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Abstract  Benthic attached diatoms (BADs), a major primary producer in lotic stream and river ecosystems
are micro-sized organisms and require a highly magnified microscopic technique in the observation work. Thus,
it is often not easy to ensure accuracy and precision in both qualitative and quantitative analyses. This study
proposed a new technique applicable to improve quality control of aquatic ecosystem monitoring and assessment
using BADs. In order to meet the purpose of quality control, we developed a permanent mounting slide technique
which can be used for both qualitative and quantitative analyses simultaneously. We designed specimens with
the combination of grid on both cover and slide glasses and compared their efficiency. As a result of observation
and counting of BADs, the slide glass designed with the color-lined grid showed the highest efficiency compared
to other test conditions. We expect that the method developed in this study could be effectively used to analyze
BAD:s and contributed to improve the quality control in aquatic ecosystem health monitoring and assessment.
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EUF (diatoms, iR = ATERSH LR FMAE
& (Chrysophyta) &%7} (Bacillariophyceae)o]| £31= THA|
29| AMABE (Round et al., 1990; Falciatore and Bowler,
2002; Alers-Garcia et al., 2021)ZX UM Z2F +3 £ 4
A Az 53 FHHE F25 7= Fa% H4Y
o]t} (Valentin et al., 2019; Alers-Garcia et al., 2021). °|&
2 @, 71 9 ol 24 AF B B Rl A%
3l= A EF o2 47} 71 EE3)A1 (Round et al., 1990;
Stevenson et al., 1996; Barbour et al., 1999; Evans et al.,
2007; Snell et al., 2019), 7]z 9 &35} Holol| A AL A
22 g &-853 ok Barbour et al., 1999; Hwang et al.,
2011). T3, AR A A FRAES ke 82 71= 4R}
2 AT QAN (F B2 2HHe °F 20%8
A3t )2 ™ (Cox, 1996; Falkowski et al., 1998; Barbour
et al., 1999; Mann, 1999), A R|3}sHa F4 U AR oot
Al (o], 24148 12aH|=Rpof| LGP AEA Hold AS= 5
3 24 Ee= olUA ol Aet 9L 9t 52D
OFA| o]t} (Treguer et al., 1995; Cox, 1996; Stevenson et al.,
1996; Barbour et al., 1999; Yool and Tyrrell, 2003). £3], £
AELF+ 75 Ex oH e dit BE 2= FAE
o 71AES % YA olgelol BusiE RS AR
& Bk oot A A9 EE 72 07EE 9
S Qg AN o) 01 el £ 24 0 AE
TH WEs 8 & Wil Ay AxEE 7HA
7} 1tk (Barbour et al., 1999; Underwood and Kromkamp,
1999; Stevenson et al., 2010; Hwang et al., 2011; Snell et al.,
2019; Alers-Garcia et al., 2021).

EUHE ZZH 3 (quality assurance, QA) U A=
(quality control, QC) AX}E A3t glo] thE HEL
o] H]& 3t 583 AEAZ |t (Munro et al., 1990;
Kelly and Lewis, 1996; Kelly, 2001; TDEC, 2010). F31&
o A dEshy] oA wE AAE, B A8AL EH
gt 2 A sk, £, 3ot @ AYESHA oheFst &
EgfA agho] gt A= E= g 223 nAR 27
o ekt FEE wol A o E + e e 7
(Davis and Simon, 1995; Stevenson et al., 1996; Barbour et
al., 1999; Allan and Castillo, 2007; Lavoie et al., 2014). T
gk AR AEREE AYL & Bek oyt I FRE
A3 BoE 4= Qe &7 FTEEY A|lFe] 7Hs5tod, AIZE
o ol W] grar FFHH o7 Hegt o] 5ol o AT
£ 7t 983t A5 77t 7Hs3HH(USEPA, 1979; Munro et

2 X0

o

02

Cel EAET Y 197

al., 1990; Kelly and Lewis, 1996; Alers-Garcia et al., 2021).
TR SLRE 0|83 A 24 B7F RS FF
A, 4B B4 @ dolg B WAZ AFHHL
2 hoFst EEAAS 23S 4= 91 0™ (Besse-Lototskaya et
al., 2006; Kelly et al., 2009), 0|27 W= o523t o7
£ v AASAY HastdeF 229 duto] =E5HA
Hoh(Kelly et al., 1998).

FUeHoR BURE olgstel 2 4HA ¥ 7)e
RS A B7iste Z2AEA Frde= A4
F)ake] glole] BEL 98 s WAaN aT7E W o
(USEPA, 1979; Munro et al., 1990; Davis and Simon, 1995;
Kelly and Lewis, 1996; Alers-Garcia et al., 2021). £3], o]&
A== F 25580 e 7L e, HolH
B4 7] BN 2 7 B AR AES Ausha
QITHUSEPA, 1979; Fancy et al., 1998; MOE-NIER, 2022).
Hko], AA ARSA T A=t Bt AAIRE WE-S
AT QYA Atk WA A&sln wvEe HEpelel
A FAEGE golE 9 ARAdS SRT 4 Qe WA
Q77 Basi,

AR7iA), FholA oo B H¥Holw FAHe ¢
T TR GkTh Munro et al. (1990)2 11845} (Palaeo-
limnology) Z2IH 9| EUF RE F o 359 44
o} mzAE) ofd kA AP Hole g thegitt. o
o B7 E= BA7]E Zpolof| ot ZAIE (A, 24F B
¥ Rol, BR2Y Beleh ¥ 2 02 53 1E D)
A QJEAF WE, BUR BE &o0|E 5 P
FAAE st 5 A=Y A S & HA
T332 Fds] s dsteint. T3t USEPA (1995), Barbour et
al. (1999) ¥ Kelly (2001)= S479] 8 FA=S 5 &
Aol oJgt A=we] WS AAEHTE 22 SN &
Wio} AvE HERES AT AS B4 Ao duy
2 9ot Araout ekt Itk (Kim ef al., 2021).
1, Gefetal sjure] BUR HE SAARE s £
SHAkE 7+ d¥d F AES ashe o, BAETS
q e BRE AR Qe 2= dolde 344 2
25190t} Bgo], Fu) BUF BAR R oFt JEu

A e I3 AN RN AREFIR Py 2
I9 29 FEiA HEE R dol"uo] A8 7o R sk
DNA WHE Hlolello]2 749 Bage dushgrh

Sl A= 200797E S AR A dFRAE A%
4 B7b Z2age] My 71408 Say
NIER, 2017). 1 374 R2E
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198 ARf7| - YLty - w07 - YuE
A 5 57 2ol tiet =ARIHY Sdiet dF 2 AUE
Aol thgh 24 7 M-S FHs S7HESEY =

Fol digh HHEAR 2AE vs] £ UtHMOE, 2017,
MOE-NIER, 2017). ©] FolA RAEU[E & A2
2717} o9 Zo} wT EA o] Luj&e] dn|F A WY
< aFstER FA - AT E4 Slo] Y=g AU
£ FH57|7F 44 2 E4L 73 itk (Hendey, 1964;
McLaughlin, 2012; APHA, 2017). & Q& RaEds
2ol A a7EE= AWEA =] ¥H (MOE-NIER,
2022)9] HAS {3t 7HESE B EFE A2 st
I ag4e AES] 8 s3I F=u] o 5249
Fadstr] Qs B 9 AR o] FAl 7HsdtEs Ft
F2E AR ol AA7F e AW Seag SEtols

oA olg3 AT O vlwshgrh

1. BASUS MyEM YEpag YTES Saj0jS
Rt 4|
2 A7E R RAEUF AR 20229 98~109 5

ot ©auvtal 24 shde] 20070 XA KA 10%, B2
70% 2 ZA| 20%)°14 A-FAT FRAEEF AR, HA
AR, FEE A (EY) 2 HFHEE L A &
A2 AXE QoK Y82 Table 13 2t} L EE A RE
Z AEE AAES & FHFoE A ARttt of
o 7o A RN FLRY RAFEG EFPEY F
718 uE2p7t €953 wol 23E A¢, w2 9k deEE

of oIk 3] egapo] ufalololq A|elAIZrt.

Square grid etching area

=22
e % Hlm
PASURE 0|88 24 W7} Y B 2
She 44 W AFA B4 SAo) 2es] 45 (MOE-
NIER, 2022), £ 78 el 24 9 8L WA 7

oFskaat HHSHE A%k (arids) EE TAHISHACHFig. 1,
Table S1). 2] AZQ AW ZEkA (cover glass, CG)2t &
ghol= kA (slide glass, SG)oll AA7F EAIE ] &= 7]
E AT AEE IUE e EF HIs A 7§
FTEE &eto|=E THETH(Fig. 1, Table S1). ojuff #
H SEtie {8 EHES FolAE 42 (etching) (0]5F F-4
A} CG)3tF A (Cat No. 72264-18, Lot No. 221209; Electron
Microscopy Sciences (EMSs), USA)E, &gto|= Z2tA
£ Y Ro] 4243} (color-line drawing) (°13F 822+ SG)
3t 7l (Cat No. S6117; Matsunami, Japan)= ZtZ} A &35
T} (Table S1). 22} CG (Lot No. 37848-017 (0.1 mm), Cat
No. 0350000 (0.4 mm); Marienfeld, Germany)2} SG (Lot No.
44643-317; Marienfeld, Germany )= d5Fa o2 £2% 7 Q)
< A8 AES 44 ARESIsih HAE 22 SEbo]=ofA
& A& Woll S2F 929 9xs 20~30 frustules Y92
A Y BEES AR SRS 24T, CG 9] 4%
o olge] Ay Bu Az e A% B Bzt
A Ex o @A) HasEEE 44 X stgich(Table
1, STEP C #=) (McBride, 1988; McLaughlin, 2012).
AHEA N AR CG (3352 SG 239 F8 4 A
A& Table 29} Zo0], §77} CG2} SGE 7 154 E3t
StFE AAF CG (18 x 18 mm)+= WH (16 X 16 mm)o]| &
494 grids®] AAF}E (ca. 0.22 mm size)©] A|Z}E o] glo

o, 2] A Eeh RS w3 gk (Fig. 1, Table S1).

Grid line-drawing area

18

20
26

18

A Glass cover slip

76
B Slide glass

Fig. 1. Structural diagram showing the size dimensions (width (W), length (L), mm) and external- and internal-shapes of a cover glass slip (A)
with etched regular grids (grid size ca. 0.22 mm) and a slide glass (B) with colored lines (grid size 1.0 mm).
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Table 1. The experimental procedure and detailed method for sequential pre- and post-processing of benthic attached diatom samples by
acid treatment using HNO3 and K>Cr,O7 reagents.

STEP A. SAMPLING DIATOMS
(1) Collect stone and rock substrates in stream running water.

(2) Brush or scrape the surface biofilm from the substrate with a brush (e.g., toothbrush). Rinse the substrate with distilled water and
repeating until completely removed.

(3) Measure the collected volume (mL) using a mass-cylinder.

(4) Measure the area (cm®) of the scraped substrate using a ruler or a small plastic quadrat (e.g., 5 X 5 cm).

(5) Prepare samples for the purpose of analyses (e.g., chlorophyll-a, ash-free dry matter (AFDM), species composition and standing crops).
Method references: Barbour ef al., 1999; Nagy, 2011; McLaughlin, 2012; APHA, 2017

STEP B. CLEANING
(1) Transfer about 5 mL of subsample to the 50 mL Pyrex® glass beaker.
(2) Add about 5 mL of concentrated Nitric acid (HNO3, 63%) to the beaker.
(3) Mixing raw subsample and con. HNOs.
(4) Digest the sample for 5~10 minutes on a hot plate filled with fine sand of a homogeneous particle size.
(5) Add a small amount of Potassium dichromate (K2Cr207) powder and then mix well.
(6) Continue the digestion until the sample becomes sticky.
(7) Cool down to the room temperature and add a small amount of distilled water.
(8) Transfer digested material to the 15 mL centrifuge tube.

(9) For centrifuge, rotate more than 50 times (2,500 rpm) about 10 minutes using a manual centrifuge equipped with a swinging-bucket
rotor.

(10) Discard 1/2 the supernatant and refill with distilled water. Then, wash repeatedly (approximately 10 times) with distilled water until
the sample becomes transparent.

Method references: Hendey, 1964; Barbour ez al., 1999; Joh, 2010; Nagy, 2011; McLaughlin, 2012; APHA, 2017; Trobajo and Mann, 2019

STEP C. MOUNTING (Making permanent slides for light microscopy)
(1) Transfer and spread a drop of the cleaned sample onto a glass cover slip on a firmly fixed table.
(2) Dry at wind- and dust-free room temperature for at least 48 hrs.
(3) Using a glass pipette, put a drop of the Pleurax® mounting media (high-refractive index mountant, RI = 1.8) to the slide glass.
(4) Transfer the dry side cover glass slip, turn it upside down, to the slide glass on which mountant is placed.
(5) Evaporate media solvent on the slide-warmer.
(6) Put a label on the permanent slide, and use it for light microscopically observation of diatoms.
Method references: Hendey, 1964; McBride, 1988; Barbour et al., 1999; Joh, 2010; Nagy, 2011; McLaughlin, 2012; APHA, 2017

STEP D. IDENTIFICATION AND COUNTING

(1) Primarily observe and identify diatoms under 1,000 X magnification using a light microscope (e.g., Zeiss Axioscope, AXIO Vert.Al,
Germany).
(2) And then, subsequently count under 400 X magnification.

Method references: Krammer and Lange-Bertalot, 1997~2004; Barbour et al., 1999; Joh, 2010; Nagy, 2011; McLaughlin, 2012; MOE-
NIER, 2011, 2016b; APHA, 2017

STEP E. PHOTOGRAPHING

Take micrographs of diatoms frustules (e.g., valve outline, stria structure, striae arrangement, raphe, punctum(-a), etc.) using a light
microscope (e.g., Zeiss Axioscope, AXIO Vert.A1, Germany) equipped with the Axiocam 503 or 506.

Method references: Nagy, 2011; McLaughlin, 2012

A2 SG (76 X26 mm)= FFF(20X20 mm)o]l F 400  FHA SGE} FAA} CG-FAAF SGO| 202 A&t
grids®] AARTE (1.0 mm size)o] B2 B8} Hol ok (Tables 2, 3 and S1). F+42 CGE] %, F7EE SGH &
(Fig. 1, Table S1). Bl 3S 91 FFBEL 4% CG- T/ 979 S =E vlasty] 3 (McLaughlin, 2012),
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Table 2. Specification and characteristics of the main materials used in comparative experiment in this study. Size dimensions represent

width (W), length (L), and thickness (T), respectively.

Grids
Specification Remarks
With Without

Cover glass (CG, mm)

@D 18x18x0.1 . [ ) Standard

@ 18x18x0.1 o . Square grid pattern, colorless and transparent line

(®26%x20x0.4 . ° Counting chamber type
Slide glass (SG, mm)

@D 76%26x%1.0 . [ Standard

@ 76x26x1.0 o . Square grid pattern, colored stripes

Table 3. Results of comparative experiments using permanent specimens of attached diatoms made with a combination of various tool ma-

terials. For the detailed composition of the samples, refer to the contents described in Table 2. +, usable; —, unusable.
Factors\ Sample A Sample B Sample C
Experimental design (CCD+56@) (CGR+5G@) (CCD+5GD)
and magnification 400 % 1000 x 400 % 1000 x 400 x 1000 x
Glass surface quality Clean Clean Clean - Unclean Unclean
Focus precision High High High - High High
Grid resolution High High High - Low Low
Operation convenience Easy Easy Easy Hard Hard
Working time Fast Fast Fast - Slow Slow
Analytical accuracy High High High Low Low
Qualitative QC test + + + - —* —*
Quantitative QC test + + + - —* —*

* Impossible to check frustules and grids (boundary) at the same time.

A7} TtE 15(0.4 mm thickness)= F7}5} %t} (Tables
2, S1). CGS} SGO] 232 BAZ} CG (0.1 mm)-3ZA} SG
(Sample A, CGD +SG®@), #7472+ CG (0.4 mm)-F+44 SG
(Sample B, CG®+SG®@) % F47 CG (0.1 mm)-F+A=}
SG (Sample C, CG® +SGD)& Z+z} A5+t (Tables 2,
3). FAuF (FY 71%)9] 400x 3+ 1,000x Hi-&3}o A
71AR TE 7R, AR AA A Sold R HeHA (5
3 ABAZHUY EER 94 53 -Ae 5284 SHeE

EERECS

Yepan| Ao, RAEUR JTEE Seto|=o) 7]

A2 B 7FALS FA 0.1 mmed - FF2 cGo AL,
400x I} 1,000 x Hj-&3lol|l A 2F 33} (Table 3). HE
Hell, FA7F 0.4 mm FAA CG= ©A] 400 X vf&3tofl A
T E 5 AT, 1,000x viEstol A= ol Rtk CGY F
A7F0.4mm¢el -, A 24 9lzhe] FaHA == 0.1
mme] B8] 2F o AWsg etk (McLaughlin, 2012), &
HFAn S AT A9 1,000x w3t A iEANZ
7F CGoll LA =2t ZA|17F 4] efsket T893 4%
SG E29] QP2 EHL 74ZE v, F4% CG= 18
A F3H3{th(Table 3). ©]2|3t Zpol= FARTE 44 CG
9] A%, CGoll A5 A71EA Alzgt 7pgateer 1 5
ol BIAE 2 22459 olEdo] SoA TESI] o
oIt o] AASH] 3 7MY &4 WHOEHN, F
T B 54 AlA] gt dubA Al AT 233435 kHz,
max. 30 min, Model-Sonorex Digitec DT 1028 F, Bandelin,
Germany)E ©]&3 71414 AlES Al=sl=d a7t ¢l
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Fig. 2. Comparison of quality control (QC) test results between an-
alysts (n=3) using Sample A (CG® +SG®), n=35) and Sample C
(CG@ +SGQ@, n=35). For the detailed composition of the samples,
refer to the contents described in Tables 2 and 3.

o

Stk AUHOE, oL B IS FuTHE
A0 dolo] 7l 2 ThE Raa7h HolM A% A
T 1 ) Bl dashA gekE AL® PAEHUT
(EMSs, personal communication 2023).

FarangstolA, 47 282 AA 22ARE T3 =
2RO W2 B A4S FUHA 2ol 2E 4 Uit
(Table 3). A9 F=e= FA4 CGoll Hls) A%} SG7}
H|mA S-Sl ol Ax BAIS 918 M) MY 45
of e BT B & Utk B3 427 CGolE Azt
ol o] 1 ZolthE A (phase)d] wRo] WE Ao|7t &
Ak 12 A% A PO, PR PN =
2 oyt 24 £ QA §47 CGRT 27 SG E
Bo] WM 41 w2Eglon], n 24 glo| 94t 2%
£ S0l Aol HestA A 7’ A4 SG &
Hol|A £ =S 7HHTH(Table 3, Fig. 2). E4F 1zt
o et 54 R AR BEHL Tha Holstgct. A7
Al] AEst BUR 5zte] B PR AR IFRY)
2 WAL 4 Qe BEARE BA% €GO $44 SGR
239+ "Sample A, B AlA Rt 7Fs st AL, Fetdn] o] 44
Hhgo] BB 2 4 gl FEARE Sample A7 42
SFET (Tables 3, S1). ERE, #2444 E2&2ho| o st
£ "Sample A (n="5)2} "Sample C,(n=>5)°] o3l A==
€ HAER 23 A ) AFEA A "Sample A= 42
91.5%, 94.4%°]% 1L, "Sample C = ZtZ+ 80.1%, 72.0%=
W §247 SG =77} © Eakao| gtk (Fig. 2). olu] £4
(n=3) Ztof| Z}o] (EZHAHE "Sample A 7+ AASHA 2k3k
t}. o]#gt A= H&3t Table 3 WEollA], BEA RO o

l‘
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& 7} A& A5 (McLaughlin, 2012; Alers-Garcia et al.,
2021 gt 53 E= e tha JHENES AoR T
ezl=

Meq

A

2. RAZLR HUEM Y22 s20|E
H

AR AR RS AT 2B AR
= BFuolE Y dF pFol taf T4 BFo=H A
] Q14 E3 Qlth(Kelly and Lewis, 1996; Alers-Garcia et
al., 2021). A7 #AH 3}5H4 dlojg et 7 AHETHA
glo]E (4, chlorophyll-a, ash-free dry matter)®] A& 3
7HS 9% 7l @Al ] F JNEEo] gken, I
WHORE ofF Jusith 2 Sof, Aade] ot Az
o Qrg By KA, YAH HATY 5 U
270 =0 ARE F700] AR Fkle] ZHTeRA 7}
53}tH(USEPA, 1979, 1995; APHA, 2017). 23y 283
Z 245 Zote e 2 ER7Y 254 (mis-
identification) = A|& Yof X3t AA EFES tf
27| Tl A E o BE o7 dl @, 43 7k
Zpolyo] 7K =& Uth(Kelly, 2013). E3E, o] 23t 732
BAe 47 AESE 4 glom, tha RIS 717l Al
g AR EE dlolEe I v 2F i Aol AgFe
2 Htg g % 918 Ao|th(Kelly, 2013; APHA, 2017).
FAEEF Ay e FAES IO AYS e
2 5}, 2V 2 Aol SAEE ks TR
Y o Y T shtEA a7E T (Munro er al.,
1990; USEPA, 1995; Kelly and Lewis, 1996; Barbour et al.,
1999). F4EZF(QA) ZEIH-E AYEA A F 7R 9
758 ZRIEH(USEPA, 1979). Shtt B8E 245He 2
o=, Ave] A (FEES} HAE) L J&Ho R @
Egst= Aolrh & stute 29 A&=3E(QC) &, QC-
checkZA] TheFet B2 9] H7to] AMG-H &= Hlo|E 9] 414
2R Bolahe Folth B A7) 24 9 Hrhk um
o] gleuz Aedert 5 et v, F99 1t
X 2018 tho] AR B ol $usHA B A, 24
B4 Y AR AkE BE5E Fa AR A4S A
T 5 e A=Y A9 2 AP Faska WA g
23}th(Kelly and Lewis, 1996; Barbour et al., 1999). ©]Z
& RouniE A dolge) BAUE Fol okt
Aol ghe B2 B77F dSHA] g FEstA o] Fof
A 3171 Y8t A o|tt(Alers-Garcia et al., 2021).
BASURE slvoz she ARBE BREA, A

24, gojgad W Azrdel 7 o e Lasic
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Box 1. QUALITY CONTROL IN THE LABORATORY ANALYSIS USING BENTHIC DIATOMS

LRASURY BE ARG JTEE Seo|Se] Y h§- Bdh ARE FHA B, UFel Fas] 9

ol g3t

T

1Rste] Bgich RaAsTR S0l R22 YXE 2] 4A st 8l vhA (4, diamond marken)t /44 H&
F7Igch 22 gt 7158 i, B2 A 55 AWES JedEE FHATI

FEG A=HYE Aol 2 Y FAEE (wet mountyE TEIL, 15 29HE WE o] A SRzt F F
F7ketth QA/QC A2+ 7He st A, B/ FAEAE 7IA7] f8 k2 AE7HIA 538& =3t

4 F2 BAEUF TE2 Y FUY ARE ThE 2709] &EtolE RE A 22 A7t Lpetof s, 3
A} (percent community similarity, PSc) X|43(gh) ] 75%%S g o] A of et

s S
Percent Community Similarity (PSc) = 100 — 0.5 z |ai — bi| z min(ai, bi)
=1 i=1

a; : percentage of species i in sample A
bi : percentage of species i in sample B

4. QA/QC Al &of Hit T8 HE7H] T4 97t o394,

2
=]

NEEI} HAEUF Seto|=d
1, %7189 $29] A4 (spot-check) B3} €179 thE BRI 97 EES Wtk FAEES RE Au

55 A1 els)

%3} 2

AEUF S|S0 HE 20 T FLE 3% ol £ LHR] o8 ulash ER e olok et E, HRo

i3t xpo| AL Eolstar, W o wat

TR T duo|E Pt

(USEPA, 1995; Barbour ef al., 1999). 0]¢} &3t |24,
A <] 2 (MOE-NIER, 2016a, 2017, 2019a, 2019b,
2022)014 a0k Sl AUEA A= e Fa
W82 39 Box 13 Zth

SHH R, EUFE o83t A A B7F 22
AEoA Az T2 AA A 10% HAZ A5}
1 QJtH(USEPA, 1995; Barbour et al., 1999). AlUE4] vt
HE A&t Box 13} Zo] HAETF EE A2 &2fo]
o] e 9 F 4 7|6k A4 EARe disiAet £2
AFsta glod, FAx 72 &eto|=E o]t At
A A== (4], 200~500 frustules)ol] 23] AFFE A &
2 (%)< 238 FAHE (%) AIE Y2 O 2N Az
£ $35t2 gl (Munro et al., 1990; USEPA, 1995; Kelly
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SUPPLEMENTARY MATERIALS
Table S1. Actual photos of each permanent specimen slides according to the experimental design. For the detailed composition of the sam-
Permanent mounting slides

ples, refer to the contents described in Table 2. Sample N means permanent mounting slide without grids.

Experimental design

Square grid pattern, colored stripes

Sample A
(CGD +SGQ)
Sample B
(CG®+SG®)
Sample C Square grid pattern, colorless and
(CG@+SGD) transparent line
Sample N Standard, common materials
(CGD+SGQD) Both cover and slide glasses are gridless






