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Abstract: An in-depth investigation into wild Lilium pumilum was conducted in Taigu, Jinzhong City, Shanxi Province. This
study, for the first time, clearly delineated the distribution, germplasm diversity and the pattern governing flower color differentiation
of L. pumilum in Taigu. Preliminary investigations were conducted into the genetic underpinnings and molecular mechanisms that
drive flower color variation among wild L. pumilum populations in Taigu. These variations were evaluated from phenotypic,
cytological, physiological and molecular perspectives. The results showed that L. pumilum in Taigu is distributed within a longitude
range of 112° 39" 50" to 112° 95' 64", a latitude range of 37° 19’ 12" to 37° 42' 17", and an altitude range of 963 m to 1430 m. Notably,
L. pumilum was absent from Xiaobai, while 683 plants were found in Yangyi, 394 in Fancun and 246 in Houcheng, totaling 1323
plants. Phenotypic diversity of L. pumilum is evident in plant height, stem color, flower color, hairy flower buds and seed color. The
diversity in plant height is significantly correlated with altitude, whereas the diversity in flower and stem color was significantly
correlated with geographical distribution of the plants. Using a color card and colorimeter, the five flower colors of L. pumilum were
identified as orange, orange red, red, dark red and purple red. Orange red was the most abundant color, accounting for 90.2% of the
population. Xiaodian and Yangyi are the only locations where all five flower colors coexist. The color differences among these five
flower colors are pronounced, with orange and orange red L. pumilum being the most vivid. Carotenoids in the plastids serve as the
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primary coloring substances found in L. pumilum. The varying carotenoid content in the upper and lower epidermis leads to changes in
flower colors between orange, orange red and red varieties. In contrast, the dark red and purple red colors of L. pumilum are due to the
carotenoids being largely obscured by anthocyanins present in the vacuoles. Expression analysis of genes involved in the anthocyanin
biosynthesis pathway suggests that LpDFR and LpbHLH?2 may be the key genes responsible for this color differentiation observed in L.
pumilum flowers. This study provides a theoretical foundation for the formulation of protection and innovative utilization strategies for
L. pumilum germplasm resources. Additionally, it offers potential germplasm resources for genetic improvement and the cultivation of
new varieties of L. pumilum.
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Fig. 1 Germplasm survey card for L. pumilum
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Table 1 National bureau of NBS system of expressing color differences

NBS A {02
0-0.5 0.5-1.5 1.5-3 3-6 >6
A\E NBS units
€ GNEF=D) [GNE=)) (€ UNLR=D) [CPNLE=D) CRt2E)
TR (22 FETE
LAY TR TR B R AR B L5 E
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Table 2 Information of the primers

GBIk B IERFI (5°-37) KI5 (5-3)

Primer name Forward Primer (5°-3”) Reverse Primer (5°-3)

elF'1 TATGGTGAGCTTCCTGACAACGT TCACAAAGACAGTAACAACAGCGAT
LpPAL GGCCGTCAAGAATACGGTCA ACCAATACCCACGCAGTTT

LpC4H AGAGCACGAAAGCGTCAAC GTGCTGGATTTCTGGGTGGT

Lp4CL CGGTGTTGTTGTGTGGGTTG ATCACTGGGCTCTTTGCCAG

LpCHSa GCGAAGCTGGGACTGCAGAAGG CAAGACCACCGTTTCCACGGTT
LpCHSb CTGAAGCTGGCGCTGGACAAAAAG GGTAGTGATCGGAATGCTGTGAAGA
LpCHla CAGTATGGTGTGCAGCTGGA TGCTCCCACCCAAATACCAC

LpCHIb GGGCAACAATACTCCGAGAAGG CCTTGAGAAGCTCGGAAATG

LpF3H GGTGCCTTTGTCGTCAATCT AACTTCGGTGGGCTTCTTCG

LpF3’H ACGCACGACACAAACTTCAG CGAGTGCTTTCTGGGAAAAG

LpDFR AATGGTTGCACCGGTGTGTT GCACGTTCACAGTTCCAGCA

LpANS GGTGGTGACCAAGATGCTGT CCAATGTGGACGAGAAGGGA

Lp3GT GACATGAGGAAGGAGGTGGA CCAACTCGTCTTCCACGATT

Lp3RT GGTTTTTGGACAGGACGAGA CTCCCGTCACACTCTCCATT

LpGST GCAAAAGGAGCCCAAATACA GGTCAGGACCTTGGTCAGAA



LpMYBI12 CGCAAATACGGGCACCACTTCAC CAGCTTCACCCTGTTTCTTCATCCTCAACC

LpbHLH2 GGTGGTGACCAAGATGCTGT CCAATGTGGACGAGAAGGGA
LpWD40 CCACTGAATCCTCCGTCGAA CACGCTCGATGTCCCAGATG
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Fig.2 Survey route and sample site information
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A: Fold and block mountain landscapes; B: Loess landscapes
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Fig.3 Geomorphic characteristics of the regions where L. pumilum is distributed in Taigu
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Fig. 4 Distribution of L. pumilum with various color variations in Taigu
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Fig.5 Stem color. flower bud trichome and seed coat color of L. pumilum
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Table 3 Quantitative traits of L. pumilum in different populations

‘ EH (em)  BR 5 5 5 5 25t ,
JETE ] i (em) ) K Cem) ] M58 (em) 7 (em) ] B
Stem RE RE RE E RE
Population Height Leaf length Leaf width Flower diameter Flowers
diameter cv cv cv (6\% cv
0.32 59.74+17.86 0.30 0.22 0.29 0.23
{%3% 2 Houcheng  0.28+£0.09 a 6.54+t1.43 a 0.22+0.06 a 4.75£1.08 a 3
b
BHE 2 Yangyi 0.33+0.11a 034 75.02£27.25a  0.36 6.81£1.90a  0.28 0.24+0.09a  0.38 4.68+1.17 a 0.25 5
a4 Fancun 0.28+0.11a  0.39  64.11£26.56a 041  6.52+1.19a 0.18  026x0.11a 042  4.37+0.54a 012 3

NRNEFRRREFESE (P<0.05) ; TR
Different lowercase letters indicate significant difference (P<<0.05); The same as below
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Table 4 Correlation between phenotypic traits of L. pumilum and geographic factors

o

o}

AR R B 2 40|
Traits Altitude  Longitude  Latitude  Aspect
224 Stem diameter -0.179 0.115 0.086 0.168
P Height -0.380*%  0.194 0.189 0.018
K 8t Aspect ratio of leaf -0.124 -0.003 -0.023 0.085
164% Flower diameter -0.055 0.056 0.048 0.071
1624 Number of flowers -0.139 0.193 0.043 0.148
1. Flower color 0.14 0.280* 0.15 0.041
ZFFHIE Stem color -0.154 -0.815* -0.324*%  -0.173
1£% & Flower bud trichome 0.205 0.002 0.001 0.027

*RoONEFEE (P<0.05)

* indicate significant difference (P<<0.05)
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Fig. 6 Color features of L. pumilum based on color chart
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Table S Color features of L. pumilum based on colorimeter

AE (NBS)
et
L* a* b* c* Lieqcs) AR ffa s RO
Flower color
Orange Orangered Red Dark red
&4 Orange 56.13+1.85a 45.80%+1.90b 50.23+2.15a 68.03+031a 0
P45 Orange red  49.67+1.98b  54.70+2.12a 38.57+1.74b  66.97+0.72a 4.82 0
4T 5 Red 4237+195¢ 4820%£2.19b 2847£1.85¢ 56.03£093b 17.96 13.13 0
TRA 4 Dark red 3420+1.82d 34.53%+2.66c 16.07+285d 3823%+1.22c¢ 36.92 32.09 18.96 0

R4 Purple red 29.93+1.05d 23.27+1.05d 5.73+1.09¢ 24.00+1.26d 49.85 45.02 31.89 12.93
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Fig. 7 Upper and lower epidermal cells of L. pumilum with different colors
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Fig. 8 Chlorophyll, carotenoids, total flavonoid and anthocyanin contents in L. pumilum with different colors
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Fig. 9 Expression level of genes in anthocyanin biosynthesis pathway
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