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Bioinformatics for Single Cell Genome Study

Division of Bio-medical Information, Center for Genome Science, NIH, CDC

Kim Sang Cheol, Cho Seong Beom

With the development of molecular biology and biotechnology, it is now possible to identify the characteristics of individual single cells by

looking at the quantitative genomic changes. To look at individual single cell genome, amplification and sequencing techniques should be

combined. The characteristics of single cells produced by next generation sequencing (NGS) technology are a combination of the

characteristics generated by the amplification technology and the common characteristics of the existing next generation sequencing data,

thus, a variety of bioinformatics views are required to analyze this data. In this article, we reviewed the background and limitations of

bioinformatics methods used for single cell genome analysis.
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Figure 1. Workflows for amplifying and sequencing the RNA or genomic DNA of a cell. MDA, multiple displacement amplification; RT,
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Abstract

Characteristics of vancomycin-intermediate Staphylococcus aureus (VISA) isolates in Korea, 2015

Division of Antimicrobial Resistance, Center for Infectious Disease, NIH, CDC
Lim Gyo-Jin, Kim IlI-Hwan, Park Chan

BACKGROUND: Vancomycin is being used for treatment of methicillin-resistant Staphylococcus aureus (MRSA), but vancomycin-
intermediate S. aureus (VISA) emerged and was reported in Japan in 1996. Since then, VISA and vancomycin-resistant S. aureus (VRSA)
have become growing concerns worldwide. In the present study, we investigated the characteristics of VISA isolated in Korea in 2015.

METHODOLOGY: Confirmatory tests for vancomycin resistance were performed on S. aureus isolates procured from tertiary hospitals
that participated in the Sentinel Surveillance System for VRSA and VISA in 2015. VISA isolates were confirmed by vancomycin MIC values
of agar dilution, broth microdilution and Etest according to the CLSI guideline (M100-S24, 2015). Molecular characterization was performed
using MLST, SCCmec, agr, rep-PCR typing, and toxin genes, including, toxic shock syndrome toxin-1 (TSST-1) and enterotoxins.

RESULTS: Thirty-five out of 53 referred isolates were identified as VISA isolates with vancomycin MIC of 3 mg/L or more. The isolates
were characterized as follows: ST5-SCCmec II-agr 11 with enterotoxin genes of sec-seg-sei (31 isolates), sea-sec-seg-sei (3 isolates), and
negative (1 isolate), respectively. TSST-1 gene was detected in all VISA isolates. Rep-PCR typing showed that 34 VISA strains belong to the
same cluster (>95% homology).

CONCLUSION: In 2015, 35 VISA strains were isolated in Korea, but VRSA was not detected. All VISA isolates showed ST5-SCCmec
II-agr 11 type patterns.

S07l= & U AGl LA (Oxacillin)o] E4 wEjA il
AREAL Q] =W 3AF oA ReE A EE=ESe]
P SE et (Staphylococcus aureus, S, aureus)< LAY YAELS 60-75%= YERGAL Qar, = Q9F
7Y, w85 wE, ASE 5 U H495s do7le YA WAEES 80% A== QI QITHI],
A=A il 8 ejlito 2 HiEl SIrHl], MRSAQ] &30 & I3t MRSA 9% A|=of uhautelxl
1940 &e] #YA(Penicillin)o] 9ol A= =¥l (Vancomycin)o] AMEEGOU whsmtol4l 5k WA
Sl 7F 2 Fol| AFEE|Q oLt 1950 o] HuAl=™l S dF(Vancomycin—intermediate S, aureus,
WA Az =to] 60% older 7 ol A=Esh| VISA)o] 1996\de]l Ul A5 E=L[2], o & ul=,
Hste] 7k wE]A=- (Methicillin)o] 196099 =% 0Lt =Y, Q=S HEste A AAMer e HauwEglow3],
71 oh3il 196160 el W] S =St (Methicillin—  ghpoflkl= 200090 AS HALEQICHA], 9= 3¢ T
resistant S, aureus, MRSA)0| &d5l7] AZHICH2), $H4 0.07%, \l=+ 0.3—2.3%, €=+ 0.8%, Y& 0.24%°] $++o =
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Ao g AL, E-test A/FHOZ MIC <2 ug/mo|H

Hd, 4-8 w/me T W, >16 wg/mi=

=

N

Fr/d, >3-8 wg/miolH F5= WA, 212 ug/ml= WIS E
TAsIATE 37 AlEH = 1714] oAollA] FEE Yalo g
slolg]yl VISAR WAslgon] EZ2iFE 37 Adso
IC A7} 5819 ol A=A Sletsiet. 1 A F

3557F VISAZ RIS, 19 1759 Aol oist

fob ok

=

Sz wokato] HEl A WS mecA FAARO] osfiA
ettt mecA §HA= Staphylococcal Cassette
Chromosome mec (SCCmec)0)el= o)A {-H-xF HQlo
YA B, dHERES SCCmec I-1VE &3t
Accessory gene regulator (agr) operon hemolysin,
exoprotein, exotoxin 9 SAQIR} wH&of Foisial
H7IMGol wef 4714 FFRE EFErHagr group I-1V),
EA8 A= A=A (Staphylococeal enterotoxin) G-AAF 9%
(sea—see, seg—se))d} WY, EUAIs} WA 59] Staphylococcal
Toxin Shock Syndrome (TSS)S Yo7|= =4 &5 255
L4 (Toxic Shock Syndrome Toxin—1, TSST-1) G2} 0]
HuE|QeH8], wheba VISA Eej5e] BA8ESH B4
gholsly] 98 SCCmec &, agr &, A= 9% (sea—see,
seg—sej), TSST-1 FAAS ZFZF multiplex PCRE AA|5}o]
SOISIATHI). E3E HalE VISATR] Btk foyAS
A7 ske] 77l19] House keeping gene (arce, aroe,
glpt. gmk, pta, tpi, yqil)& ©]-85}o] MultiLocus Sequence
Type MLST)S E57351921, rep—PCR W2 & fingerprinting
patterng ZA5to] #5520 FAFE BlaR skt

2015 VRSA A4 S Fdf ERledd VISA &

2

jus
-
N
Lo
1
E
i)

MAHA] vl Aol A 1057 MIC 4 ug/me]al, E—test
Ao AL 2737 MIC 3 wg/ml, 8F= MIC 4 ug/mlE
YEeERHICHTable 1),

16714 Aol diet 4=/ A2} vancomyein| 22

Table 1. Antimicrobial susceptibility results of 35 VISA isolates in Korea, 2015

Methods for antimicrobial susceptibility testing

MICs (ug/m@) of vancomycin

Interpretation

Agar dilution method -
Broth microdilution method 3

E-test -

- 10 - S (25) /1(10)
- 10 - S (25) /1 (10)
27 8 - 1(35)

Abbreviations: S, Susceptible; |, Intermediate
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Table 2. Antimicrobial susceptibility pattern of 35 VISA isolates in Korea, 2015

Antimicrobial class

Antimicrobial agents

Number of isolates

Penicillin
Ampicillin
B-lactams
Oxacillin
Cefazolin
Gentamicin
Rifampicin
Ofloxacin
Trimethoprim/Sulfamethoxazole
Teicoplanin
Tigecycline
non—B-lactams
Clindamycin
Daptomycin
Erythromycin
Linezolid

Quinupristin/Dalfopristin

Tetracycline

Susceptible Intermediate Resistant
0 0 35
0 0 35
0 0 35
0 0 35
12 0 23
16 0 19
0 0 35
35 0 0
34 1 0
29 0 6
0 0 35
31 0 4
0 0 35
35 0 0
35 0 0
1 0 34

glycopeptide A|B9] v& ¥+t teicoplanind] theiAl=
1577} S55 Yo = SRIESIH, p-lactam AG9] FtAlRl
penicillin, ampicillin, oxacillin, cefazolinoAl+= 25 Ao =
RIS, Non—p-lactam A|E2] FtA] 5 gentamicinol A=
233, rifampicinoAl+= 195, tigecyclineo|A= 65,
Daptomycinol|Al= 455 tetracyclineo|A+= 345, ofloxacin,
clindamycin, erythromycinolAl= 3557 AL =
gkolE®l o trimethoprim/sulfamethoxazole, linezolid,
quinupristin/dalfopristindf|A= B ZAdo 2 SRIEQIch

(Table 2).

Table 3. Molecular characteristics of 35 VISA isolates in Korea, 2015

=5 3559] VISA 412 &4 23t 355 25 SCCmec
118, agr 11 o2 &9 TSST-1 SHAAE HF
AEEA Ama fA% = 3157 sec, seg, sel HAALE,
35+ sea, sec, seg, sei FRAAE zkl QIglom 15 A=A
TS 2] g Ao = SIEITE MLST #4] AafofA =
355 W5 STHE &olo]| ERItk(Table 3).

3559 VISA EEFE #2495 AWAdS 451
95t rep—PCRe &l 710 2 S22 a7
TAMEE B4R A 1S AQIRE 3459] VISAE B 22

e Kol 95%014de] As/de el 35F B 7IE

MLST (ST type) SCCmec Staphylococcal enterotoxin Number of isolates
5 Il Il positive sec, seg, sel 31
5 Il I positive sea, sec, seg, sel 3
5 Il Il positive - 1

1021
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Figure 1. Rep—PCR dendrogram of 35 VISA isolates in Korea, 2015
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* Current status of selected infectious diseases

1, Hand, Foot and Mouth Disease (HFMD),
Republic of Korea, week ending December
3, 2016 (49th week)

o 2016W % AU9F 21 o lE Beo olesiat o -
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Figure 1. The status of HFMD sentinel surveillance, 2012-2016

2. Influenza, Republic of Korea, week ending B
December 3, 2016 (@9th week)) -l
o 201615 A495 QIEFAMAIAFIA} 82 Qi) @ r
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Figure 2. The weekly proportion of Influenza-Like Illness per 1,000 outpatients, 2013-2014
t0 2016-2017 flu seasons
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Figure 3. Number of influenza virus by subtype, 2016-2017 season
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3. Respiratory viruses, Republic of Korea, week ending December 3, 2016 (49th week)

© 0I6EE A49F SE71AI0] et $207) ZAAT} 64.7% o BF7Itolel vt ABES
(@ 4% B 219700] EF71AAe] gt -S4 RIS Gehfa 9le)

s FRBAL FYBACIRR WSS

2015-2016 Weekly Detection rate (%)
(week) total HAAV HPIV HRSV IFV HCoV HRV HBoV HMPV
46 55.4 8.5 1.9 16.4 0.5 6.1 21.6 0.0 0.5
47 53.6 4.8 0.5 19.1 0.0 8.6 17.7 0.5 2.4
48 52.2 3.9 1.3 19.6 2.2 7.4 16.5 0.0 1.3
49 64.7 4.1 2.3 29.4 45 12.2 10.9 0.0 1.4
Cum.* 57.5 6.6 6.6 4.2 13.1 5.2 15.8 1.7 4.3
2015 Cum.” 5.3 4.8 6.0 2.9 14.4 1.9 17.6 1.9 1.7
— HAdV : human Adenovirus, HPIV : human Parainfluenza virus, HRSV : human Respiratory syncytial virus, IFV : Influenza virus,
HCoV : human Coronavirus, HRV : human Rhinovirus, HBoV : human Bocavirus, HMPV : human Metapneumovirus
% Cum, : the rate of detected cases between Dec. 27, 2015 — Dec, 3. 2016, (Average No, of detected cases is 219 in last 4 week)
V 2015 Cum, : the rate of detected cases between Dec, 28, 2014 — Dec, 26, 2015,
4. Ophthalmologic, Republic of Korea, week ending December 3, 2016 (49th week)
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Figure 4. The weekly proportion of Epidemic keratoconjunctivitis Figure 5. The weekly proportion of Acute hemorrhagic conjunctivitis
per 1,000 outpatients per 1,000 outpatients
9. Waterborne & Foodborne disease outbreaks, -
Republic of Korea, week ending December 3, 2016
(49th week) o
© 2016 % A49Fe] Hehiaol 17do] WSO Bl
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Figure 6. Number of Waterborne & Foodborne disease outbreaks reported by week,

2015-2016
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Table 1. Reported cases of national infectious diseases in Republic of Korea, week ending December 3, 2016 (49th week)*

unit: no. of cases’

o i Gurrent Gum. 5-year Total no. of cases by year Imported cases
Classification of disease* weekly of current week
week 2016 average’  2015* 2014 2013 2012 2011 : Country(no. of cases)

Cholera 0 4 0 0 0 3 0 3
Typhoid fever 4 119 3 121 251 156 129 148
Group Paratyphoid fever 0 52 1 44 37 54 58 56
I Shigellosis 0 104 8 88 110 294 90 171
EHEC 1 104 1 4l 111 61 58 71
Viral hepatitis A 86 4,362 17 1,804 1,307 867 1,197 5,521
Pertussis 6 134 3 205 88 36 230 97
Tetanus 0 28 0 22 23 22 17 19
Measles 6 42 1 7 442 107 3 42
Mumps 419 16,293 432 23,448 25,286 17,024 7,492 6,137
Gro® Rupelia 6 87 1 1 " 18 28 53
Viral hepatitis B (Acute) 10 413 5) 155 173 117 289 462
Japanese encephalitis 0 23 0 40 26 14 20 3
Varicella 1,761 48,086 1,450 46,330 44,450 37,361 27,763 36,249
Streptococcus pneumoniae 7 416 6 228 36 = - -

Malaria 2 693 2 699 638 445 542 826 Nigeria(1)
Scarlet fevers 338 10,856 111 7,002 5,809 3,678 968 406
Meningococcal meningitis 1 8 0 6 5 6 4 7
Legionellosis 2 119 0 45 30 21 25 28
Vibrio vulnificus sepsis 0 60 0 37 61 56 64 51
Murine typhus 2 19 1 15 9 19 41 23
Scrub typhus 727 11,387 324 9,513 8,130 10,365 8,604 5,151
Gr]‘]’I“p Leptospirosis 6 147 2 104 58 50 28 49
Brucellosis 1 19 0 5 8 16 17 19
Rabies 0 0 0 0 0 0 0 0
HFRS 42 635 19 384 344 527 364 370
Syphilis 31 1,472 19 1,006 1,015 799 787 965
CJDNCJID 1 46 1 33 65 34 45 29
Tuberculosis 615 29,814 686 32,181 34,869 36,089 39,545 39,557
HIV/AIDS 23 950 24 1,018 1,081 1,013 868 888

Philippines(3), Cambodia(1),
Dengue fever 8 331 3 255 165 252 149 72 Indonesia(1), Myanmar(1),
Rwanda(1), Vietnam(1)

Q fever 14 123 0 27 8 11 10 8

West Nile fever 0 0 0 0 1 0

Group Lyme Borreliosis 2 37 0 13 11 3 2
V' Melioidosis 0 4 0 2 2 0 1
Chikungunya fever 0 9 0 1 2 0 0

SFTS 0 157 1 79 55) 36 = =

MERS 0 0 0 185 = = = =

Zika virus infection 0 15 0 - - = = =

Abbreviation: EHEC= Enterohemorrhagic Escherichia coli, HFRS= Hemorrhagic fever with renal syndrome, CJD/vCJD= Creutzfeldt—Jacob Disease/variant

Creutzfeldt—Jacob Disease, SFTS= Severe fever with thrombocytopenia syndrome, MERS—CoV= Middle East Respiratory Syndrome Coronavirus,

Cum: Cumulative counts from 1st week to current week in a year,

* The reported data for year 2016 are provisional but the data from 2011 to 2015 are finalized data.

1 According to surveillance data, the reported cases may include all of the cases such as confirmed, suspected, and asymptomatic carrier in the group.

¥ The reported surveillance data excluded Hansen's disease and no incidence data such as Diphtheria, Poliomyelitis, Haemophilus influenzae type b, Epidemic typhus,
Anthrax, Plague, Yellow fever, Viral hemorrhagic fever, Smallpox, Severe Acute Respiratory Syndrome, Animal influenza infection in humans, Novel Influenza,
Tularemia, Newly emerging infectious disease syndrome and Tick—borne Encephalitis.

§ Data on scarlet fever included both cases of confirmed and suspected since September 27, 2012,

x 221 (043) 719- 7176
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Table 3. Reported cases’ of national sentinel surveillance disease in the Republic of Korea, week ending December 3, 2016 (49th week)

unit: no. of cases/sentinels

Viral hepatitis Sexually Transmitted Diseases
Hepatitis C Gonorrhea Chlamydia Genital herpes Condyloma acuminata
Current  Cum. 50 ug;'r Current  Cum. SC uc-Ta'r Current  Cum. é: uema'r Current  Cum. E? ug;r Current  Cum. E? ug;r
week 2016 >V week 2016 > week 2016 >V week 2016 week 2016 OV
average’ average’ average’ average’ average’
Total 1.9 36.0 36.2 1.7 14.3 9.9 2.1 28.3 21.3 2.4 29.1 23.1 1.8 19.1 13.6

Cum: Cumulative counts from 1st week to current week in a year
1 According to surveillance data, the reported cases may include all of the cases such as confirmed, suspected, and asymptomatic carrier in the group.
§ Cum, 5—year average is mean value calculated by cumulative counts from 1st week to current week for 5 preceding years.

x 291 (043) 719~ 17175, 7178

F8 A olsfs]

(Table 1) At 5A7F HHAsE HAZFIHETL 20161 allg & WAYFS-S H|wst ¥ 2, Current week = 20164 3 9] AnA4ES
U™, "Cum, 20162 20169 1323 g F71A9) A4 A4 18] B5—year weekly average = A& 53(2011-20154) 3 32
AAGE) o)A 2F o]F 239 ANASF(E 25F) HHo 2 AL 12|28 "Current week} 5—year weekly average,2] A1l
= Hushd sig 5= o] Al ode] Al S vlasl & 4 Utk Total no, of cases by yeari= X't 5E7t s ¢
o—?—z Uehfi= 2 BAlolH Ax |k sl & 4= Uk
of) 2016 12522] '5—year weekly average(6 At = Ewd),= 2011HFE 20152 10F:2E 14F7X|9] 441 A4S
& 25F2 Lz g2 FoliRic)

* 5—year weekly average(b\d F H+H)=(X1 + X2 + -+ + X25)/25

105 RES 135 147

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
! 20154 o & :
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

20144 X1 X2 X3 X4 X5
20134 X6 X7 X8 X9 X10
20124 X11 X12 X13 X14 X15
20114 X16 X17 X18 X19 X20
20104 X21 X22 X23 X24 X25

_________________________________________________________________________________________________________

(Table 2= 177] Al-T= E&E a5 W7 B dshs Ho] =0 glom, 7 = Cum, 5-year average,2} "Cum, 2016
Hlusl B 27kR] 9] =4 Alardgee] gk o] F T 9] Bt Alardaee} Hla7E 7HEst "Cum, S—year averagen=
At 5E(2011-20154) E<to] =77k /‘\lﬂ ]

(Table 3)- A ZHaHol tigh Alndsko &2 2|t WEARS Al&sH| whotsh=d| &go| ot
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