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WE: [H M FF7E R KRG B S I AR St BT A EN LR ZE e, o i O RS i ST S LR 7S . K077 &
W7t AR K AR BE A 5 G S0 (A (NB) . B (NZ). B (NC) g5 A 23 (B, E i J2).
S O RSN AR, R il 7 BOR BT RS I, i1 5 AR B de A ) SR K A R S i
ZESERAORIZE RAER, WD IR TR BE AN G e B R aC K R S AR R R s 2 Al . (45 R ) s8R, RKER
SR B IR St e, SRS (IB-vs-NB) . H M (JZ-vs-NZ) I (JC-vs-NC) &4H[A] 73k th 65+
4509 A1 1534 AN ZEFILK . GO ThRg BB AR 70T DIRE A M2 7> = Kb i) 50 N IE3Erh, KEGG @R ERK 2 7
FEIR R B R AR A G ARETETE . SRR & S E S b, Y 2 S R TR SR AE W A DGIE e 1) (225 1k
. [450) TEVERMM BN . U SRR I IR, CRERRAN R, THRARHT 5 25 RSl
PR R & EAR AR IR e T nebi 107424266 ncbi 107414286+ ncbi 107425230+ ncbi_107429837 25 31 %
SR, S RITER SR B IR AR RERR SRS 2 Rk, R S R S nnA R S R
KA. RKA, BRI, GRS, ERiER.

Differential gene expression analysis of Lingwuchangzao jujube fruit at different stages of
root tillering and grafting reproduction
Yang Rong Liu Jiajia*
College of Forestry and Prataculture, Ningxia University

Abstract: The differences in the internal mechanism of fruit quality between root tiller reproduction and grafting reproduction of
'Lingwuchangzao' jujube were studied to provide basic research for improving its fruit quality.In this study, the fruits of Lingwu long
jujube root tiller reproduction and grafting reproduction at white maturity stage (NB) , coloring stage (NZ) , maturity stage (NC)

and grafting reproduction at white maturity stage (JB) , coloring stage (JZ) and maturity stage (JC) were used as experimental
materials. High-throughput sequencing technology was used to sequence the fruit transcriptome. The differential genes related to the
quality difference of Lingwu long jujube fruit of root tiller and grafting reproduction were screened, and the gene expression differences
of Lingwu long jujube fruit of root tiller and grafting reproduction at different stages were preliminarily explored. The results showed
that 65,4509 and 1534 differential genes were screened out among the white ripe stage (JB-vs-NB) , coloring stage (JZ-vs-NZ)

and mature stage (JC-vs-NC) of Lingwu long jujube fruit. The GO function was enriched into 50 subcategories of three categories :
biological process, molecular function and cellular component. The KEGG pathway annotation significantly enriched the differentially
expressed genes in secondary metabolite biosynthesis, metabolic pathway, amino acid biosynthesis and other pathways. The
differentially expressed genes in mature stage were significantly enriched in sugar and acid related pathways. Among the five metabolic
pathways related to fruit soluble sugar and total acid content, starch and sucrose metabolism, galactose metabolism, amino sugar and
nucleotide sugar metabolism, glyoxylic acid and dicarboxylic acid metabolism, and butyric acid metabolism, 31 differential genes such
as ncbi_107424266, ncbi_107414286, ncbi_107425230, ncbi_107429837 were screened out, which were differentially expressed in
the sugar and acid metabolic pathways at different stages of fruit development, regulating the soluble sugar and total acid content in

fruits at different stages.
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REKA R T HEBEZTMBF, RTF MR R, R R EGEHE, DR 2. E97F
B, ZETRERENER (FE R, 202D, MERRKERED KR, HE T R R
SRS T A EDR (KR, 202200 FESERRAE P, RO R 3 R AL G AR BE B AN I
FHEPM T AT E I (BIRESE, 2022). MREEEHE o] DURRF B BT R N BRI 25 5 s IR B AE R
PE, (HATE AR BE S SR A IR (Zhang Zetal, 2016), ‘EKGEELENS, HEEEMAAEKY. WARE, 4
REREEMRF (Gaikwad SPetal, 2017, {HA7= K AF T H AT A A5 4 1 10 AL UK S8 7 b RS i AR B 7
PRSI AR S, B AR 8 2 N O, 2013 42M54E, 20150, HFTC T8
ANV BB J5 30T RS T 2 S R AT Ie B b, HEAAE T (BRINAESE, 20205 Shifu C et al,
2018). 4K (ZEHREIR, 2022) KM} (MK Getal, 2020) AKX, HNAF 4 J7 20t 20k B se
st R SR 22 S 1) AL TE HLER A L3020

KPR =A K E I R K AR SR B RNA, % mni@ B ok, LR A i 7 X
R SRR P AN ZE S, A R 05 B ) R R A R S R 2 R G 1 22 R R R, WD IR TR BE
G B R A A L S I TR ik (R R0 22 S A0, DA R s SR PR B 1 P 0 U7 =) R i R R s i
Ji 22 S R LB SR AR RR AR 5 2% .

1 R RS 7k
1.1 XTGBT

I AL T 7 B R T T i B R A (FREZE 106°15/3.957, b4 38°4'22.22", MR & FE 1115 m),
TSR YRR PR R, P 0 8.8 C, AEEIBE/K A 206.2-255.2 mm.
1.2 XIe#H

ARG AHARER Y 8 A R AR BER AR AT DL AN i A ) R ARG bR (I3 I R — B,
MREER PRV 4% 83 mm. 7 2.45 my 7R 2.51X2.42 m, IZHEMEMF I 89 mm. B 2.63 my &
W 2.53X2.49 mo 7} JEHL 5 PRAEAIE A —B0,  Joi d 3 i R R AR BE AR PR G AL AR BEAT SR SR AR,
FE RIEKA RS AR B A RPN, SEtoRgE 5 ORI, S RHIEANEEA S 25 RS, RBER
VeI L o
1.3 SRENFEEES T

XA R I AT RN, JFIE 3 MEWEES, IEE] 18 M. RFemis 2 Rl A
YIRS IR A BEAT IR o R i 5 70 0 RO AR AR A R ISR S (UB, JZ, 1O, RIEKAR BE
AR W92 (NB, NZ, NC). 3T Illumina Novaseq 6000 Il F°F- &, XFHE 5 (KA mRNA #4750
J¥, KH Tllumina Truse qTM RNA sample prep Kit J7ZH#E AT SCREM o 0% S 2 0 7 72 A6 1) D s B0as gk AT
PiElRYE, £dIEEA3E R ER Clean Reads, HFH Trinity X 1F X132 Clean Reads #EATHHEH 2L,
e ) B DA 2 AT DR 20 O 25 28 FE R L BEAT EUX L VR FIAT R 75 F DESeq #0007 16 72 = R IB 1 FE K],
L FPKM=1 JAyJE[RFiktriE, LA FDR < 0.05, |log2 FC | > log2 (Q)fE A% S 3EH ik 4. FIF Kyoto
Encyclopedia of Genes and Genomes ~ Chttps://www.genome.jp/kegg/)Fil The Gene Ontology Resource(http://gene
ontology.org/) B4 e o 22 5t = R AT VR, P R 15 5 58 GO M KEGG pathway i 35 1% & 227047
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2.1 BEBRBBIEFRERN
ST . RGO A AT
Do MFREAE 99 %F 99.9 %L _E 1t 5

A gE, M 18 M REK RS,
JBRE ) 43 Bk (Q20,Q30) 43 HIE 97.02 %K1 91.81 %2 L,

H:3K18 138.26Gb it (%

GC W& (GCcontent) fF 43.10 % ~43.90 %2 [8], H EAABRIEA B H0 P45 R RN T 1%, ViR EE

5154 SR 1) R AR S48 I W S LIy R e, BT 5, AT R — e i

R 1 REHHRGTR
Tab. 1 List of Pretreatment Results of Sequencing Data Quality

Q20 Q30 N GC
Sample Raw Data (Gb) Clean Data (Gb)
JB-1 9.20 9.06 97.69% 93.48% 0.00% 43.35%
IB-2 8.07 7.95 97.70% 93.46% 0.00% 43.42%
IB-3 7.93 7.84 97.711% 93.50% 0.00% 43.31%
JZ-1 8.00 7.91 97.89% 93.93% 0.00% 43.89%
1Z-2 8.54 8.45 97.58% 93.18% 0.00% 43.87%
1Z-3 5.43 5.38 97.58% 93.24% 0.00% 43.69%
JC-1 591 5.85 97.15% 92.30% 0.00% 43.53%
JC-2 8.14 8.06 97.42% 92.72% 0.00% 43.72%
JC-3 8.25 8.17 97.66% 93.36% 0.00% 43.73%
NB-1 8.22 8.12 97.65% 93.28% 0.00% 43.18%
NB-2 8.63 8.54 97.55% 93.03% 0.00% 43.41%
NB-3 8.81 8.70 97.48% 92.91% 0.00% 43.10%
NZ-1 7.80 7.72 97.59% 93.18% 0.00% 43.81%
NZ-2 5.93 5.88 97.02% 91.81% 0.00% 43.73%
NZ-3 5.84 5.79 97.29% 92.59% 0.00% 43.90%
NC-1 8.30 8.22 97.96% 94.05% 0.00% 43.56%
NC-2 8.40 8.32 97.51% 93.03% 0.00% 43.73%
NC-3 8.39 8.30 97.54% 93.09% 0.00% 43.46%

PR BE 5 Ik B2 A 1) R A I 7 s LU X 21 2 B BE R 40 48 (NCBI_GCF_020796205.1) I,

18 /™

BESL Cleanreads 522 3 R 2H Y L X 25 % (Total mapped)7E 93.77 % ~95.10 %2 8] (£ 2), Hxf5|&%
FERZHME— AL B reads 7E 89.73 % ~ 91.10 %2 [6], PR a7 20 R A s 5 225 5L R 41 (1 DL G
RARE ,  UEBHIE R 22 JE N AL RE 0 A IR o BT S B4 (i IEAf vl S (5 5

® 2 5EH IR HLR

Tab. 2 Comparison with Reference Genome

FEA

PG

ME— Lot 22

& LA %

AL

840



5\ E MO AR K 2 S15 M B 2 23

Sample Total Unmapped(%) Unique_Mapped(%) Multiple_Mapped(%) Total Mapped(%)
JB-1 60759092 3253695 (5.36%) 55045499 (90.60%) 2459898 (4.05%) 57505397 (94.64%)
JB-2 53342530 2701873 (5.07%) 48443477 (90.82%) 2197180 (4.12%) 50640657 (94.93%)
JB-3 52475622 3096864 (5.90%) 47297104 (90.13%) 2081654 (3.97%) 49378758 (94.10%)
1Z-1 52980164 2638638 (4.98%) 48265671 (91.10%) 2075855 (3.92%) 50341526 (95.02%)
1Z-2 56573154 2897803 (5.12%) 51350292 (90.77%) 2325059 (4.11%) 53675351 (94.88%)
1Z-3 35963162 1872818 (5.21%) 32672597 (90.85%) 1417747 (3.94%) 34090344 (94.79%)
JC-1 39094038 2228509 (5.70%) 35327715 (90.37%) 1537814 (3.93%) 36865529 (94.30%)
JC-2 53977912 2781670 (5.15%) 49007938 (90.79%) 2188304 (4.05%) 51196242 (94.85%)
JCc-3 54613124 2877104 (5.27%) 49572165 (90.77%) 2163855 (3.96%) 51736020 (94.73%)
NB-1 54405484 2740408 (5.04%) 49532442 (91.04%) 2132634 (3.92%) 51665076 (94.96%)
NB-2 57115288 2804652 (4.91%) 51956413 (90.97%) 2354223 (4.12%) 54310636 (95.09%)
NB-3 58277088 3029247 (5.20%) 52943383 (90.85%) 2304458 (3.95%) 55247841 (94.80%)
NZ-1 51669358 2534211 (4.90%) 46991031 (90.95%) 2144116 (4.15%) 49135147 (95.10%)
NZzZ-2 39321756 2017248 (5.13%) 35756980 (90.93%) 1547528 (3.94%) 37304508 (94.87%)
NZ-3 38686812 2409713 (6.23%) 34712818 (89.73%) 1564281 (4.04%) 36277099 (93.77%)
NC-1 55026004 2794045 (5.08%) 49861332 (90.61%) 2370627 (4.31%) 52231959 (94.92%)
NC-2 55645054 2949433 (5.30%) 50343554 (90.47%) 2352067 (4.23%) 52695621 (94.70%)
NC-3 55564412 2982470 (5.37%) 50372241 (90.66%) 2209701 (3.98%) 52581942 (94.63%)

HTFREEFELE, FH RIBESHREENRS M (PCA, Principal Component Analysis), ff FLFEAS[E] ]
PR AR W 1 BR, EMS PCLMITTIRE N 93.4 %, T4 PC2 IUTTIRE AN 3.3 %. —IRAEMEE
PIREA SRR R B vy, 3% WA [ B O T A 3 2H 0 1) v 2 E B A A S el Ry e B, HOAN RN AE R
R EIER, WU =MER KGRI EREBAAEE R, N DS S Al .
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Fig. 1 Principal Component Analysis of Samples
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22 RESEBEZEAIRKETRMAEREERILZ D

REE BN RR KR R R ERIERS R SR (B 2), WSTR[ P (JB-vs-
NB) [ b3k ik 3 65 ANz A, Hop FREMERE 30 4, FEREER 35 4 HE JZ-
vs-NZ) Mk, 1354509 M2ERFERIFEE, Ho LREER 2892 A, TR 1617 45 B (JC-vs-
NC) ACBHAHEL, i3] 1534 DMZEFRAER, B 677 A EIRER, 857 AN T A,

HUP
2,000+ 2892 DOWN

2,000
1617

1.000 - 857
677

30 35

T
JB-vs-NE JZwvsNZ JCvE-NT

P 2 MRBE S 5k S0 R KA RS R A AN I R 3k B e v 18
Fig. 2 Statistical diagram of gene expression in Lingwuchangzao jujube fruit at different development stages propagated by tillers

and grafting.

I L AN [F) A I A R UK U s 72 e B R RS 5 BRI (] 3D, MRBE S5 16 B i R KR
RSEAE AP (JB-vs-NB) F 39 N EFREEFFFRRIE, HEH JZ-vs-NZ) f 3938 %7 FEFFFRRIL,
A (JC-vs-NC) H 976 A~ 7 5 SR Ky 57 ks o WRBE 5 I B R K AR R SR B = AN I A0 a2 e 1) 3
HERIEWE 7 4 (& 3), 4572 MSTRG.1546. MSTRG.21442. MSTRG.9423. ncbi 107404917
ncbi 107423910, ncbi 107426831 1 ncbi 125420622, 7 > IEP H AT AR B BERAE KEGG B2, H
H1 ncbi 107426831 FlI nebi_ 125420622 B RAV #sg TR IAE, TR RAV HxEFIEMY)
AR B AT B T R S B EAE R (Margarita H et al.,2017).

JB-vs-NB JZ-vs-NZ

976

JC-vs-NC

Kl 3 HREES I B R KA RS R A AN [ I 0 22 5 R DR =5 L
Fig. 3 Wayne diagram of gene expression in Lingwuchangzao jujube fruit at different development stages propagated by tillers and
grafting.
3 REBES I B R KA R LR B A RN PIRIEZ TR R E R R
Table 3 Information Tables of Co-expression Differential Genes at Different Fruit Development Stages of LingwuChangzao by Root
Tiller and Grafting Propagation
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£ 1D BERAERAS B B R T oK R
BAEEA fav 43 _ RRI3A[ZEER]
MSTRG.1546 -
hypothetical protein FNV43_RR13411 [Rhamnella rubrinervis]
IAZAF R i 10w Ak
MSTRG.21442 -
cyclic nucleotide gated channel 1 [Prunus dulcis]
MuDRA % [ 52 R[]
MSTRG.9423 -
MuDRA-like transposase [Cucumis melo var. makuwa] [Cucumis melo]
XP_015888121.1 4t 5% iz ATP i 13, B[ 4]
ncbi 107404917 XP_015888121.1 putative calcium-transporting ATPase 13, plasma membrane-type --

[Ziziphus jujuba]
XP_015889047.1 %54 LURP ffi-1 #H% 6[fR %]
ncbi 107423910 -
XP_015889047.1 protein LURP-one-related 6 [Ziziphus jujuba]
KAH7546188.1 488 [ FEM 48 _ zijuj01G10174000
[ AR TR A
ncbi_107426831 RAV
KAH7546188.1 hypothetical protein FEM48_Zijuj01G0174000
[Ziziphus jujuba var. spinosa] [Ziziphus jujuba]
AR 1 FEM 48 _ zijuj0 1G10174100[1% 4 28 Fir [ 4]
ncbi 125420622 KAH7546189.1 hypothetical protein FEM48_Zijuj01G0174100 RAV

[Ziziphus jujuba var. spinosa] [Ziziphus jujuba]
23 IRESHEHRFERIRKKETRMAEZERERE GO hEEEEST

MR AR BE 5 154 B R KA R SR & AR A 22 7 B R GO The s SR M4 R R (B 4), =AEH
ZESRERF R BVEYIE R S IhRe. R4 3 A0, AR UB-vs-NB). HEH JZ-vs-N2).
B (JC-vs-NC) £ GO ¥ b 40 5l 45 52 i 203 20312, 7176 NERFEE ., AR, A
W (JB-vs-NB) 7 R [R F EE REEANM I R . AR RE . R B AW s . AR BRI . B AL
RESFE 16 MEET, BHOH JZ-vs-NZ) ZFJIERTRA 29 MEES, MEJH (JC-vs-NC) % Rk
BV ERA 27 N H. A0 TIhRERZES, JB A NB 2RI N EEVEBAEL & . EALIEE. #iEi%
PE. ATP fBETEYE TR FiE e G50 FiE RS 7 MR, JZ F1 NZ 78 R BE RV EREAE 18
MK HET, JCHNC A 27 FERERAE 15 ANk E b ANy R3, TB A NB 4 iE R 3140 i 45 1)
SARME E AR E S 2 N RS, 73 21 M5 DZEFREEE, JZ FNZ. JC HNC FRAE 3 AR,
FFRAN M S5 M SR & B B S AR BRI
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GO Term

Fi i Cellular

Biological Process
GO Term

E
Blologleal Process Molecular Function Cellular Component

60 Term

Biological Process Molecular Function Cellular Component

GO Term

P 4 AR BRI Bl R KR RSN R R B I 2 2 55 ] GO ' 4R
A: JB-vs-NB; B: JZ-vs-NZ; C: JC-vs-NC
Fig. 4 GO Enrichment map of differential gene in different development stages of
Lingwu jujube propagated by tillers and grafting ~ A: JB-vs-NB; B: JZ-vs-NZ C: JC-vs-NC

24 IRESHEEHPEIRKETRMNAERERE KEGGC EE 7

Xof AR B B 0 B R AU [R] I D07 2 Y 1) 22 e BRI BE 4T KEGG & 4670 #r, 45 R W], A2 ] (JB-
v-NB) (8 5A) % 52360 E B B RAE VLRI &k RIEH . S5 1 BB & . SER AR
RUt RSB R ERIR b, FHOW UZvs-N2) (B 5B) 2 RN T EE £ERuHRE. e
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YEH S IRAEARE P A6 Bl TR 2 il g, 2 5 RS R MR R EE KL (510 1), (5 56.6%;
M (JC-vs-NC) (& 5C) 7 5 L8 B & SRR R R R AL B B pEAR T (20, 6.29%). fRHigE (174,
54.72 %) TR (5, 1.57 %), AFERY (9, 2.83 %) ZEiEEg+ .

A
=

Gene parcent Gang percent Gene percent

Bl 5 MRBERIER B KAUR SR B AR 122 R KEGG & SR 46T ]
Fig. 5 The Bar Chart of KEGG Enrichment of Differentially Expressed Genes in Lingwu Long Jujube at Different Stages of Fruit
Development by Tillers

2.5 REMBREREXINEEEREET

MRAEARBE 5 G B R KA SR & AU & GO RCAII 2 3k ] KEGG il % & 545 R, %
S S 3 VR R ) 5 O S T B R IR R D) A O I I AR A E R AT RE B AT ( Starch and sucrose
metabolism, ko 00500). FFLF#ICiHT (Galactose metabolism, ko 01187). S FEFHAZ LB HHRE ( Amino
sugar and nucleotide sugar metabolism, ko 13648). ZBEMRF R (Glyoxylate and dicarboxylate
metabolism, ko 00630) A1 T E2{Li§ (Butanoate metabolism, ko 00650) 2, AHFFtLLIX 5 4&4F BT
W, ALEES R B R KRR SR E A A CUTRT I = AN 3 A A [ A 2 R R R R R
1E 5 FARDGEER b, Sl IV EARYE R, AHELSEM, LR R T AR B b 15 B e R A A S oI o 2
(52 2 I 2 PR A LR o A BT S0 a2 A 368 B o 22 e A5 MR 1 T T 22 S B R R AT R
2.5.1 REKRE AR

MREE S I B R KR RS R B AT L, 22 5 B DR R 35 R0 /b, SR TE T R RE A
PRU . EEE AR B . TR AN R R A = Al i T 1) 22 S B R Mk 7 Ao e e A R A
AUHIE S FH nebi_ 107410850 Fl nebi_107424266 PA™ F R 2 5 RIE, 2 545505 7l 2 2.18 Fl 2.66.
ncbi 107412669 FEK N RR L, ZRMGEHCH 4.82. ZEEFEAZE ERPEACU @S A nebi 107424266 — 4%
I BRIk, ZEREECN 2.66 f%, ncbi 107404967 K N ERIA, ZERMEECN 34.80; LEEREA R
%ﬁ%@%*ﬁ14%%%Hnwmen%3Lﬁ%ﬁ,y¢%ﬁ%ﬂnwgmmwm4Tﬁﬁﬁ,%ﬁ%
Koy lie 2.3287 f5 A1 6.6703 5. Sk b, WBES EEH SR E AR AT EERE S BARGH 2 % F
BEHRA 3AEFER LARE, 2 MEEFERE, SAREGEMICH | KB P R IERECR T
RIS 14

Mu

* 4 MBS G R B R KA R SRE AL R RRIE g #&
Tab. 4 Statistics of Differential Gene Expression in White Maturity Period of Lingwuchangzao Jujube by tillers and Grafting

Propergation
NS E AN ZRERH ID JB_FPKM NB_FPKM log2(fc)
VR A RERE A ncbi_107410850 34.9960 76.3193 1.12
Starch and sucrose metabolism ncbi 107412669 1.2237 0.2537 -2.27
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ncbi 107424266 1.4157 3.7690 1.41

SRR RS A nebi_107424266 1.4157 3.7690 1.41

Amino sugar and nucleotide sugar metabolism ncbi 107404967 0.8353 0.0240 -5.12
RN — IR A Ut ncbi 107415024 10.2810 1.5413 2.74

Glyoxylate and dicarboxylate metabolism ncbi 107417353 40.7610 94.9193 1.22

2.5.2 REKEHEOH

MRBE 5 i B R KR RS R E & I RLE A MR R RR A G 5 2% IEEE TP 3 25 A2 bk
R, SafiEvERAHoC BARIAIMERG 4 4, NERENERESG 114, 588K FIHRE R EER
54, TREEMIEER S5 A Bk M REFEAEIEE Y, nebi 107430563 Al nebi 107432082 PMJEA E
PWRIL, ZRMEHCN 31.19. 20.03. FE[H nebi 107409332, ncbi 107430302, ncbi 112491050 Fif#&iA, %
SRR S 19.83 2279, 28.57; {EFFUMEAUH @S T, U nebi 107432082 FE[R] Rk, HAR YA
R R IARE; EREEAZTRERERETS, 1| AR EAERE, 4 AR TRRE, ZRE80E
4.5109—19.8305 . [d], fEL MMM KRR MAWELd, FKF ncbi 107405417 ncbi_ 107433052 Al
ncbi 107423244 EifZEIE, ZRMH5H00 552 3.38. 3.54. 5.78, E[K ncbi 107415024 Al ncbi 107429892 F
WRIE, Z R 3.99. 337, TRARE@AET, 2 MR FRERE, 2R 55002 3.18. 3.30,
3AEERE T IHRIE, ZERMGHEREN 4.24.

R 5 REES GBI FH R R LR H B O E R RENREH LG TR
Tab.5 Statistics of Differential Gene Expression in Coloring period of Lingwuchangzao Jujube by tillers and Grafting Propergation

JEPR R ZFEEH 1D JZ_ FPKM NZ _FPKM log2(fc)

TER A RERE A QS ncbi_107409332 42.7407 2.1553 -4.3096
Starch and sucrose metabolism ncbi 107430302 47.8577 2.1000 -4.5103
ncbi_107430563 0.0073 0.2277 4.9563

ncbi_107432082 0.0667 1.3357 4.3245

ncbi_112491050 23.3723 0.8180 -4.8366

E2R G ncbi_107418415 5.3387 0.2757 -4.2755
Galactose metabolism ncbi 107411640 13.9183 1.2020 -3.5335
ncbi_ 107426117 0.3700 0.0010 -8.5314

nebi_107430302 47.8577 2.1000 -4.5103

ncbi_107432082 0.0667 1.3357 4.3245

GBI R IR A nebi_107409332 42.7407 2.1553 -4.3096
Amino sugar and nucleotide sugar metabolism ncbi 107405417 2.4720 15.8617 2.6818
ncbi_107429837 98.4553 21.8260 21734

ncbi_107404967 101.7550 14.1473 -2.8465

ncbi_107416404 2.3280 0.3387 27812

TR AN —RTRARI ncbi 107423244 10.3627 59.9267 2.5318
Glyoxylate and dicarboxylate metabolism ncbi 107415024 1063.4003 265.8757 -1.9999
ncbi_107434802 8.7093 29.4120 1.7558

ncbi_107429892 97.0463 28.8210 -1.7516

ncbi_107433052 1.0500 3.7147 1.8228

TEA ncbi_107410635 20.6783 6.0447 -1.7744
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Butanoate metabolism ncbi_107422411 19.1517 60.9260 1.6696
ncbi 107428053 117.6553 42.3217 -1.4751
ncbi 107425230 1.8153 5.9910 1.7226
ncbi 107405248 98.7087 23.2730 -2.0845

2.5.3 SR E R

MRBE 5 153 5 R i AR SR B SR 7R mT VA PE B AL BR A DG I 5 ARG TPy BRI 22 L R L
18 Ao SAIVETEREALSCH L IRRIAMERAG 4 4, PRERENERNG 84, HEmH L EHRERERNG
1A, FRBEER 5 4. @R MRERCHRE h R nebi 125422819 FiZRik, ZRMEHCH 5.51, 4
MESERTHERL, ZERMEREESN 6.62; EFAEREEHEF, 2 NEF ncbi 107418468 .
ncbi 125422819 ¥ Fif$Rik, ZRMEHO 92 2.85. 5.51; EEMMZEREAERAE TN 1 DK
nebi 112492524 FiSRIE, HAR 4 NEEFY NARIL, ZREHEEAN 7.49; JBERAN ZRBRAH &L
A 1A nebi 107415818 NIRIA, ZRMEECN 2.16; TRARBIEAET 1 N2 F K nebi 107423578
RiRRIE, 4 EREER R IERE, ZERAGHALE 2.00 E 6.07 ZH.

* 6 MBES I BOH RuC KA R SR B A ZE R RIRE T gt 1R
Tab. 6 Statistics of Differential Gene Expression in mature period of Lingwuchangzao Jujube by tillers and Grafting Propergation

JHLH A R # B H 1D JC_FPKM NC_FPKM log2(fc)
VE R A EEREAR U ncbi_112492534 96.8013 20.9693 -2.2067
Starch and sucrose metabolism ncbi 125422819 0.4113 2.2653 24613
ncbi_107430147 0.8703 0.1913 -2.1855
ncbi_107421001 1.1147 0.2737 -2.0261
ncbi_107415022 1.0260 0.3463 -1.5668
LB ncbi 107418468 4.4997 12.8257 15111
Galactose metabolism ncbi 125422819 0.4113 2.2653 2.4613
IR FIRE A ncbi_107409338 15.4497 3.0800 -2.3266
Amino sugar and nucleotide sugar metabolism ncbi 107426770 22.5577 7.7397 -1.5433
ncbi_107422361 59.9890 13.2680 -2.1767
ncbi_107424396 22.5647 6.5477 -1.7850
ncbi_112492524 0.0683 0.5113 2.9036

LFERR AN — IR AU
Glyoxylate and dicarboxylate metabolism ncbi_107415818 42.4077 19.6360 -1.1108
TRRACH ncbi_107415793 52.2860 8.6177 -2.6011
Butanoate metabolism ncbi 107415818 42.4077 19.6360 -1.1108
ncbi_107404604 4.9203 1.8067 -1.4454
ncbi 107419655 15.5647 6.9883 -1.1553
ncbi_107423578 1.5640 3.1300 1.0009

2.5.4 AN e RIB B PR EE

FEMRBE S I B R KRR SR L 5 GO AT s 0T eIt 22 Sk R b ok B (B 7D, 5T
PEREA Ve A RE BRI R AR S A BRI, 5B & ARG L A R R AR
g TERRAW 5 &k, A 31 NERERERSK AR ASE MA@ ET A EE, K
T S RVETEREAR OGN 28 N2 R B, HERAHGIA 3 AN ZEFHEE.
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TEARBE 5 2 R K AR IR & F I, JER nebi 107424266 [FIR & 870 7E B ATRE Q.
PERIAZ T IR AT 22 4e . B nebi 107414286 ncbi 107425230, ncbi 107429837 %5 7 ML
[l B SELE Ve RRE AR AU, AR R SR e D 2 Kk, HhErf
VR 0 6 N ZERIEE, L 1 DZEFIEE nebi 107425230 5B & EHI. & QIR BRI A1
HESEA 2 400 EHERM R 12 53K LA nebi 107409332, ncbi 107414395, ncbi 107418468 Al
ncbi 107420179 YA, PYEFHI3L A A AE 2 R E AR X EE FHZRIEFA ncbi 107405417 .
ncbi 107412906, ncbi 107418465 %5 16 />, Hi 14 ANEEEATHEMEESEMCGR R L, 2 MR
nebi_107404604 Fl ncbi 107419655 ‘&AL T MARUNEAH: F SR nebi 125422819 & HAEVE R A
PEARH L FUBEARHE 2 2538489, nebi_107421126 [A] & 76 FURE QU R 2 LM AUZ R pE g 2 .
SR E H MR AT A e S 2 R

e ——

P 7 AR B e B R KR RS R B AN I ) 2 R PR SR A ]
Fig. 7 Cluster thermogram of main genes in different stages of fruit development of Lingwuchangzao jujube propagated by tillers and
grafting.
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TR — R W Rk, FRTERERIE HLIR (M A B 3% A e 5 OGS 3 AR T s 75 0855 F (I3 %%, 2016)
] — S A [ RG AT 8 AR AR IR AT S o 2L FTARG 800 JBl IR A Pt SR SEAE iR B A kY, 20 B AR BRI A A
FbT SR TR AR AE 5 B R (R IR 1 W0 o 25 B 7, Al A AT £ 28 L Wi o TR 7 o M R B €38 3 T WA SR S T
EXH R R P R R, WEETE S R ER C O A S ENAE RS &7
TERR R REI o 506 Tl 65 P o SR s R R g R 60 KT AR e o DRGSRl A SR P bl . R & 3 B
FART BB ARG R . T HLELE ZUAS AL I R A Hh R AL IS EE B R GsSUCT A CsSC4 Rk
1%, BRI SRR — A B IR IME 3L K CsPKP3 KB B MM A B CsCS2 RiLBRK, 174
T2 ARG A IR IR B K] Cs-GDHI1 A Z Wt i & K] Cs-GHI Rk & o RURIF R B, %
FREREE JLA MYB 3B 7S 5 R EWERT AN E R, AR5 b HLH f1 WD40 AHE5m (72
W, 20220 FEXF “HRINAL” AN CHEPE” PSR SR BT R S S I SO R, B S S AR
SRR S R 17 4, “ZR1b4” o FRK. SS. BGLU. UXS. FBA 1 ADH {RikEmT “4
P17 AR A S ey 2 A W AN SRR L A B B AL SRR AT AR AN R v A, ‘ZR 14D’ Hh FRK. SS. BGLU.
UXS. FBA fll ADH HJEIx&E @ T “Hr GEBIZIEEE, 2022). AR, AEmAm R 12kl
G, BRUMTBERRANE R N, 78 5k DAERETR AU b G o YR 428088 55 ik — 25 IR N 5T

YIS S RIK G, W K3 )5 181 (Chaudhary S e al.,2019) 2 (R #1¥ (Kwanuk Let al.,2016)
Hi%J518 (Cezary W et al,.2015;Shou-Ling X et al,.2017) (L FE, St 45 R A REEACHIKE B2, gl
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Ja 2 5 b AT A — 2B IR N BRI AU KPR 5 [F) 2 A AT 43 B HARIS A 28 537 B

4 G

BT H M HOR, MR BE S I B R UK R RS R & & A ] 4 et B, SRSk i #J (JB-vs-
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RN B IRPEACH, CRERRA ZIRMACHT . T ERARIEN 5 5% 5 RS2 AT PR RS R 5 B A S AR i 42
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Rk BRI PR IS E T 22 5 3RIE, RS R Seh nf A R R B IR Y .
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