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Abstract

Pineapple plant was always injured due to low temperature. Breeding varie-
ties with high cold tolerance was the supreme way to resolve this problem and
identifying cold tolerance of germplasms collected was necessary. In this
study, SSR locus around homologous sequences of cold-tolerant genes was
searched and screened using MD-2 (cold-tolerant variety) and Tainong 17
(cold-sensitive variety). Seventy three pairs of primers of which PCR results
were different between these two varieties were gotten. PCRs were performed
using these as primers and genomic DNA of germplasms collected as tem-
plates. Six pairs of primers were found that their PCR results were in good
consistent with cold tolerance. Using GLM (General linear model) association
mapping analysis, two SSR markers linked to cold tolerance were found. Their
efficiency was verified further using pineapple germplasms with high cold to-
lerance which had been validated in field by cold wave. They will be used in
cold-tolerant breeding of pineapple in the future.
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1. Introduction

Pineapple plants were sensitive to low temperature. Only when temperature was
higher than 14°C, pineapple plants begin to grow [1]. Most cultivars are injured
during winter periods, especially in sub-tropical regions [2]. Almost all pineap-
ple varieties are injured after exposure to 4°C for 24 hours [2]. In 2021, the low-
est temperature in Fujian province, China was only 2°C. Many pineapple plants
died because of low temperature. Although suspending sheets or plastic over pi-

neapple plants can provide protection in a certain extent, they increase cost, re-
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duce profit and are not sufficiently effective [2]. Cultivating new varieties with
high tolerance to cold was the supreme way for resolving this problem.

Collecting germ plasm resource and identifying their characteristics was the
first step for pineapple breeding [3]. The direct way for identifying cold toler-
ance was planting the materials in field and observing their cold tolerance in win-
ter. However, this method needs much labor and time. Furthermore, people
cannot be sure whether cold wave passes experimental field or not at a certain
stage. If molecular markers related with cold tolerance can be developed, cold
tolerance of many germ plasm resources can be identified in short time.

Using two rice genes analog (RGA) primers, the genetic variability and rela-
tionships among 265 rice germplasm accessions with different resistance to rice
Tungro virus were analyzed, and 48 polymorphic bands in the germplasm sam-
ples with an average of 28.6 bands per accessions were gotten [4]. Using similar
method, 14 pairs of primers related with glucosinolates (GS) biosynthesis in Chi-
nese cabbage were amplified in 75 accessions and produced 26 SSR alleles [5].
Using GLM (General linear model) association mapping analysis, four SSR mark-
ers linked with GS were gotten [5]. These demonstrated that molecular markers
always located near to the genes with similar functions. Molecular markers can
be found around these genes. Developing molecular markers related with certain
genes was feasible.

There were many cold-tolerant genes in plant. In this study, homologous se-
quences of these cold tolerant genes were found. Simple sequence repeat (SSR)
locus was screened in 5-kb upstream and downstream around these sequences.
Certain cold-tolerant variety and cold-sensitive variety were used to screen these
SSR primers. PCRs were performed using those primers of which the PCR re-
sults were different between cold-tolerant variety and cold-sensitive variety and
genomic DNA of pineapple germplasms collected as template. Comparing with
the cold tolerance of these pineapple germplasms, two SSR primers and two
markers linked to cold tolerance were gotten. Their efficiency was verified fur-
ther using pineapple germplasms with high cold tolerance which had been vali-
dated in field by cold wave. They will be used in cold-tolerant breeding of pi-

neapple in the future.

2. Materials and Methods

Plant materials

MD-2 was the most tolerant variety to cold [6]. Tainong 17 was the most sen-
sitive variety to cold [6]. Pineapple varieties Tainong 17, Tainong 16, Tainong
21, Tanong 4, Xigua, MD-2, Dongmi, Niunai, Bali, Giant Kew, Kallara Local,
Moris, New Phuket, Tradsrithong, Pattavia, Perola, Peral, Smooth cayenne, Rip-
ley, Phetchaburi#2, Vietnam queen were also used in this study. They were got-
ten from Southern-asian tropical crop institute, Chinese Academy of tropical
agricultural sciences. Cold-resistant germplasms (3 - 9,3 - 11,3 - 16,3 - 19, 3 -
26,3-31,3-33,3-34,3-37,4-12,4-13,4-25,4-36,4-50,4-52,4-54)
were donated from Professor Liu Chuanhe, who worked in the Institute of Fruit
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Trees, Guangdong Academy of Agricultural Sciences. All of the plant materials
were grown in experimental field of Haikou Experimental Station, Chinese
Academy of Tropical Agricultural Sciences, in Danzhou, Hainan Province.

Cold tolerance determination for pineapple varieties

Plants growth were determined according the paper published [7]. Tissue-culture
seedlings were grown in pot in which gardening soil was put. When the fifth leaf
appeared, the seedlings were put in 7°C chamber for 5 days. And then, the seed-
ings were returned to 26°C for 15 days. On the 16" day, area of the second leaf of
the plant was measured. After seedlings were cultured on MSO medium for two
months, they were transferred into 4°C chamber for 7 days. And then, they were
returned to 26°C for 15 days. On the 16 day, scorched area of the fourth leaf
versus the area of the whole leaf (SCFA) was measured.

Determination of the target genes and searching SSR locus

According to the papers published, plant cold-resistant genes were deter-
mined (Table 1). Their homologous sequences were blasted using “Search an-
notation” and in pineapple genome
(http://pineapple.angiosperms.org/pineapple/html/annotation.php). According

to the sequence 5-kb-upstream, the gene itself and 5-kb-downstream, using the
software FASTPCR 6.0, gene-specific SSR were found. The shortest length of the
sequence searched was 12 bp. Single nucleotide and double nucleotides were re-
peated 6 times at least. Trinucleotides, tetrnucleotides, and pentnucleotides were
repeated 5 times at least.

Designation of SSR primers

According to the sequence of SSR locus, 500-bp-upstream sequence and
500-bp-downstream sequence were selected. Primers were designed using the
software Primer 3.0
(http://Frodo.wi.mit.edu/cgibin/primer3/primer3-WWW.cgi). Two hundreds

and seventy six pairs of primers were designed and synthesized by Sangon Bio-
tech (Shanghai, China).

PCR amplification and product measurement

1l P1,1 ul P2, 10 pl 2 x PCR bulffer, 4 ul dNTPs (2.5 mmol/L), 1 pl KODFX
Taq, 1 pl DNA, 2 ul water were mixed. 94°C predenaturation for 4 minutes.
94°C denaturation for 30 seconds. 55°C - 58°C annealing for 30 seconds. 68°C
extention foe 1 minute. 40 cycles. 68°C extention 10 minutes. The products were
stored in negative 20°C freezer. PCR products were measured using agarose gel
or SDS-PAGE gel. Agarose gel was dyed using goldview. SDS-PAGE gel was
dyed using silver nitrate.

Analysis for marker polymorphism

Electrophoresis data was counted using digital matrix. The result without
band was recorded as 0. The result with band was recorded as 1. Bands amplified
by each SSR primer were counted. Total bands corresponding to each pair of
primers were counted. The average bands for each pair of primers were calcu-
lated. The varieties without band, with 1 band or more than 1 band were

counted.
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Table 1. Plant cold-resistant genes used in this study.

Gene family Gene Origin Reference
St l-acyl i tei
earoyl-acyl carmer protein SsSAD Sapiums ebiferum [8]
desaturase gene SAD
C-repeat binding factor CBF PeCBF4a Populus euphratica [9]
Basic helix-loop-helix bHLH
DNA-binding superfamily VabHLHI1 Vitis vinifera [10]
protein gene bHLH
Inducer of CBF expression gene ICE PmICE1 Prunus mume [11]
Deh.ydr.ation responsive element DmDREBa Dendr‘ant‘hema (12]
binding factor gene DREB1 morifolium
Cold regulated gene COR Corl5a Arabidopsis thaliana [13]
S-adenosylmethionine .
HbSAMDCI1 Hevea brasiliensis [14]
decarboxylase gene SAMDC
Bidirecti 1 t t
ICRECEORE Stge” T potiet CsSWEET16 Camellia sinensis [15]
gene SWEET
antifreeze protein gene AFP LpAFP Lolium perenne [16]
Late embryogenesis abundant Chimonanthus
. CpLEA5 [17]
protein gene LEA praecox
Ethylene response factor gene ERF MIfERF1 Medicago falcata [18]
Alkaline/neutral invertase PtrA/NINV Poncirus trifoliata [19]
gene A/NINV
Fatty acid desaturase gene FAD AtFAD7 Arabidopsis thaliana [7]
Glycerol-3-phosphate AtGPATI Arabiflopsis [20]
acyltransferase gene GPAT thaliana
.Cu/Zn Superoxi'de SiCSD ‘Saussurea 21]
Dismutase Gene SiCSD involucrata
bZIP transcription factor HY5 MdHY5 Malus domestica [22]
Ascorbate peroxidase gene APX CaAPX Camellia azalea [15]
Small heat shock protein genes HSP  CsHSP17.7 Camellia sinensis [23]
Dehydrin-like gene SiDhn2 SiDhn2 Saussurea involucrata [24]

C- t/dehydrati i
repeat/de 'Y ?a lon responsive GhCBF1 Gossypium hirsutum [25]
element binding factor gene

Dendrogram construction using NTSYS software

All of the electrophoresis data were counted as digital matrix. These data were
imported into EXCEL file and saved as A.xls. Excel files were saved as the mode
that the software can distinguish. Al = 1 represented having markers. B1 = 223
showed the total markers. Cl = 43 showed the genotypes. D1 = 2 showed without
marker. Since A3, all of the SSR primers were tagged. Since B2, all of the geno-
types were tagged in the second line. And then, a digital matrix was gotten. The
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software NTSYS was run and computed. The dendrogram can be gotten.
Association analysis
General linear model (GLM) in software TASSEL3.0 was used for association
analysis. Q data of each variety was used as covariant. Regression analysis was
performed between SSR markers and data about cold tolerance identification.
The equation of regression analysis was trait = population structure + marker

effect + residual.

3. Results

1) Cold tolerance of pineapple varieties

Tissue-culture seedlings of pineapple varieties were grown in soil. When the
fifth leaf appeared, the seedlings were transferred into 4°C chamber. After 7
days, the seedlings were returned to 26°C for 15 days. Results showed that after
pineapple seedlings were treated with low temperature, MD-2 grew the most fast
among the varieties. Tainongl7 and Peral grew the slowest. When scorched area
of the fourth leaf from the apex (SCFA) was measured, it was found that SCFA
value of MD-2 was the least, while that values of Tainongl7 was the most
(Figure 1 and Figure 2). These demonstrated that MD-2 was the most cold-tolerant
variety among the materials. Tainong 17 was the most cold-sensitive variety.

2) Cold-tolerant genes in pineapple genome and SSR locus

The homologous sequences of Bhlh, COR, SAMDC, SWEET, LEA, HSP, GPAT,
FAD were found in pineapple genome. The homologous sequences of other
cold-tolerant genes, such as SAD, CBF, CRT/DRE, AFP, A/NINV, SiCSD, HY5,
SiDhn2 had not been found in pineapple genome. One hundred and sixty nine
cold-tolerant genes were found in pineapple genome, including 4 FAD genes, 20
GPAT genes, 112 bHLH genes, 5 COR genes, 3 SAMDC genes, 1 SWEET gene,

Figure 1. Pineapple seedlings cultured on MSO medium after treated with low tempera-
ture. 1 - 14 represented Tradsrithong, Smooth cayenne, Ripley, MD-2, Phetchaburi#2,
New Phuket, Bali, Perola, Niunai, Tainong 4, Xigua, Kallara local, Peral, Tainong 17 re-
spectively.

DOI: 10.4236/ajps.2021.1212123

1772 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2021.1212123

H. Shu et al.

23 LEA genes, 1 HSP gene (Figure 3). Three hundreds and two locus were found
arouns these genes (Figure 4). No locus was found around 36 genes. One SSR
locus has been found around 43 genes. Two SSR loci were found around 31 genes.
Three SSR loci were found around 22 genes. Four SSR loci were found around 10
genes. Five SSR loci were found around 5 genes. Six SSR loci were found around 7
genes. Seven SSR loci were found around 1 gene. Eight SSR loci were found around
1 gene. Aco020569.1, a basic helix-loop-helix bHLH DNA-binding superfamily
protein had 8 SSR loci, which had the most.
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Figure 2. Scorched area of the fourth leaf from the apex (SCFA) of pineapple varieties.
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Figure 3. Homologous amounts of cold-tolerant genes in pineapple genome.
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Figure 4. The distribution of SSR locus around cold-tolerant genes in pineapple genome.
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3) SSR primers screening
After all of the primers were screened with MD-2 and Tainong 17, PCR results
of 73 pairs of primers showed different (Figure 5). These SSR loci located in

1 2 34 5 67 8 91011 1213 14 1516 1718L

(a)

19 20 21 2223 24 25 26 2728 29 30 31 323334 35 36 37 L

(b)

38 39 40 41 42 43 44 45 46 47 48 49 50 5152 53 5455 L

(c)

56 57 58 59 60 6162 63 64 6566 67 68 69 70 71 7273 I7

(d)

Figure 5. Partial primers of which PCR results were different between MD-2 and Tai-
nong 17. 1 - 73 represented the primers. For each primer, the left lane was the PCR result
from MD-2. The right lane was the PCRresult from Tainong 17. L was DNA ladder.
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chrosome 5, 2, 7, 17, 6, 12, 10, 3, 15, 11, 1, 21, 14, 9, 21, 13, 25, 22, 4, 18 respec-
tively. Chrosome 3 had four SSRs of which PCR results were different between
MD-2 and Tainongl7. Chrosome 2 had 10 SSRs of which PCR results were dif-
ferent, which was the most among the chrosomes. Chrosome 5 had 8 SSR loci of
which PCR results were different. Chrosome 15 had 7 SSRs of which PCR results
were different. These SSRs can be used for identifying MD-2 and Tainong 17.
SSRs related with cold tolerance might among them.

4) SSRs markers identification using pineapple varieties collected

The SSRs of which PCR results were different between MD-2 and Tainong 17
were used to identify the polymorphysium of the germplasms collected. Com-
paring with the cold tolerance identification of the seedlings, seven pairs of pri-
mers had good correlationship between PCR results and cold-tolerant identifica-
tion (Figure 6). They might be used as molecular markers for predicting

1 2 3 4567 891011121314151617181920212223

(a)

1 2 3 4567 891011121314 151617 181920212223

(b)

1 23 4567 8910111213141516 17181920 212223

(c)

] 2345 678 9101112131415 16 17181920 21 2223

(d)

1 2 34 5 67 8 910111213141516 17181920 212223

(e)

Figure 6. SSR identified using germplasms collected. A to E showed primers. Numbers
represented pineapple germplasms. (a) S4490-2; (b) S15791-3; (c) S4138-1; (d) S4136-1;
(e) S4459-2.
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123 456 78 91011121314151617 18 1920212223 24 252627 2829 3031 32 33 3435 36 37 3839

(@)

123 456 78 91011121314151617 181920212223 24 252627 2829 3031 32 33 3435 36 37 3839

(b)

Figure 7. SSR markers were identified using cold-tolerant germplasms. A showed the
primer S15158-2. B showed the primer S15158-3. (a) S15158-3; (b) S5354-1.

pineapple’s cold tolerance character. Both S4490-2 and S15158-3 located in
chromosome 5.

5) SSRs markers identification using pineapple varieties with high cold toler-
ance

To identify the SSR markers related with cold tolerance, pineapple materials
with high cold tolerance were used. Twenty two pineapple plantlines were col-
lected in field when cold wave passed. When these materials were used for iden-
tifying SSR markers, results showed that S15158-3 and S5354-1 had good consis-
tence with cold-tolerance characters (Figure 7). This demonstrated that these two
markers can be used for identifying pineapple cold-tolerant character.

4. Discussion

Identifying the cold tolerance of gerplasms was the necessary step for breeding
pineapple cold-tolerant varieties. Molecular marker was an important method
for identifying characters of germplasm. Sanewski (2020) identified molecular
markers associated with spiny-tip margin character using genome-wide associa-
tion study (GWAS) and quantitative trait loci (QTL) analysis [26]. The gene re-
sponsible for pineapple spiny-tip margin was positioned at 14,355,639 and
14,341,745 bp respectively, on or very near, a zeaxanthin epoxidase (ZEP) gene
[26]. Using DarTseq method, DArTseq molecular markers for resistance to Phy-
tophthora cinnamomi in pineapple (Ananas comosus L.) were found in a single
broad locus on chromosome five covering the positions 4.6 - 5.5 Mb and two
separate scaffolds [27]. Thirteen putative resistance/susceptibility proteins were
identified in these positions and might be responsible for resistance to Phytoph-
thora cinnamomi [27].

Simple Sequence Repeat (SSR) markers or microsatellites are a powerful tech-
nique for quantifying levels of inter-species genetic variation. According to the
genomic sequence information of Arabidopsis thaliana and Chinese Cabbage,
gene sequences related to glucosinolates (GS) biosynthesis were alignment and
analysis, finding 102 candidate genes associated with GS content distributed in
10 chromosomes [5]. The homologous genes for GS biosynthensis were detected

in Chinese cabbage. By analyzing sequences of candidate genes and their up/down
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franking 5 kb nucleotides with software FASTPCR 6.0, 237 SSRs were developed
in 102 genes [5]. Seventy seven SSR specific primers linked to GS synthesis genes
could be designed from 86 genes with SSR locus [5]. Eleven pairs of primers
were amplified in all accessions and produced 26 SSR alleles [5]. Using similar
method, we found 169 homologous sequences of cold-tolerant genes in pineap-
ple genome in this study. Three hundreds and two loci were found around these
genes. After all of the primers were screened with MD-2 and Tainong 17, PCR
results of 73 pairs of primers were found different. These SSRs located in chro-
some 5,2,7,17, 6,12, 10, 3, 15, 11, 1, 21, 14, 9, 21, 13, 25, 22, 4, 18 respectively.
These SSRs were screened among pineapple varieties. Results showed that seven
pairs of primers had good consistence with cold-tolerant characters. When these
SSRs markers were screened with cold-tolerance-identified plantlines, it was found
that S15158-3 and S5354-1 had good consistence with cold-tolerant characters.
This demonstrated that these two markers can be used for identifying pineapple

cold-tolerant character and screening cold-tolerant germplasm.
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