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Abstract
Although pineapple (Ananas comosus var. comosus) shoot tips have been cryopreserved but the possible effect of this pro-
cess at the molecular level has not been studied. This communication describes the growth (plant fresh and dry weights; 
stem height; leaf length, width and area; and stem base diameter) and the Inter Simple Sequence Repeat (ISSR) analysis 
of pineapple plantlets of A. comosus MD-2; Red Spanish Florencia; and Hybrid 54 (Smooth Cayenne/Red Spanish) after 
45 d of acclimatization. From each of these varieties, the acclimatized plants were obtained from: (1) conventional micro-
propagation (control 1); (2) from shoot tips submitted to pre-cryostorage conditioning treatments but not exposed to liquid 
nitrogen (LN) (treatment 2); and (3) from shoot tips exposed to cryostorage including use of LN (treatment 3). The ISSR-PCR 
method was used to study the genetic stability. There were no statistically significant differences between treatments for the 
phenotype indicators evaluated. On average, 45 day-old pineapple plants had 0.5 g fresh weight; 1.85 g dry weight; 12.2 cm 
stem height; 9.1 cm leaf length; 1.6 cm leaf width; 7.1 cm2 leaf area; and 1.4 cm stem base diameter. Also, the potential 
effects of cryopreservation at the DNA level were not revealed with the eight ISSR markers used, as no polymorphic bands 
were recorded, which represents 100% genetic stability. As far as we know, this is the first publication on ISSR analysis of 
pineapple plantlets after cryopreservation.
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Introduction

Pineapple is an important tropical fruit (Chen et al. 2019). 
Pineapple production in 2019 worldwide was around 
1,250,00 ha with gross production value around US$ 12 b 
(FAOSTAT, 2021), indicating that this is a profitable crop. 
Pineapple is vegetatively propagated and in order to sup-
port future production, existing high performance varieties 
need to be stored for long periods. Therefore, long-term 

conservation of pineapple genetic resources using cryo-
preservation storage in liquid nitrogen (LN) should be 
encouraged (Villalobos-Olivera et al. 2019). As pineapple 
production increases and gets more intensive, it is threatened 
by several factors, including microbial pathogens. To sup-
port the continued success of pineapples, new varieties with 
increased microbial pathogen resistance and abiotic stress 
tolerance should be developed (Yabor et al. 2020). Conser-
vation of pineapple genetic resources can therefore also aid 
future breeding programs.

Cryopreservation using shoot tips is carried out for many 
plant species (Engelmann and Ramanatha, 2012), including 
pineapple (Martínez-Montero et al. 2012; Souza et al. 2015, 
2018; Villalobos-Olivera et al. 2019). However, there is no 
literature on the genetic stability of pineapple-regenerated 
plantlets following cryopreservation using LN. LN may 
affect subsequent plant growth and should be studied for 
its effect on DNA stability before large-scale usage in con-
structing a cryobank.
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The inter simple sequence repeat (ISSR)-PCR method 
was used to study DNA stability. ISSR is an inter-micro-
satellite sequence that generates highly polymorphic mul-
tilocus markers. The advantage of this method is that it is 
simple, quick and does not require prior knowledge of the 
genome, thus combining most of the advantages of other 
possible methods like microsatellites (SSRs), amplified frag-
ment length polymorphism (AFLP) and random amplified 
polymorphic DNA (RAPD) (Kaya 2016). ISSR markers pro-
duce many bands (polymorphic) useful in studies on genetic 
diversity, phylogeny, gene tagging, genome mapping, and 
evolutionary biology and can be used to identify mutations 
of in vitro grown material (Reddy et al. 2002).

ISSR has been recently used to study DNA of different 
plant species, such as sugarcane (Shingote et al. 2019), Nil-
girianthus ciliatus (Rameshkumar et al. 2019) and Polian-
thes tuberosa L. (Nalousi et al. 2019). These markers have 
also been employed to study genetic stability of pineapple 
not exposed to LN (Carlier et al. 2004; Tapia et al. 2002; 
Vanijajiva 2012) and cryopreserved materials of other plant 
species (Atmakuri et al. 2009; Espasandin et al. 2019; Lam-
bardi et al. 2004; Liu et al. 2008; Rao et al. 2007; Yamuna 
et al. 2007). In these studies, genetic differences caused by 
cryopreservation were not reported.

This communication describes the growth variables and 
the inter simple sequence repeat (ISSR) analysis of pineap-
ple plantlets of three cultivars after 45 days of acclimatiza-
tion. From each of these cultivars, the acclimatized plants 
were obtained from: (1) conventional micropropagation 
(control 1); (2) from shoot tips submitted to pre-cryostorage 
conditioning treatments but not exposed to LN (treatment 2); 
and (3) from shoot tips exposed to cryostorage including use 
of LN (treatment 3).

Materials and methods

This research was based on the pineapple micropropaga-
tion protocol established by Daquinta and Benegas (1997) 
as described in Gomez et al. (2017), the acclimatization 
according to Pino et al. (2014), and the droplet-vitrification 
technique developed by Souza et al. (2015) and Villalobos-
Olivera et al. (2019). Pineapple buds (cvs. MD-2, Red Span-
ish Florencia, Hybrid 54 (Smooth Cayenne/Red Spanish) 
were initiated as described in Gomez et al. (2017). In sum-
mary, the fruit and leaves were removed from pineapple 
crowns, which were then sterilized with 1% (w:v) Ca(ClO)2 
for 10 min and the buds excised (Daquinta and Benegas 
1997). These bud explants were placed in 300 ml glass jars 
with 5 ml liquid culture medium (one explant per jar). MS 
(Murashige and Skoog 1962) salts, 100 mg l−1 myo-inositol, 
0.1 mg l−1 thiamine-HCl, 30 g l−1 sucrose, 4.4 µM 6-benzy-
ladenine (BA), and 5.3 µM naphthaleneacetic acid (NAA) 

were included in the initiation medium (MS1). After 45 days 
on liquid initiation medium, shoots were transferred to mul-
tiplication medium (as described above except it had 9.3 µM 
BA and 1.6 µM NAA and 2 g/l gelrite (MS2). At 45-days 
intervals, shoots were subcultured for 6 months (referred to 
as the control—C1). Nodal propagules were placed on root-
ing medium, MS medium without growth regulators (MS3) 
for 4 weeks and then were hardened.

Three treatments were compared: (1) conventional micro-
propagation (control as summarized above); (2) plants from 
shoot tips that were submitted to pre-cryostorage condition-
ing treatments but not LN (treatment 2); and (3) plants from 
shoot tips exposed to treatment 2 and LN (treatment 3). 
Treatments 2 and 3 are similar to Villalobos-Olivera et al. 
(2019) and are summarized below. Rooting medium, MS 
medium without growth regulators (MS3) was the same for 
all three methods and was used for 45 d (Daquinta and Ben-
egas 1997).

Treatment 2: The droplet-vitrification technique was 
used (Villalobos-Olivera et al. 2019). In it, the shoot tips 
(1 mm long) excised from in vitro pineapple plantlets after 
incubation for 24 h in MS with 2.0 M glycerol and 0.4 M 
sucrose (MS4) were transferred to poly-propylene cryovials 
(volume: 2 ml; shoot tips/vial: 10) containing 1 ml MS4; 
these were incubated for 20 min at 25 ± 2 °C. Shoot tips 
were transferred to pieces of aluminum foil (5 shoot tips/
piece) containing micro-drops (0.1 ml) of PVS3 solution 
(pre-cryostorage treatment) for 60 min. The aluminum foils 
containing the shoot tips were placed in a tin containing ice 
cubes for 1 h. Shoot tips were placed in the regeneration 
medium, MS1 (Daquinta and Benegas 1997). Plantlets were 
hardened for 45 days.

Treatment 3: The pre-cryostorage conditioning treatment 
was carried out as for treatment 2. The aluminum foils con-
taining the shoot tips on ice for 1 h were then transferred to 
2-ml cryovials and immersed in LN for 24 h. Shoot tips were 
recovered at room temperature by discarding the PVS3 solu-
tion and replacing it with MS5 medium (MS + 1 M sucrose, 
1 ml, 25 ± 2 °C, 20 min). They were then transferred to MS1 
medium (same as initiation medium) to recover plantlets 
from shoot tips.

Plantlets from MS1 (taken from the three treatments com-
pared) were rooted on MS medium (MS3) transferred for the 
hardening stage (Yanes-Paz et al. 2000). Rooted plantlets 
of at least 5 cm height, 5–8 leaves, 4 roots and 4.5 g were 
removed from MS3 medium. The acclimatization trial, fol-
lowing a completely randomized design, included four reps 
(15 plants each) per treatment (3) and genotype (3). Plastic 
trays with 4 holes of 0.5 cm Ø for drainage contained 82 
cm3 red ferric soil and filter cake (1:1) per plant. Micro-
ject sprayed automated irrigation for 25 s every 30 min was 
applied (45 days). The photosynthetic photon flux density 
was 458 μmol m−2 s−1 for 45 days. Chemical fertilizers were 
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not used. The experiment was repeated twice. At 45 days 
after transfer from culture, the following indicators were 
recorded: fresh and dry weights per plantlet; stem height; 
D leaf (middle-aged leaf) (Ebel et al.2016) length, width 
and area; and diameter of stem base. SPSS (Version 8.0 for 
Windows, SPSS Inc., New York, NY) was used to perform 
ANOVA (p = 0.05).

DNA isolation was carried out following Kobayashi et al. 
(1998) with several modifications established by Yanes-Paz 
et al. (2012). Leaf samples (250 mg) taken from the 45 
days old hardened plants were macerated in 200 ml LN. 
The powder was re-suspended in 650 μl extraction buffer 
(50 mmol l−1 Tris–Cl, pH 7.5; 20 mmol l−1 EDTA, pH 8.0; 
0.3 mmol l−1 NaCl; 2% (v/v) sarcosil; 0.5% (v/v) sodium 
dodecyl sulphate; and 4.8 mol  l−1 urea). Then, an equal 
volume (650 μl) of phenol–chloroform-isoamilic alcohol 
(25:24:1, v:v:v) was added and mixed by inverting the tube 
several times. The mixture was centrifuged at 28,241×g for 
15 min at room temperature in a tabletop centrifuge (Tyfon 
II PRO R from the Republic of Argentina). DNA in the liq-
uid phase was precipitated by the addition of 0.8% (v/v) 
isopropanol at room temperature, centrifuged for 10 min at 
11,854g (RCF), then the pellet was washed with 70% ethanol 
(v/v) and the DNA re-suspended in 50 μl DNase-free water, 
containing 10 μg ml−1 RNAse A. The quality and integrity 
of the DNA were checked by electrophoresis on a 0.8% (w/v) 
agarose gel. In addition, both parameters were checked by 
spectrophotometric analysis.

The amplifications were developed in an Applied 
Biosystems® Veriti® 96-Well Fast Thermal Cycler under 
the following conditions: 3 min at 94 °C, followed by 39 
cycles 94 °C for 45 s, 48 °C for 45 s then 72 °C for 1 min. 
The final extension was developed at 72 °C and 14 °C for 
7 min each. The amplification products were first separated 
in a gel with 2% (w/v) of ultra-pure agarose to check for 
PCR products. Fluorescence-based ISSR analyzes of capil-
lary electrophoresis were conducted on an ABI PRISM® 
3130 DNA Analyzer (Applied Biosystems, Foster City, CA, 
USA). The primers in the sequence direction were labeled 
with FAM (blue) or HEX (green), and the Gen Scan TM 500 
ROX TM standard (red). To estimate the size of the variant, 
Peak Scanner software (Applied Biosystems, version 1.0) 
was used. In the Table 1 show the eight ISSR primers were 
tested hybridization temperature.

Results and discussion

Statistically significant differences (ANOVA, p > 0.05) for 
the phenotypic indicators evaluated (Table 2, Fig. 1). In 
general, 45 day-old pineapple plants averaged 10.5 ± 1.1 
(SE) g fresh weight; 1.85 ± 0.9 g dry weight; 12.2 ± 1.2 cm 
stem height; 9.1 ± 1.0 cm leaf length; 1.6 ± 0.8 cm leaf 

width; 7.1 ± 0.5 cm2 leaf area; and stem base diameter of 
1.4 ± 0.4 cm.

The plants of the three genotypes show an expanded 
foliar and root system, which leads to adaptation of ex vitro 
acclimatization condition. The phenotypic characteristics 
obtained by pineapple plants from cryopreserved shoot tips 
at 45 days of acclimatization correspond to the results of 
Aragón et al. (2013), Villalobos et al. 2012 and Pino et al. 
(2014). This result demonstrates stability in the morphologi-
cal characters of the plants of the three cultivars in acclima-
tization (Fig. 1).

The phenotypic characteristics of the plants show de effi-
cient recovery after applying the cryopreservation technique. 
The cryopreservation induces stress to the pineapple shoot 
tips, with repercussion on the morphological development 
of regenerated plants during in vitro and ex vitro conditions 
(Martínez-Montero et al. 2012). The correct pre-condition-
ing of donor in vitro plants generate an efficient regeneration 
of cryopreserved shoot tips during conditions in vitro and 
ex vitro (Villalobos-Olivera et al. 2019). Process guarantees 
the phenotypic stability by the plants of the three genotypes 
after 45 days of ex vitro acclimatization.

Importantly, the possible effects of cryopreservation 
were also not evident at the DNA level as there was no sign 
of polymorphism using the ISSR markers (Fig. 2). There 
was no difference in band pattern among the pre-treated or 
cryo-preserved shoot tips and control plants as shown by the 
absence of polymorphic bands with all the markers tested 
(Fig. 2).

Cryopreservation seems to be genetically stable. Cryopre-
served shoot tips of plantain (Agrawal et al. 2014), potato 
(Wang et al. 2014a, b) and sugarcane (Kaya and Souza 
2017) tested by use of SSR and ISSR markers, respectively, 
showed no differences compared to controls.

Cryopreservation is used to break the dormancy of 
recalcitrant species, such as Teramnus labialis (Acosta 
et al. 2019) and Neonotonia wightii (Acosta et al. 2020), 
without showing genetic variations (Matsumoto et  al. 

Table 1   Tested ISSR primers with data of hybridization and tempera-
ture

ISSR primers Hybridization (5′–3′) Tem-
perature 
°C

(31) TriCAC5′CR CRC​ACC​ACC​ACC​ACCAC​ 28
(32) TriCAC5′CY CYC​ACC​ACC​ACC​ACCAC​ 28
(34) TriCAG3′RC CAG​CAG​CAG​CAG​CAGRC​ 28
(37) TriCAG5′CY CYC​AGC​AGC​AGC​AGCAG​ 28
(47)TriTGT5′CY CYT​GTT​GTT​GTT​GTTGT​ 28
(57) TriACC3′RC ACC​ACC​ACC​ACC​ACCRC​ 28
(72) TriTCC3′RC TCC​TCC​TCC​TCC​TCCRC​ 28
(92)TriGAC3′RC GAC​GAC​GAC​GAC​GACRC​ 28
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Table 2   Typical phenotype of pineapple plantlets at 45 days of acclimatization

Statistically significant differences were not observed (ANOVA, p > 0.05, means ± SE). Plant materials compared: (1) conventional micropropa-
gation—derived plants (C1: control); (2) shoot tips never exposed to LN (−NL) (C2: control); and (3) shoot tips exposed to LN (LN+)
D is the middle-aged leaf (Py et al. 1987)

Cv. MD-2 Cv. Red Spanish Florencia Hybrid 54 (Smooth Cayenne/Red Span-
ish)

Plant materials compared Plant materials compared Plant materials compared

C1 C2 LN+  C1 C2 LN +  C1 C2 LN+ 

Fresh weight per 
plantlet (g)

10.48 ± 1.03 10.52 ± 0.99 9.99 ± 0.89 9.97 ± 0.87 10.48 ± 1.05 10.64 ± 1.07 10.78 ± 1.09 10.66 ± 1.06 10.97 ± 1.01

Dry weight per 
plantlet (g)

1.83 ± 1.17 1.88 ± 0.97 1.92 ± 0.15 1.98 ± 0.14 1.83 ± 0.15 1.87 ± 0.14 1.79 ± 0.16 1.78 ± 0.18 1.86 ± 0.13

Stem height (cm) 12.12 ± 1.18 12.54 ± 1.11 12.01 ± 1.14 11.99 ± 1.17 12.08 ± 1.33 12.52 ± 1.11 12.61 ± 1.15 11.97 ± 1.16 11.89 ± 1.17
D leaf length 

(cm)
9.11 ± 0.84 9.21 ± 0.91 9.33 ± 0.77 10.01 ± 1.21 9.98 ± 0.91 8.98 ± 0.78 9.62 ± 0.88 8.79 ± 0.77 8.88 ± 0.75

D leaf width 
(cm)

1.65 ± 0.13 1.59 ± 0.14 1.63 ± 0.13 1.77 ± 0.69 1.85 ± 0.12 1.69 ± 0.13 1.78 ± 0.13 1.59 ± 0.11 1.67 ± 0.12

D leaf area (cm2) 7.01 ± 0.68 7.52 ± 0.65 7.23 ± 0.55 7.32 ± 0.67 6.97 ± 0.55 7.09 ± 0.69 7.03 ± 0.68 7.10 ± 0.66 6.99 ± 0.42
Diameter of stem 

base (cm)
1.39 ± 0.11 1.43 ± 0.12 1.48 ± 0.15 1.54 ± 0.17 1.42 ± 0.12 1.54 ± 0.14 1.45 ± 0.12 1.43 ± 0.12 1.30 ± 0.11

Fig. 1   Typical phenotype of 
plantlets at 45 days of acclima-
tization. Statistically significant 
differences (ANOVA, p > 0.05, 
data not shown). Average 
information: 10.5 g fresh weight 
per plantlet; 1.85 g dry weight 
per plantlet; 12 cm stem height; 
9.1 cm D leaf length; 1.6 cm D 
leaf width; 7.1 cm2 D leaf area; 
and 1.4 cm diameter of steam 
base. (ABC) cv. MD-2, (DEF) 
Red Spanish Florencia, (GHI) 
Hybrid 54 (Smooth Cayenne/
Red Spanish) (ADG), con-
ventional micropropagation—
derived plants (C1: control) 
(BEH) Shoot tips never exposed 
to LN (−NL) (C2: control), 
(CFI) Shoot tips exposed to LN 
(LN+). The line is equivalent 
to 1 cm

A B C

D E F

G H I
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2015). LN has also been employed in cryotherapy to clean 
plant materials (banana sucker meristems) of pathogens, 
and has not affected their genetic stability (SSR markers) 
(Wang et al. 2014a, b). Also, ISSR markers have been used 
to confirm genetic stability after exposure to LN in citrus 
(Lambardi et al. 2004), Morus species (Rao et al. 2007), 
ginger (Yamuna et al. 2007), apple (Liu et al. 2008) and 
mulberry (Espasandin et al. 2019).

Contrasting to our results (Fig. 1), some articles claim 
that cryopreservation can introduce variations in the 
genome of plant material. These are Channuntapipat et al. 
(2003) in Prunus dulcis (Mill), DeVerno et al. (1999) in 
Picea glauca (Moench) Voss, Kaity et al. (2008) in Carica 
papaya L, and Johnston et al. (2009) in Ribes rubrum L. 
These authors cryopreserved unorganized tissues (cal-
lus and cell suspensions) and measured genetic variation 
with microsatellites. These changes are probably due to 
the use of poorly organized tissues such as callus or cell 
suspensions.

The genetic stability expressed by the plants is of great 
importance for the cryopreservation an micopropagation of 
the pineapple crop. The result for the first time that the pro-
cess from pre-conditioning donor plants in vitro to the expo-
sure in LN does not induce polymorphic variations plants. 
It also corresponds to what is established by (Kaya and 
Souza 2017), the cryopreservation does not induce genetic 
variations in the regeneration and adaptation of vegetable 
material.

The primers used in the research are of stable response 
and do not allow the loss of genetic information of the ana-
lyzed DNA fragment (da Silva et al., 2016). The character-
istics of representing stability or polymorphic variation in 
DNA, allows the reliability of the results (Souza et al. 2017). 
In addition, its characteristics are not affected by the devel-
opment stages of the plants (Silva et al. 2019).

Our results indicate that the cryopreservation procedure, 
especially the shoot tip exposure to LN did not alter the phe-
notype or genotype of three important pineapple cultivars, 
45 days after transfer from tissue culture. These results sup-
port cryopreservation as an important tool for conservation 
of pineapple germplasm.
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