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SHATH HEkR 5 242 93 nAED A ndE B4 o2 dET B4S ¢8) 20161 1249 2 JIEH
o] 10 m Z+E 0.2 A9 471¢] T Zu|E|(IYHW1, [YHW2, [YHW3, [YHW4)ol X E3Ht) BA 22 35t
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S BAIS Tolsly] i) WA BAT o - SOl BAS ek A vAEY 24 FRE
ProteobacteriaZ} 3FH4221 IYSWI1Z} IYHW1-S A Q]S BE A|RoA 90.5~96.8% % =2 H|&S HJth &
3t A1 o] AWEQ] 3] L2 Chytridiomycota B2 IYSWI13} IYHWI oA Z+2Z) 57.81) 43.4% 9] =2 H]&
& AR HHE TYAW 1 T TYHW4O A= 0.2% o]aHa A 0] 24131 ekgteh. Auka o 2 [YSWI1ZHIYHW1-S
S12] GTL S A WL IVAW IS [YHWALE R5}42] & S AB1A thot A2 A1k )4 23]
T2E Bt 22 IYHW2H IYHW3-2 X|5l4=-51d 4= 443 2H8-0] ol At 2 whet.
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ABSTRACT: This study was evaluated for groundwater and stream water interaction in the hyporheic zone of
Inbuk Stream, Inje of Gangwon Province, using biological methods. A metagenomic analysis consists of eukaryotic
microbial and fungi microbial communities. For this purpose, the samples of hyporheic water were collected from
the four piezometers IYHW1, [YHW2, IYHW3, and [YHW4) that were installed at 10 m interval across the stream.
As a control group, the stream water (IYSW1) and the groundwater ([IYAW 1) were sampled on December 2, 2016.
We also measured field parameters and analyzed chemical compositions of the hyporheic waters, stream water,
and groundwater. The structure of prokaryote microbial community for high rates of Proteobacteria showed a high
rate (90.5~96.8%) for all samples except [YSW1 and [YHW1. Also, Chytridiomycota in the structure of eukaryotic
microbial community was predominant in [YSW1 (57.8%) and IYHW1 (43.4%) but was rarely (<0.2%) found
in IYAW1 and [YHW4. As a result, it is inferred that [YSW1 and [IYHW1 were dominated by stream water, and
IYAW1 and [YHW4 were found to be dominated by groundwater. And [YHW2 and I[YHW3 were a point zone
of interaction between groundwater and stream water, where microbial and hydrological changes were dynamic.
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1. ME

Z| T H2 Ul & A, sl A, AE
Al Wg}, o] A7]% Foll WhE A HIkE A|sh
9 S AL A Q1 gHE T o YR §le
™ oo wet A Fa/do] FHAF FZEHA
Ao BN BE Beloh A&H 02 o] §5}7] 9
3w go] We d7aEo] o8] olFoixlx Yck
(Jyrkama and Sykes, 2007; Herrera-Pantoja and
Hiscock, 2008; Allen et al., 2010). T3} 7] S lo])
uhe AJsisel saide] 43 @ 4 wshs 12
Yoz BATe WaE AL S Ak
o= FFe o

Aatest shase] AT Egtth(hyporheic
zone)= T FAIE £ 4 nglo] g5 oE B
Ast= F A H (interface) o] th(Brunke and Gonser,
1997; Winter et al., 1998; Kalbus et al., 2006). X5}
st ahalet M2 WM AAEo] gom 45
AL FE Ao Motulo] 4214, Batd, 47,
AE 5 vk A WS B9 Aol T
th(Winter et al., 1998; Anderson, 2005; Bourke
et al., 2014; Kim et al., 2014; Yang et al., 2014; Jeon
et al., 2015). YxkH o= 97]ol= A|el9)7} sk
Sl o} a4 SUH] Asig 2T
£43E Hol wh A7|oe A|5i49i} a4
sjuac} ol Tsfoj ] AJsja} o] sl g
2 FANZ = o] 53PS B RItKSophocleous, 2002).
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(Kim et al., 2018). 3R]t T F-& At (Bacteria)x}t
IA|5t(Archaea) &2 o] o] A m]PFof 24
o] grEo] Qlrh. X3 n|YEE A A Axto] A2
Skar glom TheFet AsteA gto] §lojA] Fagh
S st §17] el & njgEof s 23
£ 531 9735 4398 B a7} QJtkHindshaw et al.,
2017). o] A& theket A=A 75 7L Yl Tl
e thste] At AL 5HH Y L HER £l
OF gy, A, QI e =0 it ohuz m)
F Ha9] 8lo]| QlojA] Fasitt o]of wet A5,
S, S oA oH FF9 nAEC] T2 A4
staL glom E4 nAEY od A7) s A
B Aol S 83t G n|A=A] £AT et ot
(Baker et al., 2015; Dopheide et al., 2015). & J
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Fig. 1. Map of the study area (Inbuk stream) showing the groundwater well and sampling transect for stream water

and hyporheic water.
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o ot glom A2 FHef A7) X7t 2L
FEHFORE shHo] daE o] Q= AP Kt
A L] YRR E-2 YA HAA] T2
iRl FHAFA shdwntel A 9448t 5
o] & o|F1L o|F AU TV A=Y, 2K
33 RHE Smstebo] Bt E3L o5
A7 | F2Z0] Fggho & Wi=r}(Song and Cho, 2009).

P 251 B4 Wkl oF 10 m A o= 470
9] "o zu]E|(IYHW1, IYHW2, IYHW3, IYHW4)
7} Asla=shdar ATl ol AR =l o
237 Zol= oF 8 emo|tH(1d 2). AFA|HofA
SHEFERFCE 90 m HolZl X Fof AT 72 mé]
W 558 THIYAWD)o] 3t} & A& 2016
@ 129 2910 35948 T, SHHAHIYSWI), 471782
o] zulg|o| A AFHE(Peristaltic pump; Model
410, Solinst) & ©]-&-3tf ZFetH o™ &8 B4
3} mjo e o] 1o} gl B o] $HEY
3} the] whEe] AHHLIH 02 Ty ) A5
230} 3-5ul) et A,

o= 242 fI8l 2 A nkek 35 LY Tt x4
o] 2SR Eo BYLLEAT} 7 oS0l
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DNA 3=Z(FastDNA™ SPIN Kit, MP Biomedicals)
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Fig. 2. Vertical cross sections of four piezometers (IYHW 1, [YHW2, [YHW3, IYHW4) showing stream stage, water
level, streambed surface and automatic data loggers (water level and temperature).
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Table 1. Field measured parameters and ionic compositions of groundwater, hyporheic water and stream water on

December 2, 2016.

Water type Ground water Stream water Hyporheic water
Parameter IYAW1 IYSWI IYHW1 IYHW2 IYHW3 IYHW4
Water temperature (C) 11.4 9.3 8.3 10.4 10.9
pH 6.5 7.2 7.8 6.7 6.8
EC (uS/cm) 145.9 91.3 88.6 126.4 149.5
DO (mg/L) 3.63 3.90 4.17 4.51 4.7
ORP (mv) 316 313 187 186 339
Ca (mg/l) 12.67 6.45 6.49 10.09 14.21
Na (mg/1) 437 3.54 3.77 3.93 4.55
Mg (mg/1) 2.74 1.41 1.32 2.21 2.97
K (mg/l) 1.55 1.44 1.27 1.96 1.50
HCO; (mg/l) 24.39 13.39 14.00 13.63 20.58 24.39
NOs (mg/1) 4.80 443 4.46 4.04 8.41
SO4 (mg/l) 5.83 4.86 4.37 5.73 7.35
CI (mg/1) 4.89 3.80 3.96 4.25 5.39

= A Fo] §EA 7

2.3 PCR ZE1} Illumina sequencing 2

PCR FZ-5 93l 98 v E-2 165 rRNA 34}
9] V3-V4 region F-2o] €7 H 341F2} 805R Zz}o]
HE o-&3Iar A m|PE-2 1TS2 F=9] fITS7=}
ITS4 Zato|HE o]8-sl¥ ch(Thrmark et al., 2012).
PCR ZZ 31}#o]|4] NEB Phusion Hot Start Flex
2X Master Mix (M0536S, NEB, UK)E AR5+t
%7] ¥A)(denaturation) ZE4kg- 272 164 98T
of| A 30z 4233t 25HA 98 CojlA] 10%, 55C o
X 30%, 72°C oA 30% T2 2 chimeric G7]14 <
FAE izt AASH] el 253] a5t e vt
Ajat 3gtA| 72°C oA 5 7S =35ttt £
annealing I} oA ramp speed & 1C/ 22 A3t}
St 221 ATBL Wr|9Bo 2 gl L HYs}
3t & 54U = poolingsttt. £H|E amplicon
100 ng © 2X¥| NEB Ultra Il DNA Library Prep Kit for
Nlumina (E7645S, NEB, UK)& ©]-83}] sequencing
library & A|&Fat o Azt g2 A 2Abe] =2

EZof wg} AH(ChunLab Inc.) oA =3 = $itt.

2.4 MiSeq pipeline system

MiSeq sequencing B3z gt FEHARE H3h
Trimmomatic =2 TI3Y(Bolger et al., 2014)S A3}
Hom FAHAE TR AE H|olel= ThA] Pandseq

Z 2T (Masella et al., 2012)& Ag5}] Paired-End
Al gof| thet 244 2853t T3 Miseq sequencing
V4 I Soll WSk 71414 B EA 9 Y
B3491% 0 22 A A7) 93] DUDE-Seq =213
(Lee et al, 2017) & ALg-3HT}. o) A2 S8 3
Al 2 E12) A% Blo]e)2 olgale] BearEel
57 (Taxonomic assignment)S $~3}ct L&
A& 918l EzBioCloud 9] 78 ¥12|E&< 3-8t
thwww.ezbiocloud.net). PCR & m}4of|A] 471
7|Hl2H(chimera) A &2 BF215F7] $18f Uchime 6 (Edgar
et al., 2011)2} EzTaxono)| 4] A%+ non-chimeric
tlo]ejHo] AF o]-&5t3iTh. ofuf oF 97% o] &
AHEE Hole A G FATA A o] F eEL
E EREenz gX|tiidolA ALAFth oA
B9 A9 gloEl= CD-Hit 7 (Fu ef al., 2012)3}
UCLUST 8 =2 713(Edgar, 2010)& o]-&3}5.0m
L3l v thgt REA-2 A 3H(ChunLab Inc.)
ofl Al =Pt XS m]Eof| tie FHEN LS =

Al Aol A 3PS AT

w9
[~}
=
-

=}

E9|

3.1 2k 2|55t EM
12 AFA G A8t Hs, i 4=
] EAo] gt 23S HojEch pHE 65~78
ol HoE Hgom HY8 W IYAWIo]| 652
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7 W9k IYHW20] 7.82 71 &9kt Arjdee
L 3oz R u|wz Wa) 9x]8 [YHW3, [YHW4,
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S o gol Bk o2 e} £EAH4(DO)
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TI7 4= 93 mPEE I Ao Fphylum)
FEolA Holi= HEIS F(species) FEolA] vl
37| I8t E5+4d(taxonomic composition)©|t}. ©
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7) 2ol 7P =2 e Hol= F 157 5 A
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829% = A|akeur} s1aso] TS U we Aow
et A5k} 23tfjof| A= Proteobacteria”k
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Fig. 3. Radial plot for groundwater (IYAW 1), hyporheic water ITYHW 1, IYHW2, [YHW3, and [YHW4) and stream

water (IYSW1) on December 2, 2016.
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Fig. 4. Double pie chart showing the taxonomic composition at phylum and species level for groundwater (IYAW 1),
hyporheic water IYHW 1, IYHW2, IYHW3, and [IYHW4) and stream water (IYSW1) on December 2, 2016.
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