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ABSTRACT. We assessed the transferability of 120 EST-derived
Eucalyptus microsatellite primers to Campomanesia adamantium and C.
pubescens. Both species are berry trees native to the Brazilian Cerrado,
and population genetic information is poor. Twelve markers were used to
analyze the genetic variability of four sampled populations. Regarding DNA
extraction, we sampled leaf tissues from two populations of each species
(80 individuals). Of the 120 primers evaluated, 87 did not amplify any PCR
products, and 21 rendered nonspecific amplification. Twelve primers were
successfully transferred, providing a low combined probability of genetic
identity for both species (5.718 x 10° for C. adamantium; 1.182 x 10" for
C. pubescens) and a high probability of paternity exclusion (0.99939 for C.
adamantium; 0.99982 for C. pubescens). The average number of alleles in
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the polymorphic loci was 6.8 for C. adamantium and 7.8 for C. pubescens,
ranging from 2 to 16 alleles per locus. The observed heterozygosity values
for C. adamantium and C. pubescens were 0.504 and 0.503, respectively,
and the expected heterozygosity values for C. adamantium and C.
pubescens were 0.517 and 0.579, respectively. The populations exhibited
structured genetic variability with 6P values of 0.105 for C. adamantium and
0.249 for C. pubescens. Thus, we concluded that these 12 microsatellite
markers, transferred from Eucalyptus, were efficient for population genetic
studies of C. adamantium and C. pubescens.
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INTRODUCTION

Campomanesia adamantium O. Berg and C. pubescens DC. are two species of berry
trees native to the Cerrado biome, and the genus is a member of the Myrtaceae family.
Campomanesia plants are well-known berry trees whose fruits are called “gabiroba”, and
they are utilized by local populations as edible fresh fruits or for culinary purposes in jellies,
jams, ice creams, alcoholic beverages, and folk medicines (Ferreira, 1972). The genus also
has considerable economic potential regarding bioactive compounds for pharmaceutical use
(Czaikoski et al., 2015).

C. adamantium has interesting traits associated with its domestication, including varia-
tion in optimum harvest and consumption times (Santos et al., 2015), seed germination, and seed
storage (Dresch et al., 2013, 2014). Previous morphological and molecular analyses of genetic di-
versity based on random amplified polymorphic DNA were conducted using progenies of 140 trees
(de Assis et al., 2013). However, little information about the genetic diversity of Campomanesia is
available. Additional population genetic studies are needed to support conservation and breeding
programs, particularly since genetic variability in Campomanesia and other species is quickly being
lost as Cerrado degradation continues. The biome is a hotspot for biodiversity conservation (Myers
et al., 2000), and it is a key target for genetic variability maintenance and the sustainable use of
genetic resources.

Microsatellites are one of the most widely used molecular markers in plants (Kalia et
al., 2011). However, primer development for species with little or no genomic information is ex-
pensive. The conservation of transcribed regions between species allows the transference of
expressed sequence tags (ESTs) that are derived from simple sequence repeat markers with
a high success rate (Kalia et al., 2011). Several microsatellites have been transferred between
different genera of the Myrtaceae family (Zucchi et al., 2002; Rai et al., 2013; Ferreira-Ramos
et al., 2014; Nogueira et al., 2015), and this lowered the cost required for genetic diversity es-
timates. Therefore, the goal of this study was to investigate the heterologous amplification of
microsatellite loci developed for Eucalyptus and to test their ability to genotype C. adamantium
and C. pubescens.

MATERIAL AND METHODS

We analyzed 80 equally distributed samples from the Goias State populations of Mineiros
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(C. adamantium), Trés Ranchos (C. adamantium), Santa Rita do Araguaia (C. pubescens),
and Caiapdnia (C. pubescens). Prior to the amplification of all of the collected samples, cross-
amplification was tested in three C. adamantium individuals using 120 EST-derived Eucalyptus
primers (Grattapaglia et al., 2015) (Table 1). Genomic DNA was extracted from leaf tissue
using the cetyltrimethylammonium bromide 2% protocol (Doyle and Doyle, 1987). Polymerase
chain reaction (PCR) was performed in a 10-uL final volume that contained 7.5 ng template
DNA, 0.22 yM primers (forward + reverse), 0.23 uM dNTPs, 3.25 mg bovine serum albumin
(25 mg/mL), 1X reaction buffer (10 mM Tris-HCI, pH 8.3, and MgCl,), and 1 U Tag DNA poly-
merase. The following PCR program was used: an initial step of 5 min at 94°C; 35 cycles of
30 s at 94°C, 1 min at 48° to 62°C (depending on the primer), and 1 min at 72°C; and a final
extension at 72°C for 45 min.

Polymorphisms were detected by running the samples on 6% denaturing polyacryl-
amide gels stained with silver nitrate. Each transferred forward primer was labeled with fluo-
rescent dyes (5' HEX, 5' NED, or 5' 6-FAM) (Table 1). The lengths of the amplified products
from the 80 samples were determined using an ABI3500 automated sequencer. Allele binning
and calling were performed using Data Collection and GeneMapper 5.0 (Applied Biosystems)
softwares, and null alleles were detected using MICRO-CHECKER version 2.2 (Van Ooster-
hout et al., 2004) software.

Analyses of genetic variability, including observed (H,) and expected (H,) heterozygosity
values, Hardy-Weinberg equilibrium (HWE) (Nei, 1973), inbreeding coefficients (Weir and Cocker-
ham, 1984), and linkage disequilibrium were performed using the Bonferroni correction included in
the FSTAT 2.9.3.2 software (Goudet, 2001). The probability of genetic identity (1) (Paetkau et al.,
1995) and the paternity exclusion probability (Q) (Weir, 1996) for each locus were estimated using
the Identity 1.0 software (Wagner and Sefc, 1999).

RESULTS

Of the 120 tested primers, 87 (72.5%) lacked amplification, 21 (17.5%) amplified non-
specific fragments, and 12 (10%) amplified clearly polymorphic alleles. The allele size of these
12 markers ranged from 199 to 384 bp, and the number of alleles ranged from 2 to 16. In C.
adamantium, 82 alleles were amplified, with an average of 6.8 alleles per sample. Ninety-five
alleles, with an average of 7.8 per locus, were amplified for C. pubescens. Regarding genotyp-
ing, it is possible to run three multiplexed reactions with four sets of primers each (Table 1).
C. adamantium and C. pubescens loci EMBRA 1364 and EMBRA 1374 and C. pubescens loci
EMBRA 1335, EMBRA 2011, EMBRA 809, and EMBRA 1470 showed significant heterozygote
deficiencies based on the null allele analysis.

Average H_ and H_ values were 0.517 and 0.504 for C. adamantium and 0.579 and
0.503 for C. pubescens, respectively. C. adamantium and C. pubescens respectively exhibited
five and seven loci that were not in Hardy-Weinberg equilibrium (P < 0.05). The combined prob-
ability of genetic identity values were 5.718 x 10-'° for C. adamantium and 1.182 x 10" for C. pu-
bescens. The probability of paternity exclusion values were greater than 0.999 for both species.
C. adamantium and C. pubescens exhibited one and nine loci pairs that significantly deviated
from linkage equilibrium (P > 0.05), respectively. Furthermore, populations of both species have
significantly structured genetic variability (F = 0.306, 6P = 0.105 for C. adamantium; F = 0.422,
6P = 0.249 for C. pubescens) (Table 2).

Genetics and Molecular Research 15 (1): gmr.15017658 ©FUNPEC-RP www.funpecrp.com.br



E.A.G.C. Miranda et al.

‘Anuapi onauab jo Ayjigeqoud = | ‘uoisnjoxa Ajuisied jo Ayjiqeqold = p ‘AusobAzolssioy
paniasqo = °H ‘AisobAzoleiay pajoadxe = Y Jequinu saj|le = "N ‘ebuel dljaje = Yy Jeisnio xaidninw = |\ ‘@Ap Jusdsalon) = g4 (0,) aineiedws) Buljesuue = e

,0Lxz8L'L | 6660 | €050 | 6890 | €82 | o.0Lx8LL | 6660 | bOSO | 6es0 | 870 uealy
1220 €pe0 | 0080 | 2850 | 2 910 9zv'0 | 000 | evo0 | 8 | zseiszz aaN | ss | Y Vv (900) | 6e6L VHENT
6120 8580 | 5210 | ¥850 | § 920 8900 | szvo | zvio | € | ezenze Wvd | 9g m%«ww&wwwwwwwwwﬁw%mw Mov) | 0lpl Va3
5900 2190 | oozo | wigo | 2 €500 £59'0 | 2€80 | z€80 | oL | 96202 X3H | 65 MMM&M@WMWWMMMMN&S%*NM %001) | z9el vyana
099°0 6800 | S2Z'0 | 2020 | vze'0 zez0 | 000l | g0 | € | Leeele XaH | 95 | T e oo o) (99v) | 9,01 VyENT
6100 9180 | 0380 | 1260 | SI 5500 9v9'0 | Sz8'0 | 0z8°0 | 4L | loe/69z aan | z9 M memwm%wwww,w%wmw%,mﬂmm *(51) | 898l vyaNI
€98°0 ¥e0'0 | s.00 | €200 | 1560 2100 | sz00 | sz00 | z | cozest aaN | 29 | E O Tovan g o | “(910010) | 118k vaana
2510 vev'o | szeo | 2690 | 2 810°0 6,50 | 9520 | 8820 | 8 | veemse W | gs | e o | “190090) | 26l vaEW3
€900 2290 | si20 | 8180 | 8 6500 290 | sz80 | 9z80 | 9 | zzewoe X3H | 85 wwwwww_ﬂwwwwwwwwww&w (009) | £9gl vyaNa
€200 89,0 | 9990 | 5680 | 9L 000 8800 | S.10 | 2940 | S | ooe/ez QAN | 86 | S e ovesy ey o] (0L9) | 110z vean
160°0 2550 | s290 | W0 | 2b €100 6280 | 0520 | 1260 | 9 | Sve/soe VA | 6s | o oo | (0010) | pogL vaEw3
9210 60 | 0os0 | oero | 2 1560 2100 | szo0 | szo0 | z | seemie X3H | 9g mmo%%%h%ww%mwwwﬁwwwmw S(119) | secl vaana
6510 0sv'0 | vze0 | vloo | 9 zz1'0 1870 | szo0 | 1ezo | 8 | szzest QAN | 15 | e 0o (10) | 608 Va3

! O DI wI (2 ! O OI WI <2 v a4 el @ouanbas Jawig now umwawm SNJ207

susouaqnd ejssuewodwe)

wnpuewepe ejssuewodwed

"seousqnd "D pue wnjuewepe eissuewodwe)) 1oy s|ieyep uopeoy|dwe pue S8}i||8}esololW paliajsuel] *| ajqeL

©FUNPEC-RP www.funpecrp.com.br

Genetics and Molecular Research 15 (1): gmr.15017658



Microsatellite markers for Campomanesia (Myrtaceae) 5

Table 2. Genetic variability estimates for four Campomanesia populations.

Populations
Mineiros Trés Ranchos Mean Santa Rita do Araguaia Caiapbnia Mean
Na 5.750 5.250 5.500 6.500 5.160 5.830
He 0.531 0.504 0.517 0.629 0.529 0.579
Ho 0.504 0.505 0.504 0.498 0.507 0.503
f 0.052 -0.002 0.025 0.213 0.042 0.138
Campomanesia adamantium Campomanesia pubescens
F 0.306 0.422
0| 0.105 0.249

N, = mean allele number, H. = expected heterozygosity, H, = observed heterozygosity, f = fixation index within
population, F = population total fixation index, 6P = genetic divergence between populations.

DISCUSSION

In general, the expected cross-amplification success rate between genera is about
10% (Barbara et al., 2007). Therefore, our primer transfer from Eucalyptus to C. adamantium
and C. pubescens was effective and within expectations. However, high microsatellite transfer-
ability rates (up to 40.51%) from Psidium guajava to Campomanesia (C. guaviroba, C. hirsuta,
and C. phaea) were reported (Nogueira et al., 2015). The differences in the results suggest that
transferability varies between species and groups, and this is likely due to genetic proximity.
The multiplexing of the 12 transferable primers into three quadruplexed reactions also saved
time and resources.

The studied populations displayed significant population genetic structure, and no statisti-
cally significant inbreeding was detected. Within populations, variability accounted for the majority
(~75%) of the total variation, and both species exhibited high values of H_, and mean genetic diver-
sity. However, higher genetic diversity was observed among C. pubescens individuals compared
to C. adamantium individuals, and this is relevant information for the establishment of effective
population conservation, management, and breeding strategies. Furthermore, the successfully
transferred microsatellite loci will be useful in future population genetic studies of these and other
Campomanesia species.
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