €2, T 6 H 16 H A AE



4

AT, 55« ARG ARk P9 SR R B A 0 22 S ARk R R T 0k % Ty e T 419

A TSR A N [ 18] B 58K 2K R 22 21 5 A HF 5T A
EESEE

itk — R IRy W A%k SR R R A i AR 3R
T A% B N 2R B AL JARE A AT T e S A7, T8
P A R R ILIRAT 76 814 5% Unigene, H
51.66 F180 d 43 7l 3575 74 630,72 810 Fl 74 561 % /7
HI, P 1 258 nto T AN AR AL MK A 7
TR 22 IR A 2R3k AT e s 2L I @ o B iE P A
%43 %] 44 503 %k Unigene, “FIJK N 732 bp. A
SCERAT R AR B A% Bk P SR R B A B 3 S 2 A (S B i
5k g 1Az ke 10 AR RS A 2 i) e s LA R
A b, B EROR, 0RH I R B A BT BN
Al EE . FRATME A FPKM 74 1F 53815 1 Unigene % 1A
&, I 1H 5 Unigene 7E AN [F]FE AR 0] 1) 22 57 Rk A5 4,
TP TSR] 3NN 2 R R IA R 18 173 2%, F 1 077
AR 3N A ZE 3R IA . X1 077 4> Unigene AT
SR R IBHE M, TR L1 16 N RIA B i 2
T 3N BN Gt B3 B R R R IAR Y . o, 15 A
6 5 &3 41 #9595 > Unigene f) % ik L3 “V7 R,
T 10 5 B3+ [ 14 /> Unigene IR IA 5 15/ 6 %
Kl oF Unigene FRIAE IFAH i, RILHFE“V7 R, £
REBUEAF R EBE S, 70 i RILV7 BRI 4%
R AZ Ak A SR R i A A DR ) SRR A, A AT A
BF 5 5 AR B A% Bk P SR Rz A B R 1 2 I 2L Ao Iy A
I A AR A A R B VTR, [E] i g — 2P
Ut W s 20y a1 P A5 1% . 55 A KEGG Al
Gene Ontology %4 7 %} i 14k H 1 609 AN 22 7 ik ik
DRI 3EAT D REVERE B & B2 0 A, KL T 5 A B BA A
BFF 58 R A J52 3 5 1R 238 T S R A R R TR e 28 26 )
B BOSR AN B RAF T NN E I T ABC
R REEH EDBERE SRS G2 R AR
TR A YA RS T LR E B R A, FEW AR
W AEIRTT AR B S W R e S

4 4w

X AR B2 A% Ak P SR B AL IR i i3 AT e S LN
F o i 1 PSR R A A ) 22 S R K I B DR O AT
TG B RETI , K Bl R ik 5L K 2 5 A it W
FUFUIN T ABC #2328 115 i R B RAEW) & R K
AR EYFER S 55T 2 BRI AR RS SR
AW G R BR  SR B AL R T 2 B AR

AR

ZEHt References:

(1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

FRBET . o A B ER 23 AT BIR DT [J]. Z25FARBT S, 1987(S1):
111-120.

ZHANG Yiping. Study on geographical distribution of walnut in
China[J]. Nonwood Forest Research, 1987 (S1): 111-120.

M OSCEE, ML B BetE, 2o L R T SWOT 43 # 1) B sl A% Ak 7~
MV IR 53 A1 5 36 FERT T[], AR RS, 2011, 30(2):66-69.
XIAO Wenfeng, YE Kai, ZHAO Xiaomei, LI Ping. SWOT anal-
ysis on current situation of walnut industry in Xinjiang and coun-
termeasures[J]. Management of Agricultural Science and Tech-
nology,2011,30(2): 66-69.

WEAEE R B X G R BSR4 2016[M]. JE AT
[ S it Rt , 2016.

Bureau of statistics of Xinjiang uygur autonomous region. Xinji-
ang statistical yearbook 2016[M]. Beijing: China Statistical
Press,2016.

FHAEAT AT T7 . FRIE AL A R [l AT R A (T]. R BE AT
2004(3):45-50.

HAN Huabo, HE Fang. Retrospect and prospect of walnut breed-
ing in China[J]. Nonwood Forest Research,2004 (3): 45-50.
G XE , FhER, FE AR M R R SLRE, TR . B E R
WA T e e [T]. H FERR I 21 20095 24(6) : 166-170.

LI Min, LIU Yuan, SUN Cui, MENG Yanan, YANG Keqiang,
HOU Liqun, WANG Junyi. Research advance about nutrients
and medicinal value of walnut[J]. Journal of the Chinese Cereals
and Oils Association,2009,24(6): 166-170.

FAPEM 2 2, Wk, ERE), B AR B A MKk 1
BRI NTI]. AL MO R, 2016, 45(5): 40-41.

ZHOU Hongbin, LI Guosheng, YAO Shengdian, WANG Li-
ming, LI Junmin. Analysis on the main nutritional components
of Juglans regia[J]. Hubei Forestry Science and Technology,
2016,45(5): 40-41.

JE#E AR e, TkB . BT iR 1387 5 5E AR Bk Y SR
AR GACAH A 7 5 B B i LU [CY/h T 22 2 v
el 2222 2012 22 RFER B SO EAE L Jbnt P EEZ %
22,2012,

TANG Yan, XU Long, ZHANG Rui. Comparison of endocarp
lignification related substances content and enzyme activity be-
tween ‘Wen 138" walnut and main cultivated walnut in Xinjiang
[C]//Chinese Society for Horticultural Science. Summary of pa-
pers of the 2012 annual meeting of Chinese Society for Horticul-
tural Science. Beijing: Chinese Society for Horticultural Sci-
ence,2012.

HWE, MR, ERE, RS, B RE R RIRE R R E
WHFCHERET]. A7 B 2, 2015(5): 183-187.

JIN Lixin, CHEN Menghua, WANG Yulian, ZHANG Xuemei,
LI Baoguo. Research progress on walnut shell development[J].
Northern Horticulture, 2015 (5): 183-187.

B E AT RS 51, SRS TE L Bk R R K R AR A T
[I]. PEALRE A 3, 1998(4): 104-107.

XIAO Ling, XU Yaoping, ZHAO Xiangui, LUO Jihua. The de-
velopmental anatomy on the pericarp of Juglans regia[J]. Acta
Botanica Boreali-Occidentalia Sinica, 1998 (4): 104-107.

B A RAR LT, SR EE TR . keI 4L I 7
[J]. V74 AR 2 Bt 41, 2006(2) : 33-36.



420 ® i)

n
=2

Eird 36%:

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ZHENG Zhifeng, ZOU Juchun, HUA Bo, ZHANG Hongjian,
WANG Rong. Study on the constituents of walnut shell[J]. Jour-
nal of Southwest Forestry University,2006 (2): 33-36.

A RA R TRBE, BT IR BIARSE , 55K « SIEL R, WAL
B 185 AL Bk T IR RS B UE G BOR[I]. B iR B
RHE,2017,40(3):16-17.

GUO Zhongzhong, SONG Quanwei, ZHANG Rui, AMUTI Al-
imu, MAIMAITI Nuer, WANG Xinjian. Cultivation technique
of main trunk tree shape of Wen 185 walnut in Xinjiang[J]. Xin-
jiang Farm Research of Science and Technology, 2017, 40(3):
16-17.

RIGEBE, SRAR I, 4% B AR PR 3R . IR L B M R SR A
TG B AR B B AT 72 [T]. AL B Rl K22 24, 2016, 38(6) : 60-
66.

SONG Xiaobo, ZHANG Junpei, XU Huimin, XU Huzhi, PEI
Dong. Cultivation mode of walnut in hilly area for nut and tim-
ber uses[J]. Journal of Beijing Forestry University, 2016, 38(6):
60-66.

SRS PR VAR SR R S DR (e AT
B gL R, 2014(5):61-63.

WANG Mingke. Effect of density with agro-forest practice mod-
el on the yield of crops[J]. Shanxi Forest Science and Technolo-
gy»2014 (5): 61-63.

FER Pl . LBk I B B R AR BOR[I]. Rl S BOR
2018,38(14): 211.

JIAO Changkai. Grafting propagation and high yield cultivation
techniques of walnut[J]. Agriculture and Technology, 2018, 38
(14): 211.

FEMGE . B R A == 7 R BOR[0]. 05 AE T Z (55,
2018(4): 41-42.

REN Linjuan. Cultivation techniques for high yield of fine vari-
eties of walnut[J]. Northwest Horticulture ,2018 (4): 41-42.
AT AT L PN A B AR BT R 7 R R R[] AR I
2,2017(14): 18.

SHI Guangrong, DU Mayu. Cultivation techniques of high quali-
ty and high yield of walnut in Linxia prefecture[J]. Xiandai Hor-
ticulture,2017 (14): 18.

S8, E R SR R, TRBE R AN A AR B e [C//
i E 2 EE 22 2017 A RFE 2R U AR
b5 p E e 2222, 2017.

GUO Long, WANG lJing, ZHANG Jianliang, ZHANG Rui. De-
termination of quality of different varieties of walnut in Xinjiang
[C]//Chinese Society for Horticultural Science. Summary of Pa-
pers of the 2017 Annual Meeting of Chinese Society for Horti-
cultural Science. Beijing: Chinese Society for Horticultural Sci-
ence,2017.

BUGR BOR A, T ORI AN [ R B SR S SR
B[, PEERAROL B4 ,2018,47(2): 117-121.

HE Na, GENG Shuxiang, NING Delu. Quality evaluation of dif-
ferent walnut varieties in Dali[J]. Journal of West China Forest-
ry Science,2018,47(2): 117-121.

IS, B O, R0 8 B, AR R, IR . A Ak R R S L
Bk RS T T PG R B R SR (], R 24K, 2018, 35
(10):1235-1243.

LI Caiyun, HU Xuya, NI Zhongtao, ZENG Hao, LI Yang,
WANG Zhengjia. Effects of selenium treatment on the accumu-
lation of mineral elements and nut quality in pecan[J]. Journal of
Fruit Science,2018,35(10):1235-1243.

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

BT 75 18] B SLAE X I AE , JH BB, B B , 220e, R
Tl AK€ A B Ak AL S R s e (0], AL 5 B 2, 2017(24) -
28-32.

SHU Xiuge, HOU Liqun, LIU Binghua, TANG Guimin, ZHAO
Dengchao, JIANG Yuanmao, LIANG Jing. Effect of Chinese
wingnut rootstocks on quality of nut of ‘Xiangling” walnut[J].
Northern Horticulture,2017(24): 28-32.

ZHANG R, TANG Y,ZHANG H,JIN Q, XU C,GAO S,SHAO
H. Dynamic- chanfing characteristics of 3 key secondary en-
zymes between bared- and completed-endocarp development in
walbuts[J]. Pakistan Journal of Agricultural Sciences, 2017, 54
(1): 57-63.

RS, SRR BRAELIE 5B . HT 2 5 ki oAb B
B AR B LR [l Bl b 22 2 . o B T 2057 4 2015 4R
ARELW I EARE Lt P EEZ 2524, 2015.

DENG Fengbin, GUO Caihua, CHEN Zusheng, ZHANG Rui.

Comparison of photosynthetic physiology of ‘xinxin 2’ walnut

treated with trace elements[C]//Chinese Society for Horticultur-
al Science. Summary of Papers of the 2015 Annual Meeting of
Chinese Society for Horticultural Science. Beijing: Chinese So-
ciety for Horticultural Science,2015.

AANME , B SL3T , PE DT, BRBH 55, S I 0, 5K B . BT aB I A2 bk
R SRR MR 2B R 20 T [J]. A 22412, 2018,35(3):275-284.
DENG Fengbin, LUO Lixin, HU Haifang, OUYANG Yeqing,
YUAN Yuting, ZHANG Rui. Analysis of phenotypic diversity
of nuts in Wild walnut (Juglans cathayen sis Dode) in Xinjiang
[J]. Journal of Fruit Science,2018,35(3): 275-284.

AR, ARFE 5B . FTSREAE EE Pk N R AR COMT
g b e ik o A [CY/h E R Z 224 b E R Z 5324 2017 4
EARELW S EAL | Abnt hE [ Z 42,2017

GUO Yongcui, ZHU Ling, ZHANG Rui. Cloning and expres-
sion analysis of COMT gene of endocarp of rare walnut seed ex-
sertion in Xinjiang[C]//Chinese Society for Horticultural Sci-
ence. Summary of Papers of the 2017 Annual Meeting of Chi-
nese Society for Horticultural Science. Beijing: Chinese Society
for Horticultural Science,2017.

THEVENIN J,POLLET B, LETARNEC B, SAULNIER L, GIS-
SOT L, MAIA-GRONDARD A, LAPIERRE C, JOUANIN L.
The simultaneous repression of CCR and CAD, two enzymes of
the lignin biosynthetic pathway , results in sterility and dwarfism
in Arabidopsis thaliana[J]. Molecular Plant,2011,4(1): 70-82.
CHEN F,ZHU H,ZHOU L, LIJ,ZHAO L, WU S, WANG J,
LIU W, CHEN Z. Genes related to the very early stage of ConA-
induced fulminant hepatitis: a gene-chip-based study in a mouse
model[J]. BMC Genomics, 2010, 11(1): 240.

SRR, EAE RGBSR E IR
FER T3 5 M 26 B R R ARG [D]. [ 2 AR, 2015, 42(11):
2144-2152.

WEN Jing, ZHAO Shugang, WANG Hongxia, ZHANG Zhihua,
LI Xibo. Changes of lignin content and its related enzyme activi-
ties in endocarp during walnut shell development period[J]. Acta
Horticulturae Sinica,2015,42(11): 2144-2152.

TRA . AP I IR D7 AR SR B S ALy M (D). 28 %2 -l ZRAR LR
%,2014.

ZHANG Nan. Analysis of transcriptome profiling during lipids
accumulationin embryo of walnut (Juglans regia L.)[D]. Tai’ an:
Shandong Agricultural University,2014.



