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Abstract  This study was conducted to develop an SNP set
that can be useful for marker-assisted breeding (MAB) in
watermelon (Citrullus. lanatus L) using Genotyping-by-
sequencing (GBS) analysis of 20 commercial elite watermelon
inbreds. The result of GBS showed that 77% of approximately
1.1 billion raw reads were mapped on the watermelon genome
with an average mapping region of about 4,000 Kb, which
indicated genome coverage of 2.3%. After the filtering
process, a total of 2,670 SNPs with an average depth of 31.57
and the PIC (Polymorphic Information Content) value of
0.1~0.38 for 20 elite inbreds were obtained. Among those
SNPs, 55 SNPs (5 SNPs per chromosome that are equally
distributed on each chromosome) were selected. For the
understanding genetic relationship of 20 elite inbreds, PCA
(Principal Component Analysis) was carried out with 55
SNPs, which resulted in the classification of inbreds into 4
groups based on PC1 (52%) and PC2 (11%), thus causing
differentiation between the inbreds. A similar classification
pattern for PCA was observed from hierarchical clustering
analysis. The SNP set developed in this study has the
potential for application to cultivar identification, F1 seed
purity test, and marker-assisted backcross (MABC) not only
for 20 elite inbreds but also for diverse resources for
watermelon breeding.
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= 8(Citrullus lanatus L., 20=2x=22)2 FolZ 2] 7} YAH2] gF

1} 22 2 shU 2 AR A E < Citrullus Schard®l £3Fch. 4=
v+2. @ o|(Cucumis sativus L.), '8 -2(Cucumis melo L.), 31}
(Cucurbita moschata & maxima) T} 2+o] A & 0 2 2 9 51 9
A2 AR o1 QY DT EA A AA Ao AL 16%2
AL Ik Fje] Sk AATOLL 0,901 212015 7]

2)02 A 5 AN 21%S AR5k, £2 YA
20017 1045 ke O 2 AA] A4 Z 2} WARES] 1% 244]
i TH(Korean seed Association 2017).

Z 2 48k 2284 o Exjul# (Molecular marker) 7] <]
25240 &2 S8 Q). o] F upA o]-8-A1 (Marker-assisted
selection, MAS) & 5% % A3+ AA2HEl 4414 4 9]} 7
A= E A ok g ol te] AAAY B LS Fo)s
3tch(Bertrand and David 2008). WFH B2}z o] & o a5t
(Marker-assisted backcross, MABC)-2 WHz2 2] © 2 HLE] o] ¢ %]
QA7 ol & BAuA S o] foto] Tekeln Auslos
A 43719 SA S 3] Mapt] A o L3 Al 2}
LS FEA = ST 7] s0] 1‘/}(Edwards and Batley 2010). 7|

=

(Hasan et al. 2015). MABC= ¥ 9} Wl 7} Z+-& ﬂ‘%b—ﬂ %o /ﬂﬁ
Z &4 Ao AFEE A7) th B 5 4 A THGupta et
al. 2010; Neeraja et al. 2007) 4=8H2 L33} 2 A 2FEof 2 &
A wlEe Agolch BAnbAL AuEe) §A4
thok Al o] F 45t ZE o] ZERAHILF] £2}9] H& A &

7§0ﬂ A0 Z o] 851 gtk AT T2 )&
2229 92719] A HAAY R T o W22 o]t}
TA Y B2, A SAEY SOl 2% |
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F249] v 82 BHSE SEAHE A K5
OP 1} 4] o] th(Kiruthika and Padmanabha 2018). £-3]
FE AT FABATE S AR A o2 e A
(Che et al. 2003; Jarret et al. 1997; Kwon et al. 2015; Li
1996), whebA] & A o] 7|uket T2 AH W Fl 2%
=0l e @A} 9t
Zsubo] 7|2 T2 AW W 2% A A 8 uf7] 2 RAPD, SSR,
AFLP 50| -85 th(Choi et al. 2012; Levi and Thomas
2007). o5 wkA BFdof sl X ZA G714 FEA
(Next Generation Sequencing, NGS)ol| 7|8Fst A 254 A &
44 (Whole genome sequencing, WGS)-2 tf =] T 7]t}
A(Single nucleotide polymorphism, SNP), 4}/ Al (Insertion/
Deletion, Indel) 3} -2 7| A g ¥o] AR E W3 4= 9=
A740] Qi v, H] 84 Sgto] 2 dhao] glek. kA uk of
3t B A -2 2] Genotyping-by-sequencing (GBS) e
5o) SNP 525 Hgrs] Fol 3 ¥ WL 40] 4B B4
o= A E Oi*‘i =5 5L 3leh GBS 7] 42 NGS 7] ey
A F U E, FAAE AT a4 Adsto] 2 Ads
2202 Eas 5% AU T 51tk GBS §A el
Xﬂ & -5 A (Genome-wide association study,
Aol §47 §4 % MAS 9 MABCS

1 §AA thof AL B35 AR

2548 v A5 chopet Hofel 4
A}\E}(Elshm et al. 2011; Glaubitz et al. 2014;
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2] ARG-E AL
He et al. 2014).

2 ATl =5 A At E H 7 S AE
(Elite line) 202 T AH 2. 2 GBS 7|4 SNPE o 2F &A1 5) a1,
o] 5 ©]-&-3 MABC, #5418, 12al

AN EE A EStaA} = = At

%mﬂﬂ%%ﬂ4&w4Ti $Fz2IYoR ALy
FI %9 21791 207) A5 9 AIE-S 2o o} A7
o AHg-3tsict.

GBS library MZ 2 NGS

7 A g el 2N oj7l Hel3~40) 2 A A A e)
3 ubzpAbEF R ob4) $ 5, GeneAll® GeneEx™Plant kit (GeneAll
Biotechnology Co., LTD, Seoul, Korea) £ ©]-8-3}¢{, 5% 100
pe/iul, £ 260/280=1.8~2.0, 260/230=1.6 ©]AF<l genomic
DNAE F&5to], 43 st3ith 5% DNA sample®]
adapter ligation-S 9] 3, A §t & 4 ApeKI-S o]-&3f 75°Cof A

2A| 7t 5t digestion 3} 91t} ©] 3 96-well plate©]] 1.66x ligase
buffer, ATPL} T4 ligase7} 335 solutionS *] 2] 5} ¢] adapter
ligation-2- >34 5} %1 31, DNA sample &2 poolinggt 2 QIAquick
PCR Purification kit= clean up 3}3, PCR & 95°Co]| A] 2 min;

98°Cof| 4] 30's, 65°Co| A 30's, 72°Cof| 4] 30 s (18 cycles); 72°C

ol A Smin®] 270 &2 43§35} th. GBS library2] & 7| A4 &
E 412 Hiseq2000 (Illumina Inc, San Diego, CA, USA)S o] -85}
of Y= et

SNP &4

Barcode sequence 4 HE ©0]-8-5}0] demultiplexing $-, adapter
sequence A 7] & sequence quality trimming2- 3} %1 t}. Cutadapt
(v.1.8.3) I &2 13- 0]-8-3}¢] adapter trimming-& 43§ 5} $1. 12,
SolexaQA (v.1.13) package &] DynamicTrim¥} LengthSort 3£ 2 71
2 0]-8-3}9] trimming X quality control-S T2 Z Ao uf
a} =335} 4 T} 1) Probability value = 0.05, 2) Phred score = 20,
3) minimum length of reads = 25bp. A 4| 2] 74 & A 2 read&
2] mapping-2- BWA (0.6.1-r104) 3 2 1342 0]-8-3}-¢] ICuGI 9]
A Ao T2 G A AR (Cirullus lanatus cv. 97103)E B} &S
2 5343 5 SNP T A5 9]3F SAM format file2 A 2}l Th.
SEEDERS in-house script-& ©]-8-5}¢] SNP validationg- <=3 oF
S SAMtools(v.0.1.16)2 ©]-8-3]-] SNP filtering (min.depth=3,
MAF>5%, missing data<30%)-Z 3} & SNP matrixS 244 5H3
t}. 0]& SEEDERS in-house scripts 2r-8-5}¢], reference gene
position (ICuGi)Z 7]+ & SNP annotation 43 5}12, SNP
filtering™}  genotyping = Z(reference sequence?} FUt
homozygous — ‘AA’, TF= homozygous-BB’, heterozygous — ‘AB’,
missing — *--’) o] F-g}+5}= genotype T ©] B & €513t

MABCE OfAH 7i= ?IEF SNP Mg

MABCE- 1} 7§ 913l, GBS 4] A = ¢-2 SNP genotype
data W of| A o} A 4 =& et = 2] &= <1 PIC (Polymorphic
information content) value7} 0.3 ©] A} ¢l SNPEL A% HE
5704 AuFat el ek, PIC valuel= ofef o] & &5t 4t
= 5| %1 TH(Nagy et al. 2012).

1% o]

PIC=1-}}i_, P~ j z+1P2P2

PO} P= ZY7E AA 1 =9 allele Foll A i A L j A

allele®] ¥l =5 LERHTE

FEEEM(PCA) 1t hierarchical clustering
$EF 207 5% SA AlE 9] SNP A HE vlg o 2 GAPIT

(Genome Association and Integrated Tool) 3} 7] Z] (R program
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v.3.4.2, R Foundation for Statistical Computing, Vienna, Austria)
£ o] gsjo] fute] 47 Yo|H S wEE} ol 2R
HAPCA)Z AT 24 AlS7E 7214 B (genetic
relationship)2 UE}U}+= Hierarchical clustering= VanRaden
Kinship matrix (VanRaden 2008) 5 £-3f| 4] 2 24 5 ¢l th.

Zot { nF

GBS % SNP i

207)) 44k Al=of st GBS A3}, ¢F 1,100,000 7 2] raw
read S & 91 th(Fig. 1). ©] Z 428} -2 4] o] mapping *H read=
T1%2, 2+ A% H mapping regiona ¢F 4,000 KbZ
reference genome coverage®| H|-&-2 2.3%, ZF SNPQ| I+
depth+=31.570] ¢l t}. Trimming ¥ o ©] ¥ read @] - 517
Wl e, 0|59 Wt 7o) 81.91 bp%lth(Table 1). SNP
filtering& E-3f & 26707 2] SNPE A it <35 41} 180

o] 7} 2] Z=uto] A filtering = F 53007] ] SNPE A2 7
(Nimmakayala et al. 2014)2} 867 EZo| A oF 15} 43 7}
SNPE 9-2 7l (Reddy etal. 2014)311- H] 1 32w, Al & o
FAAS & 5 Ak o= £ 7k 2071 & FFENEL
A, AR /\lﬂ]—‘:v,] 842 thofA] o] UHT
%7 % (advanced breeding line)©] 31 7] wj&<l A
_SNP _;_Ao AupH oz o:lxﬂxﬂ o oqoﬂoﬂ/q S

[e)
°
o]
=

AAo g2 =9t o= entromereog & KBt} paracentromeric
Joo| w2 Hl== SNP7} 24t Aot FAbs A
(Park et al. 2018). Z} SNP=-2 intron 21%, CDS 26%, intergenic
[ex] Oﬂoﬂ 53% H]gi = iElO‘] olL-_ 7—]&@0]3}@11:]‘ 71—_0_ Hl—
o] WE 9] AL 50%2] SNPE©] intergenic & & of] E-3E3}
11, 24%7} intron, 26%7} CDSof| B33t AL 9} 8] 1 3l-S A]
of H]%3t F3E el A ¢ 4 % th(Pavan et al.
2017).
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Fig. 1 Distribution and number of SNPs in 11 chromosomes revealed by the Genotype-by-Sequencing (GBS) of 20 elite inbred lines

watermelon (C. lanatus L.)
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Table 1 The statistics result of the Genotype-by-Sequencing (GBS) of 20 elite inbred lines in watermelon (C. lanatus L.)

Lines The total length of trimmed reads  Avg. length of trimmed reads (bp) Avg. depth of the mapped region
SN1 475,585,923 82.33 33.75
SN2 541,324,508 82.15 37.44
SN3 553,274,594 82.19 38.5
SN4 274,244,171 81.83 24.37
SN5 369,147,743 81.88 28.3
SN101 583,031,239 81.82 37.77
SN102 644,335,167 81.6 40.49
SN103 510,190,422 81.82 34.17
SN104 372,234,863 82.03 30.34
SN105 573,089,105 82.01 37.62
SN106 576,175,917 81.91 40.12
SN107 384,125,892 81.9 30.48
SN601 276,152,796 81.39 23.57
SN602 387,024,316 82.03 30.5
SN603 208,753,526 81.69 19.82
SN608 371,587,725 82.34 29.59
SN610 354,909,132 81.99 29.27
SN611 194,310,572 81.58 20.45
SN612 519,741,302 81.91 38.59
SN613 294,386,077 81.74 26.31
AEF 5574 9] SNPo] ¢ MABC, E541% 9 &= 4o
28 SNP A 28 7H5 4L A E57] $15) 0] 5 SNP & o] g3kof 2074 A
9] §9 A S PCA ¥ Hierarchical clustering 4% <=3
Filtering £1 26707} ©] SNP 0 4| MABCS £ kA & 5h9leh. PCA A3k, AE7F §-244 o) o] of 52%% 43}
Q] 3fl PIC value 7} 0.30]AF¢Q] 14457)] 2] SNPE- 0]-&5} o] HA] =FAR 1T 11%E AYst= FAE 25 53(PC1,PC2) 20
o ALESHT Ol S SNPEAA 2 GA A MR BelHoR  AATS Y T F(majorgrowp A, B,C,D)O B EFT

HI LA 58 AR 2 57 SNP AWst ¢l thEFig. 2,
Table 2). & 26707]] SNP2] A | PIC value2] ¥ ¢]+= 0.19] A
0.380] 21t} SSR, AFLPLF RAPDA| & multi-allelicat E4-<
7 apAE 9] %5, PIC value 917} 0.59] 4] 1.0Q] RHH,
SNPE bi-allelicsh E4< 7k T 917 wHo] AukA oz
PIC value 2] ®H $] 7} 0] 4] 0.52 v 3 & WrhH(Yangetal. 2016).
B gr0] 3 Q10 4] A8l A B S| 44 FIES 0| 21
2t HolA Hold 5do] fFAbstaL, fA4 thFAde] @
23Hhs A2 PIC value ] ¥ 97} WA 32E ¢¢lolata
HehE Tk 8] Ao At EE 27] 8k, A A A

5%
7htheol 7)o w7 7| uke] AEA ol B4 £ Au}
ARG o] 8 E% A B3l of 2l o] 9 %lrKwon et

al. 2015).

FHE 241} hierarchical clustering

4 A thHFig. 3). 53] A 1] oJ gt B72 7= 267071
9] SNPE ©]8-3t PCA <=3 Z 7H(Fig. 4)} v}-- f-AFato] &
AA| g o =2 A 5570 9 SNPYES 2 &= 2070 Al F 9]
A kA S g2 4 9l o8] 2k Bk E QL o). Hierarchical
clustering £-4] 2 7}of A= 207 Al E5-S T 711 2] major group
(A,B) o= #5735 1%l oH, 2 major group> THA] = 7
9] subgroup (A-1, A-2, B-1,B-2) 0. 2 E. 25| o] PCA B4 7} &
ARRE 7 oS Ve QU Th(Fig. 5). £+ A &4 A 3, A

[e)
SS7) SNP 230 2 WE 207} A& RFT 4 9lo] EFA
W UFI 50 £ 20 S oA RN B8 7154 S Tl

Ak $ATA W 25 o2 v o] wo}207) Aol
market segmento]] W2 2 (Jubilee type, Crimpson type, T
35, 4715 Syl whebar o] 1F o2 BRE AL 2
Foh 2 Aol A ZHEE 5571 SNP set-2 207} A5 7t &5
A gl =G A RA B8 77 g oH o] &
FATES A Z FMABCO| = A7 o]-&-0] 71535t
st} 53] o] 5 207) AEo] §17 chebgo] il $-
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Table 2 Information for 55 SNPs selected in this study

SNP SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN SN
Chr Pos Ref Allele PIC
name 1 2 3 4 5 101 102 103 104 105 106 107 601 602 603 608 610 611 612 613

SNP 1-1 Chrl 924519 T T/C TT TT TT CC TT CC CC TT CC CC CcC TT TT CC TT CC CC TT CC TT 0.38
SNP 1-2 Chrl 7445569 C C/T TT TT CC TT TT CC CC TT CC CC TT TT TT TT CC CC TT CC CC CC 0.38
SNP 1-3 Chrl 16953659 C C/T TT CC TT CC TT TT TT TT CC TT CC TT TT CC CC CC TT CC CC CC 0.38
SNP 1-4 Chrl 21439311 A A/G GG AG AG GG AG AA AG AG AG AG AG AG AA AG AA AG AG AG AG GG 0.38
SNP 1-5 Chrl 27192632 T T/A AA AA TT TT AA TT AA AA TT TT AA TT TT AA AA AA AA TT TT TT 0.38
SNP 2-1 Chr2 2634833 T T/C CC CcC TT TT TT TT CC TT TT TT TT TT CC CC CC CC CC TT TT TT 0.36
SNP 2-2 Chr2 9524934 A A/G AG AG GG AG AG AG AG AA AA AG AA AG AA AA AG GG AG AG AG AG 037
SNP 2-3 Chr2 14041748 T T/A AA AA TT TT TT TT TT AA TT AA AA TT TT AA AA TT AA TT TT TT 0.36
SNP 2-4 Chr2 29438535 T T/G TT GG GG TT TT GG TT TT GG GG TT GG TT TT TT GG TT TT GG TT 0.36
SNP 2-5 Chr2 34097022 T T/C TT TT TT CC TT TT CC TT TT TT CC CC CC CC CC TT CC CC TT CC 0.38
SNP 3-1 Chr3 390925 G G/A GG AA GG AA AA AA AA GG AA AA AA GG GG GG AA AA GG AA AA AA 035
SNP 3-2 Chr3 1764049 C C/A AA CC AA AA CC CC CC AA CC CC CC AA CC AA CC CC AA cCc cc cc 035
SNP 3-3 Chr3 8183604 G G/T TT TT TT TT GG TT GG TT TT GG GG TT GG GG GG GG TT GG TT GG 0.38
SNP 3-4 Chr3 12860851 G G/A GA GA GA GG GA GA GA AA GA GA GA GA GA GA GA GA GA GA GA GA 0.38
SNP 3-5 Chr3 27674495 T T/A TT TT TT TT TT AA AA AA TA AA AA AA TT AA TT AA AA TT AA AA 037
SNP4-1  Chrd 2997230 G G/T TT GG GG GG TT TT GG GG GG GG GG GG GG GG GG TT GG TT GG TT 0.33
SNP 4-2 Chrd 4253120 A A/G AG AG AG AG AG AG AG AG AG AG AA AA GG AG AG AG AG AA AG AG 037
SNP 4-3 Chr4 8031820 A A/G AG AG AG AG AG AG AG AG AG AG AG AG AA AG AG AG AG AA AA GG 037
SNP 4-4 Chr4 13140272 C C/T CT CT TT CT CT CC TT CC CT CT CT CT CT CT TT TT CC CC CT CT 0.38
SNP 4-5 Chr4d 22127721 A A/G GG GG AA AA GG AA GG AA AA AA AA AA GG AA AA GG AA AA 033
SNP 5-1 Chr5 340755 G G/A GG GG AA AA GG AA AA GG AA GG GG AA AA GG AA GG AA AA 037
SNP 5-2 Chr5 8411720 A A/T TT TT TT TT AA TT AA TT TT AA TT TT AA AA AA TT AA 0.38
SNP 5-3 Chr5 14683259 T T/A AA AA TT TT TT TT TT AA TT TT AA AA AA AA TT TT TT 0.38
SNP 5-4 Chr5 23248157 C C/T TT CC CC TT TT CC TT TT TT TT CC TT CC CC CC cCc cC TT CC 037
SNP 5-5 Chr5 30020188 T T/A TT TT TT TT TT AA TT TT AA AA TT AA TT AA AA TT TT AA AA 038
SNP 6-1 Chr6 190608 A A/C AA CC AA CC CC CC AA AA AA AA AA CC CC CC CC AA CC AA AA AA 0.38
SNP 6-2 Chr6 1809686 A A/G GG AA AA GG GG GG GG AA AA AA GG GG AA GG GG AA GG AA AA AA 038
SNP 6-3 Chr6 5931428 C C/T CT CT CT CT TT CT CT CT CT CT CT CT CT CT CC CT CT CT CT CT 0.37
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SNP 6-4 Chr6 14024887 T/C TC TC TC CC TC TC TC TC TC TC CC TT TC TC CC TC TC TC TC TC 0.37
SNP 6-5 Chr6 23095502 G/T TT TT GG GG TT GG TT GG GG TT TT TT TT TT TT GG TT GG GG GG 0.33
SNP 7-1 Chr7 2550025 A/C CC CC CC AA CC AA AA AA AA CC AA AA CC AA AA AA AA AA AA AA 035
SNP 7-2  Chr7 3899830 T/cC cCc cc cc TT TT TT TT TT TT TT TT TT CC CC CC TT CC TT TT TT 0.35
SNP 7-3 Chr7 9763127 ¢T TT TT CC TT TT CC TT TT CC CC CC TT TT TT CC TT TT TT CC TT 0.33
SNP 7-4  Chr7 10476443 G/C GG GG CC GG GG CC GG GG CC CC CC GG GG GG GG GG GG GG cC GG 037
SNP 7-5 Chr7 29104809 G/A AA AA GG GG AA GG AA AA GG AA AA GG AA GG AA AA GG AA GG GG 0.38
SNP 8-1 Chr8 1679300 C/T CT CT CT CT CT CT CT CT CT CT CT CT CT CT CT CT CT CC CT TT 0.37
SNP 8-2 Chr8 2435109 C/T CT CT CT TT CT CT CT CT CT CT CT CT CT CT CC CT CT CC CT CT 03
SNP 8-3 Chr8 10618786 A/G AA AA AA AA AA AA AA GG AA AA AA AA GG GG GG AA GG AA AA AA 03
SNP 8-4 Chr8 17220893 Tc TT TT TT TT CC TT TT TT CC TT TT TT TT TT CC TT TT TT CC CC 03
SNP 8-5 Chr8 24388243 A/G AA AA GG AA AA AA AA AA GG GG AA AA AA AA AA AA AA AA GG GG 037
SNP 9-1 Chr9 1640886 ¢T cCc TT TT TT CC TT TT TT TT TT CC TT CC CC CC CC CC TT TT CT 0.37
SNP 9-2 Chr9 6392426 AT TT TT AA AA TT AA AA AA AA AA TT TT TT TT TT AA TT AA AA AA 037
SNP 9-3 Chr9 10426113 T/G GG TT TT TT GG TT TT GG TT TT GG GG GG GG GG TT GG TT TT TT 0.37
SNP 9-4  Chr9 22905153 A/G GG GG GG AA AA AA AA AA AA AA GG GG GG GG GG AA GG AA AA AA 037
SNP 9-5 Chr9 22905153 A/G GG GG GG AA AA AA AA AA AA AA GG GG GG GG GG AA GG AA AA AA 038
SNP 10-1 Chrl0 951602 G/T TT TT GG TT TT GG GG GG GG GG TT TT GG GG GG TT GG GG GG GT 0.36
SNP 10-2 Chr10 1314394 A/G GG AA GG GG AA AA AA AA AA AA GG AA GG AA GG GG GG AA AA AA 037
SNP 10-3 Chrl0 8849318 C¢/T TT CT TT TT CT TT CT CT CC CT CT CT CT CT CT CT CT CC CT CC 0.37
SNP 10-4 Chrl0 17428398 T/C TT TT CC CC TT CC TT CC CC CcC TT CC TT TT TT CC TT TT CC CC 0.38
SNP 10-5 Chrl0 26857342 T/A TT TT AA AA TT AA AA TT AA AA AA AA TT TT TT TT TT AA AA AA 038
SNP 11-1 Chrll 3223095 T/c TT TC TT TC TC TT TC TC TC TC TC TT TC TC TT TT CC TC TC TC 0.36
SNP 11-2 Chrll 13331339 G/A AA AA GG GG GG GG AA GG GG AA GG AA GG GG GG 038
SNP 11-3 Chrll 17731991 A/C CC CC AA CC AA CC CC CC AA AA CC CC CC CC 036
SNP 11-4 Chrll 22208506 C/A AA CC CC AA CC AA AA CC CC AA CC CC CC CC AA CC cc cc cc 035
SNP 11-5 Chrll 25181007 T T/C TT TT TT CC TT CC TT TT CC TT CC CC TT TT TT CC TT CC CC CC 0.37

Chr, chromosome; Pos, position; Ref, reference allele; PIC, polymorphic information content
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Fig. 5 Hierarchical clustering of 20 elite inbred lines using VanRaden kinship matrix based on the 55 SNPs in watermelon (C. lanatus L.)
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