Novel insight into the relationship between genomic sequence and bacteriophage morphology
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SEAY PHAGES

TACAGTCGAAAGGGTTACTACAAGTGGCACGCAAAATTTCGCCGCGCA!
CTCGAACTGGCGAAGCGCGACGCGAGAGCTCTTGAACTGTTCCAAATG

CATGACGTATCAAGAGATCGCCGATGCCAAATGGAAGGGCGGGACGCT
TCAACGGCGACAAGGGCAACTGT TACCGCACGATCCGAAAGCACATTC.
SAGGTCGTACGCGAGCCCGCCGAAGAAGCCCGCACAGAAGAGCTGCT#
SCTGAACAGCTATCTGAAGTCGCTCGGGCCGCGCGTGCTGCGCGGCGY
"GCAGGCGATCAATACCGCCCTGCGCGTGGGAGACAGCCGCGCGAAGC
CTCGGACTGTACGAGCCGATGAAGGTCGAAGCGTCCGGCCCGATGCAC
CGTCTTCAGCGCCGCCCTGCAGTCCAATGCAGGTATGGCCGAACCCGA
’ : o . N —
4

GGACGTCGAGCGCCGCAAGTGATCGACACAGCGCCGCAGAACTGCGT

CGTACAAATACGACCCGCACGCCGGGCCGCAGACAATCGCACATCACA

TCGTCGACGAGCTGCT T TACGGCGGCGCAGCTGGCGGCGGCAAGTCC

PR & g y ” v ATTCGCCCGCGCAGCTGCGGTGCTCGACTGCCTGACGTTICCCGGCAT
A X S P s GCGCGATCATCTICAGGCGCACCTICCCAGACCT ITGAACGTTICGGTCA
*® ta GAAGAGCTGAAGAAAGAAAT TCCGATCGAGATCGCCCGGTACAACGCC
CGAACACGCGTICAGGTICGCTAACGGGTCGGTACTCGAAATGGGCCA

NI

TGCAGCGGAAAGACGATCTCTACAAGTATCAGGGCGCCGAGTATCAGC
SGTCATCTTCGAAGAGGCGACGCTGTTTITCTCGAAACGATGT T TGACTACY
ICGTTCCCGCGTCCGCGCCGGTGGCGACGTAGCTGAGCTGT ICAAGCA

During the 2015-2016 academic year, our Phage Hunters group at UTEP aimed to characterize

novel bacteriophages infecting a laboratory strain of Arthrobacter sp. Arthrobacteria are typically B ORI VRO S SR Ry A A A A AT AT A G S S S EEEEE SR AN
found in humid environments; therefore, we searched for Arthrobacteriophages in two areas Nd S a%s fea - =7
within our region that exhibit substantial differences in humidity: the El Paso, TX, area in the 0l B o 9 SN It :

Chihuahuan desert, where forty-two soil samples were harvested, and the Lincoln National Forest S Y N £

in Cloudcroft, NM, where nine samples were collected. Whereas none of the samples collected in AL N @9 S e = - — -
El Paso were found to contain phages, one sample collected near Cloudcroft exhibited abundant LY T @9 N o s T I w1 1
phage activity. The absence of Arthrobacteriophages in the El Paso area is in marked contrast with © B Ns PR = »37:‘""[]\ui“'%:.ll.llwllll\mlv".'ffli.l'}"l“ HH
the high frequency of Mycobacteriophages reported in this area by our previous Phage Hunters R RS R Ns LR R R e
groups. Out of the single positive sample from Cloudcroft, upon multiple rounds of plaque oy R T
purification we obtained nine phage isolates, all of which were analyzed by electron microscopy V ; By 89 .,W..,'.dw..,..,.dw..,rﬁ.d.ﬂ.‘..,dw...w.n,;

and DNA restriction fingerprinting. Two morphologically distinct phage types were identified and , Y 9 A%
one phage from each type, namely Piccoletto, a Myoviridae, and Nahla, a Siphoviridae, were : i : ) . )

selected for DNA sequencing and genomic annotation. According to the sequencing data Soil Collection Enrichment Isolation Ampllflcatlon
obtained, Piccoletto and Nahla differed only by a 61 bp sequence that was present in both
genomes but that appeared to be duplicated in Nahla. In view of such limited genomic differences
between Piccoletto and Nahla, a surprising finding due to their large morphological differences,

- Sequence data indicated that Piccoletto and Nahla differed from each other by a 61 bp repeat.
we considered it essential to further confirm the data. To this end, we first performed a second R E S U L T S o . d h d b i hol ical diff
round of electron microscopy, which produced images consistent with those previously obtained. B ectron MICroscopy ata snowed substantia morpnologica lrerences.
Second, we explored the genomic region containing the putative 61 bp duplication in Nahla by - To confirm the data, we analyzed the region containing the 61 bp repeat by PCR and sequencing.
PCR amplification and DNA sequencing of the PCR products. In these studies, the range of '
templates used for PCR amplification included the DNAs used for genomic sequencing and the
phages used for electron microscopy. These analyses denied the existence of any sequence DNA Ladder HTS DNA Ladder Xmpnl
difference in that region between Piccoletto and Nahla. Finally, we performed restriction analyses ' I
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of genomic DNAs purified from the phages used for electron microscopy. These analyses revealed
an identical DNA restriction profile for both phages. Altogether, the data obtained leads us to
conclude that the dramatic difference in phage morphology between Piccoletto and Nahla must
be attributed to a factor other than genomic sequence differences. We postulate that the
morphological differences may be due to differentially requlated phage gene expression involving
an epigenetic mechanism. The existence of two morphological stages for the Arthrobacter
bacterial host justifies the need for two different morphologies in a phage targeting a single host.

INTRODUCTION

Arthrobacter is a gram-positive coryneform soil bacteria that is aerobic in nature and
displays two distinct morphologies depending on culture age (1, 2).

Fig. 3. Electron microscopy images of Piccoletto and Nahla indicate striking morphological differences
between them

Fig. 1. PCR analyses of the region containing the putative 61 bp repeat in Nahla indicate the absence of The images captured illustrate the stark differences in morphology between Piccoletto and Nahla. According to

EXpO nential Growth Stationa ry Phase such repeat and that the two genomes are identical in this region Fig. 2. Restriction digestion of Piccoletto and Nahla further support that the genomic the images, Piccoletto is classified as a Myoviridae while Nahla is classified as a Siphoviridae. Surprisingly, this
PCR analyses were performed using custom designed primers to amplify the region containing the 61 bp repeat sequences of these two phages are identical drastic difference was not reflected in the genomic sequences of these phages, as they were reported to be
that differs between Piccoletto and Nahla. High titer phage stock (HTS) as well as genomic DNA (gDNA) for both Genomic DNA was purified from both Piccoletto and Nahla high titer phage stocks. The DNA identical to one another except for the presence of the putative 61 bp repeat in Nahla. However, our PCR
phages were used as template DNA for individual reactions. I[dentical products at approximately 450 bp were was ;ubjected to digesjtion with Xmnl, which yielded t.he egpected restriction finge.rprint. The analyses indicated that such difference was NOT real.
Arthrobacteriophages are bacteriophages that specifically infect Arthrobacteria. These obtained for all template DNAs used. 1 kbp and 100 bp indicate DNA ladders of the respective increasing length restriction profiles confirm that the two phages share identical genomic DNA. Undigested

phages are currently poorly characterized and have yet to be fully understood. used as molecular weight markers. genomic DNA for each phage was included as a control.
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We searched for Arthrobacteriophages in two areas within our geographical region
that exhibit substantial differences in humidity: The El Paso, Texas, area in the 1 \ i
Chihuahuan desert, and the Lincoln National Forest in Cloudcroft, New Mexico. Nahla | | e ' e
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CGCATAAGCCCGCGAAGTGCGCGAACTGCGGCGAAGCCTGCACGGGCCGGGATGCGCTGCCTGCGTGCAATCGCTGCCTGCCGATCGTTAGGGCGAAACGGGCCGTGCGGGATAAGGGCGGCTG CTCAGTGCCTTG TAACAAT CGC GAAAACTGAGCGATGGT TTGCATACGACCGCGCCGCCCECATAAGCTCGAACCGTTAGTACAACTCGAACCGCCAGAAAGGCAACGCAATGCCCAACACACACATGCGCGACGCGACAATCGCAGCCGCGCAGCTGATC AGTGAAGAA
CGCATAAGCCCGCGAAGTGCGCGAACTGCGGCGAAGCCTGCACGGGCCGGGATGCGCTGCCTGCGTGCAATCGCTGCCTGCCGATCGTTAGGGCGAAACGGGCCGTGCGGGATAAGGGCGGCTG CTCAGTGCCTTG TAACAAT CGCGAAAACTGAGCGATGGT TTGCATACGACCGCGCCGCC(*CATAAGCTCGAACCGTTAGTACAACTCGAACCGCCAGAAAGGCAACGCAATGCCCAACACACACATGCG CGACGCGACAATCGCAGCCGCGCAGCTGATCAGTGAAGAA
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Arthrobacter phage Piccoletto complete sequence, 49808 bp, circurlarly permuted, .
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El Pa SO, X % Fig. 4. DNA sequencing of the PCR products obtained for the region containing the putative 61 bp repeat confirms the lack of sequence differences between Piccoletto and Nahla in this region Fig. 5. Gepard dot plot of Piccoletto v. Nahla
’ gL LC PR The PCR products illustrated in Fig.1 were sequenced by The University of Texas at El Paso, further confirming the synthesis of identical products for both Piccoletto and Nahla template DNA. This dot plot illustrates complete sequence identity between Piccoletto and Nahla.

61 bp repeat in Nahla Nahla

i & + rae
= S e e e e e e
)

ACKNOWLEDGMENTS

This work was supported by the Department of Biological Sciences at the University of Texas at
El Paso in coordination with the Howard Hughes Medical Institute SEA-PHAGES program. In
addition, we would like to thank the University of Pittsburgh for providing complete sequences
of our phage genomes. Special thanks to Elizabeth T. Anaya for her dedication and

Forty-two soil samples from the El Paso, TX, area were negative for Arthrobacteriophages.

One out of nine soil samples from Cloudcroft, NM, yielded two distinct Arthrobacteriophages. 1 2 3
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61 bp sequence in Piccoletto Piccoletto

The distinct morphologies of Restriction digestion and PCR We are led to conclude that the contributions to this program throughout its duration and Dr. Chuan Xiao for his assistance
. Piccoletto and Nahla have been analysis have confirmed that dramatic difference in phage with electron microscopy.
PI C C O | ett O con firme d by tWo roun dS o f electron PiCCOle‘L‘tO an d Nahla share morphology be tween PiCCOle o an d N I e e e e e EEEEEEEl EEEEEE-.

microscopy, demonstrating that they  identical genomes despite their ~ Nahla must be due to a factor other

are morphologically different from stark morphological differences. than genomic sequence. We R E F E R E N < E S
each other. hypothesize that the morphological

differences may be due to differentially
regulated gene expression involving an
epigenetic mechanism.

Fig. 6. Analysis of the 61 bp region
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