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Mining of male sterility-related genes in Lycium barbarum using transcriptome data
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Abstract: Objective To investigate the genes involved in the occurrence of male sterility in Lycium barbarum. Methods The single
Microspore and bi-cellular pollen stage anthers of male sterile variety “Ninggi No.5”” and normal fertile variety “Ningqgi No.1” were used as
materials to construct a cDNA library and sequenced by IlluminaHiSeq2500 high throughput platform transcriptome. Results A total of 14
154 Unigenes sequences were assembled. Under the condition of false discovery rate (FDR) < 0.05 and fold change (FC)=2, there were
3012 differentially expressed genes. Compared with “Ninggi No.1”, 1019 genes were up-regulated and 1993 down-regulated in 'Ningqi
No.5". Among them, 2327 genes had annotation information in non-redundant protein databasse (NR), gene ontology (GO), clusters of
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orthologous groups (COG), Kyoto encyclopedia of genes and genomes (KEGG), euKaryotic orthologous Group (KOG), swiss prot
protein database (Swiss-Prot) and other databases. A total of 1116 differentially expressed genes were annotated into biological
processes,cellular components and molecular functions, and 693 differentially expressed genes were enriched into 50 metabolic pathways in

KEGG database. Combined with the search of PubMed literature database, 23 genes related to male sterility, such as cytochrome P450

proteins (CYP450), receptor protein kinase (RPK), pectin lyase (PLL), chalcone synthase (CHS) and anther specific protein (ASP) were
screened, and 10 of them were selected for RT-gPCR analysis. The results were consistent with the trend of gene expression in transcriptome.
Conclusion The results provide candidate genes for further verification of gene function by transgenic technology, and provide research
basis for analyzing the molecular mechanism of male sterility in L. barbarum.
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FEAEH, MS RETCIES=AEDIReMEAEZs . 1ok el
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Fig. 1 Anthers at single microspore and bi-cellular pollen
stage of L. barbarum
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¥—80 CORFIIFIUZAE Y IAAEZ, TTIK%
PR IE AL HIE A A T CDNA SCEER
FlL S LHI T o
2.2 RERENFREE

i F Nlumina HiSeq2500 1=y i & | > °F- & Xf
cDNA LTI, H Trinity S8 5 1
Clean data 477 511 2H %% .
2.3 INEEER

{5 F BLAST % #4443k 75 Unigene 5 NCBI f#14E
TUA% B 1 5 B0 % (non-redundant protein databasse,
NR). FEPRIAEEHRE (gene ontology, GO). H
TR EVRREEE BRI (clusters of orthologous groups,
COG ). K Tjy g A AC 1% 42 £ 48 2 ( Kyoto
encyclopedia of genes and genomes, KEGG). Ei%
5] Y5 BE 4% % (euKaryotic orthologous groups,

KOG). % JUA 18 7 54 % (swiss prot protein
database, Swiss-Prot) &% AT R ALY, 3k
BRI B D Re (S B
24 ERFTEEE (DEGS) 77#

XF EBSeq #17T DEGs 43471, 53] 2 MEMZ
A 1) 22 57 RIA B R 4E, SRA Benjamini-Hochberg 77
ERRIEREYE P {E (P-value). DAFEDRFIAHXTRIE
=72 754 (fold change, FC) =2, FDR (false
discovery rate) <<0.05 {EAbriE, ik DEGs.
2.5 QRT-PCR ##h

DL AC 4H Rl B 3R 15 BE ] LbActin A N 2
(GenBank &[5 : HQ415754.1), iEHUHE L4
WAl 9 4 DEGs, # 47 SEif %ot & & PCR
(gRT-PCR) 43#7, qRT-PCR SI#FHINE 1.
e 3N EWEEE, K TB Green Premix
Ex Taq 11 ik 77 &3 1T qRT-PCR A&, 2-A8Ct ik i+ 51
RIS RIS E .

%1 qRT-PCR 3|4
Table 1 Primers used for real-time quantitative PCR

A ID S EAS NEOEEY

PAREIRZ

c13211.graph_c0 CYP450
c51964.graph_c0 CHS
€73912.graph_c0 PG
c63703.graph_c0  ASP
€39039.graph_c0  NAC29-like
c12782.graph_c0  p-1,3-Glu
c84176.graph_c0 LRR
c34073.graph_c0 RPK

5’-TGCTGCCTCACATGGCCGGT-3’
5’-ACAGCAGCAATCTCAAGTCA-3’
5’-ATCGATGGTACACTTGTGGC-3’
5’-GTGACACACATCAAGAGAA-3’
5’-CTAGCTAGTTGCTATCACTAAG-3’
5’-CAGTAAGTGGCTAGGAGTTAC-3’
5’-AGACGACACAATAACATACG-3’
5’-CTATACATGAGAAGCAGCA-3’

5’-TCCCTGGACATGTACGTCTAC-3’
5’-TATGATGTCAGTGCATATAAG-3’
5’-GTGAAGTTGCAGGCTGTC-3’
5’-CTGTCACACCTTCTACTGTG-3”
5’-TGGTGTTCTTGATGAGAAC-3’
5’-AGCAGTATACTTCAACATCA-3’
5’-ATGATGTGTTATGTGTCGT-3"
5’-ATGAATAAGAATTTGTGTCA-3’

c11843.graph_c0  G-3-P 5’-GGTCATTGACAGCGACAAGTT-3’ 5’-GTTATAAGCATCATGGGCA -3°
HQ415754.1 Lbactin 5’-GACCTTCAATGTTCCCGCTATG-3’ 5’-GCCATCACCAGAGTCCAACAC-3’
3 HBR5SH *®2 EREMNFHFETE

31 HFRARERNSLHLE

fifd TR 15T M AR 55T AU
HITEZiRE S, SWE I MY ESE, L6 MEAR
BT RS HIy, ik, L3Rk15 51.58 Gb 1Y
Clean reads, H&FEA Q30=>92.11%, &#EHh GC &
BHKT 43.02% (£ 2). EREW, FraRGere
AW R, rTH T RS

S AE A RIAT S (R 3), URIIE] 14 154
% Unigene, Nso &y 1170 bp, 4%Ee®tticm, H
rh K IX ) £57-F- 200~300 bp f#) Unigene 38 5 %,
N 4726 %
3.2 DEGs g%

IR HEEAE SR Al 557 el E b
Coid 157 BRUZAR R WA 2 B SR AR AT LB )

Table 2 Data evaluation of sample sequencing

i NP FEHL GC/% H 77 i =Qa/%

T1 29290375 8634418326 43.17 92.44
T2 23477506 6921070682 43.02 92.87
T3 21597616 6404336100 43.51 92.14
T4 33163918 9825026 630 43.28 92.57
TS5 33508526 9953137536 43.29 92.11
T6 33253964 9846662500 43.10 92.48

7, $45H DEGs 475 NR. GO. COG. KEGG.
KOG. Pfam. Swiss-Prot 7 Mg ELLXT, 2327
ANFEHCARE] THERGER (R 4), HPAENR
PEEVCACE) 2321 4>, GO ¥ % 1116 /1>, COG
B4 2 668 4, KEGG %i#ifF 693 1>, KOG %4
FiE 1117 4>, Pfam %4 % 1769 />, Swiss-Prot %{
I JFE 1586 4> .
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Table 3 Statistics of assembly results .
KX [al/nt RN
200~300 4726 1004
300~500 3766 P
. significant
500 1000 3013 - up regulated:1019
1000~2000 1582 o - down regulated
2000 U\J: 1067 E 50. . - unchanged: 18614
BRI 14154 z
MK bp 93 244 314
N50 & /bp 1170
SEH)K B bp 456.58 0-
i ) 15 10 5 0 5 10
k4 ERREERIBRER log,FC

Table 4 Differential expression genes annotation results

B DEGs $ &
NR 2321
GO 1116
COG 668
KEGG 693
KOG 1117
Pfam 1769
Swiss-Prot 1586
Mt 2327
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Fig. 2 Volcano map of differentially expressed genes
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Fig. 3 Gene ontology functional annotations of differentially expressed genes
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transport and metabolism). 155 # SHL#] C(signal
transduction mechanisms) Flf% 5% (transcription) %5
AR R R R R E 70 96, 91, 80 Fi183 4. K
Rl 22 54 is 3l 4RH bt ie) DL S A i 45 )
FHIR I 22 R IEHE A

333 KEGG Jjfgiire ZRrEZEEKE KEGG
B A 693 NMEFILEEFERERE, 25 5
RFARBIEAL T 50 sFAA U (B 5. Hrh

A: RNA processing and modification [0.97%~10%]

B: Chromatin structure and dynamics [0.39%~4%)]

C: Energy production and conversion [4.39%~45%)]

D: Cell cycle control, cell division, chromosome partitioning [1.75%~18%]
E: Amino acid transport and metabolism [5.56% ~57%]

F: Nucleotide transport and metabolism [0.88% ~9%]

G: Carbohydrate transport and metabolism [8.87%~91%]

H: Coenzyme transport and metabolism [1.36%~14%]

I: Lipid transport and metabolism [4.87%~50%)]

J: Translation, ribosomal structure and biogenesis [2.24%~23%]

K: Transcription [8.09%~83%]

L: Replication, recombination and repair [9.36%~96%)]

M: Cell wall/membrane/envelope biogenesis [2.24%~23%]

N: Cell motility [0]

O: Posttranslational modification, protein turnover, chaperones [5.75%~59%]
P: Inorganic ion transport and metabolism [4.29%~44%]

Q: Secondary metabolites biosynthesis, transport and catabolism [6.04%~62%)]
R: General function prediction only [19.3%~198%]

S: Function unknown [1.56%~16%)]

T: Signal transduction mechanisms [7.8%~80%]

U: Intracellular trafficking, secretion, and vesicular transport [0.29% ~3%]
V: Defense mechanisms [2.24%~23%)]

W: Extracellular structures [0]

Y: Nuclear structure [0~0%]

Z: Cytoskeleton [1.75%~18%]

E4 ZERFEEE COGERTE
Fig. 4 Clusters of orthologous groups functional annotations of differentially expressed genes
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BT ERRISIEFE) GO. COG Ml KEGG 41
B, kit 75 HEMEAS B A OB 4 i 3R
P450 (cytochrome P450 98A3-like, CYP450). 7 H-
fid 4 BB (chalcone synthase, CHS). ZR-FL B
12 (polygalacturonase-like, PG). ft2545 7 EH
( anther-specific protein, ASP). %% 1k & (i g
(receptor-like protein kinase, RPK) %5 9 N % R RKIA
FN, #E4T QRT-PCR B8iF. 45%% W gRT-PCR
RISE G N7 a5 R EEA—F (E 6).
4 iR

e R A e AR TS SR . B
TEAEZE TR B, PR RN R0 2 AR Ay
fiE, SR T, BIMSR TE S R P,
WA DARARAE R IRES NI R RA F . BT
LEEE RS, FEARRINRMAT, B TR
RIBA 5 18 A% T 5o 22 S B DR (1) Dh RE % T AH O,
AL P38 g o AT B R 3R K AR A 2 B, SR T
A FUIE R D RE AR A 1L



¢E B 20234F48 $54% HT7H  Chinese Traditional and Herbal Drugs 2023 April Vol. 54 No. 7 + 2231
endocytosis 19 cellular processes
o F_eroxmome 114
phos?hatldylmosntol_ signaling system [N 6
. plant hormone signal transduction [ 20 environmental information processing
protein processing in endoplasmic reticulum 122
ubiquitin mediated proteolysis — 7 7 genetic information processing
spliceosome — 8
ribosome ——1 12
alanine, aspartate and glutamate metabolism [ 8
arginine and proline metabolism [N 8
cysteine and methionine metabolism [N 8
glycine, serine and threonine metabolism 10
phenylalanine metabolism EEEE———— 17
phenylalanine, tyrosine and tryptophan biosynthesis [l 6
tyrosine metabolism [N 8
phenylpropanoid biosynthesis GGG 25
tropane, piperidine anddpyri ine alkaloid biosynthesis [l 6
amino sugar and nucleotide sugar metabolism 14
citrate cycle (TCA cycle) 1 7
fructose and mannose metabolism . 9
galactose metabolism [N 6
lycolysis/gluconeogenesis [ 20
glyoxylate ang a/icar%oxy ate metabolism [ 13
pentose and glucoronate interconversions 15
pentose phosphate pathway [ 11
propanoate metabolism [ 6
é)yruvate metabolism [ 11
__starch and sucrose metabolism GG 25 metabolism
carbon fixation in photosynthetic organisms NN 12
oxidative phosphorylation RN 12
~ photosynthesis RN 13
photosynthesis-sntenna proteins [ 8
biosynthesis of amino acids GG 31
carbon metabolism 35
i . fatgl acid metabolism [N 15
cutin, suberine and wax biosynthesis [l 6
ether lipid metabolism [ 6
fatty acid biosynthesis [N 6
fatty acid degradation [ 10
%cherol_ipjd metabolism [ 6
glycerophospholipid metabolism [N 10
alpha-linolenic acid metabolism [N 8
cyanoamino acid metabolism [N 7
glutathione metabolism [ 9
beta-Alanine metabolism [ 10
carotenoid biosynthesis [N 9
terpenoid backbone biosynthesis [N 10
purine metabolism 15
laht Bathogen iteraction -
plant-pathog T 20 : LQrganismal_systems
0 5 10 15 20
annotated genes/%
5 ERFEEE KEGG 73
Fig. 5 KEGG classifications of differentially expressed genes
&5 HEMTERXERTIEEE
Table 5 Differential expression genes associated with male sterility
R 1D NR B B log2FC HRRE R K D e
¢60080.graph_c0 pectate lyase-like -11.408 589 480 T AT
¢63060.graph_c0  glucan endo-1,3-beta-glucosidase -9.071 718 601 T O FUE I e it
62359.graph_c0 early nodulin-like protein 1 —10.164 000 500 T K
¢75791.graph_c0 beta-galactosidase 5 -9.144 187 935 N MM RA
c77564.graph_c0  aldehyde dehydrogenase family 2 member C4-like —6.581 464 312 T SHZIR1L
€20229.graph_c0  CLAVATA3/ESR (CLE)-related protein 12-like —6.558 702 860 TR TERRIMEETE A
c11843.graph_c0  glyceraldehyde-3-phosphate dehydrogenase, cytosolic —7.575 439 548 T WWKRE
¢76303.graph_c2  protein HOTHEAD-like —5.898 262 153 T WHMRERE
c13211.graph_c0  cytochrome P450 98A3-like -8.452 995 218 TR EHERE
c79081.graph_c1 desiccation-related protein PCC13-62-like —14.528 249 390 T whkE
€84176.graph_c0  inactive leucine-rich repeat receptor-like —6.135 964 227 T W RE
€39039.graph_c0  NAC transcription factor 29-like —6.373 552 105 T T3
¢76782.graph_c0  GPI-anchored protein LORELEI-like -11.615 634 120 T TEhEEK
€51964.graph_c0  chalcone synthase -5.270 507 175 T whMsE
c60421.graph_cO pectinesterase QRT1-like —6.526 258 227 T WHMEERT
c43864.graph_c0  aquaporin TIP1-3 —6.047 120 656 T TEHRE
c74612.graph_c1 probable pectate lyase P59 -9.662 575 192 N MR E
¢12782.graph_c0  B-1,3-glucanase -0.869 263 656 TR KRS
¢73912.graph_c0  polygalacturonase-like -8.380 392 516 T Te K& AR P A
¢42530.graph_c0  putative DNA-binding protein ESCAROLA-like -6.127 951 016 T MK E
¢63703.graph_c0  anther-specific protein LAT52-like -10.278 682 350 N EmEEK
¢70271.graph_c0  GDSL-type esterase/lipase —6.447 040 898 T MK E
¢34073.graph_c0  receptor-like protein kinase ANXUR1 —7.093 384 036 T THKEE
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Fig. 6 gRT-PCR analysis of differentially expressed genes
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