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Figure 1. Flowerlng time distribution related to GWAS analy5|s of chamomlle ecotypes
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Table 1. Chamomile populations used In the research

59l <) )Y g sl prtiolis iaddgn Al ¢ Slgib sige

(Matricaria chamomilla L) Sl a5gb (slaodgs ;I 5y )3 (GWAS) pgi5 zels L5, cillllas

hoR 5 ool 3)50 Al (SaCumer =) Joix

s 5 =5,
Lasedali USI,LAA Lutea von Vilora )
il BN 259 1Z0FNR Y
oasuiel RV HK Indien Y
Ol oyl MG 23 ¥

el oyl MG17 o
ody] Sl MGO7 5

b ey oyl MG38 \4

s ol MG31 A
el Il 0,8 MAT19 a

oWl Manzana Ve

(SR PR TS oyl MG26 A
ol g5 ol MG41 WY
el ol M 30 W

g oyl MG06 N

Obuy) Obiag) ZlotyLan2018 LeGutko VO

el oyl MG18 \Yd

Ol oyl MGO02 N4

el ")‘)ﬂ‘ MG19 YA
okl oyl MG08 A

san ol MG10 Y-

ol S sl Bona von Vilora PG18 A

Sl 215/08 Son_Standard aus E17 isoFNR vy

S gliwg =38 oyl MG28 vy
5okl gliwg - ISuin oly! MG09 v¥
[SOREE PR T WY oyl MG25 Yo
S \,L.J—& MAT15 \td

bls (glig - ydgid ol MG05 Yy
oyl MG32 YA

L gyl Oyl MG16 Y
duilyd Ferme de St.Marthe von Rose vPG16 Y

olgyS HK Kroatien Aa

St el MG14 Y

fal)% ")‘)ﬂ‘ MG15 Yy

Ol oyl MG42 y¥

o)) Argenmilla Yo

SgglineSlosly oyl MG03 \rd
Y ol MG37 Y
b HK Dover YA

oWl Camoflora AR

(ae) Sl 213/06 SCH_Standard FNRiso E17 ¥

(9] Aromiltalien £

3ol ol MG39 £y

Cubamd oyl MG29 ¥Y

BETS oyl MG40 ¥¥

(rae) S Germania ¥

25 gl 95 ol MG33 ¥

MLM (sl i) b ond ololis (gla)Silis gl cusyi 4 ) o
(SYb e ) s b gee g YU p-value l)l> < FarmCPU),
) JWJD)SNP)&M9WJJJ¢LJIP..\L)JW)O¢&)S
)UQ..;‘ ))54 ﬁ_bl.a.o ol odnlie ﬁ.\Ln.n O (ﬁ)bgf"“’ usLﬂJ JALM

* JSJ) sl 32y ojlp ks g9y &Bly SLSNP

ring MLM

~logio(p)

RSSO AP A ST

g

locus 3; 1K L SNP wgd 0 saalin Jodo » & shiles

Olyieds Kl e log P-value= 6.5950- e cyuils L 136992-38
905 55 (Byme & s Ky A S sl S o ilaie
MLM 59y 95 b &MQQ « J)ls 4 ..»:; Ok )‘ﬁJlsT b o o lwlid
9355 bli) bl b 5l 5V ol SNP oS sls ol FarmCPU

&3 I SENN < S N

Chr locus_7081 locus_17330 locus_38894 locus 56864 locus 92588 locus_115629 locus_131049 locus_139766 locus_160762 locus_178157

Chromosome

FarmCPU MLMQW” )l oalasiwl l; g l.: dhwﬁl

S g sl (GWAS) agis bl 63558 adllas —Y
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Extended Abstract

Introduction and Objective: German chamomile is one of the most widely used medicinal plants in the world, and
large amounts of its essential oil are used every year in the pharmaceutical, cosmetic, health, and food industries.
Medicinal plants have many applications in the treatment of humans, among which chamomile is one of the most
valuable and widely used medicinal plants in the world. One of the most important breeding programs is the
recognition of genetic diversity for the initial evaluation of plant masses. For this purpose, a study of genetic diversity
and classification of experimental chamomile ecotypes was designed and implemented.

Material and methods: 46 native and foreign ecotypes of chamomile were evaluated in a randomized complete
block design with four replications in the research farm of German Pharmaplant. Some of these ecotypes were
collected from their natural growing areas and some were chamomile cultivars. For this purpose, some
morphological, phenological and were evaluated. GWAS technique was used to investigate the relationship between
markers and studied traits. In GWAS, Manhattan analysis and QQ plot diagram based on MLM and FarmCPU
models were used to identify SNPs related to different morphological and biochemical traits.

Results: The results of Manhattan analysis and their validation with QQ plot diagram based on MLM and FarmCPU
models led to the identification of SNPs related to the following traits in chamomile: Flowering time, intensity of plot
green color, leaf surface state (smoothness and roughness), density of foliage part, branching style of sub-branches,
type of lower branches of the plant, homogeneity of plot plants, plant height, presence or absence of large flower,
flower diameter, plot flower number, number of days to flowering, plant fresh weight, plant dry weight, relative
amount of stem anthocyanin, oil content, matricin, alpha-bisabolol, bisabolol oxide A, and bisabolone oxide to alpha-
bisabolol ratio. The following markers were identified in this study: SNP with locus_161754-71 and log -
Pvae=10.35354 as the most relevant marker for flowering time trait, SNP with locus_136992-38 and log -
Puaine=6.5950 as the most relevant marker for green color of plot, SNP with locus_31850-95 and log -Pvaiue=5.92567
as the most relevant marker for leaf surface (fine and rough) of plot, SNP with locus_136992-38 and log -
Pvaie=6.5950 as the most relevant marker for density of the foliage part of plot, SNP with locus_35488-32 and log -
Pvaie=8.0247 as the most relevant marker for status of sub-branches of plot, SNP with locus_139800-67 and log -
Pvaine=8.438303 as the most relevant marker for status of lower branches of the plant, SNP with locus_135707-30 and
log -Pvaie=11.4573 as the most relevant marker for height of plant, , SNP with locus_2494-70 and log -Pvaiue=5.8867
as the most relevant marker for the flower diameter, Overall, we discovered the genetic structure in the chamomile
ecotypes by using GBS and also identifed SNPs associated with some morpho-physiological. Therefore, the SNP
markers identified in this GWAS study can be used for marker-assisted selection in chamomile breeding programs.
Conclusion: The SNP markers identified in this GWAS study, especially those with a higher economic aspect, can be
used for marker-assisted selection in German chamomile breeding programs.
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