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Abstract: Objective To investigate the anther development process of Lycium barbarum, and explore the genes related. Methods The anther
transcriptome analysis was performed by the high-throughput Illumina HiSeq2500 sequencing platform using anthers of single microspore and
bi-cellular pollen stage and mature pollen stage as research materials. Results A total of 128,151 unigene were obtained after assembly, and
40,140 unigenes were annotated by searching databases of NR, Swiss-Prot, GO, COG, KOG and KEGG. Under the condition of FDR (false
discovery rate) << 0.05 and FC (fold change) = 2, a total of 46 differentially expressed genes were found between single microspore and
bi-cellular pollen stage and mature pollen stage. KEGG annotations identified four differentially expressed genes involved in four pathways:
glycerol ester metabolism, linoleic acid metabolism, phenylalanine metabolism and phenylpropanoid biosynthesis. There were eleven
differentially expressed genes were involved in the anther development process, such as leucine-rich repeat protein (LRR), cyclin (Cyclin),
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receptor-like protein kinase (RPK), E3 ubiquitin protein ligase (MBR1), and so on. Five of the different expression genes among the eleven genes
were randomly selected for gqRT-PCR verification, and the expression results were basically consistent with the transcriptome data, indicating that
the data were true and reliable. Conclusion This study lays the foundation for further explaining the molecular mechanisms related to anther

development in L. barbarum., and also provides useful genetic resources for subsequent studies on the biological characteristics of anther

development in L. barbarum.

Key words: Lycium barbarum L.; anther development; transcriptome; differentially expressed genes; biological characteristics
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A-S1BIIRIIEE RIfEZS  B-S2 WHAE R FI1E 2
A-flower buds and anther of single microspore and bi-cellular pollen
stage B-flower buds and anther of mature pollen stage

E1 TE%ERENEEFES

Fig. 1 Flower buds and anther of different developmental
periods
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KR T SR A H AR T S e, DAMIAT
2 R R FE R LbActin A 4 22 (GenBank & 5 :
HQ415754.1) , BENLIEHL 5 ASHHXS Rk i = 1) 22
RRISFE NPT gRT-PCR K, #tit qRT-PCR %
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3% cDNA, K] TB Green Premix Ex Taq Il 7]
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&1 QgRT-PCR 3|4
Table 1 Primers used for real-time quantitative PCR

FEK 1D FE R 4 NAGELEY

CAREIEZ]

€68267.graph_c0 PRX
€68844.graph_c0 AGPs
€77007.graph_c0 MBR1
€75034.graph_c0 RPK
€72608.graph_c0 LRR
HQ415754.1 LbActin

5’-CACCTGTGGATAGGAAGATCA-3’
5’-AGTGAGTGCGAACAATTAAC-3’
5’-ACGGAAGCTCTGCACATAG-3’
5’-GAGTATATCTGATGGATATA-3’
5’-GATGAACATTGAGTTAACTA-3’
5’-GACCTTCAATGTTCCCGCTATG-3’

5’-GGAGCACTGTGGATTCATACT-3’
5’-GTGGTAGTAAGAGATGCGTT-3’
5’-GATGACATGGATATTCGTGAT-3’
5’-ACAGGATTAGGTGGCCTA-3’
5’-CTTCACAACCATTTCAAT-3’
5’-GCCATCACCAGAGTCCAACAC-3’

26 FHitrFEHE

KA TS Ge it 3 SPSS22 A1 Excel2016
XTEAEHEAT 53 b7
3 H#HR55H
3.1 FICTEZHEERAEM FFN clean data 46 %

FE A s NP LU, JE3R15 44.72 Gb
clean data, Q30 kJEF /3 LUfE 92.07%LA | (%
2) , RPEFHAHEFE, HERE. FH
Trinity # 4%} clean data ZdE #1743, 53
128151 %% Unigene, J7FIEK &N 93 244 314
bp, “FI¥JKJE A 727.61 bp, N50 Jy 1170 bp, I
K IX E) f7 T 200~300 bp ) Unigene & #ix

%, N42785%, 33.39% (K 3), RHPME
SEEMEEE, AT T RS .
3.2 Unigene ThEe 1%

ffH BLAST # ¥ Unigene /7515 NR.
GO. COG. KOG. KEGG. Swiss-Prot. Pfam % 7
ANEHEEEERT, B&3RS 40 140 MHIERGREM
Unigene, 5 Unigene & %11 31.32% (£ 4) .
33 ERFIAERHASH

K FH DESeq J7ikiffiik, wE ik %z 7 &M
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x2 HRENFTE
Table2 Statistics of transcriptome sequencing output
FERD U Bigi ik % GC/% Q30/%
Al 29290375 8634418326  43.17 9244
A2 23477506 6921 070 682 43.02 92.87
A3 21597616 6404336100 4351 9214
Bl 22641025 6720401740 4299 92.07
B2 28977330 8608669924  43.10 92.46
B3 25044764 7431459824 4286 92.36
#3 ARHER
Table 3 Statistics of assembly results

BB Int FEH (5%
200~300 42785 (33.39)
300~500 34095 (26.61)
500~1000 27280 (21.29)
1000~2000 14326 (11.18)
=2000 9665 (7.54)
SH % 128 151
FSRISET) 93 244 314

N50 £ 2 /bp 1170

SEKE bp 727.61

# 4 Unigene sTREER
Table 4 Unigene annotation information

Bl Unigene & H 5% 1%
NR 39 352 30.71
GO 17501 13.66
COG 9184 7.17
KOG 19 040 14.86
KEGG 11 092 8.66
Pfam 22739 17.74
Swiss-prot 21530 16.80
Bt 40 140 31.32

331 ERRBIERNM GO Mgnk HERKE
FEREAT GO 40#, S5 RKWIA 8 MERRILIF
Iy B R R L2 FE - (biological process, BP)
Y2 5> Ccellular component, CC) 141 IhfE
(molecular function, MF) & (E2) .

Horb, 4y 7 D Re i 4 3E 1 Ccatalytic
activity) FIE A4 (binding) FIF 5 LB 5,
SR T AN (87.5%) Ml e AN (75%) 5 Zif4 sy
W 2 ) 2 41 IR 8 4> Cmembrane), 364 14,
5 12.5%; A=W B v N2 AR I 2 (metabolic
process)  ZHffBiLFE Ccellular process) FlH2H 21
it (single-organism process) HLE &k, 7%l
44 (50%) « 34 (37.5%) Fl 24~ (25%)
Mk 5 frw.

332 ZEFRIBHF COG/KOG 7725 X ERKIA

volcano plot

4- Signiflcant
- up regulated: 0
down regulated: 46
+ unchanged: 21 526
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SO AR BEMERAERIHER, SEAEEFE
BRI, aaRERERKREE LF, BOMARRTREER
A 22 S ) FE ]

In the picture, green and red dots represent genes with significant
differences in expression, green represents down-regulation of gene
expression, red represents up-regulation of gene expression, and
black dots represent genes with no significant difference in
expression

E1 EZRFEEERNLE

Fig.1 Volcano map of differentially expressed genes
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of lipids, 1) , k/Ki&¥Wicm 5 MR
(carbohydrate transport and metabolism, 1) DL
WAE P 6 il ia B K AR (secondary metabolites
biosynthesis transport and catabolism, 1) .

KOG /K EIMILA 10 A FHEH AR5 5 A4
Digeh (B 4>, Hrh, SERAHHEHEKZHZ
I — M Th e I 7 (general function prediction
only, 5 ; HZ#IX/E1EM (post-translational
modifications , 3) . & [ i # # ( protein
turnover, 3) FIfEAEEE [ (chaperones, 3); />
) 2 41 B & 3933 4% Ccell cycle control, 1) + 40l



¢ 8% 202528 $53% B3 Chinese Trad

itional and Herbal Drugs 2022 February Vol. 53 No. 3 *831-

=== DEQ Unigene

All Unigene
<
s 175 B
21 <
X
0l 9YUUCccCYgYURCYLCDYCOCEOVEE XCCCTEXE D 2Oa>2S S>> >33
ggggoo'agggggggo:gogo%:CEEgo_gw'GE':EIE. cEEEoE .:;5::.?
1 SOOSEELOO000Z0EREORERE2L2T QT GEE SO 2T, =292 2c22
COOEERGO00029a2 T80 STR=GS 20235 SBEEE8EEEEESEEE5EE
868 s 3= 0808808 50080 = 8PETES L3022, 85 o O RCTITTTTT DD ®
O5El888gvge £O0FBoOT I 2 ECSIRTDPEEL 0 sw5S psE55=s520s
28EL95E8T L-98 EGS===3 2=35SE=5 205 4SSO S6S5S520
SSEE=-C S22 Lo8 EFOS SES2@S -27EE £3TES SESES5S5°SE
S=32 = > 2
S5588 58825 238 £ 5228 2 B3 xT 2955 DSS8E5E 835
g85cp s5855 I88 2 E25 § 28 £% Zpcf £BSesiy EB
£ o988 So22c 2 35 = oE o T[E ®© sES§s S8gTgoto oo
T30 Eeas.o 2 eX 2 8% g E-8% =g e=p S
2o.= NLgsPs 2 © 59 s g9 S5 —cg® 858 ot
o= Z3-55 E S 5 5 ] 582 85 58§ FE
£ 8° SE E g s 3 = 8o= 3N FEX £
> =N = = ) =) S®TS oc £330 oc
= = e D = 2 £ oa c £C
S ] £ ] 5 = = s=
= 2 o 5 8 © =5 T
S = s - E o 5
c =] < S S
S 1S () @ 5 o°
j=3 o £ >
£ k=) 2 <
3 S £ =
5 2 g 5
< o S
2 5 5
(3
o
., —_ -+ N of 0
52 ERFKEE GO —EKH SR
Py —_ RILTF

Fig. 2 GO secondary node annotations of differentially expressed genes

x5 ERFTIAEE GO RN
Table 5 GO functional classification of differentially
expressed genes
GO Tifie ok
cC

DEGs il B HEI%
1 12.5
87.5
75.0
50.0
375
25.0

ThREERE
2 ffa i
fEATE
wEASH
(N PR
il)iubug i
PR

EF

MF

BP

N Wb o

frequency

GHITIKLMNOPQR'STUVWY'Z

Function Class

ABCD

4334 Ceelldivision, 1). Yeffifk 424 (chromosome
partitioning, 1) . IR M F 2 AILH (amino
acid transport and metabolism, 1) LA} 15 5% Sl
il Csignal transduction mechanisms, 1) .

333 ZERFILERN KEGG R X zERIRILE
RI3E1T KEGG {18, KILA 34ZE R RIEHH 57
Z 5 HMEEACH . WA 2RI 2 B A AR
NRERAED G R4 SFARHERE (R 6) .

A RNA processing and modification[0~0]

B Chromatin structure and dynamics[0~0]

C Energy production and conversion[0~0]

D Cell cycle control, cell division, chromosome partitioning[0~0]
E Amino acid transport and metabolism[1%~5.88%]

F Nucleotide transport and metabolism[0~0]

G Carbohydrate transport and metabolism[1%~5.88%)]

H Coenzyme transport and metabolism[0~0]

| Lipid transport and metabolism[1%~5.88%]

J Translation, ribosomal structure and biogenesis[0~0]

K Transcription[3%~17.65%)]

L Replication, recombination and repair[3%~17.65%)

M Cell wall/membrane/envelope biogenesis[0~0]

N Cell motility[0~0]

O Posttranslational modification, protein turnover, chaperones[0~0]
P Inorganic ion transport and metabolism[0~0]

Q Secondary metabolites biosynthesis, transport and catabolism[1%~5.85%)]
R General function prediction only[4%~23.53%]

S Function unknown[0~0]

T Signal transduction mechanisms[3%~17.65%]

U Intracellular trafficking, secretion, and vesicular transport[0~0]
V Defense mechanisms[0~0]

W Extracellular structures[0~0]

Y Nuclear structure[0~0]

Z Cytoskeleton[0~0]

L]

AR A COG #4245,
The abscissa is the content of COG classification,

PALFR AR H
and the ordinate is the number of genes

3 ERFTILEE COG ERST I,
Fig. 3 COG annotation of differentially expressed genes
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frequency

0 -

ABCDEFGHIJKLMNOPQRSTUVWYZ

Function Class

A RNA processing and modification
B Chromatin structure and dynamics
C Energy production and conversion
D Cell cycle control, cell division, chromosome partitioning
E Amino acid transport and metabolism
F Nucleotide transport and metabolism
MG Carbohydrate transport and metabolism
H Coenzyme transport and metabolism
[ ] | Lipid transport and metabolism
[ ] J Translation, ribosomal structure and biogenesis
[ | K Transcription
| L Replication, recombination and repair
= M Cell wall/membrane/envelope biogenesis
= N Cell motility
O Posttranslational modification, protein turnover, chaperones
P Inorganic ion transport and metabolism
Q Secondary metabolites biosynthesis, transport and catabolism
R General function prediction only
S Function unknown
T Signal transduction mechanisms
U Intracellular trafficking, secretion, and vesicular transport
V Defense mechanisms
W Extracellular structures
Y Nuclear structure
Z Cytoskeleton

MM AT KOG &3 KNE, YAk NEEHEEH
The abscissa is the content of KOG classification, and the ordinate is the number of genes

4 BFTIEERE KOG FFEHS %
Fig. 4 KOG annotation of differential expressed genes

#=6 ERKRIAERE KEGG hRE TR

34 WHEABRXERATGE

Table 6 KEGG functional annotation ofdifferentially 38 3 St M AT B S 2EL I 4 B AT T eV E RS T
expressed genes Re7r R AR A R, L) 11 AN 51E
%5 KEGG Theeik i REHH=E £MH ID LR EMLMEREIARR BT .

ko00561 i A4t 1 c77096.graph_cl 35 ERFEEEM qRT-PCR Wi

ko00591 iR i 1 ¢c31079.graph_c0 BENLIEEL 5 422 R LRI T gRT-PCR 4347 5

ko00940 KA KESREM & K 1 c68267.graph_c0 AN FIAFER B A A (peroxidase, PRX) « il

ko00360 Py fUiil 1  c68267.graph cO FAHFFMEEEH (arabinogalactan protein, AGP) .

RT RALEFHEXERREEE
Table 7 Differentially expressed genes related to anther development
£ ID FERH R AR BFFRIE

¢68267.graph_c0 T —4.590 996 613 T
¢77096.graph_cl TR H I I R L —2.919 934 769 T
¢75034.graph_c0 T —3.479 978 950 T
¢72608.graph_c0 EARARESEN —3.232 330 297 T
¢73778.graph_c0 WAL EA —2.932 284 773 T
¢77007.graph_c0 E3 2 R I —3.571 161 469 T
c68844.graph_c0 RaTRAE P —3.730 754 896 T
¢77579.graph_c0 FR A 1 PN D) —3.097 051 914 T
c77438.graph_c0 WY —2.956 411 029 A
€69446.graph_c0 JHH R HEA -3.158 118 976 A
¢31079.graph_c0 NEE & —3.124 745 110 A

E3 Z R & A EHM (E3 ubiquitin-protein ligase
MBR1) . 2K % {& &5 & ¥ B ( receptor protein
kinase-like , RPK) Ml & & st & R H & &
(leucine-rich repeat protein, LRR), 7 S2 IR«

IBEAXT S1 INHIREEY T, H b5 MER
AL FE DR FRIEKFAE S2 I IR 2 2Z AT S1 I 41,
SRR P 45 R IR — 5 (] 5), RWIFFAEL
EEE UE T
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40001
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=
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PRX AGPs MBR1 RPK LRR

TREEFNEE, P<0.001
"The representative difference was extremely significant P < 0.001
5 ERFTIAEE gRT-PCR IE
Fig.5 gqRT-PCR validation of differentially expressed genes

3.6 MHXMIH

FIFH G225 S1 AT S22 AN AR #4355 41
HHEF gRT-PCR 45 AT H A 04T, 45 KW
S1. S2 2 /M HAZE RRIA BRI gRT-PCR 455K 5
R HBRA O R B 025, 041, HIEAH
K, VLIRS BAR ]
4 Tig

KT i1 5”7 LA REITHETS SL
I HAFN S2 I MR AE 25 AT e s e, T 45
®5 NR. GO. COG. KOG . KEGG .
Swiss-Prot. Pfam 7 N E LX), HERE R
ff) Unigene 5 Unigene & %11 31.32%, KR
P K Unigene 5 68.68% , ] fiE i [A /& IX L&
Unigene N AEZwfY /7 41, Jo i3k AT B8 7 41 L
XFs 54, BT MR EREAE B, XA
PevE B B R R AT e e — S AR RIS R . X T 0
R ZE SRS E B, IR R AT R R K 2
FEDRIAE S1 AR S2 I R IA AR & .

WHRE AR, 75 S1 M S2 24
WA, 46 NIEEH 22 ki, HAE S2 i # 4T
THRIE, 46 NERRIAERFG, H 33 AN HEH
£ NR $#E R B EER. K 33 MEFAE
PubMud £0#E FEAS 2R B, PRX. 38 Hr i ik
BB, RPK. B & maARELZERF. Gidic
®H. B3 ZREHEEN. AGP. PR NI
M55 11 AN (R 7) 5T SO Y e 24
RESHEA K. GOMKEGG VRe i &M, H4
A2 R RIRFE R A B H M B AR . T AR AR
W R AR TR A A 4 AR
A, HoA g At PRX ) 5 [R] B 76 2% 74 0 BR AR

hRIE, WAERNGED G hRIE, 315
MIiRe S 2 MR L&) .

PRX J2 RN KE KM E R b I — 28 Qg
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