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Abstract

Leaf trichomes are importangycompgnents of plants in systematics, morphology, defense mechanisms, and
ecological interactions. In this study, anning electron microscopy (SEM) was used to examine leaf trichomes of 15
species of Ehretiaceae (Boraginales), including representative species of the genera Bourreria, Ehretia, Halgania,
Lepidocordia, Rochefortia, and Tiquilia. The results showed a variety of trichome types, both glandular and non-
glandular, among the studied species. Some species also had glabrous leaves. The results showed differences in
morphology, density, and distribution of trichomes within and between genera. The distribution of trichomes on the leaf
surface of some species is dense and in others very sparse. Leaf trichomes also varied in size, and in some species, both
short and long hairs were observed. Some trichomes have appendages on their surface and their shape is varied. The
results of this study highlight the diversity of trichomes and their potential use as a taxonomic tool to determine the precise
position of the arrays of this family.
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Table 1. Information on herbarium specimens of the studied Ehretiaceae species

Taxon Country Collector and collecting OR code Herbarium
number acronym
Bourreria spathulata (Miers) Hemsl. Mexico D. Rudriguez B. 18 & E. Martinez S. W0254102 W
B. succulenta Jacq. Mexico C. Wright 3121 W0254103 W
B. virgata (Sw.) G.Don Puerto Rico L.H.1. 3380 W0254104 W
Ehretia acuminata R.Br. Japan Without collector W0254130 w
E. cortesia Gottschling Argentina J. Chiapella 2145 & E. Vitek 09-0160 W0254131 W
E. longiflora Champ. ex Benth. China S.K. Lau 115 W0254132 W
Halgania anagalloides Endl. Australia R.C. Lewis s.n. W0254128 W
H. andromedifolia Behr. & F.Muell. Australia R.C. Lewis s.n. W0254129 W
Lepidocordia punctata Ducke - Without collector Us00812284 us
L. williamsii (1.M.Johnst.) J.S.Mill. - Without collector B100313480 w
Rochefortia acanthophora (A.DC.) Griseb. Argentina Waullochlagel 384 W0254127 W
R. spinosa (Jacqg.) Urb. - Without collector P03876532 W
Tiquilia canescens (DC.) A.T.Richardson United States A.E. Brant & R.D. Noyes 5738 W0254124 W
T. darwinii (Hook.f.) A.T.Richardson - Without collector W0254125 W
T. paronychioides (Phil.) A.T.Richardson Peru M. Wiegend & W0254126 W

N. Dostert 98/169
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Table 2. Morphological characteristics of trichomes in the studied Ehretiaceae species

: Shape of Density of
Type of Multicellular . . P y
Taxon : Size Density surface surface
Trichome base
appendage appendage

Bourreria spathulata Non-glandular Absent Short Rare
B. succulent Glabrous Short
B. virgata Non-glandular Absent Short & Long Sparse Hemisphere Sparse
Ehretia acuminata Non-glandular Present Short Rare
E. cortesia Non-glandular Present Short Rare
E. longiflora Glabrous Short & Long
Halgania anagalloides Bifurcate Absent Short & Long arse Hemisphere Dense
H. andromedifolia Non-glandular Absent Short & Long se
Lepidocordia punctata Non-glandular & Present Short & Hemisphere Rare

glandular
L. williamsii Non-glandular Absent ho arse Hemisphere Dense
Rochefortia acanthophora Non-glandular Absent rt Sparse
R. spinosa Non-glandular nt Short Sparse
Tiquilia canescens et Short & Long  Very dense Hemisphere Sparse
T. darwinii Ben Short & Long Dense Oval Sparse
T. paronychioides Present Short Sparse Oval Dense
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Fig. 1. Trichome density on the the studied species from Ehretiaceae: 1. Bourreria spathulata,
2. B. succulent, 3. B. virgata, 4. Raretid®®&cuminata, 5. E. cortesia, 6. E. longiflora, 7. Halgania anagalloides,
8. H. andromedifolia, 9. Lepidocord® punctata, 10. L. williamsii, 11. Rochefortia acanthophora, 12. R. spinosa,
13. Tiquilia canescens, 14. T. darwinii, 15. T. paronychioides (Drawn by: 1st. author).
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Fig. 2. Leaf surface of the studie
B. spathulata, 3. Trichome surface
of B. virgata.

frreria: 1. Adaxial surface of B. spathulata, 2. Abaxial surface of
ulata, 4. Adaxial surface of B. succulent, 5. Adaxial and abaxial surfaces
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Fig. 3. Leaf surface of the studied Ehretia species: 1. Adaxial surface of E. acuminata, 2. Adaxial surface of E. cortesia,
3. Abaxial surface of E. cortesia, 4. Adaxial (up) and abaxial (down) surfaces of§. longiflora.
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Fig. 4. Leaf surface of the studied species of Halgania: 1. Adaxial surface of H. anagalloides, 2. Abaxial surface of
H. andromedifolia.
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Fig. 5. Leaf surface of the studied species of Lepidocol§ia: 1 18 surface of L. punctata, 2. Abaxial surface of
L. punctate, 3. Adaxial surface of L. williamsii, 4. Abaxial ce o williamsii.
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Fig. 6. Leaf surface of the studied species of Rochefortia: 1. Abaxial surface of R. spinosa, 2. Adaxial surface of
R. acanthophora, 3. Abaxial surface of R. acanthophora.
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Fig. 7. Leaf surface of the studied species from Tiquilia: 1. Abaxial surface of T. canescens, 2. Adaxial surface of
T. darwinii, 3. Adaxial surface of T. paronychioides, 4. Abaxial surface of T. paronychioides.

5 S oYL cliicsy, g4 lyls (Ehretiaceae) (L S oy ;0 Sy slas S as ol lis asllas ol gl
53750 55 S 5l o3l b Sl oy 55 5 00lisd 3590 055 ol Sl 1 05l sl sl s s sl oo
laazdly Gl wiogy 48,55 )13 (o) 2 3590 (b Slalllas o a5 w8 ST oS S5l (6 5 5ado sla Sy culys (SEM) (s
a3 oo ol ol Soletuw jo 1) suuas olel (Boraginales) Llu L3S (59, cpion slo i b dunlin )0

Laws (Gottschiling et al. 2016, Luebert et al. 2016) \Llu L3585 1o (Jege 5 slibcon ) Slas g5, 8 Sllas
OLas 09,5 (nl (Siokd o wiedy) Glas lee 4 ) (T r sl S Coeal Jol (o Lol ilosg 35 ete 0gee 5 5 LS
Bourreria g Ehretia ,.1a5 «)Lg 0SS s iz 5l 0 S S LSl a5 0 0wl Jol> idgh sloaidl iy 4000 oo
ol sasline 65,L olples Tiquilia g Halgania asle gle i 10 Ll il 0,5 ol slacl plo b (S ie sla S5g slylo
(Chacon et al. 2016, Mehrabian et al. 2014) & ls .St LS PP U )0 8Ny, Slao Coenl paS Sldlas b gls
Gl gnos



SsSl slls bleybiels jo cad Jaxe S S as ols lis (Mostafa et al. 2018) |, Ken 5  silras axllas
Bl Al 28 ol Jiegh gl e 50 Wl se sl ol aiied Slodumm oSy e (sla Kenl Lol osle Siijalis
3 Eranl GBS 65, el Sl 5,5 4 aSly samainl 5 Lo & S, 5l o ans oo i 15

(Weigend et al. 2016) ol o3g; ciises (sla iz (yls 333 5l o st 3Ll 3ol cogignaSh Lol sla 2l 51 S
23l pde Ol S hlisee slaall S 50wl oo e (Shas nl 5l aF 0l (lis S slat S ) g5 addllas l o
&y Jas sla Siles Tiquilia o xdaw Sl 35 61l slacs,S L Halgania ;s asLags slosé pé slacs S 355 o Jlo (sl
s Bog, ol (Seiifoked Laly) crensd

as ol lis JeSdge slaosls I Jol>  J56l8 o, (Gottschling & Hilger 2004) Sl ¢ SolissS ldlas wlul
F5¥se alsds L laaidly ool a8 S )18 0890l S5 90 oz gyl 05,5 dus o (sloges Dlio ululyy a2 9550 slaaisS
S ol Glad i pole addllas aites 098 (nl 55 (JoSse 5 (ulidiu; laosls oo bl suml 5 widls Slytesn
ity il lSg S 9590 50 |y (bLS)I Griz wilgi oo S p sl S

S 45 Wed 9o 13555 Sl 51,18 L S 15 S slbS S a5 was e yLis il aslllas (glaazil wogdle 4
o cblis )3 e L2 ailel oo BLE SlaS S wilesls lis LS Sllhae a5 el oles il aiusly axe Jalss 4 ol
Tiquilia slaasss >, sloas S S YL ST, (Tattini et al. 2004, Wagner et al. 2004) oS Lyl Jaoes sla yiis pl
ail0g,8 cul 4o Lol 3 liiag 6,85k <y saasylas wilg s

4255 b 3gb o0 Cgaite (L9 (SeegignSU Sondoe Jie S50 Cwz ) pie 5 S0 anlllas (nl (( Sletes Slate |
Gottschiling et al. 2005, Irimia & Gottschling ) wiloauid gundal |olS ,ob a gein 0,5 pl o iz 5l (o)l a1 @
o o Al (aizman Bl akeej (nl o outy] Slalllas (sl i s ol 5l Jole slaesls (2014
S (oo s 09,5 (ol (SaogisnS olilr (5,535 sl JsSfpe 35 Sn Sl 51 o3liznl Jomiliy

0595 (SaogiguST sl il 5l (S > 0 Wil 0 S Jx SOl zgog 4 iz oplwoled yo
9 P90 (embibcdn ; slaools oS 5 (1 (pl 5Ll S, Qe (JB (T b all S50 ((Llo)bjel « Sos s wliie yo g

Dgd oo dnog 0oiy] Gldlle jo Slies

63! Sl

S5 Ceber lp iy b BUE ojpe ewlidelS S pime ey Rl sele ooy ek

b 0,6 090 (cwliiiolS s slacl o illy ilag g gl Ll S b jail ot o il 5l e S b y0 @

Sl 3slow (295w9,500 (510 5 gl DS (gl SEM jaasite (3579 4SSy jl ¢ pizran 00,5 oo (S0 )08 plialSeS sl o9

SRS 1580 4y (el (2,00 US 5 (Gl W sl oy ¥t 5145 asloin o3V 055 5 iS5 ol 5 0,5 s
sl LB 00,55 (6 7150 Al 5l 75 ol Gipgy diles Sis alS sl

References

Akbarnejad, B., Ghahremaninejad, F., Bidarlord, M., Riahi, M. & Hoseini, E. 2024. Palynological study on a number of
Iranian species of Myosotis. Rostaniha 25(1): 1-18. DOI: 10.22092/bot.j.iran.2024.365023.1382.

Chacon, J., Luebert, F., Hilger, H.H., Ovchinnikova, S., Selvi, F., Cecchi, L., Guilliams, M., Hasenstab-Lehman, K.,
Sutory, K., Simpson, M.G. & Weigend, M. 2016. The borage family (Boraginaceae s.str.) is hot monophyletic.
Molecular Phylogenetics and Evolution 99: 43-53. DOI: 10.12705/653.6.

Glas, J.J., Schimmel, B.C., Alba, J.M., Escobar-Bravo, R., Schuurink, R.C. & Kant, M.R. 2012. Plant glandular trichomes
as targets for breeding or engineering of resistance to herbivores. International Journal of Molecular Sciences
13(12): 17077-17103. DOI: 10.3390/ijms131217077.



Gottschiling, M., Weigend, M. & Hilger, H.H. 2016. Ehretiaceae Mart. Flowering Plants. Eudicots. DOI: 10.1007/978-
3-319-28534-4_12.

Gottschling, M. & Hilger, H.H. 2004. Characterisation of a novel fruit type found in Ehretia (Ehretiaceae, Boraginales).
Blumea 49(1): 145-153. DOI: 10.3767/000651904X486250.

Gottschling, M. & Miller, J.S. 2007. A revision of Bourreria (Boraginales, Ehretiaceae) in South America. Annals of the
Missouri Botanical Garden 94(4): 734-744.

Gottschling, M., Hilger, H.H., Wolf, M. & Diane, N. 2005. Secondary structure of the ITS1 transcript and its application
in a reconstruction of the phylogeny of Boraginaceae. Plant Biology 7(6): 620-636. DOI: 10.1055/s-2001-19371.

Gottschling, M., Nagelmdller, S. & Hilger, H.H. 2014. Generative ontogeny in Tiquilia (Ehretiaceae: Boraginales) and
phylogenetic implications. Biological Journal of the Linnean Society 112(3) 520-534. DOI:10.1111/bij.12266.

Holstein, N. & Marc Gottschling, M. 2018. Flowers of Halgania (Ehretiaceae, Boraginales) are set up for being buzzed
and the role of intertwining anther trichomes. Flora 240: 7-15. DOI: 10.1016/j.flora.2017.12.005.

Irimia, R.E. & Gottschling, M. 2016. Taxonomic revision of Rochefortia Sw. (Ehretiaceae, Boraginales). Biodivers Data
Journal 8(4): e7720. DOI: 10.3897/BDJ.4.e7720.

Luebert, F., Cecchi, L., Frohlich, M.W., Gottschling, M., Guilliams, C.M., Hasenstab-Lehman, K.E., Hilger, H.H., Miller,
J.S., Mittelbach, M., Nazaire, M., Nepi, M., Nocentini, D., Ober, D., Olmstead, R.G., Selvi, F., Simpson, M.G.,
Sutory, K., Valdes, B., Walden, G.K. & Weigend, M. 2016. Familial classification of the Boraginales. Taxon
65(3): 502-522. DOI: 10.12705/653.5.

Mehrabian, A.R., Sheidai, M. & Mozaffarian, V. 2014. Micromorphology ichomes in Onosma (Boraginaceae)

and  their  systematic  relevance in  Iran_® PRafOIOW canica  20:  33-48. URL:

R.,Xm—KUbler, K., Bissolli, P., Braslavska, O., Briede,

g ., Defila, C., Donnelly, A., Filella, Y., Jatczak, K., Mage,

. en, P., Remisova, V., Scheifinger, H., Striz, M., Susnik, A., Vliet,

. & Zust, A. 2006. European phenological response to climate change

bal Change Biology 12(2): 196-207. DOI: 10.1111/].1365-2486.2006.01193.x.

Miller, J.S. 1989. A revision of the New World species of Ehretia (Boraginaceae). Annals of the Missouri Botanical
Garden 76(4): 1050-1076. DOI: 10.2307/2399691.

Miller, J.S. & Nowicke, J.W. 1990. Dioecy and a reevaluation of Lepidocordia and antrophora (Boraginaceae:
Ehretioideae). American Journal of Botany 77(4): 543-551. DOI:10.1002/j.1537-2197.1990.tb13586.x.

https://api.semanticscholar.org/CorpusiD:830805
Menzel, A., Sparks, T., Estrella, N., Koch, E., Aa
A., Chmielewski, F.M., Crepinsek,Z.,
F., Mestre, A., Nordli, O.,
A.J.H. van, Wielgolaski, F.

matches the warming pattern.

Mostafa, A., Ensikat, H.J., & Weigend, M. 2018. Mineralized trichomes in Boraginales: complex microscale
heterogeneity and simple phylogenetic patterns. Annals of Botany 121: 741-751.

Nazari, H. & Ghahremaninejad, F. 2024. A SEM study of leaf trichomes in Heliotropiaceae. Iranian Journal of Botany
30(2): 173-183.

Noroozi, M., Ghahremaninejad, F., Boglerb, D., Witherspoonc, M.J., Ryand, L.G., Millerb, S.J., Riahia, M. & Cohen, 1.J.
2021. Parsing a plethora of pollen: the role of pollen size and shape in the evolution of Boraginaceae. Cladistics
38(2): 204-226. DOI: 10.1111/cla.12488.

Noroozi, M., Ghahremaninejad, F., Mehrshid Riahi, M. & Cohen, J.l. 2024. Phylogenomics and plastome evolution of
Lithospermeae (Boraginaceae). BMC Plant Biology 24(1): 957. DOI: 10.1186/512870-024-05665-6.

AR



Swartz, O. 1788. Nova genera & species plantarum, seu, Prodromus descriptionum vegetabilium: maximam partem
incognitorum quee sub itinere in Indiam Occidentalem Annis. Pp. 1783-1787.

Tattini, M., Galardi, C., Pinelli, P., Massai, R., Remorini, D. & Agati, G. 2004. Differential accumulation of flavonoids
and hydroxycinnamates in leaves of Ligustrum vulgare under excess light and drought stress. New Phytologist
163(3): 547-561. DOI: 10.1111/j.1469-8137.2004.01126.X.

Thiers, B.M. 2024. [Continuously updated]) Index Herbariorum: A global directory of public herbaria and associated
staff. New York Botanical Garden’s Virtual Herbarium. Available from: http://sweetgum.nybg.org/ih (accessed
14 May 2024).

Tieghem, P.V. 1899. Sur les Borragineacées et les Heliotropiacées. Annales des Sciences Naturelles, Botanique 8(10):
283-307. https://www.biodiversitylibrary.org/bibliography/5010.

Wagner, G.J., Wang, E. & Shepherd, R.W. 2004. New approaches for studying and exploiting an old protuberance, the
plant trichome. Annals of Botany 93(1): 3-11. DOI: 10.1093/aob/mch011.

Weigend, M., Luebert, F., Gottschling, M., Couvreur, T.L.P., Hilger, H.H. & Miller, J.S. 2016. From capsules to nutlets-
phylogenetic relationships in the Boraginales. Cladistics, 32(1): 1-20. DOI: 10.1111/cla.12061.

Werker, E. 2000. Trichome diversity and development. Advances in Botanical Research 31: 1-35. DOI: 10.1016/S0065-
2296(00)31005-9.

\Y



