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ABSTRACT

SERE UAHEFY dF oz T 5 soFe] of2 thet &9 A EANA 7 Fatt 12 A4 S sholot @e
HES = A= AE A L2 E] o] &5 JloH, ofF A Ho A Mz thE Fretxtso] o7t A B¥fso] Feta] T4 2]
S AFEE 5] oM e 2R 24 Anl A= Ee7hol¢ Sasitt dA 22w 242 FHi2 SAe= /s
FHl 71510] 247 DNA A E & F-2 A'ESHe DNA HEFRE 24 o] AR E| 3L Qith. et 7|Hhe] S8R e 24 A=E ol
Aohs RS 1] diE F Aol 875 o 22 2 71N SRR B AEA e AEolH 7 BaeA ol
2 =wolde U7 24 AR Ao suie] A%< A AxE e n, o ZHtsto] S SR 24 e A ve
off thgt oJA-& Eot ASSIAH.

Diatoms are a type of microalgae which inhabits a wide variety of environments as one of the most important primary producers of
freshwater and marine ecosystems. They have been widely used as bioindicators which represent the environmental characteristics,
thus proper quality control of diatom data is very important to ensure for the researches from many scientists from various different
regions to have scientific unity and objectivity. At present, diatom data analysis is primarily based both on morphological features and
DNA sequences of given species. Challenge for the morphology-based analysis of diatoms is the consistent species identification
among different taxonomists who interpret diatom community, while challenge for the molecular analysis of diatoms to secure reliable
reference data. In the present study, we have reviewed the current status of data quality control of diatom analysis in Korea as well as
the world. Finally, suggestions for the better data quality control for Korean marine diatoms have been also made.
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EUHE= A XAE 2 A (Falciatore and Bowler, 2002; Mann ef al., 2017), THAF ] A ZHS 7= 39 n|q 25

=
ZAo]ekValentin ef al., 2019). OJ5- B2 Bk W, djoyol] o] 271747 wl$- Thaket -840 441818 (Round ef dl.,
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1990; Evans et al., 2007), 3] 7 ‘5 B AFAE 7HA AL Qlo] S EIAlNA Fajt 12 AR F shuelt), S8R+
A 2] 0 2 2F20%2] 12+ A0 7] (Falkowski ef al., 1998; Mann, 1999) ¥ oz}, sjfoll A+ /7] §t4A9] oF
40%5 AJAtol=(Falkowski et al., 1998) 7}‘1_.?._ oA Qlth mEot sfokol| A Q] AR|SkekA A4 &3l 2 92 51
(Tréguer et al., 1995; Yool and Tyrrell, 2003; Kim et al., 2020), T}t 2FFof| A A21517] thzo] eH4-S tiEd 4= Q=
AE 2| m 2 o] 8 H Tt Underwood and Kromkamp, 1999; Park and Koh, 2012; Im et al., 2020).

ELF AT HAE= 184171 &, Tabellaria® 0 2 AAR = SR S0 AH2let A Harw]m A2 = itk Anonymous,
1703; Mann et al., 2010). 1847] & F3o] Fojxof 2] x0] ZWg 201 Bycillaria’} =] ETE] 2 1(Gmelin,
1791), 19417171A] 8 2] Stk oJsiA] W2 4=0] £t Fo] AQF=| AT Fourtanier and Kociolek, 1999). 204]|7]f A
oSN EER7H A S A RIS 4 e AR A HE dHAHA G B A S8R A7 A ST
E3) EUH-2 &85t 5] 44 Wt At FEIRSIC Lavoie ef al., 2009). $-2]U2te] A9 204]7] 27} HojAoF
2 AJo} 8kAR]1 Skvortzow(1929)°]l o &RV 2% B EQiet. s o] =] skxpEe] ofsf| 2gR A7 s 1
YL AT, St LR 55| ol STl et vElstols A7 H W =20] 47 EA] 942 Ao] o]t (Park
et al., 2014; Kim et al., 2020). A0 2 U720 IAP}t 72 (53} Bu]o] AF-AvE FH|id o7 =891 71 oA
b Sl LR A, 59] 1 FolME Eete] A A 0 =2 niRigh o f&2 o AXIch

STF T R 5H2 EUF-E L8R T Aol st Aot FURo] Estal AR A Al
< FE7HS vhFel & T & FHEsHET R85 AR T FHIEE] Qlof = Fetn] S ARgSshE], o]
Az W U5 30 TS I 4 s A8 AR 0 = A 18A17 |58 @A7EA] 2F 20070 71 A7 59t &
67| o]- 8517 Itk Valentin et al., 2019). 20417] Z8telli= FapPAzFR| o], o]oA 204]7] Fhte] o] 28] AR
078 Z2 A= 0] 1l ko] 715 HAfdn| A o] Aol S8k Eq/‘1(Kawecka and Olech, 1993) Hrt Ut =87
AR 0] ko 17}~ to] om, o5 FaliA] Kot Feet Fo] Ado] 7Fs o fke o2t E R - AAIE A
Sk=AI7171 =7 & S5HEHRound er al., 1990). LU THE fFH O 2= 5%6‘94 AIAAR] |5 et gz 21
U SFRES] a7 dashks A GA Ao, 1o w5 o] RESH AEeiA S FAds F 5o
Il =g Aol ojA] et @ 77F TSk @Itk Archibald, 1984). o213t o2 FElE-RokAte] dn|de F1t
e AXA] Fax-ge] Dol EE ERA} lol-EEF S AT 4 Yl o] A9HE QI o= DNA FHAE
283 DNA HIZE Ao 2 Xt So] SAPEEeAR] 05 578 TRlE A7 oA Xsi=] 1 Itk (Hebert
et al., 2003; Sogin et al., 2006; Valentini et al., 2009).

& dolE EEF ERoAEe] £ 58T ERE flol AMESke FHIZINEY] 25 9 DNA HHE & 7|5Ee] 255 B

ofl sl =skazAt it

H

-
v
—

ﬂJ

¢

:(o

2.1 YEfel 7|2 EUR 2R

184)7] & A-&.0 2 EF7FEPAS (Mann ef al., 2010) 015 Q3 A|7H 5 FE Q1 EA o] 0 2o] 7]Hlsle] ETE B
7SI, BURE ol ARde] AT BaliA ke EE AT Qo] B8 A 5 g e
|$0 &2 o] 85|tk 279 B 5 9K(Kiitzing, 1833, 1844; Ehrenberg, 1838; Smith, 1853, 1856; Gregory, 1857;
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Greville, 1857)+= &2t &@nl7 TS A 0] FEfd EAS 22 7 Aol= Ao TR £ EAS JHog 1
sl Halsh=tAlog éﬂﬂ et T1Ejuolefdt AAE2 JRA 2] T1fo] 71 o] S i ol whE Al skA] &
SEAM(Mann er al., 2010), 1ol A52E] T4 o] RE =AM, = AR]o] £2] g2 14 4 502 Qo] 7
4 5ol olo] A12/gS T oHA] Fohs 737 Eottt datan]A o] 2541 W, 1211 20417] FH o] ¢ ZApdn
739] 7} E8-2 ol2fet ZAIRE E71A 0 & WS HUE oAlE S0] 1980t 2] A~-5(Crawford, 1981;
Morrow et al., 1981; Cox, 1987)04 = =2 sl o] gotdn| g ARlE 2 ofujet 4=t vljof] o] 2= vl =2 vg2] =
APAZFAR] 7 AR ] Zot & 4= Qlok. o] 2Rt Anl Ao a2 B B R-E A A= A7 EIRA, 19

.0] 173
A|7] Z F 3070 GE BUF 4:0] 4= 204]7] T o] 1000717H] SoltThFourtanier and Kociolek, 1999). @A71A] =
P A= EEF Fol HaEAl glo] 71 7S skl Qi
421 F-0] A2 7Jolo] FHRF 7ot E 8 2 5P (Pe¢nikar and Buzan, 2014), =54
02 FFAo| 7Fs st o] A A A el 7k flofl= 93 &3 77| A Q FTHColeman and Radulovici, 2020). ©]
A

=
eFpRste] |4 HALote] o, AAl=e B2 - HiAL k] ool HEA Q] w0l otk AR C= o] &
= = =]
ar pLn

e SRR BRI 4 A FolS L gy, oJeieh BRI 40) ikt SRR Hfel] Sk Zlo] ohitk
FoF Aol A BRI A dAto] LERLEAL Q1 =T (Mora e al., 2011; Coleman and Radulovici, 2020), 0]+ A2ket &
A3 STl RRSIRe] opo] WS ARl

710 B3 2 Fo1s) BRelAfe ohAlehE 58 THoHE 7168 2o M oI, 501 ARS T sele A
ol -2 954 3 4= SIckMann e al., 2010), T3 ) 79 EEHE 54 Ao b T2 43S Aok Aot w34
< 2= Q10 B F(Valentini et al., 2009) FEA} FHAEL 5 EA THA Q] 7RSS B4 1 Fofl FA1E 4= it ok

=
= 2F200,000-5(Mann et al., 2010)°] EAE Z 0 2 A==t o] s=2toll = A9] 24 F(criptic species) A ZoHE
2‘4%% FEfSHH 0 2 FUSIA|TE 5714 © 2= = F-5 oJn|sl=t|(Amato and Montresor, 2008), FEfS4 0
= Apol7} 7] tlzol 7 a7 et A= oS FHEshE A2 g of e Aol E\j—}\E] BA QN oA Fot
oz g o BT IS Stk Asle A w2 = gz g ¥ optule- 71 AZE
< QFsH= 2ol 7 6}E](Rimet etal.,2016). °|2|3t = o5& Il ZAMEE0HA A4S B8] SR ARE
At S A7t EESHA| o Fof 2] AL QlH.
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Kaczmarska, 2009), A2 Wol| EAfst= & T= AlE 4713 AlE9] 42 J92 ARl %—‘ _]“# Ao |tk
(Hebert et al., 2003; Mann et al., 2010). DNA A 9] 7184 0] oL HA DNARIEZ E= 7| E 2 2 g oo A dE] A=

Q 11 Q)2 B ol 2KEvans et al., 2007) ZF(Hebert et al., 2004)2} ©157(Ward et al., 2005; Zemlak et al., 2009) & E-2= &
ol o] W 4= F-gel 9let

DNA HI == eiohs] 5443 22| DNA A8 Ale]9] {4 A& 5 81| whzol Z-7ofAtell Al o&EstA] o

IA FE AEE 4 e ot Zimmermann er al., 2015). S2F A70] - EARE ROl T2 AR&ER= DNA 1A

+ ribosomal DNAQ! SSU (Small subunit) rDNA (Sato et al., 2008; Zimmermann ef al., 2011; Luddington et al., 2012),
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LSU (Large subunit) rDNA (Hamsher et al., 2011)2} W5 ZAF A m|o] A(Internal Transcribed Spacers; ITS, Meiklejohn et
al., 2019), A|EZEg|o}o] §A=}<] cox1 (Evans ef al., 2007, 2008), “12]11 F=A2] GA=}<] rbeL o] AF-EIcHamsher e
al., 2011; MacGillivary and Kaczmarska 2011; Kermarrec ef al., 2013).

At 0 2 AR B 9 AR FH 02T DNA B/ BL vl 47 18 4 S, BAIEQl BRF| 7
9 7J1E Zol) §114 DNA G714 B B115k= 0] B7Rssle, 12lo s U5 DNA 97143 215 1)
A ghgHjopo] Haslofo} shir, ojet Patslel B /x| Aol EAKGICE HAZ Tolxta o] A golct TR
L @A ol e} 24 0) §32 BTSN s Ue] o} § 5T GO B B A9 ot gl BRI ol F BUR
(3141, fossil diatoms)7} '] A\ 7)1} @177} A199)] ek, o] nfelie DNAS 215 Sagh 2 glo Bz o)

2
3 2Ao] gt AElel 4 Hpol girk, 5 WA Aol Qls SR 2410 gle] ko
e E);

ol AR ek 4
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=3 5 Hee Y
oltt. A = wjefo] 7Hs et T Aol sl A 41A o i A2 =] Ao
2 1l Wopx] A etk HiFo] ZHs et S50l ol = 7e ARl ofgie 97
274 L A7 AR obRt 7o deiA| FAfelal Qlo] e g Zefshe
E4& 7tslo] 225 Fo] Aot 57go] Bast|, of Mol
V&L FH = GenBank 2} 22 DNA €714 Hlolg o]0 ATo]E
A o] Jlom ofel HlolE] @752 St Alolof|A] ‘garbage data’ 2 =231 QT ©A]
NA vt o] 7]Hiet 28R E72] Aehde e & Al ol 8= f=xdlolel o] A=de] Fath), ol= ot
QNS oIt FEE el et Bl aad, 18l el eS| BAR SAE =55 el AT
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3.2 112|2| Cf|o[E{H|o] A

oFA] 1F3H Hiel o] DNA HETE Aol 4] F-Q8t A2 Hlo] it Avl2 S E-t Afmet vl wE 4= Q= 34= dlo]E
7} 2 85tz Aot} & 7Rt HloEl= ot A Fafiok k=712 ofofl thgt s o & thaart 22 4 716k DNA A|E
glo]Ee& Al sk t=12] GenBank 2} 7HUtte] The Barcode of Life Data System (BOLD), 52 2] SILVA d|o]EH]o]A
£ 92 5 4 YoK(Table 1).

GenBank+= +APY 28 Gtohe A7ALECletH BE 4 §ls W il 583 DNA A4 Hlof Hlo| A F Shto]
T}. GenBank+= National Center for Biotechnology Information (NBCI)l|4] 153t Hlo|EfH|o] A2 (Benson ef al., 2018),
o] gloJejHjo] A= H2 AFARE0] AH419] A Hlo]E|2F DNA A E< HlWsHA U Harris, 2003), 5] B 52 211
5171 Jafl 7120 L EH dlo|ElS A4 g w(Johns and Avise, 1998; Harris, 2003) Z 23 2% dlo|E1 & Al ggict. 18]
L} GenBank= 57l glo|ef#o]A A|AE]o]7] wEo DNA §7] AE dlolejahd A5 GAIE ARA] ¢4, AAt =t
A7IDNA 7] B8-S GRE T 4= Yrk= HolA ZAPZHEAAE 4= Qi) =& 2217 8/4J5 DNA A E Hlo]e 2} 7]
555 GenBank ] H-E Hlo[E)7} P -2 A2 of 7] whizolot. ofu] B2 504 Genbank 2] H|o]E] A= o] of
Sl A 2451 Uth(Harris, 2003; Wesche ef al., 2004; Shen et al., 2013). T=3F GenBank= FEfsH] A H 9 k7 Q40
it Y-S AlFsHA] ZRtthe Mok 4 9] 8ol eARS 711t

%ol GenBank TF2-©& DNA ¥Z A dlojgHo]Ag Wo| AgE= DNA A< dlo|gHlo]A= BOLDo]th
BOLDS] 5 542 DNA HIZE A| A0 A2 F2710] 2|4521Q] AgolH, o|2fgt Ad-2 Ho|e|o] A, 4 9 8
7 PEE RE HorskE-S EJIeHKRatnasingham and Hebert, 2007). BOLD= DNA &7|A &9 AHo|E &=
GenBank@F="22], AA| F2of| thet wefe|o]Eof| thet A K (F2o] g2}, Hito] HykH 7|1y, F2 o|n]2], DNA ¢
714E 5) Al5-& @6k 9.2 ™(Meiklejohn et al., 2019; Coleman and Radulovici, 2020), 101 w2} BOLD= At 4 o
= GenBank 2} 412482 1 =0l sHlth. BOLDOA = 25 71A|9] FEfE AF1o=2 291 3 &= QJARt, o 52] 1A
S HAPE R o] ofdnt. =4 Fofl whebA A E A4 B2 Fo] Ao et FE E A Algskal gl

Table 1. Overview of the international diatom databases

photographic species ecological DNA

data description information information note
. SSU*, LSU® lots of DNA sequencing information
nB Ami X X X ’ ’ . ’
GenBank (America) COX:, etc yet DNA sequences unverified
BOLD (Canada) 0 X distributi'on a1.1d/ or SSU%, IJSUb, low numbe? of DNA basc?s, but with
collection site COX, etc verified information
environment SSU?, LSU®, e .
Algaterra (Germany) variables COX", etc specialized in microalgae
SILVA (Germany) X X X SSU?, LSUP specialized in rDNA

*SSU : Small subunit tDNA
°LSU : Large subunit rDNA
“COX : Cytochrome ¢ oxidase subunit
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BOLD®} H|ZHS & tf2 Al|2= =29] SILVA dlo]gso]A7} QItkTable 1). SILVAE AlA] -g-21o] &1 7]4te]
ribosomal RNA H|o|EJH|o]AE(Yilmaz et al., 2014; Glockner, 2019), &2 FF2] DNA U5 5 ribosomal DNAS!
SSUStLSU®| tigt A HE Al FIHHQuast ef al., 2012). TS SILVAE T7 3719 thiE-Fwt(dHe|2]ot, A, HHAYE)
© 2 Ae|Elo] 9l ZH FF-tol Bh= theFet i o] H A A(EMBL-EBM/ENA, RDP2GTDB)E ©]451] Hlo]ejH|o]
-5} E]o] Qlt(Glockner, 2019). 12Ut E 9 £ o] 719kt HAS AlE5tal Q2] 22719 DNA &714 4 A1 0] 344
2 Tha GolXIokal & <= Sk thA] Doff ol g 2] E-7AIAE ©8es] ofsliobA] ettt Hoh=DNA &7 |4 9= H=7
2= Zlo] 2] Q. BlEo] FHIA HE o AHIA H RS Al5eHA] g Fat Al okl

ollA g3 3700] ElolEHo] A= E, AlE-E oR-E THR ERol tiRFDNA &7 A E-& Als-sh= TlolEH|o]
2AQHH, miR]Efe 2 AfSk= AlgaTerras SUR-E ZERE Hpot oo niA|zel E314 Hlo|eH]o] Ao]th(Table
1). AlgaTerrat™ 5% 2] Botanischer Garten & Botanisches Museum Berlin (BGBM)°J|A4] 7R3t glo|EjH|o] AR, 200414
e 2ol o g 25|11 glthKusber and Jahn, 2007). TA|ZF AETHF AHAIAHEIQ] AlgaTerra= 200792 715
5] 24,65071 o] Z7-0] FHo EIol 272 /i, e AH F 714, 24} HlolE et e Hlo[HE oA Al
-5°5}=(Kusber and Jahn, 2007) Z2231 t|o]ejHjo] Aot} AlgaTerrat= DNA F7|A ¥t o e} Fefjsha] HH & o
T AFEskal QlojA, o dlolefHlo] o) HIshA] & B A= 2=t & 4 Qltk ol 4 & 155 dlolgH]o] A2
AlgaTerral| E712] of4}@- Fo] QIehd, siofe] SRt g0 4R 47 o Bk Hlolth o= Fi g &
FE 8t AT 280 2 QI FURO TE W Fe Tt o Tk T Foll ¥ 2 HIS= £ Q7]

o= oA,

e

3.3 IUiio| Yel 27<t C[O|E{H|0| 20| 2iZt
UM Y] EEF B e Ao =R Agr TFlA JdgE o] et ofefet A TE F 3
A w4 A= EERE
et sfgmA| R0l A
2lsto] vljoFsk= o] A5 3iTH https://www.ibric.org/myboard/read.php?Board=bio_plan&id=79).
gHsto] B9k aM| 2R Fol tigt vlole o] A7FA] 155151t o] % sfedm|A| 27282 o
174120159 SfFrAHR Al hioidatel7 & 0 2 o= Q. Shtolloftelr el o = o] M H
O] A5 AAY SHIA = Aol A =] AL Sk
Sf|UFA] & AP http://lims.kiost.ac/main/main.do)< 2012 6ol 7iHst, sl EJAgE, Sl FE, siFi=Y
AE GO AR 4, A H S oA - ESIT s = EA o= A= gl tigt HolefHo]
2ot . o7]ol= vt e o] TR HE, A=, ER(eh), AHE G2 1A, skl tigt U8l 7155
AUtk SHFA = A HloleHo] A9 FUR A& 4= 728702 SRIEX[9L o] Foll= 5 To| Eal, T 77
Al Fol BA] gt 17|11 e =X ARE Tl QIet Hlo|gH|o] 207 wiZel, FHiet T EAMEE JEVt
Ik o] A9 AR vl o] U TRl AEld 9 lo]EH|o] A= AR AS E-8 H = Theedt
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4. U STR TS| FEo2| dl2|d FEE flet A1

Seltele SUF B4 ARS AFT 4 Gk Ado] TR BRI 47} 250 Aol 6| g5 BURE A
= BEsict, o] 9f

Foe BRI U oy, Tel3 1B A BURE RReE BRI 471 AR o
o

FEUF EFIA] ol BATHE AN, B Fjel ] BF 5ol et w& 2 2 cfste]

&
=2
2
o r2
N
o

St SR HFO| GR0] Bo F7] tRol, BRIAE 4 5b7] SIohH Kol SFS O] B} Q15 HR I 2 0
=2 190] PRSI oAk F APES 918) Wtk BUFO| B A4} @ulde] 22 9l B e WA 18T
% ol T2 IS Sl 7| 2200 BRI /150 RREAE BT 4 Ik Ei HREHIET] 24 0218 Fol7]
SfolH ] EDMi 2 AFAS0] 571291 melo] Washct, oleig mele] Bale AETIe] et R of
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