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Abstract

Antimicrobial peptides are a part of the innate immune
system in plants. They are present in all tissues and a
wide range of plant species, and their antimicrobial
effect against plant and animal pathogens and cancer
cells has been proven. Snakins are a group of low
molecular weight cysteine-rich plant antimicrobial
peptides involved in the defense against biotic and
abiotic stresses, hormone pathways, and plant growth
and development. In the present study, laboratory and
bioinformatic methods were used to investigate the
characteristics of the snakin gene family members and
to evaluate their expression changes in four seed
development stages (3, 8, 13, and 18 days after
pollination) in barley plants. The results showed the
presence of 11 snakin genes in the genome of barley.
The protein sequences of the identified snakins
contained the GASA functional domain. These snakins
had a signal peptide and had extracellular
accumulation. Due to their high abundance of
hydrophobic amino acids, they were hydrophobic and
produced complex secondary structures. Phylogenetic
analysis was performed between barley, rice, and
arabidopsis snakins as two monocot and dicot models,
leading to three classes. Also, six disulfide bonds and
antimicrobial ~ properties  were  computationally
confirmed in all identified proteins. Expression analysis
showed different expression patterns for snakin gene
family members in different stages of seed
development and also exhibited different trends in each
stage. The snakin genes can use to produce transgenic
plants and to produce a new generation of natural
antibiotic agents to protect humans, plants, and
animals.
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Bioinformatics analysis, Gene expression trend, Seed
development stages.
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Hvsn2 BAMBC GGACSHRCSK SSH-PNECGR ACNTCCRRECG
HvSn3 PRIBC PSSCNARCAK NWR-NEBCNK BCNECCBECN
Hvsn5 GSABC BGRCGMRCSK ASR-HBBCER McGEcCAECN
HvSn7 PSKBC GWACNERCSA NSR-QNECSR AcHEcCCSNCR
Hvsné PBGMC EAKCENRCSQ KMAGR--cmG BCTMCCGKCA
Hvsno PSKBC GWACNERCSA NSR-QNECSRE AcCEEcCSNMCR
Hvsn10 RRABC PEMCEGRCAN NWK-NEMCNB KCNMCCQRCN
Hvsn11 Kllac KPMCENRCS- BTENREPCHEE BCNECCNTC-
Hvsn12 PQAEC EGRCAQRCS- ATANRKEPCEE ECRECCAAC-
Hvsn13 KPWEC SSKCSSRCS- GTQNKKACHET MCNECCATC-
Hvsns KlQc KPMCEMRCS - BTENREPCHEE ECNECCNTC-

ComemusPSADC GGXCNXRCS - NXR-RKXCLX XCNKCCATC -

-CMPPGT -AG
-ciPsSGTGaE

NEBNC-PCNA HMTTHB-GRH K-

TRNEC -

PCHA KEMDSKTGKE

-CP 92
-CP 92

-CMPSGT-AG NKBEC-PCHR BKTT-GHGAR llrlcp 227
-CMPAGT -AG NKETCGKCHMT BWTTHG-NKT K- --CP 107
GCMPSGP-lA SKBEC-PCHR DVESPESGRP l--»cp 11
-CMPAGT -AG NKETCGKCHMT BWTTHG-NKT K- --CP 107
-CcMPPGTGAE TRHEC-PCHMB TMTNPHNGKE K- - -CP 165
BcH¥PSGE-NG HKNMEC-PCHMN NWKT-KEGRP K---CP 113
EcMPPGT -G NEQTC-PCHN DWKT -KRGGP K- --CP 126
BcMPPGT -BG NKGAC-PCEN NWKT-KEGGP K---CP 273
BcH¥PSGE-Nc HENMEC-PCHEN NWKT-KEGRP K---cP 113
-CVPSGT-XG NKDEC-PCYN DWXT-KEGXP K---CP

Conservahon ﬂmrﬂ“ oy rﬂnmﬂﬂ—lm I‘\ﬂﬂf‘lﬂﬂmﬂﬂm ﬂﬂﬂﬂﬂﬂmrﬂm HHHHHHHHHH ﬂﬂr\rﬂnﬂ”ﬂﬂ ﬂﬂﬂ[—mﬂnﬂﬂr H

Il

saauencercgo Busbl) waglnehSe w¥RvinsOen s0R(Cusln cOVPeF.88 aRezloPCln swstomalis K...CP

o> Ol ooy Slaoesd dbe Jlod g o (Wlge Sl sl g 5| GASA (egs sl oo ¥ IS
St & ¢uSinsl Slogseig y I AN (53l en (0092 ol ond b i VW o L5 jrus (sl
Ll 005 03 UL.» L:zsd] ods cblas



(I V¥ 550 qordg ow (2o o050 oyladd coadjled Jlo o elyj LS (g)sldcu; ole alxs A

Sagaram et al., 2012; Wilkins et al., )
obsS LRNA ;I 25,5 LMIRNA (1999
ol () sanl) b a5 Lis 0aiSAS 8
o 03 ol IS Gk J) s & gl
Heidari et al., ) sl o byl ;0 g,
GASA (lacuss) Jlg sy 45 (2020
s HvU miR6196a lawg HVSNS a5 oy \Lis
an dy90 HVU MIRN5803 Lwg HvSN1l
SSBIC

SosSan gral 09! Sl (wyp
Sl 0f @) peadl 09)F dw & ) Syl
HvSn9 4 HvSN8 HvSn5 HvSn4 HvSn3
g S ed G981 93 9 gl ol
5 5951 ke s HVSN12 o HVSN1l ((S,»
HVEN2) ¥ 09,5 slo 5 il o (ygyia) dm
dw b & (HVSN13 4 HVSN10 HvSn7
Pty (39551 93 9 (49551

o3> dnwgi 1y g)l3 CAMP oMbl oISl
TSI ISP PUCIR [ PSS AR EAPC RGO
5Lb g2 Sl Wilo ala Shy elul 2
Swoln 4 gl gb)lidle 5 Glom e
A sbSan 9 sy ) (295 M2 (Shy
boSon Sage kS eyl cpl il p e
S b o (p9)Sue 1S sladity lye 4 )
9See Mo Syide (Shy x> b S b

iy ol ord dwle Sl asls
g s Canglie 01O Ui co> obS peSpias]
aly ol olpae & sl )l anps Jlae ) sl
O8] g g oy aisel (slaaal (YL sy
sl 9 gl cb)lidle de2y pores
A Cuws s ol 0 dese (sdlgw ed
s 51 (GRAVY) S Shopas Lawgis
Sl plad (gl 00d duslre (Shigyid ggece
O el Glasel IS olas g diel
GRAVY & jSjp0 » Al Conds pSgp
Ol il e gy SO gl ol Al
Pyl b e dgn o &l gae
dgbien Lgmme (ohd ol g Cute g
.(Kyte & Doolittle, 1982)

P 95 Mo sy S350, (e
G blis b Jols 5 bl dapyjely Jilde
sldle geen 5 (2989 (Shy Cwl
cage (ghilawsd sbdigy 5 0B agl
sblie b oSl glaasy x5 s
Sy edee gl (gdadstud Yy
ol 4Yed clalis b ol sbol (gl (St
it 5,50 G 4 Gy gl jl Baas a5
onl & wms Gl ) o (65,8 csls b,
(Bt atsal (glasausl line 53 GBI L 1) )90
xad o pll 368 LSl )3 w9 opY] Wil



q 3D Sl J5 ol glael Sly Gl o b Sy owy i) SKen g (o

(0wl slews HVSN10 5 ol o SLidles )5 5
ol oYL ol by ple 5 lkwge HVSN4
5 pow «Jgl Jolye 0 HVSN3 5 by ;o .ob
o 5o YA g W slagles ) (w0 eyl
o 59s A) pod Ay 53 5 032 (il ((SLidles,S
DB S Bl & s (LS
s HVSNA (sl j pylaa 9 pow Jolye ) il
Iy b ole Mgy &S5 wlo AW, HVSN10
O b gl GaliEl Gas & WS e b
b @Vl gl pilee albye 3 9 ol oo pow
HvSn13 9 HvSn7 HvSn5 Lgl.:aoj Wl ULM;
a0 93 )3 9 (ool Bl W9y (g Jol Al pe 93 5
5 HVSNI0 15 5l 5 pug als 1, ol als
Ole pgd dope 93 53 g (il lo Jgl alsye

(F JS) o9 aals 1) (ol 81

3

‘> o\.,f )'| 0N LfL,.,LW‘, LSL‘Z’ § | 2 me

Support Vector — u,651 b ol s
ool /ANl i sl lie L Machine
I iy ksl olie L Random Forest
Jkisl olise b Discriminant Analysis o oSl
Artificial Neural oS 5 </AF 3 iy
Iy 9,50 M Cuols 3929 JolS a0l L Network
D)8 gy 0 ol (ol Sl olod p
$oj bl soss jl ol ple ol
szl &) 0 iS5 Jolye Jsb 53 oS
S Sy (39 odal5Bl e (slyls &S HVSNA 5
590 ¥) Goop Job dlope 3 b plis ) pials
(el Jlees HVSN3(5 ol Sladles S I
s o5 9 HVSN7 HVSN5 HVSN4 (s
s HvSN10 HvSN8 , lwge HVSNI13
595 A) sppt pgd Ay 55 a3l e YL HVSN12

o 1 2
valse ’—l—‘

stagel I

stage2

HvSn12
HvSn10
HvSn8
HvSn7
HvSn13
HvSn5

HvSn4

stage3
staged

¥) pliag; 033t sl als yo )y JolSS cilizis Jolie (o )3 (Sl 03lgils (slag] ol jl bols ()l 4 F JSs
e 390 ) plaR39) 0255 ipges als jo o (SLiBId)S 5l g o) A) 23U L 033 ey 19 s po ((SLidled S I s S,
(SUi8lo3 )3 51 59y VA) &> (4 3y ple Al yo 5 ((SLtdlos S



(I 58L o (ol wSe olesd q@mdlyd Jlo o)) ol 6ygliscumnj (sole dloxe v

Sl (b GoSKsgn il e 4 Wilg e
L QL"’I:S ‘Qul cdrdlxe Ce GLM 319o L5|).3

9550 15 Jolse 4y jl5 & aagi L g cllse
O o g0 LS 5 13 Canglie dlow] Jdody bas

LS cpyie Olys A (295 Mo clasiy
asyly LS eSS oL D Jlsl

Slogbyy dmg Gl odlaiel b plply S e
15 sy 03,8 Mg g bl 5 (£59siSise
il &4 lgise (69l DY gao 1> 955

8l Cuwd 00 plod Caid BN g pgeus I yiaS

REFERENCES

Ahmad, B., Yao, J., Zhang, S., Li, X,
Zhang, X., Yadav, V., & Wang, X.
(2020). Genome-Wide Characterization
and Expression Profiling of GASA
Genes during Different Stages of Seed
Development in  Grapevine (Vitis
vinifera L.) Predict Their Involvement
in Seed Development. Int J Mol Sci,
21(3).https://doi.org/10.3390/ijms21031088

Ahmad, M. Z., Sana, A., Jamil, A., Nasir,
J. A., Ahmed, S., Hameed, M. U., &
Abdullah. (2019). A genome-wide
approach to the comprehensive analysis
of GASA gene family in Glycine max.
Plant Molecular Biology, 100(6), 607-
620. https://doi.org/10.1007/s11103-
019-00883-1

Apte, A., & Singh, S. (2007). AllelelD: a
pathogen detection and identification
system. Methods Mol Biol, 402, 329-
346. https://doi.org/10.1007/978-1-
59745-528-2 1Y

Bahar, AA., & Ren, D. (2013).
Antimicrobial Peptides.
Pharmaceuticals, 6(12), 1543-1575.
https://www.mdpi.com/1424-
8247/6/12/1543

Bamdad, F., Sun, X., & Chen, L. (2015).
Preparation and characterization of
antimicrobial cationized peptides from
barley (Hordeum vulgare L.) proteins.

dleguiins g (5 S Ao
S5 Nz gl dexg ol Jlagh ggecme
Ob Gl g 28 jastie g olS o 1) (Sl
S0 Wb e oS Sl adlgls slapy;
(Hen 9 5 daw p» eeld GlagSil
O 05 5 eliie (63)os g ()b (la S
Sy OLS » (p9)Se Mo sladay e
b jtsle 5 stplsinel cuS5 0 o it ogtio
b b (29,5 1o b 5 wis Solite ob

00ill g5 (09,50 b gladiiy Cplpls > xuwg
B> (65y9liST g (S con yd odlaiul sl oYL

LWT-Food science and Technology,
63(1), 29-36 .

Baum, M., Von Korff, M., Guo, P.,
Lakew, B., Hamwieh, A., Lababidi, S.,
Udupa, S. M., Sayed, H., Choumane,
W., & Grando, S. (2007). Molecular
approaches and breeding strategies for
drought tolerance in barley. In
Genomics-assisted crop improvement
(pp. 51-79). Springer .

Berrocal-Lobo, M., Segura, A., Moreno,
M., Lopez, G., Garcia-Olmedo, F., &
Molina, A. (2002). Snakin-2, an
antimicrobial peptide from potato
whose gene is locally induced by
wounding and responds to pathogen
infection. Plant physiology, 128(3),
951-961 .

Bian, J., Deng, P., Zhan, H., Wu, X,
Nishantha, M. D., Yan, Z., Du, X,
Nie, X., & Song, W. (2019).
Transcriptional dynamics of grain
development in barley (Hordeum
vulgare L.). International Journal of
Molecular Sciences, 20(4), 962 .

Carvalho, A. O., Machado, O. L. T., Da
Cunha, M., Santos, I. S., & Gomes, V.
M. (2001). Antimicrobial peptides and
immunolocalization of a LTPin Vigna
unguiculata seeds. Plant Physiology
and Biochemistry, 39(2), 137-146 .


https://doi.org/10.3390/ijms21031088
https://doi.org/10.1007/s11103-019-00883-1
https://doi.org/10.1007/s11103-019-00883-1
https://doi.org/10.1007/978-1-59745-528-2_17
https://doi.org/10.1007/978-1-59745-528-2_17
https://doi.org/10.1007/978-1-59745-528-2_17
https://doi.org/10.1007/978-1-59745-528-2_17
https://www.mdpi.com/1424-8247/6/12/1543
https://www.mdpi.com/1424-8247/6/12/1543

3 - yd O‘SM‘»\ &5 a:l?l& slacl Sk Ql)mﬁ5b§}i9 e :Ol)maﬂ

Castro, M. S., & Fontes, W. (2005). Plant
defense and antimicrobial peptides.
Protein Pept Lett, 12(1), 13-18 .

Dai, X., Zhuang, Z., & Zhao, P. X. (2018).
psRNATarget: a plant small RNA target
analysis server (2017 release). Nucleic
Acids Research, 46(W1), W49-W54.
https://doi.org/10.1093/nar/gky316

Doyle, J. J., & Doyle, J. L. (1987). A
rapid DNA isolation procedure for
small quantities of fresh leaf tissue .

Elsbach, P. (2003). What is the real role
of antimicrobial polypeptides that can
mediate several other inflammatory
responses? The Journal of clinical
investigation, 111(11), 1643-1645.
https://doi.org/10.1172/JCI18761

Epand, R. M. (2016). Host Defense
Peptides and Their Potential as
Therapeutic Agents. Springer .

Fan, S., Zhang, D., Zhang, L., Gao, C.,
Xin, M., Tahir, M. M., Li, Y., Ma, J., &
Han, M. (2017). Comprehensive
analysis of GASA family members in
the Malus domestica  genome:
identification, characterization, and their
expressions in response to apple flower
induction. BMC Genomics, 18(1), 827.
https://doi.org/10.1186/s12864-017-4213-5

Faraji, S., Mehmood, F., Malik, H. M. T.,
Ahmed, 1., Heidari, P., & Poczai, P.
(2021). The GASA Gene Family in
Theobroma cacao: Genome Wide
Identification and Expression
Analyses. bioRxiv .

Ferre, F., & Clote, P. (2005). DIANNA: a
web server for disulfide connectivity
prediction. Nucleic Acids Research,
33(suppl_2), W230-W232.
https://doi.org/10.1093/nar/gki412

Filiz, E., & Kurt, F. (2020).
Antimicrobial peptides Snakin/GASA
gene family in sorghum (Sorghum
bicolor): Genome-wide identification
and bioinformatics analyses. Gene
Reports, 20, 100766.
https://doi.org/10.1016/j.genrep.2020.
100766

Finn, R. D., Coggill, P., Eberhardt, R. Y.,
Eddy, S. R., Mistry, J., Mitchell, A. L.,
Potter, S. C., Punta, M., Qureshi, M., &
Sangrador-Vegas, A. (2016). The Pfam
protein families database: towards a
more sustainable future. Nucleic acids
research, 44(D1), D279-D285.

Goyal, R. K., & Mattoo, A. K. (2016).
Plant Antimicrobial Peptides. In Host
Defense Peptides and Their Potential
as Therapeutic Agents (pp. 111-136).
Springer.

Guo, A. Y., Zhu, Q. H., Chen, X., & Luo,
J. C. (2007). [GSDS: a gene structure
display server]. Yi Chuan, 29(8), 1023-
1026.

Han, S., Jiao, Z., Niu, M.-X., Yu, X.,
Huang, M., Liu, C., Wang, H.-L.,
Zhou, Y., Mao, W., Wang, X., Yin,
W., & Xia, X. (2021). Genome-Wide
Comprehensive Analysis of the GASA
Gene Family in Populus. International
journal of molecular sciences, 22(22),
12336. https://www.mdpi.com/1422-
0067/22/22/12336

Harris, P. W., Yang, S. H., Molina, A,
Lépez, G., Middleditch, M., &
Brimble, M. A. (2014). Plant
antimicrobial peptides snakin-1 and
snakin-2: chemical synthesis and
insights into the disulfide connectivity.
Chemistry, 20 (17), 5102-5110.
https://doi.org/10.1002/chem.201303207

Heidari, P., Mazloomi, F., Nussbaumer,
T., & Barcaccia, G. (2020). Insights
into the SAM Synthetase Gene Family
and Its Roles in Tomato Seedlings
under Abiotic Stresses and Hormone
Treatments. Plants (Basel), 9(5).
https://doi.org/10.3390/plants9050586

Holaskova, E., Galuszka, P., Frebort, 1., &
Oz, M. T. (2015). Antimicrobial peptide
production and plant-based expression
systems for medical and agricultural
biotechnology. Biotechnology
Advances, 33(6,Part 2), 1005-1023.
https://doi.org/https://doi.org/10.1016/].
biotechadv.2015.03.007



https://doi.org/10.1093/nar/gky316
https://doi.org/10.1172/JCI18761
https://doi.org/10.1186/s12864-017-4213-5
https://doi.org/10.1093/nar/gki412
https://doi.org/10.1016/j.genrep.2020.100766
https://doi.org/10.1016/j.genrep.2020.100766
https://www.mdpi.com/1422-0067/22/22/12336
https://www.mdpi.com/1422-0067/22/22/12336
https://doi.org/10.1002/chem.201303207
https://doi.org/10.3390/plants9050586
https://doi.org/https:/doi.org/10.1016/j.biotechadv.2015.03.007
https://doi.org/https:/doi.org/10.1016/j.biotechadv.2015.03.007

(=I) Vo) 5l qotdsess ol S oplosd oadjlsd Lo csly; GBLS (6)slbcansj sals o WY

Ikai, A. (1980). Thermostability and
aliphatic index of globular proteins. J
Biochem, 88(6), 1895-1898 .

Kang, H. K., Kim, C., Seo, C. H., & Park,
Y. (2017). The therapeutic applications
of antimicrobial peptides (AMPs): a
patent review. J Microbiol, 55(1), 1-12.
https://doi.org/10.1007/s12275-017-
6452-1

Kelley, L. A., Mezulis, S., Yates, C. M.,
Wass, M. N., & Sternberg, M. J. E.
(2015). The Phyre2 web portal for
protein modeling, prediction and
analysis. Nature Protocols, 10(6),
845-858.
https://doi.org/10.1038/nprot.2015.053

Kyte, J., & Doolittle, R. F. (1982). A
simple method for displaying the
hydropathic character of a protein. J
Mol Biol, 157(1), 105-132.
https//:doi.org/10.1016/0022-
2836(82)90515-0

Lata, S., Sharma, B., & Raghava, G.
(2007). Analysis and prediction of
antibacterial peptides. BMC
bioinformatics, 8(1), 263 .

Laverty, G., Gorman, S. P., & Gilmore,
B. F. (2011). The potential of
antimicrobial peptides as biocides.
International journal of molecular
sciences, 12(10), 6566-6596 .

Li, Z., Gao, J., Wang, G., Wang, S., Chen,
K., Pu, W., Wang, Y., Xia, Q., & Fan,
X. (2022). Genome-Wide Identification
and Characterization of GASA Gene
Family in Nicotiana tabacum [Original
Research]. Frontiers in Genetics, 12.
https://doi.org/10.3389/fgene.2021.7689
42

Marchler-Bauer, A., Derbyshire, M. K.,
Gonzales, N. R., Lu, S., Chitsaz, F.,
Geer, L. Y., Geer, R. C., He, J,
Gwadz, M., & Hurwitz, D. I. (2014).
CDD: NCBI's conserved domain
database. Nucleic acids research,
43(D1), D222-D226 .

Muhammad, I., Li, W. Q., Jing, X. Q.
Zhou, M. R., Shalmani, A., Ali, M.,
Wei, X. Y., Sharif, R, Liu, W. T,, &
Chen, K. M. (2019). A systematic in

silico prediction of gibberellic acid
stimulated GASA family members: A
novel small peptide contributes to floral
architecture and transcriptomic changes
induced by external stimuli in rice. J
Plant Physiol, 234-235, 117-132.
https://doi.org/10.1016/j.jplph.2019.02.005

Nahirfiak, V., Almasia, N. I., Hopp, H.
E., & Vazquez-Rovere, C. (2012).
Snakin/GASA proteins: involvement
in hormone crosstalk and redox
homeostasis. Plant Signal Behav, 7(8),
1004-1008.
https://doi.org/10.4161/psb.20813

Nahirfiak, V., Rivarola, M., Gonzalez de
Urreta, M., Paniego, N., Hopp, H. E,,
Almasia, N. I., & Vazquez-Rovere, C.
(2016). Genome-wide Analysis of the
Snakin/GASA Gene Family in Solanum
tuberosum cv. Kennebec. American
Journal of Potato Research, 93(2), 172-
188. https://doi.org/10.1007/s12230-
016-9494-8

Olga, K., Marina, K., Alexey, A., Anton,
S., Vladimir, Z., & Igor, T. (2020).
The role of plant antimicrobial
peptides (AMPS) in response to biotic
and abiotic environmental factors.
Biological Communications, 65 .(Y)

Petersen, T. N., Brunak, S., von Heijne,
G., & Nielsen, H. (2011). SignalP 4.0:
discriminating signal peptides from
transmembrane  regions. Nature
methods, 8(10), 785-786 .

Porto, W. F., & Franco, O. L. (2013).
Theoretical structural insights into the
snakin/GASA family. Peptides, 44,
163-16 .Y

Qiao, K., Ma, C,, Lv, J., Zhang, C., Ma,
Q., & Fan, S. (2021). Identification,
characterization, and  expression
profiles of the GASA genes in cotton.
Journal of Cotton Research, 4(1), 7.
https://doi.org/10.1186/s42397-021-
00081-9

Reddy, K., Yedery, R & ,.Aranha, C.
(2004).  Antimicrobial ~ peptides:
premises and promises. International
journal of antimicrobial agents, 24(6),
536-547.



https://doi.org/10.1007/s12275-017-6452-1
https://doi.org/10.1007/s12275-017-6452-1
https://doi.org/10.1038/nprot.2015.053
https://doi.org/10.1016/0022-2836(82)90515-0
https://doi.org/10.1016/0022-2836(82)90515-0
https://doi.org/10.3389/fgene.2021.768942
https://doi.org/10.3389/fgene.2021.768942
https://doi.org/10.1016/j.jplph.2019.02.005
https://doi.org/10.4161/psb.20813
https://doi.org/10.1007/s12230-016-9494-8
https://doi.org/10.1007/s12230-016-9494-8
https://doi.org/10.1186/s42397-021-00081-9
https://doi.org/10.1186/s42397-021-00081-9

WY w3 Soin] (55 02l slael Jly Glyuss g b She (w0 SKed o (2xi

Rezaee, S., Ahmadizadeh, M., & Heidari,
P. (2020). Genome-wide
characterization, expression profiling,
and post-transcriptional study of GASA
gene family. Gene Reports, 20, 100795.
https://doi.org/https://doi.org/10.1016/].
genrep.2020.100795

Sagaram, U. S., Kaur, J.,, & Shah, D.
(2012). Antifungal Plant Defensins:
Structure-Activity Relationships,
Modes of Action, and Biotech
Applications. In Small Wonders:
Peptides for Disease Control, 1095,
317-336. American Chemical Society.
https://doi.org/doi:10.1021/bk-2012-
1095.ch015

bk-2012-1095.ch015/10,1021

Segura, A., Moreno, M., Maduefio, F.,
Molina, A., & Garcia-Olmedo, F.
(1999). Snakin-1, a peptide from
potato that is active against plant

pathogens. Molecular Plant-Microbe
Interactions, 12(1), 16-23 .

Wilkins, M. R., Gasteiger, E., Bairoch,

A., Sanchez, J. C., Williams, K. L.,
Appel, R. D., & Hochstrasser, D. F.
(1999). Protein identification and
analysis tools in the EXPASYy server.
Methods Mol Biol, 112, 531-552.
https://doi.org/10.1385/1-59259-584-
7:531

Zasloff, M. (2006). Defending the

epithelium. Nature medicine, 12(6),
607-608 .

Zimmermann, R., Sakai, H. &

Hochholdinger, F. (2009). The
Gibberellic  Acid  Stimulated-Like
Gene Family in Maize and Its Role in
Lateral Root Development Plant
Physiology, 152(1), 356-365.
https://doi.org/10.1104/pp.109.149054



https://doi.org/https:/doi.org/10.1016/j.genrep.2020.100795
https://doi.org/https:/doi.org/10.1016/j.genrep.2020.100795
https://doi.org/doi:10.1021/bk-2012-1095.ch015
https://doi.org/doi:10.1021/bk-2012-1095.ch015
https://doi.org/10.1385/1-59259-584-7:531
https://doi.org/10.1385/1-59259-584-7:531
https://doi.org/10.1104/pp.109.149054

