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Transcriptome Analysis of Kernel-apricot Sarcocarps

during Three Development Stages

TAN Jinhua, HOU Lixiu, LIU Yonghong, WANG Shengqi, WEI Anzhi, LIU Yulin”
(College of Forestry, Northwest A&F University, Yangling,Shaanxi 712100, China)

Abstract; The low ratio of sugars and organic acids is one of the major reasons for poor taste in kernel-apri-
cot sarcocarp. In this study, to understand the expression patterns of genes which may be associated with
sugar and organic acids synthesis and to indentify the molecular regulation pattern and mechanism of the
low ratio of sugars and organic acids, we used RNA-seq technique to obtain the transcriptomes and expres-
sion profiles of three developing stages (30, 60 and 90 days after flowering) about kernel-apricot sarcocarp
of ‘Shanku 2 hao’ to provide a basis for the study of the metabolic and conversion mechanism of sugars and
organic acids in kernel-apricot sarcocarp. The results showed that; (1) 28 989 differently expressed uni-
genes were obtained during the three developing stages. According to the unigene annotation, 5 enzymes
encoded by 19 unigenes related to sugar biosynthesis and metabolism and 15 enzymes encoded by 54 uni-
genes involved in organic acids biosynthesis and metabolism were obtained; (2) Among the differently ex-

pressed unigenes, 9 and 27 unigenes of them which related to sugar and organic acid biosynthesis and me-
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tabolism were differently expressed in the three developing stages,respectively; (3) Most of the unigenes
encoding the sucrose-phosphate synthase and sucrose synthase which related to the sugar accumulation
were down-regulated, but the fructokinase and hexokinase that involved in sugar catabolism were up-regu-
lated; (4) The unigenes encoding malate dehydrogenase which associated with accumulation of malic acid
was the main components of organic acids in kernel-apricot sarcocarp were mainly up-regulated. However,
the malic enzyme catalyzed the breakdown of malic acid was down-regulated. It can be sure that the accu-
mulation of sugars was restrained, but the organic acids were synthesized and accumulated in large quanti-

ties during the developments of kernel-apricot sarcocarp. This may be one of the main internal factors that

contribute to the low ratio of sugars and organic acids and the poor taste of kernel-apricot sarcocarp.
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Fig.1 Quantifiable statistics of differential expression

genes in three kernel apricot fruit developmental stages
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Table 1 Data assembly for transcript and unigene in the transcriptome of three kernel apricot fruit developmental stages
) #E5E A Transcript BN #% Unigene
KBEE
Length range/bp ¥ & Number B 4y It Percentage/ % # &= Number 4 It Percentage/ %

200~400 30 332 46. 27 27 693 52.99
400~800 12 131 18.51 9 210 17.62

800~2 000 15 102 23.04 10 086 19. 30

2 000~3 000 5 284 8.06 3 550 6.79
>3 000 2 699 4.12 1719 3.29
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®2 EFRIZBEFEKE KEGG pathway & & 531

Table 2 KEGG pathway enrichment analysis of differential expression unigenes

I~1 m~1 I~
KEGG f{if i #%
KEGG pathway i T S| T i T
Up Down Up Down Up Down
Hr B Metabolic pathways 248 254 146 400 163 423
W AAC Y & i Biosynthesis of secondary metabolites 127 141 90 209 92 220
A Ribosome 175 46 21 51 82 191
KN %e 25 4E W4 i Phenylpropanoid biosynthesis 5 39 13 45 13 26
PN A A %N T3k 8 Protein processing in endoplasmic reticulum 14 28 9 39 28 25
AN (5 P450 (19 3910 Metabolism of xenobiotics by cytochrome P450 5 10 2 24 33 2
A LB R 1k Oxidative phosphorylation 53 21 — — 10 57
WEEE 1 72 Glycolysis / Gluconeogenesis 46 19 — — 8 60
A A R R 858 v 1948 842 Microbial metabolism in diverse environments 104 37 — — 28 139
WY £ 15 5% S Plant hormone signal transduction — — 23 79 17 57
FE 45 Ji B 19 A B A ] Plant-pathogen interaction — — 17 79 21 61
TE M HEBEAC I Starch and sucrose metabolism — — 19 53 23 46
B % 4K Spliceosome 9 16 6 27 — —
4 VEF H Bk &l % Carbon fixation in photosynthetic organisms 6 2 — — 5 40
R IR AW 4 % Biosynthesis of amino acids 52 35 — — — —
122 1% {3 Purine metabolism 10 16 — — — —

H.—. EEERARE
Note: —. The pathway was not significant
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Table 3 Key gene expression models of kernel-apricot sarcocarp in the sugar metabolism

LN F£ X Hi L Gene expression model

H A it LKL TR 9 T A
Gene Enzyme Unigene code Predicted location M~1 M~1 M~ 1
31822_gl — - — D
THE W Bl 12 1l _ _ _ _
SPS Sucrose-phosphate synthase c49121_gl
34352_g3 — — — —
¢39108_gl1 — — D D
S A B R
Ss MR 25 R 27184_gl — D D —
Sucrose synthase
c29581_gl — — — u
34317_gl — — D —
NI s B £ 1L c11860_gl - - v -
: Neutral invertase 27280_g1 _ _ _ _
¢56480_g1 - _ _ _
c24470_g1 — — 19] —
21591_gl C — u —
P . _ _ _ _
FRK Fructokinase c6938_gl
¢33383_gl — — — —
39485_g1 c - - —
34492_g1 — — U U
HXK aﬁg{s&@ c565277g1 - - - -
Hexokinase 20086_gl _ _ _
44152 gl C - — —
W — R B RIEHRAEF TR FESCo gk, U, LiH;D. Tl
Note: —. The location had not been tested and gene expression level that had no significant differences; C. Chloroplast; U. Up-regula-

tion; D. Down-regulation
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carboxylase, GAD) |, % & Bt it & W i (glutamine

synthetase, GS) Fl B iR 4 B 4 B 12 & 16 i (phos-
phoenolpyruvate carboxylase, PEPC),

BB S T B BeA L. AUA i 6% 5 R 5 %
BRIt I 22 S ARGk L gD 1 ARG Y 1 Sk
FE PR A B R 255K (PDHD L, i 5 4 FPRg Y 4 S0
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SDH.MDH. IDH, CS.PK.PDH.GDH fl GAD),
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Table 4 Key gene expression models of kernel-apricot sarcocarp in the acid metabolism

. SN R
73
EH fify %% i .ME Gene expression model
< -5 Predicted
Gene Enzyme Unigene code location
I~1 MWM~1 M~1
SCoAL BE AL B A 1% 288 Succinyl CoA ligase c30486_g2 C — — —
2-OGDH o il 1% — 1 I & i & & 1K 2-Oxoglutarate dehydrogenase complex ¢31408_gl M — U U
24622_gl M D U
SDH & H12 I & B Succinate dehydrogenase
13306_g1 M — U
¢30083_gl M — U U
c31831_¢gl C — U U
16125 _gl M - U U
¢57243_gl C D D U
MDH SRR I A i Malate dehydrogenase
57025_gl C — D D
c51112_gl cyto —
c4649_gl — — —

¢11320_gl — - — -
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S

Gene

fif}

Enzyme

BALN
R4

Unigene code

o A7
Predicted
location

e SR SIS

Gene expression model

I~1

~1

~1

ME

SEIRR B Malic enzyme

c19661_g5
c19661_gi
c19661_g3
30995_gl
30228_gl
39062_gl

D
D
D

D
D
D

IDH

AT R i AU B (NADP ™ ) Isocitrate dehydrogenase(NADP™)

39486_gl
34868_g1

PEPCK

T TR 75 T2 TN ) 152 % 1% # Phosphoenolpyruvate carboxykinase

28775_gl

PEPC

Tk T8 s T T T 52 7% {L. i Phosphoenolpyruvate carboxylase

32226_gl
22822_gl
56929_g1

PR 4 il Citrate synthase

c32582_gl
c27308_gl
cl17732_gl
c14373_gl
c29665_gl

PK

TR 152 34 i Pyruvate kinase

30902_gl
33331_gl
30902_g?2
23501_gl
33152_gl
28412_gl
52418 _gl

cyto
cyto
cyto

C

C

cyto

PDH

TN T 15 6 S0 B &2 & 1K Pyruvate dehydrogenase complex

47593 _gl
34897_gl
29501_gl
56183_gl
28670_gl
30293_gl

£ g o0

GDH

AR R A Glutamate dehydrogenase

22531_gl
22874_gl

AST

KA R A Fe 5 o # Aspartate aminotransferase

32672_gl
30589_gl

27652_gl

cyto

C

GAD

255 8 i FR i Glutamate decarboxylase

708_gl
708_g2
33886_gl

c8641_gl

c G

c G

GS

25 S Bk e 4 B Glutamine synthetase

€22007_g1

c49105_gl

T eyto. AT s M. Zohkifd ; C.onb g4k UL 15D, Tl

Notes:cyto. Cytoplasm; M. Mitochondria;C. Chloroplast; U. Up-regulation; D. Down-regulation



10 4] WAL A5 AT AR A 3 AR F W B i R 4 4 2023

31

AW X Ab T 3 A K E B B A= A R A
HEAT i S5 28 0 308 ek %o B R A A 3 R e
19 PRI AR g i 5 AN WEAR I 45 il LA K 54
2 AL DR SR 1Y) 15 TR AR T VA

TEREARH IR AR b, SPS SO0 G 7 W 5 4k Ry B bl
AU 4 R, 2 R S i ) BR e L 7SS R A L R b
AR IEARSCNTY L BREEE S B oY R, A R
SRR S R BT B R R . MEA
WE5Eh, i f% SPS Fl SS (1 B R b L 4 428
IR BRI RS SS Y — S BRI R 5 b SRk A,
HOAY 22 5 ARAK W B DR 2 2 52 T I R 3k A kg 4
REWE 05 AR A 2R N R G AR b sz B X
55 ff A bRy 3R Gk B A A 4 AR VY. FPKOAR
HXK BE % {10 7 7 3% 4% v S Bl 3 iR L 7 G
B 25 B 3 4% 22 S R 3K B BRE DR R B ISR Y L R A
b TE PR A A SR A A TR G R L 0
HERERMERE A R Z B . e Ah AR R4S
fai 1 4 2% g i NT R 6] I8 75 51, (H O 8 A 42 48 78
T H e BT rh g A R P 5% fK B (acid invert-
ase, ADFAHSCTTFI L AT 24 FH A 2R PR JE A
FHUH S H A AR ) B AR AR AT — Y 22
S AH AL AT R g AT % 5 K 58 = BE IR, 7EAS BF
FE R ARG BT R R SR P RN ) 2R AR HIPL
il AT B AV RS IR S o AELAT BIF 5 2 B o 4 o g 3 ) £
FHR RT3 5 JEME AL AR A N B 43 i B Y R
79 e i 2% e ) B DR TC AR 15 00 T e 2 DR A b AN [ i
FEAEZE 5 o DT 52 W) JRE R 40 T S e A

TERRACH AR P CS AT IR AR 3R 2 IEAH G,

S 2k

[1] BECKLES D M. Factors affecting the postharvest soluble sol-
ids and sugar content of tomato (Solanum lycopersicum L.)
fruit[J]. Postharvest Biology and Technology, 2012,63(1):
129-140.

[2] SCHOUTEN R E, WOLTERING E J, TIJSKENS L. M M.
Sugar and acid interconversion in tomato fruits based on biopsy
sampling of locule gel and pericarp tissue[ J]. Postharvest Bi-
ology and Technology. 2016, 111; 83-92.

(3] skasb. ok 5. Bk, 20 A S g ok 3 2R 7 R B
(J]. P EmRE,2010,29(7) . 146-148.

ZHANG Z Z, ZHANG Y., CHEN Z M. Processing technology
of almond-apricot paste[ ] ]. China Brewing , 2010,29(7) . 146-

TEABETE 4% CS [ B R HAT 1 4% B3] B
LR 2k R RE HESR A e T AR R A R B
22 3R 0K W g SCoAL FYy B I PR F% 78 A M SR
WARE P2 R RB AR LT A
W kA 22 535k . MDH HA n] 3 b 4 £k 39 21 12 4
fifp R BE R A A - TR T £ TR s S BT A TR Y
2 FUORL A B 5 R W] MDH 5843 0] - & B 2
MR, EARWESY T g i MDH (1 S R R b, A
3B ERARIL, 2 5 BT I Rk L U B e AR
SRR -AT AR TR 5% AL B bR T, AT A
BT ST 4 R R W A A RSN R & & B B R R
A AR T 28 0 I A Ab T 8 o3 A KPS R
R . MAEASHE 5 L i i PEPC 9 1 % Sk [A]
MG ME 19 3 2 B RE TR Il ~ L #0 1~ I B
Bedy R I R AR /i R 8 e 6 A R B 2
R Ji R A A1 8 S SRR 4 i S T T AR 3 e
L ESEN S Wi E et R N AR P AL K T R R
SRR L M A RATAR TR .

i bR RN 3 AR E B B . A K
TR MU AR 5C 00 I8 2 g 32 28 52 8 I 3R 0k 5 0 0 i
AH G A I P Tl S 9 A ks T A R AR R AR R L R
FRR A SC A PR P il 5 B R SR ol e e
MRPWAE L TR RZ M. A LR A2 TR
R RS B X AT BE R a I A R AR TR L
B/ B EAMER N R Z — . AR R
S PR O R A il ) e Ik A L R TS
YR A AN [ A T B BE B0 e S L RRAE L O Jim 5 B 0 1k
WIS A 2R P PP OB IR 5 J0 A3 A AR O S [
P A R ROBEIR L 2SR T kA

148.

(4] XUREAS, A5 WG, A7 T A SR P T A B R R G R 1R 1 T o)
(] 'MW 571 %.2012.33(7) . 71-76.

LIU Y X, LI Z X. Study on the brewing techniques of apricot
for kernel flesh vinegar and its acetic acid drink[ J]. Food Re-
search and Development , 2012,33(7) .71-76.

[5] Trim, AR BHES, % NAA X4 5 50 hops iR & &
HAOCHE Rk Mg [T ], T 244, 2015,42(3) :425-434.
WANG X C, WU W M, ZHAO M Z, et al. Effect of NAA
treatment on sugar acid content and related gene expression in
grape berries[ J]. Acta Horticulturae Sinica, 2015,42(3):
425-434.

[6] %% Ju.w FJ.4& 40,55 KA ALk 5l 0F 5



2024

[ i

L7/

3T E

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

0J]. W Z%41,.2015.42(12) : 2 519-2 525.
FEI'Y, HAN X, YU H, et al. Sequencing and characteriza-
tion of transcriptome of Sinningia speciosa sepals and young
leaves[J]. Acta Horticulturae Sinica, 2015,42(12); 2 519-
2 525.

KOU M, XU J, L1Q, etal. Development of SNP markers u-
sing RNA-Seq technology and tetra-primer ARMS-PCR in
sweetpotato[ J]. Journal of Integrative Agriculture, 2017. 16
(2):464-470.

XU F, WANG H, TANG Y, et al. Effect of 1-methylcyclo-
propene on senescence and sugar metabolism in harvested broc-
coli florets[ J]. Postharvest Biology and Technology. 2016,
116. 45-49.

HU L, WU G, HAO C, et al. Transcriptome and selected
metabolite analyses reveal points of sugar metabolism in jack-
fruit (Artocarpus heterophyllus Lam.) [J]. Plant Science,
2016,248. 45-56.

GRABHERR M G, HAAS BJ, YASSOUR M, et al. Full-
length transcriptome assembly from RNA-Seq data without a
reference genome[ J|. Nature Biotechnology, 2011,29(7)
644-652.

MORTAZAVI A, WILLIAMS B A, MCCUE K, et al.
Mapping and quantifying mammalian transcriptomes by RNA-
Seq[J]. Nature Methods , 2008,5(7) ; 621-628.
WANG L, FENG Z, WANG X, et al. DEGseq: an R pack-
age for identifying differentially expressed genes from RNA-
seqdatal J]. Bioin formatics, 2010,26(1); 136-138.

ZEATIG 28 e A {15 2, L T T R B R A R R D AR

AL B AR AT, A R 2441, 2015.36(9) : 1 608~

1613.
LIFP, QINX W, WU B D, e al. Phylogeny and expres-
sion profile of the sucrose phosphate synthase gene family in
cacao (Theobroma cacao 1..)[]]. Chinese Journal of Tropi-
cal Crops, 2015,36(9):1 608-1 613.

BT BRE A, 2R IR, S5 M I A R G R T v R

EYEE MR IREX I 2 THIY E Fi. 2016, 14
(2):286-301.
JIACP, GENG HW, ZHU Y F, et al. Cloning between
bioinformatics and expression pattern analysis of sucrose syn-
thase in island cotton (Gossypium barbadense 1..)[]]. Mo-
lecular Plant Breeding ., 2016,14(2); 286-301.

PRERR B, BN 5 ARIERHAR I HARRE
WrBefy A (R[], [ 2240 2006, 33(4) : 805-808.

CHEN M X, CHEN X S, CIZ]J, etal. Changes of sugar and
acid constituents in apricot during fruit development[J]. Acta
Horticulturae Sinica s2006,33(4) :805-808.

WR3E 8 B NEIL, ARk 5 A5, AV 2R S SR R L S A IR o
Fesg i Rk oy M )] i b7 o 45 WAk #0755 2015, 11 (4)
30-35.

CHEN M X, ZHAO C K, XU Y F, et al. Cloning and ex-

pression of malate dehydrogenase gene in apricot fruits[]J].

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Weifang Higher Vocational Education, 2015,11(4); 30-35.
PEREZ-CENZIM, SALERNOG L. Functional characteriza-
tion of synechococcus amylosucrase and fructokinase encoding
genes discovers two novel actors on the stage of cyanobacteri-
al sucrose metabolism[]]. Plant Science, 2014,224; 95-102.
CHEN C, YUAN Y, ZHANG C, et al. Sucrose phloem un-
loading follows an apoplastic pathway with high sucrose syn-
thase in Actinidia {ruit[J]. Plant Science, 2017,255: 40-50.
DONG Y, DUAN W, HE H, ez al. Enhancing taxane bio-
synthesis in cell suspension culture of Taxus chinensis by
overexpressing the neutral/alkaline invertase gene [ ] ].
Process Biochemistry, 2015,50(4) . 651-660.

VARGAS W A, SALERNO G L. The Cinderella story of su-
crose hydrolysis: alkaline/neutral invertases, from cyanobac-
teria to unforeseen roles in plant cytosol and organelles[]J].
Plant Science, 2010,178(1): 1-8
LIN Q, WANG C, DONG W, et al. Transcriptome and
metabolome analyses of sugar and organic acid metabolism in
Ponkan (Citrus reticulata) fruit during fruit maturation[ J].
Gene, 2015,554(1) . 64-74.

YAO Y X, LI M, ZHAI H, et al. Isolation and characteriza-
tion of an apple cytosolic malate dehydrogenase gene reveal its
function in malate synthesis[J]. Journal of Plant Physiolo-
gy, 2011,168(5); 474-480.

TroEL A AR B, S R IR I Sl R T v R
FRAHLT]. P TEY 2], 2013,34(6) 11 082-1 089.

YIN Q, TONG Z, HE T Q, et al. Cloning and expression a-

nalysis of malate dehydrogenase gene from cassaval]]. Chi-

nese Journal of Tropical Crops, 2013,34(6):1 082-1 089.

TRV A R WYL 2 B, L IS BR U A SR SRR R 4 40 1 R R
WA @IS AL ] AR R LA .2011,5:102-104.

WANG H B, YANG ] M, LI H F,etal. Analysis of sugars
and organic acids in f{ruits of Zhenzhuyouxing apricot by high
performance liquid chromatography[]]. Shandong Agricul-
tural Sciences, 2011, 5.:102-104.
WALKER R P, PAOLETTI A, LEEGOOD R C, et al.

Phosphorylation of phosphoenolpyruvate carboxykinase
(PEPCK) and phosphoenolpyruvate carboxylase (PEPC) in
the flesh of fruits[J]. Plant Physiology and Biochemistry ,
2016, 108, 323-327.

HR e, EWESE 2 %5 A NADP (KO A9 2 1 iR i 5t
P TCRE L ST 50 R R 3E 4 BT, b AL AL 22 2013, 46 (9)
1 857-1 866.

DONG Q L, WANG H R, AN M, et al. Cloning, sequence
and expression analysis of NADE-malic enzyme genes in apple
[J]. Scientia Agricultural Sinica, 2013, 46 (9); 1 857-

1 866.

(%% . REP)



