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Abstract

Background
Allium sativum (garlic) is both an important food and medicinal plant of economic signi�cance. This
plant is rich in sul�des, especially alliin, which is a precursor for the synthesis of allicin. At present, there
are few reports on the determination of alliin content in different parts of garlic under abiotic stress.

Results
Our data determining the accumulation of alliin in different organs showed that the content of alliin in
garlic root was the lowest level recorded, while the content of alliin within a garlic bud was the highest
level determined. Further, alliin levels decreased in mature leaves following wounding. Further,
transcriptomic data generated over time following wounding of mature garlic leaves showed genes
integral to the biosynthetic pathways of cysteine (CYS) and serine (SER) formation were signi�cantly up-
regulated.

Conclusions
This differential expression could underpin the accumulation of alliin and its precursors in garlic. Thus,
our results provide a platform to help elucidate the biosynthetic pathway alliin biosynthesis.

Background
Garlic (Allium sativum L.), a diploid (2n = 2x = 16) plant species, is one of the most important members of
the Allium genus whether for medicinal value or economic value. Garlic has been widely cultivated
internationally for more than 5,000 years [1–3]. According to a recent study, garlic has properties that
convey strong antioxidant propential[4], stabilize blood pressure[5], reduce cancer risk[6], provide
cardiovascular protection[7], and reduced hyperlipidemia[8] among other therapeutic effects. Garlic roots,
bulbs, leaves and sprouts are all important agronomically. Bulbs consist of several abnormal axillary
buds and exhibit the characteristic clove shape of garlic, these bulbs are an important economic trait[2]. A
key feature of garlic is that it produces secondary metabolites rich in sulfur, such as S-methyl-L-cysteine
sulfoxide (MCSO, methiin) and S-propyl-L-cysteine sulfoxide (PCSO, propiin), S-trans-1-propenyl-L-cysteine
sulfoxide (PECSO, isoalliin) and the most signi�cant, S-allyl-L-cysteine sulfoxide (ACSO, alliin)[12]. These
substances are also taste precursors, which regulate the taste and odor of garlic[13]. Allicin, derived from
alliin, is another sulfur compound that is a key bioactive molecule in garlic[14, 15]. Various in vivo and in
vitro studies have demonstrated the anti-apoptosis and anti-oxidation potential of allicin[16]. However,
allicin is extremely unstable due to rapid decomposition to diallyl disul�des and sulfur dioxide[17]. Allicin
is produced from alliin by the action of alliinase[18]. In garlic bulb cells these two molecules are separated:
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allinase is located in the vacuole, while alliin is located in the cytoplasm. When cells are broken or
damaged, allinase is released, converting alliin to allicin[19, 20].

Alliin is a stable and odorless molecule[21], of signi�cant nutritional and medicinal value [22]. For example,
alliin is known to exhibit antioxidant[23] and anti-in�ammatory[24] activity, promote cardiovascul ar
function[25] and convey bene�cial effects on some intestinal diseases[26]. Alliin is �rst synthesized in
garlic leaves and subsequently transferred to garlic bulbs[27, 28]. Despite the importance of alliin to the
commercial potential of garlic, the details of alliin biosynthesis remain to be fully elucidated.

Garlic has a large genome[29] and cultivars are sterile. Consequently, there has been no real classical
breeding and genetic studies of garlic[30]. Thus, despite its agronomic importance, garlic remains largely
undomesticated, which has hampered the commercial potential of garlic. The diploid garlic genome (2n = 
2x = 16) is estimated to be 15.9G, 32 times the size of the rice genome and remains to be fully sequenced.
Unlike genome analysis, transcriptome analysis has the advantages of high speed, low cost and no
limitation of genome complexity[31]. In recent years, transcriptome has been used for the correlation
analysis of traits, extending the study of genetic association to many species, especially complex
polyploid species[32–34]. Recently, RNA-Seq has been used for transcript pro�ling in various non-model
plant species, including: Salvia miltiorrhiza[35], Pinellia ternata[36], Cicer arietinum L[37].

Recently, RNA-Seq has been used for transcript pro�ling of garlic. The garlic bulbs correlation
transcriptome research[2], reported by related studies, showed that twenty-two transcripts were identi�ed
as candidate transcripts with complex interactions among them. In addition, transcriptome revealed that
the corresponding genetic changes of allinase during the whole cycle[38]. The transcription of two
enzymes was the highest during sprouting. The growth of garlic �owers and pollen was analyzed by
transcriptome and proteome[29], proposing the potential molecular markers for male fertility and sterility
in garlic. However, according to detailed studies of wound treatment and correlation transcriptome, the
content of alliin in leaf has not been reported. Alliin is commonly found in garlic, we need to further
optimize the method of determining the alliin content.

However, transcriptomics analysis of garlic post wound treatment of leaf tissue correlated with the
production of alliin has not been previously reported. Alliin is commonly found in garlic, we need to
further optimize the method of determining the alliin content. According to the study and the
transcriptome corresponding pathways, we speculated the pathway of alliin synthesis. To establish the
molecular basis for the synthesis mechanism of alliin, we found the differential genes expression and
enrichment of the corresponding pathways, and inferred the unknown pathway corresponding to proteins
and genes through the data.

Results

By Sykam S-433d measuring the content of alliin
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Sykam S-433d was used to determine the alliin content of different tissues and wounded leaves of garlic.
Our data showed that the content of alliin in garlic root was the lowest and the content of alliin in garlic
bulbs was the highest. In addition, the content of alliin decreased over time post wounding (Fig. 1c).

Transcriptomic analysis of garlic
The sequencing of twelve garlic leaf cDNA libraries generated raw reads was quali�ed, and the adapter
removed. Approximately, 0.03% of raw reads were removed post �ltering of adapter sequences, including
low quality reads and short reads. This resulted in 34855947 clean reads at 0 hours post-wounding,
30830543 at 3 hours post-wounding, 29001419 at 6 hours post-wounding and 34278922.33 in 12 hours
post-wounding (Additional �le 1). For each sample there were three biological replicates: Pearson’s
Correlation Coe�cient of three replicates × four garlic biological samples. The results showed that the
sequencing data was very reproducible (Fig. 2a). At the same time, it can be seen from the control group
and each treatment group that the comparison of individual genes was large (Fig. 2b). The data indicated
that there is a signi�cant difference in reliability among genes. All reads of the 12 samples were
assembled using Trinity[39]. The result showed that 194,627 transcripts (N50:1,667) had an average
length of 1157.22 bp. The total number of unigenes (N50:1,394) was 94,144, with a mean length of
933.08 bp. The assembly and size distribution of unigenes and transcripts are displayed (Fig. 2c). For
transcript data analysis, a read length of > 2000 bp was found in 15.38% of transcripts, 28.78% of
transcripts were less than 1000 bp. A minimum read length of 200–300 bp about occurred in 11.56%
transcripts. The reads length of unigenes of more than 2000 bp, accounted for 10.36% of the total. The
16,882 unigenes were annotated in the Swiss-Prot database. Nr database displayed 26,662 unigenes and
the Pfam database found 19,206 unigenes, with signi�cant similarities with known proteins. In the KEGG
and KOG databases, 9677 and 16,197 unigenes were annotated (Fig. 2d). The distribution of unigene
species annotation is shown (Fig. 2e).

Unigene classi�cation
Unigenes were divided into KEGG metabolism and signaling pathways from �ve aspects. These three
pathways, including ‘Protein processing in endoplasmic reticulum’ (75 unigenes), ‘Plant hormone signal
transduction’ (92 unigenes), and ‘Photosynthesis’(56 unigenes), are the most abundant KEGG pathways
(Fig. 3a), detail data other see(Additional �le 2). 1714 unigenes were up regulated and 1135 unigenes
down regulated in the T1/3-T4/6 comparison post-wounding. T1/3-T10/12 identi�ed 688 highly-
expressed unigenes of up regulated and 1375 highly-expressed unigenes of down regulated (Fig. 3b)
(Additional �le 3). Venn diagrams were used to represent the number of differentially identi�ed genes for
each treatment compared with the control (Fig. 3c). By this standard of (P < 0.05) in the pathways.
Compared with T1/3-T4/6, we sought four signi�cant enrichment pathways. In the T1/3-T7/9 group, four
pathways were also signi�cantly enriched. While in the T1/3-T10/12 group, only three pathways were
signi�cantly enriched (Fig. 3d). Unigenes are contrasted to the COG database, to predict possible
functions and orthology classify. A total of 12,375 sequences in the comparison of sample T1/3-T4/6
were assigned to twenty-�ve COG categories. There is usually only one category of functional prediction:
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general functional prediction (2191;17.71%) represented the largest group. The next three are: Replication,
recombination and repair (1350;10.91%). Transcription (1099;8.88%) Signal transduction
mechanisms(909;7.35%). Additional samples of the COG classi�cation are detailed in (Additional �le 4).

Expression of DEGs related to alliin biosynthesis
Currently, the details of alliin biosynthesis remain unclear[40]. But, some of the corresponding molecules
have been inferred including the precursors, glutathione, glycine, serine[41], cysteine[42] and sulfur[43]

which feed into a series of hydrocarbylation, alkylation and oxidation reactions (Fig. 3e). ‘Sulfur
compound biosynthetic process’ (GO:0044272), ‘sulfur amino acid metabolic process’ (GO:0000096),
‘cysteine biosynthetic process’ (GO:0019344), ‘L-serine biosynthetic process’ (GO:0006564), ‘glutathione
peroxidase activity’(GO:0004602), are �ve GO terms related to alliin biosynthesis, which provided a basis
to assess different genes related to alliin biosynthesis. Meanwhile, the expression of alliin biosynthesis
pathway was also treated. In the following pathways. For example the sulfur compound biosynthetic
process, the genes (c131842.graph_c0 c93579.graph_c0 c95474.graph_c0) encoding the sulfur
compound are expressed at high levels in the sample. Secondly, for the cysteine biosynthetic process
steps, a series of genes are most of highly expressed in sample:(c102143.graph_c0 c107612.graph_c1
c109017.graph_c1 c111121.graph_c0 c111539.graph_c0 c114448.graph_c0 c116925.graph_c0)
(Additional �le 5).

Transcriptomic analysis reveals the differences
cysteine(CYS) pathway-related genes
Through the analysis of transcriptomes, we observed the situation of differentially expressed genes
signi�cant enrichment and the corresponding pathways about eight cysteine-related GO terms were
found: ‘D-cysteinecatabolicprocess’(GO:0019447),‘cysteine biosynthetic process’(GO:0019344), ‘cysteine
biosynthetic process from serine’(GO:0006535), ‘cysteine desulfurase activity’ (GO:0031071),‘D-cysteine
desulfhydrase activity’ (GO:0019148), ‘glutamate-cysteine ligase activity’ (GO:0004357), ‘peptidyl-cysteine
modi�cation’ GO:0018198 ‘cysteine metabolic process’(GO:0006534), were con�rmed. Among them, the
signi�cant values of GO:0019344 in the T1/3-T4/6 and T1/3-T7/9 and T1/3-T10/12 comparisons were
0.00168 and 0.0013 and 0.00012, respectively. For GO:0006535, the signi�cant values in the T1/3-T4/6
and T1/3-T7/9 and T1/3-T10/12 comparisons were 0.46558 and 0.45829 and 0.23682, respectively.
Corresponding values of other pathways is in (Additional �le 6). In all sample comparisons, there was a
signi�cant difference in (GO:0019344) (Fig. 4a) that shown more signi�cant the enrichment. Although the
signi�cance value of (GO:0006535) was not obvious, transcriptome data analysis showed that the value
is a downward trend, indicating an upward trend of difference signi�cance enrichment in
the(GO:0006535).The alliin synthesis pathway includes the serine to cysteine pathway, indicating
changes of related differential genes. With the wound exposure time of garlic leaf, the enrichment of
different genes in cysteine synthesis was more and more signi�cant. The change of cysteine was
accordant and veri�ed that cysteine was involved in alliin synthesis. At the same time, we analyzed all the
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differential genes related to cysteine and drew a heat map, from which we could clearly see the changes
of genes in different samples (Fig. 4b) (Additional �le 7).

Expression of DEGs related to Serine pathway
Serine is thought to play an important role in the alliin synthesis pathway. From the perspective of
transcriptome analysis, the annotation signi�cance of different genes found the corresponding pathway
about seven serine-related GO terms. ‘protein serine/threonine/tyrosine kinase activity’(GO:0004712),
‘protein tyrosine/serine/threonine phosphatase activity’ (GO:0008138), ‘L-serine biosynthetic process’
(GO:0006564), ‘L-serine metabolic process’ (GO:0006563), ‘serine-type endopeptidase inhibitor activity’
(GO:0004867), ‘serine family amino acid biosynthetic process’ (GO:0009070), and‘D-serine metabolic
process’ (GO:0070178), were identi�ed. At length, the signi�cant values of GO:0008138 in the T1/3-T4/6
and T1/3-T7/9 and T1/3-T10/12 comparisons were 0.01758 and 0.01673 and 0.01689. However,
GO:0004712 only in the T1/3-T4/6 and T1/3-T7/9 respectively were 0.01939 and 0.01911.
Corresponding values of other pathways (Additional �le 8). Signi�cant differences for GO:0008138 were
observed in the all sample comparisons (Fig. 4c). Heat maps of SER metabolism-related genes and
signaling pathway related genes were analyzed in different samples (Fig. 4d) other detail �gure see
(Additional �le 9).

Sulfur-related differences genes in transcriptomic analysis
Sulfur compounds are important organic compounds in garlic. Alliin itself is a sulfur compound. There
are many sulfur compounds in the synthesis pathway of alliin. The annotation signi�cance of different
genes found the corresponding pathway about six sulfuret-related GO terms,including ‘sulfate
transmembrane transporter activity’ (GO:0015116), ‘sulfate transport’ (GO:0008272), ‘sulfur compound
transport’ (GO:0072348), ‘ligase activity, forming carbon-sulfur bonds’ (GO:0016877), and‘sulfur
compound transmembrane transporter activity’ (GO:1901682), ‘sulfur compound metabolic
process’(GO:0006790). The signi�cant values of GO:0015116 in the T1/3-T4/6 and T1/3-T7/9 and T1/3-
T10/12 comparisons were 0.13427 and 0.13008 and 0.03515. However, the signi�cant value of
GO:0016877 only in the T1/3-T4/6 and T1/3-T7/9 were 0.02281 and 0.02219, respectively.
Corresponding values of other pathways (Additional �le 10). Signi�cant differences for GO:0015116 were
observed in the all sample comparisons (Fig. 4e). Heat maps of Sulfuret-related genes and signaling
pathway related genes were analyzed in different samples(Fig. 4f) other detail �gure see (Additional �le
11).

Identi�cations of TFs families in alliin
Many TFs play important roles in the biosynthesis of alliin. In this study, 452 presumed TF coding genes
in 47 major TF families were analyzed. Among them, the BHLH family (40 genes), FAR1 family (36 genes)
and NAC family (36 genes) contain a large number of TFs. In order to advance the process of alliin
biosynthesis, we screened the key regulatory factors and predicted 8 transcription factors (Additional �le
12). Looking for regulatory genes is prepared for the subsequent work of alliin synthesis pathway.
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Discussion
The key sulphoxide, allicin, is produced from the precursor alliin through the action of alliinase. Our
measured results showed that the amino acid composition of different tissue parts and wound leaves
contains a lot of amino acid including: cysteine, serine, alliin. Furthermore, the consequence showed that
the content of alliin was signi�cantly different with the time of wound varied. According to our
experimental data, the content of allin is the lowest in the root and the highest in the inner bundle and
leaf. According to previous study[27], the conclusion is consistent. At the same time, our study shows that
the content of alliin gradually decreases with the prolongation of wound time. It can be speculated that
when leaves are damaged, cells break up and alliin reacts with alliinase to synthesize allicin. Under
normal conditions alliin precursor is being degraded producing allicin. Analysing these genes may help us
understand the allicin synthesis pathway.

In the comparison of T1/3-T4/6 T1/3-T7/9 and T1/3-T10/12, we obtained a large number of DEGs, of
which 12 major pathways were enriched. We listed the up-regulated and down-regulated genes post-
wounding in each treatment group and control group (Fig. 3b, Table 1). In our study, the protein
processing process was signi�cantly changed in T1/3-T4/6. There was no signi�cant change in the
comparison of T1/3-T7/9 and T1/3-T10/12. With the change of the differential expression of alliinase,
we can concluded that alliin could happen to change. The differential expression of these important
pathways may provide some important related genes for the molecular mechanism of allicin and its
precursor.

CYS is an effective substance for synthesizing alliin. The content of CYS increases with the increasing of
the corresponding yield of alliin. Data show that a large number of DEGs are enriched in ‘cysteine
biosynthetic process’. According to the comparison of T1/3-T4/6 T1/3-T7/9 and T1/3-T10/12. It proves
that the enrichment of CYS is increased over time post wounding. Meanwhile, ‘peptidyl-cysteine
modi�cation’ is another term which is quite obvious, when the content of CYS changes in the process of
synthesis of alliin, CYS needs to make corresponding structural changes, which will change the peptide
group and transform it into the next substance. Through the above two and other GO terms related to
CYS, we make the heat map for the corresponding differential genes, providing a basis for the search of
CYS related genes in the subsequent alliin synthesis pathway.

Garlic contains the substances of Sulfur [48] and SER[41]. Sulfur plays an important role in the synthesis of
CSOs. Moreover sulfur is an important component of the �avor composition of allium plants. The basis
for the formation of �avor are plants at the early stage by absorbing and assimilating sulfur, and alliin
itself is sul�de [49]. According to the analysis, the differential genes were mainly enriched in the ‘sulfur
compound transmembrane transporter activity’ and ‘the sulfate transmembrane transporter activity’ that
the signi�cance was relatively high in all samples. It was inferred that when the cytomembrane was
broken after treatment, the sulfur compound (alliin) transmembrane transporter content will change in the
middle transmembrane. Because the process of alliin and the corresponding sul�de’s releasing process
need the corresponding receptor binding to transport. Similarly, the‘sulfur compound transport’is
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signi�cant in T1/3-T10/12. We guess when sulfur compound binding transmembrane transporter then
the corresponding sulfur compound will transport, leading to the improve of transport activity to
participate the allicin synthetic in garlic leaves. About SER were enriched in ‘protein
serine/threonine/tyrosine kinase activity’ and ‘protein tyrosine/serine/threonine phosphatase activity’. In
particular, these two enzymes were opposite of function. We infer that phosatase is hydrolyzed to yield
numerous free hydroxyl and ions. The corresponding substances will happen hydroxylation or
phosphorylation through kinase in the synthesis of alliin. It will promote the synthesis of alliin and
precursor substances. In conclusion, �rstly, the related precursor substances structure of alliin synthesis
are modi�ed. Secondly, reaction achieves new substances. Finally, the matter was bound with receptors
then transported to cells .

Conclusions
At present, the synthesis pathway of alliin is still unclear. Researchers through the study of radioactive
tracers have achieved the precursor substances in the corresponding synthesis pathway, mainly cysteine,
serine and sul�de.

The differential expression of alliin synthesis pathway related genes, including CYS synthesis and
metabolism, SER synthesis and enzyme activity, Sulfur formation and transport. Our results are helpful to
understand the related regulation genes change of alliin synthesis precursor substances. At the same
time, the related genes could provide a theoretical basis and a favorable molecular foundation for further
study of the alliin synthesis pathway .

Methods
Plant materials and RNA extraction

Garlic samples were collected form Pizhou, China (PW). PW garlic was cultivated in the test farm (Xuzhou
city, Jiangsu province). The garlic was grown over 100 m2.

Using vernier caliper to measure garlic leaf length, width, thickness when garlic matures, and ensuring the
selected material phenotype keep similar. Materials, after 0 h, 3 h, 6 h, 12 h wound dispose, were all
obtained. The materials selection of garlic root, clove, gailic inner bud, garlic sprout were collected,then
we assembled corresponding plant samples(Fig. 1a), immediately frozen in liquid nitrogen, stored at 80
℃, until use. Total RNAs were extracted using the Plant Total RNA Isolation Kit according to its manual.
By adding DNase I to the mixture to remove DNA contamination. Puri�ed RNA was detected by 1%
agarose gel electrophoresis. RNA was quantitatively detected by Implen nanometer photometer using
Nanodrop with an RNA integrity number > 7.0.

Library preparation and transcriptomic analysis
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The samples of approprite quality total RNA is prepared. The main process of library construction is as
follows: magnetic beads containing Oligo (dT) are enriched with eukaryotic mRNA; The mRNA is
randomly fragmented by Fragmentation Buffer; Acting as templates, the mRNA combined random
hexamers primers to synthesize the �rst cDNA chain, then added the buffer, dNTPs, RNase H and DNA
polymerase I to compound the second cDNA chain, and used AMPure XP beads to purify cDNA; Using
puri�ed double-stranded cDNA to repair and adding A-tails to connected to the sequencing beads. Then
using AMPure XP beads to select the fragment size; Finally, the cDNA library was constructured according
to PCR enrichione. When the library construction was completed, Qubit 2.0 and Agilent 2100 were used to
detect the library concentration and Insert Size. To ensure the quality of the library, we use Q-PCR method
to accurately quantify the effective concentration. After qualifying inspect library, we use HiSeq2500 for
High-throughput sequencing. The reading length of sequencing was PE125. Clean Data that �lter Raw
Data is high quality data. It needs to be sequentially assembled. Trinity software[39] will assemble Clean
Data. In genetic identi�cation and expression analysis, reads of different species were assembled
together [40] (Fig. 1b).

Functional annotation and analysis

BLAST of NCBI was used to compare unigene sequences with databases, such as Non-redundant (NR)
protein, Swiss-prot, Gene Ontology (GO), Clusters of Orthologous Groups of proteins (COG), EuKaryotic
Orthologous Groups(KOG) and Kyoto Encyclopedia of Genes and Genomes(KEGG). Using KOBAS 2.0 to
achieve the results of Unigene in KEGG of KEGG Orthology. We use HMMER and PFAM to compare the
sequence after achieving annotation information of Unigene.

Differentially expressed unigene (DEGs) analysis

Bowtie[14] compared the sequencing Reads of each sample with the Unigene library and estimated the
expression level by RSEM[15] based on the comparison results. The abundance of corresponding Unigene
is indicated by FPKM value. The DEGs were screened with a criterions: FDR 0.01 and FC (Fold Change) ≥ 
2. The abundance values of transcripts were normalized. Using the MultiExperiment Viewer (version
4.9.0) to draw heat maps based on the transformation values. The �gure showed that different columns
represent different samples and different rows represent different genes .

Homology analysis and CDS prediction

TransDecoder software is used to compare the length of open reading frame, logarithmic likelihood
function value and amino acid sequence with protein structure domain sequence in Pfam database.
Predicted full-length sequences of the key genes, involved in the alliin synthetic pathway, were used for
alignments.

Analysis of alliin contents
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We prepare the materials of PW garlic roots, bulbs, inner bulb, garlic sprout, and wound leaves. Grinding
the sample of liquid nitrogen, adding 4% of sulfosalicylic acid and ddH2O, 25℃ 30 min. and using
centrifugal (12000rap, 20 min) to achieve supernatant. Then detect alliin content. To ensure the accuracy
of the data,we measured the content of alliin at least three replicates ± standard error.

Statistical analysis
We adopted this effective method of Benjamini-Hochberg to correct p-value that hypothesis tests getting
in the process of differential expression analysis. Finally, we uesed the adjusted p-values that FDR (False
Discovery Rate). FDR is a key indicator for screening differentially expressed genes. It is an important
methods to reduce the false positives of a large number of genes expression. Statistical analysis
software is SPSS version 22.0. The method of comparing the differences uses ONE WAY ANOVA analysis
of variance.

Abbreviations
Sykam S-433d
Amino acid measuring instrument;MCSO:S-methyl-L-cysteine sulfoxide; PCSO S-propyl-L-cysteine
sulfoxide; ACSO:S-allyl-L-cysteine sulfoxide; PECSO:S-trans-1-propenyl-L-cysteine sulfoxide; T1/3-
T4/6:T01/02/03-T04/05/06; T1/3-T7/9:T01/02/03-T07/08/09; T1/3-T10/12:T01/02/03-T10/11/12;
NR:Non-redundant protein; GO:Gene Ontology; COG:Clusters of Orthologous Groups of proteins;
KOG:EuKaryotic Orthologous Groups; KEGG:Kyoto Encyclopedia of Genes and Genomes; CYS:Cysteine;
SER:Serine; PW:Pizhou white garlic
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Figure 1

Variation of the contents of alliin among sample. a Mature garlic tissue: root, bulb, garlic leaf, garlic inner
bud garlic sprout. The fresh tissue was collected. b The transcriptome sequencing basic process. c By S-
4330D measure the contents of alliin in garlic. Different alphabet indicate signi�cant differences in the
drawing(P <0.05).
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Figure 2

Transcriptome data analysis of garlic. a The biological repeat correlation of garlic sequencing data was
determined by Pearson correlation coe�cient. b The scatter diagram show that the degree of samples
correlation gene deviates from the diagonal. c The size distributions of transcripts and unigenes of gailic.
d The annotation of unigenes base on various databases. e The notes of unigenes species distribution .
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Figure 3

Recognition of the DEGs among all sample. a The annotation results of differentially expressed KEGG
genes were classi�ed, according to the KEGG pathway types for organismal systems, metabolism,
cellular process, environmental information processing, andgenetic information processing. b The
Volcano Plot showed the differences expressed level and number of single genes in each of sample
comparisons. c The Venn diagram shows that the number of DEG in the T1/3-T4/6 and T1/3-T7/9 and
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T1/3-T10/12 three comparisons. d KEGG enrichment analysis of three samples DEGs comparison. By
heat maps show that all the signi�cant P-values of KEGG in the three groups of comparisons were
represented. e Alliin could synthesize pathways.

Figure 4

Transcriptomic analysis reveals the differences CYS/SER/Sulfuret pathway-related genes. a
Transcriptomic analysis reveals the CYS pathway-related differences genes. b By a heatmap shown that
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the analysis of eight cysteine-related GO terms in T1/3-T4/6 and T1/3-T7/9 and T1/3-T10/12
comparisons. c Signi�cance analysis of seven serine-related GO terms in T1/3-T4/6 and T1/3-T7/9 and
T1/3-T10/12 comparisons were shown by a heat map. d The heat map showed the expression of
different genes related to SER signaling pathway. e The GO terms of sulfur-related found six in T1/3-T4/6
and T1/3-T7/9 and T1/3-T10/12 comparisons by a heat map. f The heat map shown differentially
expressed genes related of the sulfur pathway.
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