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ABSTRACT: The biopolymer (BP) used in this study is mainly composed of xanthan gum and B-glucan derived from
microorganism and has been introduced as a novel material for soil stabilization. However, the broad applicability of BP has
been suggested in the field of geotechnical engineering while little information is available about the effects of BP on the
vegetation. The goal of this study is to find the BP effects on the growth of Camelina sativa L. (Camelina) under drought
condition. For more thorough evaluation of BP effects on the plant growth, we examined not only morphological but also
physiological traits and gene expression patterns. After 25 days of drought treatment from germination in the soil amended
with 0, 0.25, 0.5, and 1% BP, we observed that the BP concentration was strongly correlated the growth of Camelina. When
plants were grown under drought stress, Camelina in 0.5% BP mixture showed better physiological parameters of the leaf
stomatal conductance, electrolyte leakage and relative water content compared to those in control soil without BP. Plant
recovery rate after re-watering was higher and the development of lateral root was lower in BP amended soil. RNA expression
of Camelina leaf treated with/without drought for 7 and 10 days showed that aquaporin genes transporting solutes at
bio-membrane, CsPIP1/4, 2:1, 2:6 and TIP1,2, 2;1, were induced more in the plants with BP amendment and drought
treatment. These results suggest that the soil amended with BP has a positive effect on the transport of nutrients and waters
into Camelina by improving water retention in soil under drought condition.

KEYWORDS: Aquaporin, Biopolymer, Camelina sativa L., Water retention
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F2F 30, 70, 170% S7IIUCE 0= Migs-E St HI0|2E2|H 282 3l5E LSt 2F 80% =2 LIECE AlEe| 23
= 57| 2ol 20 S 7tES Meloien, TR0l Hlo Hi0|2E2|H =elFolM S22 S 3 UH0| 2 40% LAt
SRISIRACL, Camelire0l| 7 |5 XIS 7 ISHEE:, Tl RES, A ~E8— S 21 UES AR Zuf HI0|2E2|He
0| 7IZC= et TS 22+ 2F 50, 70, 50% HAAZICE HI0|2E2|07t 7I5 71 SlolM AlEe| A&l 0= Seks
EXZ0M LotE7 | 2ol Reverse Transcription— Polymerase Chain Reaction (RT-PCR)= St
SE4E PH LTI} (aquaporin)@l APL4 211 26 R TIPLZ 27 Zei0] Hio|@E2|H 28+ I

o =24 LIERGTE 0218t Z11E SEf6IE M, Hi0|2E2|HE= 7Is 2201M EY L +EERS FAIMNZSZIM Camelinall

opp0] B4 U MR0| FYEQ! YIS F= 20 B

SHAMOJ: Aquaporin, HIO|RE2|MH, Camelina sativa L, $~EHR

(Vahedifard et al. 2015). 4] 59| 2> EQF FH Ot
oflet 2 2714 Wil £of o] F2wo] o
2.0 2 GAS WIR|ol= S 31t} (Ghestem et al.
2011). 22 Aotz QI tfaE 4] 2hg ~Ed
291 7ha& A b o] =9 glolw, o] & IRk L
8ol gt A RS oA, A 1S 9
A2 A E= AR APH S o] 5] At §
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(Worrell et al. 2001, Richman et al. 2006). AA| = AJHl
E0) A0 QIt 7] % oj4keheio] A4
2 57lsgkem o] & £ol7] fgt thet i ol = &
T3k 2000d) o) BT Z7h 2L vepi)
(Rapier 2012, Oss 2014). ¥4t o} 2} AJHI E = E oo
ZE o] SPo]EFA] o] (-OH)E =517 HiZol
EFpHE 12 - 13714 G431A S7FAIZ1H (Taylor
1997). ol pH= Ala/d SFE0 Aol daF=
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AlAo] 2F 4= glo] 3F O] A A A Aol A
ol Axdo] ok whebA] 7129 485 thAlstaL %
7hs ek e Al o] F @ 4do] L tf R E AL Sl

Hpo| @ Fejm = njEo] s A Bd=
B-glucan, curdlan, xanthan gumo| tj3E A o|t}, p-
glucan&] B 29H2 BEoF QAF W o dAtete) o] 24
A Bt B s ASehl B R E A
g A 7| = 23171 E 15 Qi) (Chang and Cho
2012). Xanthan gum S A| EoF ¢J2}2] A5} 21 A
QAT AE (e.g. T d) e T3l thE YA 7R
oS slo] B e E Aot R EREE S
TN, B A A At Qe Ao R HAE
v} @1t} (Chang et al. 2015). & &1 7L0)| A= B-glucani}
xanthan gumg & FAJEHE ot AR vlo] 0F
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= e steletad sk
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KAk}l £He AERA] oF90] B 4877
2 M7, 22 S| BESAMALE 71 2412 A
Ao, ke 21z ula) ke Fol A vl w2
A= Ao 7 A4 A QJth(Yuan et al. 2008). o] Bat
ofe} A& AEHA (Kim etal. 2013), G5 AEH A
(Matthees et al. 2018), &5 AEF|A (Park et al.
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E 322 Camelina 2] 33} 24L& 0] 85}0] 24
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REC(%) = ME;C?)ECI % 100

AR (RWC)-2 fresh weight (FW), turgor
weight (TW), dry weight (DW)&] 57422 A4 €t
FW ol A1 5419 FAE S4% gL TW=lold

A=A E 30 mLE| 32} B2} 9 test tubeoﬂ Hoj
26°CoJ|A4] 100 rpm, 4A| 752t wHISH S A S =45t
25 DW=65°Cof| A 48 A 7F 5ot A A% X171 & A

¢

£ 243 oItk RWC(%) S o A1 Thaat k.
FW—DW
o) =
RWC(%) = 5 > 100

25 EQF A Sl2F =X

0.5% ufo] o Felwi7} Btel £} Ut £
FRE T2 B SR EA T, T4 FUS
B9 7HE 24 slolA] W SIS Z45ck ol
Sof) AHEl EQRS 65°C 2ol A AR A7
ok £k 4 H G 57 AlS R g

Table 1. The list of RT-PCR primer set used in this study

Genome database 25| 2+21% Camelina $E4
%3+ CsPIP1;4, CsPIP2;1, CsPIP2;6, CsTIPI,2,
CsTIP2: 1 §707}0] 7] A8 o] §35}] 74 4171
RT-PCR-& primerE& A|2}5}3it} (Table 1).

uho] &2 u] B84 o4 259 FAHAS A
F 79 W10 57 A 2]ek Camelina 2] 9= )-8
o] total RNA S 5235191t 0] DNase (InVltrogenTM,
DNase )& #|2]3}o] A A% pure RNAE SH 513 17,
reverse transcriptase (Takara, Primescript 1% strand
cDNA synthesis kit) & ©]-8-3FcDNA $4 S RT-PCR
2 43519t} (Table 2).

74

-2/ =1}

w
\a

2

3.1 Hpo|2EE|M =& =2 MY J7IE &8

3 4150l obA) E S5 vho] B 2ju]o] 2
EE Yol 7| 95| thoFsl s X 2] o] k= Camelina
O] -2 ] wskGich Z}Z}O 0.25,0.5, 1% H]’Olii

Gene Primer (5° - 3) Tm (°C)
Forward ATGGAAGGCAAAGAAGAAGA 54.3
CsPIP1,4
Reverse TTAGCTCTTGCTCTTGAAAG 54.3
Forward ATGGCGAAGGATGTGGAAGC 60.5
CsPIP2;1
Reverse TTAGACGTTGGCAGCACTTC 58.4
Forward ATGACCAAGGATGAGGAGTC 58.4
CsPIP2:6
Reverse TCAAGCGTGAAGCTCGTGAA 58.4
Forward ATGCCGACCAGAAACATAGC 58.4
CsTIP1,2
Reverse TGGCAAAGCTAAGGAGGAAA 56.4
Forward GCCTTTGGTTCTTTTGGTGA 56.4
CsTIP2:1
Reverse CCGGTGATGACTGTGATTTG 58.4
Table 2. RT-PCR conditions for each genes
Gene Condition
CsPIPs 95°C, 5 min; 26 cycle (95°C, 30 s / 54°C, 1 min / 72°C 30 s); 72°C, 5 min
CsTIPs 95°C, 5 min; 27 cycle (95°C, 30 s / 56°C, 30 s / 72°C, 30 s), 72°C, 5 min
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j=

.2001, Masoumi et al. 2010, Ouyang
A A3 ool 2 Belele) 7
=Rt ZRlg o, A EEs

Qlskeict (Fig. 1 (b) and 1 (c)). OlEi

2 g

3 ATE 55 0.5% vlo] 2 Ze|H Ejto] 7Ha 271
sfollA] AlEo] A 2o] & WA} o FEE 520
2 E|QlaL, o] 5 43 Aol H-8-sl9c).

Biopolymer concentration ( % )

Relative stomatal conductance (%)

o = [

Electrolyte leakage (%)

Drought (-)

Drought (+)

Fig. 1. Comparison of physiological responses of Camelina
with various BP concentrations under drought conditions.
Plants were grown for 25 days without water supply
(a). Stomatal conductance (b) and electrolyte leakage
(c) were measured as physiological indicators.
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239F -5l M o] ERIE Q) (Fig. 2, 3 (a)
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*J%h g4 %%E ZAJo) & Kol phgkoLy, 7}
o= Blo] e Ze w7} ot A=
o] A%, A%, 0,3%01 747} 25, 70, 170% Z7}¥8}Sich
(Fig. 3 () - 3 (e)). o5 XHT}#‘E Fof B EAIAE A
¥}, o] @ &P St A0 BlEE0] °F 80% &
A vehts 2 8 "J’é‘h&} (Fig. 4). o]=|3t A=
0] SRt 24 Sfofl A= o] @ &2 Z3to] A
& Aol ke mAA] o, 7he 24 stell A=
—“W‘ﬂ °§ﬂ~— u|x]= A 08 Heltk
Hpo] @ FZajm S9F ol w2 4]
0 & JestA| vl iLst7] 915k
T7W° A S A8l vlol e Zo)m 29t f-5+
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Fig. 2. Comparison of phenotypes according to BP
treatment in the soil and drought period at 5, 10, 15,
20, 25 days from germination.

BP(-): control, BP(+): the soil amended with 0.5% BP
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Drought ( -) Drought ( +)
(C) 140
120
™
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z
2
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BP(-) BP(¥)

Drought ( -)
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Fig. 3. Comparison of growth patterns according to BP treatment in the soil and drought condition at 25 days. Plants
were grown for 25 days without water supply and sampled as whole plant (a) and 3rd leaf (b), respectively. Plant
height (c), leaf length (d) and width (e) were measured as physiological indicators. Bars and error bars indicate means
and standard error of triplicate measurements. *** P < 0.001 (Duncan’s test)

BP(-): control, BP(+): the soil amended with 0.5% BP

SEE AT RVOS 337 2379 9
109 F9He] 7l 241 sloll At 2419] 7| S e e e
wlol @ el Eek ol ulsl 212} o 50, 30% v =
A= ek (Fig. 5 (b)). A2 =22 B Hiol &
2l EYTAF79 9 102 Feke] /1B Helo 4 oz
TETZFZE 9F 50, 70% WA S = e, A2 711t
o) o 4% |z 7ol W §RE/ B BOR
7Fole A& sttt (Fig. 5 (o). 7ha A 2ol w2
Camelina®] -5 B G20 7152 7 Xjo| A= & 2}o]
7h A gigkent, 102 Aol Hol &l o E3to)
At 2aego] 2ol ] oF 20 %7 Lbehts

H

rr

2 BRI (Fig. 5 (d)).

o] 2]at A a] & BkLof T3t 2ol
o] E e Egfo] mh2 EoF R IS S
7HE A7t A GE4E vto| 0 Fe|v &gt Eokel =
BH Gk gz %01] B af 42 2
2|t 15%9] EE 72 xjo]5 21513t} (Fig. 6).
1 7% vjo]] w2 B-glucan @ xanthan gum £ &
G2 A ARl AP o] ZEolA BEddAtet =8
2} 7k0] AR 7|2 AR Bl S50 FHRS 7HaA] 7]
L, 1o} 1l ookt J@ZM S vl vt Qlek

(Chang et al. 2015). 4138 1529} & -9 Avfz 1
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Fig. 4. Comparison of recovery after BP treatment and drought condition. Plant were grown for 25 days under drought
condition and recovered during 7 days (a) and quantification of the survived plants was measured after recovery
(b). Bars and error bars indicate means and standard error of triplicate measurements. *** P < 0.001 (Duncan’s

test)

BP(-): control, BP(+): the soil amended with 0.5% BP.
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(b) 120 120
g 100 “\_E 100
8 B
g H
'g 80 s 'g 80
|- 5
; 60 t_'; 80
2 2 *
= k] . ’—‘—‘
E . . & O !
a 0
80 60
(c)
S0 S0
2 40 % 40 o
N -
= = 30
£ :
=3 =
8 = 3 2 e
o e
10 ok 10 - ’_]_‘
: M | .
(d) 100 100
80 ] L 80 .
= 60 < 60
Iy Iy
5 40 E 40
20 20
0
BP(-) BP(+) BP() BP(+) ’ BP() BP(+) BP(-) BP(+)
Drought (-) Drought (+) Drought (-) Drought (+)

Fig. 5. Analysis of physiological responses according to BP treatment in the soil and drought condition. Plants were
grown under normal condition for 25 days and treated drought for 7 (upper panel) or 10 days (lower panel), respectively
(a). Stomatal conductance (b), electrolyte leakage (c), relative water content (d) were measured according to drought
period (7 days-left panel, 10 days-right panel). Bars and error bars indicate means and standard error of triplicate
measurements. ** P < 0.01, ** P < 0.001.

BP(-): control, BP(+): the soil amended with 0.5% BP
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5.0

4 5 —O— g:j) 1.00 098 042 115 1.00 110 053 0.76
= comery L A [ p——
3 40 4 1.00 118 043 [ %41 1.00 1.06 084 073
g 354 100 115 057 114 1.00 085 054 0.44
o
S 3.0
E 1.00 114 081 112 1.00 104 0.90 0.96
o
g 20 1.00 0.90 0.50 0.50 1.00 131 0.80 087
@ 1 5 A 1.00 099 0.96 1.06 1.00 093 097 099
BP(-) BP(+) BP(-) BP(+) BP() BP(+) BP(-) BP(+)
10 T T T T T T T T T T T Drought ()  Drought (+) Drought () Drought (+)
o 1 2 3 4 5 6 7T 8 9 10
Days after treatment Fig. 8. Expression of water-transport-related genes of

Camelina according to BP treatment in the soil and
drought condition. Plants were grown under normal
condition for 25 days and treated drought for 7 (left
panel) and 10 days (right panel).

BP(-): control, BP(+): the soil amended with 0.5% BP

Fig. 6. Comparison of soil water content according to BP
treatment in the soil and drought condition.
BP(-): control, BP(+): the soil amended with 0.5% BP

A= FoE AL ol A Lot 7] 915ke] Camelina
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