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Abstract: Alternative splicing plays an important role in plant growth and development, which causes
the same mRNA precursor for turning into different isoforms and producing protein diversity. To analyze
the relationship of alternative splicing of Asparagus officinalis L. and the sex differentiation, the
alternative splicing occurring in hermaphroditic flower buds and male flower buds were identified using
RNA-seq technology. The results showed that a large number of alternative splicing events were identified

in hermaphroditic flower buds and male flower buds. The dominated alternative splicing types were the 3’
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splice site selection and exon skipping. The GO annotation showed that the shared alternative splicing
genes by hermaphroditic flower buds and male flower buds mainly enriched in metabolic processes,
biosynthetic process, cellular components and material-associated entries. The results of GO and KEGG
analysis showed that the specific alternative splicing genes were significantly enriched in metabolic
pathway, nitrogen compound metabolic process, peroxisome and oxidative phosphorylation pathway for
hermaphroditic flower buds. The nitrogen compound metabolic process and the activities of antioxidant
enzymes were probably related to the development of the asparagus pistil. For male flowers, the specific
alternative splicing genes were significantly enriched in metabolic pathways, biosynthesis of secondary
metabolites and the lipid metabolic process such as fatty acid biosynthesis. There was a possibility that the
lipid metabolic process could lead to the suspension of pistil development in male flowers of asparagus.
The results of this study not only provided a theoretical basis for regulating the formation of
hermaphroditic flowers, but also for studying deeply the molecular mechanism of sex differentiation and
sex determination in Asparagus officinalis L.
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P55 (Asparagus officinalis L.) & SR FIRERE R ARIEY) . — BotfEpk b FOFERE, MRk B R IFAE
16, MEAERAT 6 M mEES:, SRR TR —ErBa KA TR, EA DB I HES
AR, FFRED B S5, IR BIAERAR AP PEAE , T A X AP B AR R A PR 1 E 2 (XY D #% (Longo
etal., 1996; Mitchell & Diggle, 2005), fijFRM k.

PR AR, Hr B AR ZE R o DR E AN TN B HERR A G Bl T s> 1 555 TS AE,
RICEAR R AR R, BERR I = B T ERR (FRO6SE, 2005; Uragamietal., 2016), AIIEE
e OO RERE BE TR E LT W A 55, 2010). 775 P PER S SC I 4 i ) B
GERRE . PEPERRGE B 2B (XY x XY — 1YY+ 2XY + 1.XX), fEH 7R ERBHA T EE 1/4
B YY W HERR, B e NS AT AT AR ER Bl (XX < YY — XY, JERAE AR

(Reamonbuttner & Jung, 2000). HTPTELERRRREE R, 0T DG HAE ARl T A8 B
KA Vnldue 504 LT T .

X PR I R B 7T B A R AE X IR R B AR A T T (R 5%, 2007; Regalado
et al., 2014), {HXJHEAEKE 55 FHLERH L E D . Ming 58 (2011) $RIE 2 54 e ta ik ik T3k
TR BAR B, S ARG X A Y Jetafk. YV gu i b A7 78 Bt A 4 i) 5 o EE 4H 52 )30
HIEE, Bt RUR B IE R FIARMERR AT AR « Harkess 25 (2017) J@Id FERI A 2E0F 7RI, P A RIME
A2 HH HEPERE LR (defective in tapetum development and function 1, TDFI) F1MEM: 1) 3 K]

(suppressor of female function, SOFF) M HAER, JtETEHIMEN 516

WAEWHFE A, FHARER S HERIER B EY XY, (AR — RS LS, nTReEM
PEMRAR N JIAMAAES — et MBI, EATFE MK E3shlE MM R T, SEm P 1 AE
IJE R (Bracale et al., 1991). = 55 P4 PHEARATLE I M 0 A2 4 226 [R] 32 2 2 (R gk A EAT: A AAS: Sk 1R T
Ff, 3K LEBE PR 32 AT DR B 5 o FEAN R IR BE R, FEAT 00K B R AT AT AN F] (Galli et al., 1993).
Ut B MEAE K B A G EE DR I R IE R Ty S IR R 5200 . H T2 5 7 58 I YEAE T BOhH oG (1) 2 R Je 3R
RRESAIANE R
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A[AFETY)] (alternative splicing, AS) JE#8[F]— mRNA Fifk, @A EEE A, FZEwRAD
B B 2 i mRNA RO e . IR BT RAE R YII AE KR B R i R 3 S 2 A2 AE A (Staiger
& Brown, 2013; Wangetal., 2016). Lee Ml Ji (2013) #F 5 KB 1EH & KT FLOWERING LOCUS
M BRI ARBTRE A — A AR Oy FLM-B B BTHAK, TR EE AR A 23 5 AR X A BT A4 A 7K1 B B 3
MR T . TERLEE T T AEI& 12+ FCA (flowering time control protein) 22 [K| tH i i nf A% BY
BoksL B BRIz RIE, &AM AR A (Quesada etal., 2014). X HF4E (2016) WA K
WL M MADS-box 38 Lemads] 1E¥% F N AFAE 4 Pl A 874K, I H EA TR REAE R A=y FER SR
BHRAEP I TAFR A G AR A EEEE AR & B R AR T E AR KRR E
1M HA A — 3 s AR T A AR B8 e AT AE, AT AE 2 b 3 13 a2, A&k
NMD (non-sense mediated m RNA decay) #1%[%f# (Filichkin etal., 2010). A T 7R~ FHH ALK
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519, & R 1 45 cDNA 4 o R I\ Z2 /17 \RNase H #Il DNA polymerase | .dNTPs & 5.5 2 4 ¢cDNA
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AT AR BI04, AT AT o T BRAE AR R AT AR BT ), ][RI A AT R AR T 1) 22 S ] AR BT,
FEE TR AR BT Y)Y ANE FBEEK (exon skipping, ES). & F¥i 8 (intron retention, IR).
"5 AT AR B4 & (Alternative S'splice site, 5S). 3'%f AJ AR B P)7 & (Alternative 3’ splice site, 3S)
A EFAMNEF (Mutually exclusive Exon, MXE).
132 RATRHELRGHREBEEEDAT

KH tMATS At 734t 1 HEAE S PR IEAE 3 AN SR MR e AR BT 82, [F]I 20 A 1 [ AP AE 3
ANANFVR B B A AT AR 55 4% . 3 TermFinder 34 3RS GG FIhEE . AWt FEFngn
MR A N 1) GO VERE SN 5 » FIHTEZ T H (http: //www.omicshare.com/tools/Home/Soft/gogsea)
X FEA AT BURFAT 1R A A8 BT EE [N 73 S0 3047 D e & 4R i o JEX) PAEIFAT RS IR, RIEJS ) P < 0.05
I, U 58 %3k IR TE I GO TUM 235 5 4 - Fg K AE T A8 B 1) 1Y) DEGs VR 3] KEGG ## £ (Kyoto
encyclopedia of genes and genomes), 47 #T DEGs F4 5 18 % .
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B S T3 JE A6 0 Q30 {EIIA E 89% LA | (3R 1), mI WA i 5 df .
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Table 1 Statistical analysis of RNA-seq data

B KA REE e Q20 Lfsil/% Q30 Lefil/% GC Huf/%
Sample Developmental stage Clean data Data Q20 Data Q30 GC content
e HI# Early stage 41268 364 95.56 89.43 47.35
The hermaphroditic flower h#] Middle stage 40476 374 95.42 89.17 46.73

JE 1 Late stage 41391758 95.79 89.89 47.00
HELE HI# Early stage 41121 396 95.47 89.33 47.51
The male flower h#] Middle stage 41124 500 95.50 89.20 46.96

J5 1 Late stage 41 502 982 95.88 90.09 46.85
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Fig. 1 Alternative splicing events in the early, middle and late stages of hermaphroditic flowers and male flowers
3S: Alternative 3’ splice site; ES: Exon skipping; IR: Intron retention; 5S: Alternative 5’ splice site;

MXE: Mutually exclusive exon.
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% . (AT IR 2 R AR BY B L R o] Re S AR VR I W e A 0%, TR I B n AR B 4 L PR 4
BRZ WS S MRS IR I K.

TE AP AL S AR R B 1 3 AN AR 3 AR nT AR B S R R 7 651 A, (RN T AREY
BEFED 79.41%. PVELE A IR BUREN 932 4N, HEAE R A L BRSNS 1050 4N, 2051 &
9.67%F1 10.92%.
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Fig.2 The number of common or specific alternative splicing genes between hermaphroditic flower buds and male flower buds
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Fig.3 The top 50 GO enrichment of the shared alternative splicing genes by hermaphroditic flowers and male flowers
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RV RET, REZHERFEFESR TR CEVW ARSI, KA.
T AR FESE) . 4HHIE AR (AR RE . M AE )& Bt #E D AR A G GO 46 H .
EARA b, FEUMM,. WA AE. Earoised, DRSS ERE, W46, %
WZERE S, HET4EE%.
242 KEGG '8 E 047

P P PEAC S IEAE 3G AT AR B R R LU X 21 KEGG #0ds 2, JLE 3] 131 %A % .
DL P-value < 0.05 HMbnifE, ik A A B4k R B 25 5 S AR HhaE g, 3L 17 % (R 2), 455K
0 EERR R Z 2 RNA iz, HIRREERNEDG N, EHRZ MR TS S 2R,
Z RN FWELKMG. FREARMEZR SIS,

®2 FHRUESEETAATTNEERBEERMER
Table 2 The significantly enriched KEGG pathway with DEGs common in hermaphroditic and male flowers

WG R AU IE LR AR Povalue
Pathway ID Pathway annotation Numbers of DEGs

ko01230 SRR E) A L Biosynthesis of amino acids 186 0.00420
k000562 R ILEEACY Inositol phosphate metabolism 58 0.00447
ko01210 2 - ARRERRI 2-Oxocarboxylic acid metabolism 58 0.00447
k000970 S tRNA 444 Aminoacyl-tRNA biosynthesis 68 0.00651
ko00563 WAEBEIRBNES (GPD #4106 25 0.00945

Glycosylphosphatidylinositol (GPI) -anchor biosynthesis

k000280 MR RERM R E %R Valine, leucine and isoleucine degradation 43 0.01531
ko01200 kAR Carbon metabolism 193 0.01664
k000630 LIER — IR ERART Glyoxylate and dicarboxylate metabolism 61 0.01819
ko00072 B ¢ (1) 45 B 5 B# % Synthesis and degradation of ketone bodies 7 0.01925
k000071 IR 4 f# Fatty acid degradation 28 0.02354
ko04070 WEARMENLEY (5 5 24t Phosphatidylinositol signaling system 52 0.02864
ko04120 Z RN FINEAKR Ubiquitin mediated proteolysis 124 0.03320
k000650 TR Butanoate metabolism 22 0.03371
k000920 BifC# Sulfur metabolism 25 0.04189
ko03013 RNA %32 RNA transport 344 0.04423
k000300 BB EY A R Lysine biosynthesis 21 0.04535
k000270 &R AR Z R Cysteine and methionine metabolism 68 0.04560

2.5 AHEHERSETEEERE GO FRES KEGG TRt EE N
251 GO z#

P MEARRE A ] AR BT L R 1050 > X HEET GO 7, 1+ 2 IR 5 2 1 HT 50 4>
% BEEE (B4,

eSS RE T, WRAREIEER GO % B %, Hoh AU, AW oA
. AN RS REAE PRI RESS . giiRd] b £ B TR FE AN N 2 4. dlBRBs 4oy Ry
TEEVMAT L H 0. 72 T ohReh EE MG N, W ATP 456 IERZE S .
BTEE%.
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Fig. 4 The top 50 GO enrichment of alternative splicing genes specific for the male flowers
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Table 3 The significantly enriched KEGG pathway with DEGs only in male flowers

EPRE S AR B E R B R Povalye
Pathway ID Pathway annotation Numbers of DEGs

ko01100 &% Metabolic pathways 245 4.49E-06
k001230 RAILRR A4 B Biosynthesis of amino acids 37 0.00068
ko01110 UAEARI =M 2E P4 B Biosynthesis of secondary metabolites 125 0.00151
k000053 PRI R A ER1CH Ascorbate and aldarate metabolism 10 0.00846
k000340 HE R Histidine metabolism 5 0.00866
k000061 JEWIER Y4 X Fatty acid biosynthesis 9 0.01229
k000052 FFL AR Galactose metabolism 15 0.01371
k003040 B4R Spliceosome 41 0.01542
k000780 A # AR Biotin metabolism 5 0.01898
k000900 i 1 B AE W) £ B Terpenoid backbone biosynthesis 10 0.02353
k000100 K[ EEAEY) G  Steroid biosynthesis 6 0.02716
k000592 o - WRRER R a-Linolenic acid metabolism 8 0.03301
ko00051 RBERH #2 {8 Fructose and mannose metabolism 12 0.03840
k000010 PERAR/FE S 4 Glycolysis / Gluconeogenesis 18 0.03949
k000330 TR IR Arginine and proline metabolism 7 0.03995
k000740 %# # At Riboflavin metabolism 3 0.04112
ko00564 H B EA M Glycerophospholipid metabolism 14 0.04184
k004070 W ARMENLEE (55 Phosphatidylinositol signaling 10 0.04234
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Fig. 5 The top 50 GO enrichment of alternative splicing genes specific for the hermaphroditic flowers
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R4 FEBUEHEUTENEEERESRONGER
Table 4 The significantly enriched KEGG pathway with DEGs only in the hermaphroditic flowers

BERERT AR B R K

Pathway ID Pathway annotation Number of DEGs Pevalue
k000520 FIERAZ B AEC M Amino sugar and nucleotide sugar metabolism 27 3.55E-05
k003010 Wi Ribosome 37 0.00E+00
k000052 A BERH Galactose metabolism 17 0.00080
ko04146 HEEFA Peroxisome 15 0.00130
ko04122 i 4k R4 Sulfur relay system 4 0.00610
k000960 BEATHE S WRIE AL WE AL A 4 5 B 6 0.00642
Tropane, piperidine and pyridine alkaloid biosynthesis
k000250 HERR, RITZZARRN IR 10 0.00960
Alanine, aspartate and glutamate metabolism
k003050 H AR Proteasome 8 0.01363
k000290 R SRR SRR A R 6 0.01400
Valine, leucine and isoleucine biosynthesis
ko00061 JEWIBRAEM A B Fatty acid biosynthesis 8 0.01675
ko04145 FWER Phagosome 11 0.02839
ko01100 R#i&1E Metabolic pathways 186 0.04034
k000190 ARtk Oxidative phosphorylation 12 0.05004
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