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Abstract. The Rosa genus includes several species of ecological and conservation importance.
However, obtaining high-quality genomic DNA from Rosa leaf extracts can be difficult because
secondary metabolites can interfere with DNA extraction and subsequent molecular analysis. This
study evaluated the performance and versatility of the CTAB-based DNA extraction protocol for leaves
of Rosa acicularis Lindl., Rosa alberta Regel and Rosa spinosissima L. from the Altai and Tarbagatai
regions of Kazakhstan. Genomic DNA was extracted using a CTAB-based method and compared
with the DNA obtained using the primary extraction method. DNA concentrations were measured
spectrophotometrically. Differences between extraction methods were analyzed using Welch's t-test.

The CTAB protocol yielded the highest DNA amounts in the analysed samples. Average DNA
concentration ranged from 188.95 to 385.24 ng/ul, depending on species and location. The highest
average concentration was observed in R. acicularis from the Altai Mountains (385.24 4+ 142.22
ng/ul), and the lowest in R. spinosissima (188.95 £+ 89.38 ng/ul). Significant differences were found
between individual samples, especially in R. alberta from Tarbagatai and R. spinosissima from the
Altai Mountains. Samples processed with the primary extraction method generally showed lower and
more variable DNA content; differences between extraction methods were statistically significant ("p
<0.05%).

The CTAB-based protocol provided sufficient DNA extraction for molecular analysis of the
studied Rosa species and proved applicable to plant material from different regions of Kazakhstan.
However, the large variability between samples suggests that DNA concentration alone does not
fully reflect DNA quality. Further verification of DNA purity and PCR amplification efficiency is
recommended for subsequent molecular biological applications.
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Anjaarna. Rosa TYKbIMJAChIHA DKOJIOTUSIIBIK JKOHE TaOUFATThl KOpFaylda MaHbI3IbI OipHeIe
TypJiep Kipeni. JlereHMeH, UTMYPBIH >KallbIPaFbIHBIH CHIFBIHIBUIAPBIHAH JKOFApPhI Canaibl TCHOMIBIK
JHK any exiHmi peTTik MeTabomuTTepaiH 0oybiHa OailaHBICTBI KUBIH 00mybl MyMKiH, Oyi1 JITHK
SKCTPAKIMSIChIHA KOHE KEHIHT1 MOJIEKYJabIK TajjayFa KeAepri KenTipyl MymKiH. byn 3eprreyne
KazakcranusiH Antaii xoHe TapOararail aitMakTapbeiHia >kuHanFaH Rosa acicularis Lindl., Rosa
alberta Regel xone Rosa spinosissima L. xansipaktapsl yiiiH CTAB (uetuiarpumeTHiaMMOHUMA
opomuzi) kemerimen JIHK skcTpakiusi mpOTOKOIBIHBIH, THIMILIITT MEH oMOeOanThIFbl OaraaH]Ibl.
3eprrey OapbickiHna TreHomablK JIHK CTAB kemeriMeH OediHIN albIHIBI KOHE HOTHIKEIED
CTaHJAPTThI SKCTPAKIHUS 9IICIMEH allbIHFaH HOTHXKelepMeH canbIcThipbulabl. JJHK koHIEeHTpanmsce
CHEKTPO(OTOMETPUSAIIBIK TYPAE OJIICHAl. DKCTPAKIUs SAICTepl apachlHAAFbl albIPMAIIBUIBIKTAP
Voamurig “t'-TeCTiH Al aIaHbIIl TaIaHIbL.

CTAB nporokonsl Tannanran yiariaepae [JHK-HbIH cTaTucTUKanbIK TYpFbIIaH ailTapibIKTan
xorapel memmiepin Oepai. JIHK-HBIH opramma KOHIEHTPANUSACHI TYpPre J>KOHE JKUHAY OpHBIHA
OaitmanpicTel 188,95-Ten 385,24 wur/mki-re paeitin Oonnbl. EH JkoFapbl opraimia KOHIICHTPALUS
AnTaii aiimarbiHaH anblHFaH R. acicularis-te Oavikannbl (385,24 + 142,22 Hr/mxi), an eH
TOMEHTICI R. spinosissima-na Oavikanmabl (188,95 + 89,38 ur/mki). XKeke yariiep apaceiHaa, acipece
TapOararaiinan aneiarad R. alberta Mmen AnTtaliiaH albIHFaH R. spinosissima apacblHa aiTapiIbIKTai
alBIPMAIIBLUTBIKTAp aHBIKTANBL. CTaHIAPTTHI SICTI KOJAAHBII aHAM3CHIeH YATLIED, 9JeTTe, TOMEH
xoHe Typakchi3 JJHK KoHIIEHTpanusachlH KOPCETTi, SKCTPAKIIHS dIICTEPi apachlHAAFbl ABIPMAIIIBUTBIK
CTaTUCTUKAJIBIK TYPFBIIaH MaHbI31bI 0omasl ((p < 0,05°).

CTAB HeriziHzeri NpoOTOKON 3€pTTelAreH Rosa TypiepiH MOJIEKyJalblK Tajjay YILIH
xetkinikTi JIHK enimainirin 6epai sxoHe KazakcTaHHbBIH opTypill aliMaKTapblHAH aJbIHFaH ©CIMIIK
MaTepualbIMEH JKYMBIC iCTE€yre jkapamjbl OOJBIN IIBIKTHL. JlereHMeH, YiTiiep apachlHIarbl
antapnbikraii e3reprimrik JJHK KoHIEHTpaIuschIHBIH ©31 OHBIH CamachlH TOJBIK KOPCETIEUTIHIH
kepcereni. Monekynanblk Ouonorus 3eprreyiepinae ogaH opi maiganany ymin JJHK Tazanbirbsin
xoHe ITTP kymeiTy THIMILTITIH KOChIMIIIA TEKCEPY YChIHBIIAIBI.

Kint ce3nep: Rosa acicularis, Rosa alberta, Rosa spinosissima, CTAB nerizinneri oaic, JHK
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AnHotauusi. Pon Rosa BKIIO4aeT psi BUIOB, HMMEIOIIUX Ba)KHOE DSKOJIOTHYECKOE U
NpUpoAcOXpaHHOe 3HaueHue. OJHAaKO TMONIy4yeHue BhICOKOKauecTBeHHOM reHoMHoM JIHK wu3
9KCTPAKTOB JINCTHEB IIMIIOBHUKA MOXET OBITh 3aTPYHEHO M3-32 HAJTHYUS BTOPHUYHBIX METAOOIUTOB,
cnocoOHBIX TpensTcTBoBaTh BhLAeneHuio JIHK um mocnemyromemy MoONEKylsspHOMY aHaimu3y. B
JTAHHOM HCCJICIOBAaHUU OLIEHMBAIUCH 3((HEKTUBHOCTh U YHUBEPCAIHHOCTH MPOTOKOJIA BBIICICHHS
JHK ¢ ucnonb3oBannem CTAB (uetuntpumeTmiiaMmMonuii Opomuaa) st TuctbeB Rosa acicularis
Lindl., Rosa alberta Regel u Rosa spinosissima L., cobpannbix B Anraiickom u TapOararaiickom
pernonax Kazaxcrana. I'enomuyro JIHK Beigensuim merogom ¢ wucnonb3oBannemM CTAB, a
MOJyYEHHBIE PE3YNIbTaThl CPABHUBAIHM C JAHHBIMHU, MOITYYSHHBIMH MPU UCTHOIB30BAHUU 0A30BOTO
meTozaa skcrpakiun. Konnenrpamuio JIHK usmepsuiu criekrpodoTomerpudecku. Paznuuns mexay
METOJIaMHU BBIJICJICHHS AHAJIU3UPOBAIIN C TIOMOIIBIO t-KpuTepHs Yamya.

ITporokon ¢ ucnonp3oBanrnem CTAB mo3Bonun noiayunts Hanbonbiee koauyectso JJHK B
aHaymupyeMbix obpasnax. Cpennss kornentpanus JJHK Bapsuposana ot 188,95 mo 385,24 Hr/Mki
B 3aBHCUMOCTH OT BUJA M MecTa coopa. HauBeiciias cpemHsisi KOHIIEHTpalus Obljla oTMedeHa y R.
acicularis w3 Antaiickoro peruona (385,24 + 142,22 ur/mMxin), a camast Hu3kas — y R. spinosissima
(188,95 4= 89,38 ur/mki1). bbUTH BRISIBICHBI 3HAYUTENBHBIC PA3TAYUS MEXKIY OTACIBHBIMU 00pa3IiamMu,
oco0eHHO Y R. alberta u3 Tapbaratas u R. spinosissima ¢ Anras. O6pasiiel, 00paboTaHHBIE 6a30BBIM
METO/IOM, B IIEJIOM JEMOHCTPUPOBaIN Ooiee HHU3Koe W Ooree BapuabenbHoe copepxkanue JHK,
pa3nnyue MKy METOAaMH BhIAENIEHUS ObLIO cTaTUCTHYECKH 3HAYUMBIM (p < 0,05).

[Tpotokon Ha ocHoBe CTAB obecneunn Bbixon JIHK, moctarounsiii misi MOIEKYISIPHOTO
aHaJIM3a U3YYCHHBIX BUAOB Rosa, M OKa3aJcs MPUTOTHBIM i paOOTHI ¢ PACTUTEIIHHBIM MaTEPUATIOM
U3 pa3nnyHbIX pernoHoB Kazaxcrana. OpHako 3HaYMTENbHAS BapHaOEIbHOCTD TTOKa3aTeIed MEeXIy
oOpa3uamu CBUAETEILCTBYET O TOM, YTO O/1Ha vk koHeHTpanus JJHK He B monHoit Mepe oTpaxkaer
ee kayecTBo. JlJi1 AalbHEHIIEr0 MCIOJIb30BAHUS B MOJIEKYJISPHO-OMOIIOTHYECKUX HCCIIeI0OBaHUIIX
peKoMeHIyeTcst AonoiHuTeNnbHas mpoepka unctotsl JJHK u apdexruBroctu [MIIP-ammmdukarmn.

KiroueBble cioBa: Rosa acicularis, Rosa alberta, Rosa spinosissima, meton Ha ocHoBe CTAB, TIHK

Introduction. Obtaining high-quality genomic DNA is a fundamental prerequisite for a
wide range of molecular genetic studies in plants, including polymerase chain reaction (PCR),
DNA barcoding, phylogenetic analysis, population genetics, and DNA sequencing. The reliability
of subsequent analyses depends largely on the quantity, purity, and integrity of the extracted DNA.
Therefore, developing efficient, reproducible DNA extraction methods is a crucial step in molecular
research on plant species (Csaikl et al., 1998; Lutz et al., 2011; Xin & Chen, 2012; Aboul-Maaty &
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Oraby, 2019).

Isolating high-quality DNA from plant tissues can be challenging because plant cells contain
a complex mixture of primary and secondary metabolites. In particular, polyphenolic compounds,
polysaccharides, proteins, pigments, and other secondary metabolites may co-extract with nucleic
acids during tissue disruption and DNA purification (Khanuja et al., 1999; Friar, 2005; Varma et al.,
2007; Dehestani & Tabar, 2007; Japelaghi et al., 2011; Sahu et al., 2012). Polyphenols can oxidise
and form complexes with DNA and proteins (Jobes et al., 1995; Hadi et al., 2017; Heikrujam et
al., 2020), while polysaccharides can increase the viscosity of DNA preparations and interfere with
enzymatic reactions (Perlman et al., 1987; Lodhi et al., 1994; dos Santos et al., 2012). Consequently,
DNA preparations containing such impurities may lack sufficient purity and inhibit downstream PCR
and sequencing reactions. Thus, DNA extraction efficiency can vary significantly by plant species,
tissue type, and developmental stage (Rezadoost et al., 2016; Ruggieri et al., 2016).

Species of the genus Rosa are of particular interest for molecular genetic research due to
their significant morphological diversity, close interspecific relationships, and taxonomic complexity
(Matsumoto et al., 1998; Ritz et al., 2005; Koopman et al., 2008; Gaurav et al., 2022; Ergashov
et al., 2026). Molecular methods serve as valuable tools for species identification, phylogenetic
reconstruction, assessment of genetic diversity, and population studies of members of this genus
(Steele et al., 2011; Yang et al., 2012; Patwardhan et al., 2014; Dissanayake et al., 2020). However,
successfully applying molecular markers for Rosa species requires DNA of appropriate quality and
purity to ensure reliable amplification and sequencing. DNA extraction from wild Rosa species can
be particularly challenging because of the chemical composition of their tissues and compounds
that interfere with DNA purification and PCR amplification (Wissemann & Ritz, 2005; Kaul et al.,
2009; Debener & Linde, 2009; Maloupa et al., 2021). Among the species found in Kazakhstan, Rosa
acicularis, Rosa alberta, and Rosa spinosissima are important representatives of the genus (Vdovina
et al., 2024; Danilova et al., 2025; Yermagambetova et al., 2025); working with them may require
optimising standard DNA isolation methods. Obtaining DNA suitable for reliable amplification is
crucial for the subsequent molecular-genetic characterisation and species identification of these plants.

The cetyltrimethylammonium bromide (CTAB) method is one of the most common approaches
to plant DNA extraction because the reagent separates nucleic acids from various cellular components
(Rogers & Bendich, 1988; Allen etal., 2006; Liu et al., 2025). However, standard CTAB protocols may
need modification depending on the plant material and the concentration of interfering compounds.
It has been reported that adding purification steps and using substances such as polyvinylpyrrolidone
(PVP), reducing agents, or optimised salt concentrations can improve the quality of DNA extracted
from plants rich in secondary metabolites (Porebski et al., 1997; Yadav et al., 2018; Buljevi¢ et al.,
2025). Nevertheless, an extraction protocol optimised for a specific taxon or tissue type does not
necessarily yield satisfactory results when applied to other species (Yockteng et al., 2013; Jones et al.,
2023).

Despite the increasingly widespread use of molecular methods to study plant diversity
in Kazakhstan, DNA isolation procedures optimised for a range of wild Rosa species remain
insufficiently documented. Consequently, developing a reproducible method for obtaining DNA
suitable for PCR amplification is a vital prerequisite for further molecular-genetic research on these
species. This study compared a standard DNA extraction method with a CTAB-based method,
optimised a protocol for DNA extraction from Rosa acicularis, Rosa alberta, and Rosa spinosissima,
and evaluated the quality and suitability of the extracted DNA for subsequent molecular analysis via
PCR. The optimised procedure is intended to provide a reproducible approach to molecular studies of
these species, and potentially other plants that are difficult to analyse due to taxonomic or chemical
characteristics.

Materials and Methods. The modified (Porebski et al., 1997) original CTAB-based method
(Doyle, 1987) was applied to the leaves of Rosa acicularis, Rosa alberta, and Rosa spinosissima.
They were collected during the active growing season from Tarbagatai and Altai Mountains in eastern
Kazakhstan. They were subsequently air-dried, then transported to the laboratory in paper bags and
stored at -80°C. The dry leaves underwent further DNA extraction. 20-25 mg of each plant tissue
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sample taken from only healthy, young, non-browning, undamaged leaves was placed in a 2 mL
round-bottom microcentrifuge tube. Veins and petioles were removed as well. The tubes were labelled
with a permanent marker, indicating the sample number, species, and date. All manipulations were
performed using sterile equipment and nitrile gloves to prevent contamination.

The whole experiment took 4 days, but could be done in less time. Two metal balls were added
to each 2 mL round-bottom microcentrifuge tube with plant samples for mechanical tissue disruption.
Before homogenization, the tissues were placed in liquid nitrogen for 10-15 minutes to freeze the
samples. This was followed by a grinding process in a homogeniser under a fume hood by placing the
tubes symmetrically in a chilled tube rack. The maximum speed was set.

Prior to DNA extraction, the lysis buffer solution was prepared for two batches under a fume
hood, each containing 30 mL of CTAB, 0.6 g of PVP, and 60 pL of B-mercaptoethanol. Preheated on
a heating block at 65°C, 60 mL of CTAB Lysis Buffer BioChemica was separated into two tubes. 0.6
g of PVP was weighed for two tubes each and added. The solutions were vortexed. Finally, 2 portions
of 60 uL of B-mercaptoethanol were used to finish preparing the solutions. Total concentrations for 2
portions should contain 60 mL of CTAB, 120 pl of B-mercaptoethanol, 1.2 g of PVP.

The next step, called lysis, started with adding 1100 pl of prepared CTAB solution to the
sample tubes, each followed by vortexing and incubation in 4 cycles for 15 minutes each at 65°C. It
is important to note that after the first cycle, the metal balls should be discarded using a magnet, and
the fourth cycle can be done on the second day; thus, the incubated samples (3rd cycle of incubation)
were stored in a refrigerator.

On the next day, the samples were heated in a heating block at 65°C (4th cycle of incubation).
600-700 pl of chloroform was added to each sample and vortexed. If the solution remained
heterogeneous, the tubes were inverted several times to homogenise the mixture. The samples were
centrifuged at 12000 rpm for 5 minutes at 4°C, after which the supernatants (300-350 ul) were
transferred to newly labelled 1.5 ml microcentrifuge tubes. DNA was precipitated by adding 3 M
sodium acetate (pH 5.5) and 600 pl of 96% ethanol. The tubes were gently inverted 10-20 times until
visible DNA precipitation appeared, followed by overnight incubation at -20°C.

On the 3rd day, the samples were centrifuged at 12000 rpm for 15 minutes at 4°C. The
supernatants were discarded, and the tubes were briefly air-dried before incubating in a concentrator
at 60°C for 1 minute. DNA pellets were resuspended in 200 ul of RNase-free ddH2O; subsequently,
100 pl of 5 M NaCl was added, and the mixture was then vortexed thoroughly. Next, 600 pl of
96% ethanol was added, and the samples were mixed by gentle inversion, followed by incubation
at -20°C for 30 minutes. The samples were centrifuged at 12000 rpm for 10 minutes, after which
the supernatant was removed. The tubes were dried in a concentrator at 30°C for 2 minutes. 150 ul
ddHJO (RNase-free) and 1 ul RNase A (DNase- and Protease-free) were added to each sample and
mixed by gentle inversion. Before storing the samples in the refrigerator, they were incubated for 30
minutes at 37°C.

On day 4, the DNA samples were measured using the NanoDrop UV/Vis Spectrophotometer
(U2 MicroDigital, Republic of Korea). First, the tubes were vortexed and briefly centrifuged. The
spectrophotometer pedestal was cleaned with a lint-free tissue prior to and between measurements,
and 1.5 ul of the DNA sample was used. DNA concentrations and absorbance ratios were recorded.

The standard method via the DNA extraction kit (Jena Bioscience, Germany) (Olawuyi et
al., 2020) was also conducted to compare it with the CTAB-based method on Rosa acicularis
and Rosa spinosissima. Sample collection and preparation were done the same way as in the
above-mentioned protocol. Plant tissues were transferred to 2 mL microcentrifuge tubes containing
two metal homogenization beads and frozen in liquid nitrogen for 10-15 minutes. The powdered
material was homogenised at high speed using a bead homogeniser. Subsequently, 600 uL of Cell
Lysis Solution was added to each sample, followed by vortexing. The samples were incubated at 65°C
for 60 minutes, with occasional vortexing to maximise particle lysis. After thawing, the tissue was
removed using a magnet, and the lysates were stored at -20°C until the following day.

After thawing, 1.5 pL of RNase A solution was added to each lysate. The samples were
gently inverted and incubated at 37°C for 60 minutes, with occasional mixing. The lysates were then
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concentrated, and 100 pL of protein precipitation solution was added. After mixing and cooling on ice
for 10—15 minutes, the samples were centrifuged at 15,000 rpm for 15 minutes at -4°C.

The resulting supernatant was transferred to clean 1.5 mL microcentrifuge tubes, and 300 pL
of chloroform was added. The samples were vortexed for 20-30 seconds and centrifuged at 15,000 rpm
for 10 minutes and carefully transferred the upper aqueous phase containing genomic DNA to new
tubes. The DNA was precipitated with an equal volume (300 pL) of pre-warmed isopropanol (>99%),
then vigorously inverted. The samples were incubated overnight at -20°C and then centrifuged at
15,000 rpm for 5 minutes at -4°C. The supernatant was removed, and the DNA pellets were air-dried
and washed with 500 puL of wash buffer. The pellets were resuspended by vortexing and incubated
at 60°C until completely dissolved. The samples were centrifuged at 5,000 rpm for 5 minutes, after
which the supernatant was removed. A wash step was performed once with 500 pL. of wash buffer. The
pellets were then washed with 500 pL of ultrapure water and centrifuged at 5,000 rpm for 5 minutes.
Excess water was removed, and the DNA pellets were allowed to dry for at least 10 minutes. The DNA
was then resuspended in 100 pl of DNA hydration solution and incubated at 65 °C for 60 minutes,
with periodic agitation and brief centrifugation. The isolated DNA samples were stored at -20 °C until
further analysis.

The concentration of the synthetic genomic DNA was measured using a NanoDrop
micro-volume spectrophotometer. DNA quality was assessed based on concentration and
spectrophotometric purity (Olawuyi et al., 2020). The quality of DNA samples was statistically
compared with the quality of DNA samples extracted with CTAB-based methods to determine whether
the sample purity is acceptable for further genetic analyses.

Results. Using the CTAB-based method, DNA yield varied significantly by Rosa species and
sampling region (Table 1). For Rosa acicularis, the mean DNA yield was 385.24 + 142.22 ng/uL
in the Altai region and 230.68 + 119.02 ng/uL in the Tarbagatay region; for Rosa alberta, the yield
was 231.84 £ 109.41 ng/puL in the Altai region and 316.52 + 220.64 ng/uL in the Tarbagatay region.
Additionally, for Rosa spinosissima, the mean yield was 334.27 + 186.43 ng/uL in the Altai region
and 188.95 + 89.38 ng/uL in the Tarbagatay region (Table 1).

Table 1. Results of DNA concentrations of Rosa acicularis, Rosa alberta, and Rosa
spinosissima leaves by the CTAB-based method.

Species Area n Mean (ng/pl) SD (ng/pl) Minimum Maximum
Rosa acicularis Altai 8 385.24 142.22 171.68 531.98
Rosa acicularis Tarbagatai 8 230.68 119.02 51.84 409.72
Rosa alberta Altai 8 231.84 109.41 42.85 373.94
Rosa alberta Tarbagatai 8 316.52 220.64 3.83 654.75
Rosa spinosissima Altai 7 334.27 186.43 96.89 682.24
Rosa spinosissima Tarbagatai 8 188.95 89.38 37.89 292.76

Overall, DNA yield for samples extracted using the CTAB method ranged from 3.83 to 682.24
ng/uL. The highest mean yield was observed in Rosa acicularis from the Altai region (385.24 ng/uL),
while the lowest was in Rosa spinosissima from the Tarbagatay region (188.95 ng/uL). Significant
variability within groups was also observed, particularly for Rosa alberta from the Tarbagatay region
(standard deviation [SD] = 220.64 ng/uL) and Rosa spinosissima from the Altai region (SD = 186.43
ng/uL). Some groups showed high standard deviation values (Table 1).

Samples processed using the original DNA extraction method exhibited higher variability
(Table 2). The mean DNA concentration in Rosa acicularis samples from the Tarbagatai region was
37.93 +£44.45 ng/pL. In contrast, the mean concentration in Rosa spinosissima samples from the Altai
region was significantly lower, at only 6.80 + 11.46 ng/uL (Table 2).
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Table 2. Results of DNA concentrations of samples of Rosa acicularis and Rosa spinosissima
leaves by the original DNA extraction method.

Species Area n Mean (ng/pl) SD (ng/pl) Minimum Maximum
Rosa acicularis Tarbagatai 2 37.93 44.45 6.499 69.356
Rosa spinosissima Altai 3 6.80 11.46 -2.765 19.5

DNA concentrations obtained using the CTAB and standard extraction methods differed
significantly (Welch's t-test, p = 5.94 x 10~%) (Fig. 1). The CTAB method yielded significantly higher
DNA concentrations than the standard method. The box plot also revealed considerable variability
among samples obtained via the CTAB protocol, characterised by a wide interquartile range and
overall distribution of DNA concentrations. In contrast, DNA concentrations obtained using the
standard method were much lower and showed a narrower distribution. Several samples obtained via
the CTAB method exhibited exceptionally high DNA concentrations exceeding 600 ng/uL, whereas
concentrations obtained via the standard method generally remained below approximately 70 ng/uL
(p < 0.001).

CTAB VS Standard method

M ctAB M Standard method

1000,00
800,00
600,00
400,00

200,00

0,00 ——

Figure 1. Box plot diagram showing the statistical difference between CTAB and the standard
method (p<0.001 ****; significant by Welch t-test)

The resulting DNA underwent PCR analysis using specific primers (Fig. 2).

A RosaspTarb  RosaalbTarb B RosaalbAlt  RosaacicAlt

Figure 2. Agarose gel electrophoresis of genomic DNA (gDNA) from Rosa samples. (A) PCR
amplification of samples from Tarbagatai (Tarb) and Altai (Alt) regions. (B) PCR amplification of
samples from the Altai (Alt) region. M - DNA molecular weight marker; gDNA — genomic DNA

Discussion. The results indicate substantial differences in DNA yield from Rosa samples by

extraction method. The CTAB method generally produced DNA concentrations above the overall
mean; average values for the various groups (categorised by species and region) ranged from
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188.95 to 385.24 ng/uL. However, the high standard deviation values recorded in some groups
indicate significant variability among individual samples. The high variability among CTAB samples
may reflect differences in how individual plant samples respond to the extraction procedure.
Such variability may be linked to differences - across species or tissues - in the abundance
of polysaccharides, polyphenolic compounds, pigments, and other secondary metabolites. These
compounds can complicate the isolation and purification of plant genomic DNA and contribute to
variation in DNA recovery among samples (Darling, 2022).

Significant differences in DNA concentration may reflect the specific biochemical composition
of the leaf samples. Species of the genus Rosa contain high levels of polysaccharides, polyphenolic
compounds, and other secondary metabolites that can interfere with DNA extraction and subsequent
molecular analysis (Aboul-Maaty & Oraby, 2019). CTAB-based extraction protocols are widely
used for plant samples because CTAB removes polysaccharides, while the addition of PVP and
B-mercaptoethanol helps neutralise the effects of phenolic compounds (Porebski et al., 1997; Yadav
etal., 2018; Buljevi¢ et al., 2025). Thus, the high DNA yield observed in several groups demonstrates
the effectiveness of this CTAB-based protocol for most of the analysed Rosa samples (Xu et al., 2004;
Jabbarzadeh et al., 2009).

However, DNA concentration alone does not fully reflect the quality of the extracted DNA.
This is especially important for plant samples containing secondary metabolites, as co-extracted
compounds can inflate spectrophotometer readings without necessarily indicating the presence of
high-quality genomic DNA (Siegel et al., 2017; Tuncay & Uzun, 2025). When comparing primary
extraction results from the two methods using Welch's t-test, we found statistically significant
differences in DNA yield (p<0.001). This suggests that the improved DNA recovery with the CTAB
procedure may be due to the extraction chemistry's ability to facilitate cell lysis and separate DNA
from a complex mixture of plant compounds. This is particularly important for Rosa species, which
can contain high levels of phenolic compounds and other secondary metabolites. Modified CTAB
procedures incorporating components such as PVP have previously been developed for plant tissues
rich in polyphenols and polysaccharides (Porebski et al., 1997; Yadav et al., 2018; Buljevi¢ et al.,
2025).

A significant limitation of this comparative study is the relatively small number of samples and
the insufficient amount of reagents used for the primary extraction method. Specifically, the standard
method sample included only two R. acicularis specimens from Tarbagatai and three R. spinosissima
specimens from the Altai region. Future research should be conducted on a larger number of samples.

The results also suggest that extraction efficiency may vary by species and geographic origin.
The results indicate that extraction efficiency can vary depending on the species and geographical
origin of the samples. For instance, when using the CTAB protocol, R. acicularis samples from the
Altai region yielded higher average DNA concentrations than those from the Tarbagatai region. In
contrast, the opposite was true for R. alberta. A similar pattern was observed for R. spinosissima; DNA
concentrations were higher in the Altai samples than in the Tarbagatai samples. These differences
could reflect variation in leaf tissue properties, physiological state, environmental conditions, or
secondary metabolite content in plants grown under different conditions (Yang et al., 2018; Reshi
et al., 2023). However, because species and geographic groups were unevenly represented across the
two sampling methods, this dataset cannot disentangle the influence of these factors from the effect
of the sampling protocol itself.

Overall, the CTAB protocol yielded sufficient DNA for a significant proportion of the Rosa
samples and represents a viable method for DNA extraction from this genus. For samples consistently
yielding low DNA concentrations or unsatisfactory amplification results, further optimisation of
parameters - such as the amount of plant material, grinding method, incubation conditions, and
purification steps - may be required.

Conclusion. The results showed that modified CTAB was suitable for extracting genomic
DNA from leaves of Rosa acicularis, Rosa alberta, and Rosa spinosissima collected in the Altai and
Tarbagatay regions of Kazakhstan.

The CTAB method yielded significantly higher DNA concentrations than samples that
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underwent a standard DNA extraction method. Therefore, the modified CTAB protocol can be
considered a more effective method for extracting genomic DNA from Rosa leaves for subsequent
analysis. However, further investigation with larger sample quantities is needed.
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