Table S1. Plant species, localities, habitats, and voucher information
	Plant Species
	Locality
	Voucher No
	Collector name 
	Altitude (m)
	Date of collection
	Habitats

	Alkanna tinctoria
	Balochistan
	GUDCS-1256
	Ali
	500–1800 m
	9-Mar-21
	Dry rocky habitats

	Anchusa arvensis
	Malakand Division
	GUDCS-1451
	Ahmed
	 800–2500 m
	17-Mar-21
	 Cultivated fields, disturbed habitats

	Arnebia decumbens
	Karak kazokheel (KPK)
	GUDCS-1058
	Hassan
	 300–2000 m
	27-May-21
	Sandy soils, dry slopes

	Asperugo procumbens
	Parachinar mandlu (KPK)
	GUDCS-1159
	Usman
	 1000–3000 m
	27-Apr-21
	Moist shaded habitats, forest margins

	Buglossoides arvensis
	Bannu waziekheel (KPK)
	GUDCS-1660
	Bilal
	200–1500 m
	18-Mar-21
	Agricultural fields, dry soils

	Cynoglossum lanceolatum
	Murree  
	GUDCS-1261
	Hamza
	 1200–3000 m
	25-Apr-21
	 Montane slopes, forest edges

	Gastrocotyle hispida
	Karak Dndo Shah (KPK)
	GUDCS-1282
	Zain
	 0–800 m
	3-Mar-21
	 Desert plains, sandy habitats

	Heliotropium crispum
	Dabbiji (Punjab)
	GUDCS-1263
	Ayan
	 0–200 m
	7-Aug-20
	 Coastal sandy habitats

	Heliotropium curassavicum
	Lakki Marwat (KPK)
	GUDCS-1294
	Saad
	 0–100 m
	14-Apr-20
	 Saline habitats, coastal marshes

	Heliotropium europaeum
	Bannu (KPK)
	GUDCS-1465
	Fahad
	 100–1200 m
	4-May-20
	Dry disturbed habitats, fields

	Euploca strigosa
	hazrabad Balochistan
	GUDCS-1166
	Daniyal
	 0–800 m
	15-May-21
	 Sandy deserts, arid habitats

	Heliotropium supinum
	Karachi North Nazimabad (Sindh)
	GUDCS-1267
	Talha
	 0–500 m
	27-Mar-20
	 Wetlands, riverbanks

	Heliotropium bacciferum
	Lakki Marwat plong (KPK)
	GUDCS-1269
	Imran
	 0–700 m
	8-Apr-20
	Desert habitats, sandy soils

	Lappula spinocarpos
	Karkhasa Valley Quetta
	GUDCS-1277
	Noman
	500–2000 m
	10-Jun-21
	 Dry open habitats, gravelly soils

	Nonea caspica
	Bajaur (KPK)
	GUDCS-1283
	Rizwan
	 1000–2800 m
	19-Mar-21
	Temperate grasslands

	Nonea edgeworthii
	Malaisd (KPK)
	GUDCS-1291
	Shahid
	 300–1500 m
	2-Apr-21
	Plains, disturbed habitats

	Onosma bracteosa
	Shahai benshy (KPK)
	GUDCS-1214
	Salman
	500–1800 m
	12-Apr-21
	Rocky slopes, dry habitats

	Onosma dichroantha
	Dir (KPK)
	GUDCS-1219
	Farhan
	 800–2200 m
	9-Mar-21
	 Mountain slopes, dry rocky soils

	Onosma hispida
	Bajaur (Malakand)
	GUDCS-1233
	Adnan
	300–2000 m
	3-Mar-21
	 Dry stony habitats

	Trichodesma indicum
	Balochistan
	GUDCS-1231
	Kamran
	 0–900 m
	5-Jun-21
	Sandy plains, wastelands



Table S2. Quantitative morphological traits of the studied Boraginaceae species
	Species
	Subfamily
	Tribe
	Shape
	Color
	Texture
	Apex
	Base
	Hilum Position
	Level
	Cell outline
	Central line
	Species
	Ventral keel
	Prickles/tubercles
	Periclinal wall
	Anticlinal wall
	Wall ornamentation
	Surface sculpturing
	Epidermal cells

	Euploca strigosa
	Heliotropioideae
	Heliotropieae
	Rounded
	Light Colors
	Strongly ornamented
	Rounded
	Round
	Central
	Raised
	Unorganized
	Present
	Euploca strigosa
	Present
	Present
	Not visible
	Not visible
	Thin
	Irregular Pattern
	Irregular

	Heliotropium bacciferum
	Heliotropioideae
	Heliotropieae
	Irregular
	Medium Brown
	Moderately ornamented
	Acute
	Round
	Central
	Raised
	Unorganized
	Present
	Heliotropium bacciferum
	Present
	Present
	Not visible
	Not visible
	Thick
	Weakly Ornamented
	Not visible

	Heliotropium crispum
	Heliotropioideae
	Heliotropieae
	Irregular
	Dark Colors
	Strongly ornamented
	Acute
	Acute
	Central
	Raised
	Unorganized
	Present
	Heliotropium crispum
	Absent
	Absent
	Raised
	Thick raised
	Thin
	 Protruding Ornamentation
	Irregular

	Heliotropium curassavicum
	Heliotropioideae
	Heliotropieae
	Ovate
	Medium Brown
	Smooth
	Round
	Round
	Central
	Raised
	Unorganized
	Absent
	Heliotropium curassavicum
	Absent
	Absent
	Not visible
	Not visible
	Thin
	 Irregular Pattern
	Not visible

	Heliotropium europaeum
	Heliotropioideae
	Heliotropieae
	Ovate
	Medium Brown
	Moderately ornamented
	Acute
	Round
	Terminal
	Raised
	Unorganized
	Absent
	Heliotropium europaeum
	Absent
	Present
	Not visible
	Not visible
	Thick
	 Weakly Ornamented
	Not visible

	Heliotropium supinum
	Heliotropioideae
	Heliotropieae
	Irregular
	Light Colors
	Moderately ornamented
	Round
	Elongated
	Central
	Depressed
	Unorganized
	Absent
	Heliotropium supinum
	Absent
	Absent
	Not visible
	Not visible
	Thin
	Protruding Ornamentation
	Not visible

	Alkanna tinctoria
	Boraginoideae
	Lithospermeae
	Irregular
	Dark Colors
	Moderately ornamented
	Round
	Elongated
	Terminal
	Raised
	Modified Surface 
	Absent
	Alkanna tinctoria
	Middle
	Absent
	Not visible
	Not visible
	Very thick
	 Protruding Ornamentation
	Not visible

	Arnebia decumbens
	Boraginoideae
	Lithospermeae
	Rounded
	Dark Colors
	Smooth
	Specialized
	Round
	Terminal
	Raised
	Organized 
	Prominent with glochids
	Arnebia decumbens
	Present
	Present
	 Slightly Developed
	Smooth straight
	Thin
	 Irregular Pattern
	Pentagonal to hexagonal

	Buglossoides arvensis
	Boraginoideae
	Lithospermeae
	Ovate
	Light Colors
	Smooth
	Acute
	Elongated
	Terminal
	Raised
	Unorganized
	Prominent with tubercles
	Buglossoides arvensis
	Present
	Present
	Not visible
	Not visible
	Very thick
	 Protruding Ornamentation
	Not visible

	Anchusa arvensis
	Boraginoideae
	Boragineae
	Irregular
	Dark Colors
	Smooth
	Round
	Elongated
	Central
	Depressed
	Unorganized
	Absent
	Anchusa arvensis
	Middle
	Absent
	Not visible
	Not visible
	Very thick
	 Protruding Ornamentation
	Not visible

	Gastrocotyle hispida
	Boraginoideae
	Boragineae
	Ovate
	Medium Brown
	Strongly ornamented
	Round
	Round
	Central
	Depressed
	Unorganized
	Absent
	Gastrocotyle hispida
	Middle
	Absent
	Not visible
	Not visible
	Thick
	Protruding Ornamentation
	Not visible

	Nonea caspica
	Boraginoideae
	Boragineae
	Ovate
	Dark Colors
	Strongly ornamented
	Specialized
	Acute
	Central
	Depressed
	Organized 
	Absent
	Nonea caspica
	Middle
	Present
	Slightly Developed
	Smooth straight
	Very thick
	 Protruding Ornamentation
	Pentagonal to hexagonal

	Nonea edgeworthii
	Boraginoideae
	Boragineae
	Ovate
	Light Colors
	Moderately ornamented
	Specialized
	Round
	Central
	Depressed
	Organized 
	Absent
	Nonea edgeworthii
	Middle
	Present
	 Raised
	Undulate
	Very thick
	 Protruding Ornamentation
	Pentagonal to hexagonal

	Onosma bracteosa
	Boraginoideae
	Echieae
	Ovate
	Medium Brown
	Moderately ornamented
	Round
	Round
	Terminal
	Raised
	Modified Surface 
	Present
	Onosma bracteosa
	Present
	Absent
	Not visible
	Not visible
	Thin
	Irregular Pattern
	Not visible

	Onosma dichroantha
	Boraginoideae
	Echieae
	Rounded
	Dark Colors
	Moderately ornamented
	Acute
	Round
	Terminal
	Raised
	Modified Surface 
	Present
	Onosma dichroantha
	Present
	Absent
	Not visible
	Not visible
	Thick
	 Irregular Pattern
	Not visible

	Onosma hispida
	Boraginoideae
	Echieae
	Rounded
	Medium Brown
	Strongly ornamented
	Acute
	Round
	Terminal
	Raised
	Modified Surface 
	Present
	Onosma hispida
	Present
	Absent
	Not visible
	Not visible
	Thick
	Weakly Ornamented
	Not visible

	Trichodesma indicum
	Cynoglossoideae
	Trichodesmeae
	Irregular
	Light Colors
	Strongly ornamented
	Acute
	Round
	Central
	Raised
	Unorganized
	Absent
	Trichodesma indicum
	Absent
	Absent
	Not visible
	Not visible
	Very thick
	Protruding Ornamentation
	Not visible

	Asperugo procumbens
	Cynoglossoideae
	Asperugeae
	Ovate
	Light Colors
	Smooth
	Acute
	Elongated
	Slightly terminal
	Raised
	Modified Surface 
	Absent
	Asperugo procumbens
	Absent
	Absent
	Prominent / Raised
	Undulate
	Very thin
	 Protruding Ornamentation
	Pentagonal to hexagonal

	Lappula spinocarpos
	Cynoglossoideae
	Rochelieae
	Ovate
	Light Colors
	Smooth
	Rounded
	Round
	Central
	Raised
	Modified Surface 
	Absent
	Lappula spinocarpos
	Absent
	Present
	Not visible
	Not visible
	Thick
	 Protruding Ornamentation
	Not visible

	Cynoglossum lanceolatum
	Cynoglossoideae
	Cynoglosseae
	Rounded
	Dark Colors
	Smooth
	Rounded
	Round
	Terminal
	Raised
	Modified Surface 
	Absent
	Cynoglossum lanceolatum
	Absent
	Present
	Not visible
	Not visible
	Thick
	 Protruding Ornamentation
	Not visible



Table S3. Qualitative morphological characters of the studied Boraginaceae species
	Species
	Subfamily
	Tribe
	Length (mm)
	Width (mm)
	Length width ratio (mm)

	Euploca strigosa
	Heliotropioideae
	Heliotropieae
	3.06
	2.82
	1.08

	Heliotropium bacciferum
	Heliotropioideae
	Heliotropieae
	4.82
	2.18
	2.21

	Heliotropium crispum
	Heliotropioideae
	Heliotropieae
	6.6
	2.88
	2.29

	Heliotropium curassavicum
	Heliotropioideae
	Heliotropieae
	3.08
	1.96
	1.57

	Heliotropium europaeum
	Heliotropioideae
	Heliotropieae
	4.58
	2.92
	1.56

	Heliotropium supinum
	Heliotropioideae
	Heliotropieae
	3.92
	2.02
	1.94

	Alkanna tinctoria
	Boraginoideae
	Lithospermeae
	4.96
	2.76
	1.79

	Arnebia decumbens
	Boraginoideae
	Lithospermeae
	4.8
	2.96
	1.62

	Buglossoides arvensis
	Boraginoideae
	Lithospermeae
	5
	2.4
	2.08

	Anchusa arvensis
	Boraginoideae
	Boragineae
	6.08
	3.88
	1.56

	Gastrocotyle hispida
	Boraginoideae
	Boragineae
	6.9
	4.1
	1.68

	Nonea caspica
	Boraginoideae
	Boragineae
	2.5
	1.7
	1.47

	Nonea edgeworthii
	Boraginoideae
	Boragineae
	2.12
	1.32
	1.6

	Onosma bracteosa
	Boraginoideae
	Echieae
	3.62
	2.3
	1.57

	Onosma dichroantha
	Boraginoideae
	Echieae
	1.9
	0.84
	2.26

	Onosma hispida
	Boraginoideae
	Echieae
	4.92
	2.06
	2.38

	Trichodesma indicum
	Cynoglossoideae
	Trichodesmeae
	5.86
	2.78
	2.1

	Asperugo procumbens
	Cynoglossoideae
	Asperugeae
	5.8
	3.42
	1.69

	Lappula spinocarpos
	Cynoglossoideae
	Rochelieae
	3.16
	1.92
	1.64

	Cynoglossum lanceolatum
	Cynoglossoideae
	Cynoglosseae
	5.22
	3.16
	1.65











Table S4 coded character matrix 
	Species
	Shape
	Color
	Texture
	Apex
	Base
	Hilum
	Level
	Cell
	Central
	Ventral
	Prickles
	Periclinal
	Anticlinal
	Thickness
	Surface
	Epidermal

	Euploca strigosa
	0
	0
	2
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1

	Heliotropium bacciferum
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1
	0

	Heliotropium crispum
	1
	2
	2
	1
	2
	0
	0
	1
	1
	0
	0
	2
	1
	0
	2
	1

	Heliotropium curassavicum
	2
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	Heliotropium europaeum
	2
	1
	1
	1
	0
	1
	0
	1
	0
	0
	1
	0
	0
	1
	1
	0

	Heliotropium supinum
	1
	0
	1
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	2
	0

	Alkanna tinctoria
	1
	2
	1
	0
	1
	1
	0
	3
	0
	2
	0
	0
	0
	2
	2
	0

	Arnebia decumbens
	0
	2
	0
	2
	0
	1
	0
	2
	1
	1
	1
	1
	1
	0
	0
	2

	Buglossoides arvensis
	2
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	2
	2
	0

	Anchusa arvensis
	1
	2
	0
	0
	1
	0
	1
	1
	0
	2
	0
	0
	0
	2
	2
	0

	Gastrocotyle hispida
	2
	1
	2
	0
	0
	0
	1
	1
	0
	2
	0
	0
	0
	1
	2
	0

	Nonea caspica
	2
	2
	2
	2
	2
	0
	1
	2
	0
	2
	1
	1
	1
	2
	2
	2

	Nonea edgeworthii
	2
	0
	1
	2
	0
	0
	1
	2
	0
	2
	1
	2
	2
	2
	2
	2

	Onosma bracteosa
	2
	1
	1
	0
	0
	1
	0
	3
	1
	1
	0
	0
	0
	0
	0
	0

	Onosma dichroantha
	0
	2
	1
	1
	0
	1
	0
	3
	1
	1
	0
	0
	0
	1
	0
	0

	Onosma hispida
	0
	1
	2
	1
	0
	1
	0
	3
	1
	1
	0
	0
	0
	1
	1
	0

	Trichodesma indicum
	1
	0
	2
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	2
	2
	0

	Asperugo procumbens
	2
	0
	0
	1
	1
	2
	0
	3
	0
	0
	0
	3
	2
	3
	2
	2

	Lappula spinocarpos
	2
	0
	0
	0
	0
	0
	0
	3
	0
	0
	1
	0
	0
	1
	2
	0

	Cynoglossum lanceolatum
	0
	2
	0
	0
	0
	1
	0
	3
	0
	0
	1
	0
	0
	1
	2
	0



	Shape: Rounded = 0, Irregular = 1, Ovate = 2
	

	Color: Light = 0, Medium Brown = 1, Dark = 2
	
	

	Texture: Smooth = 0, Moderately ornamented = 1, Strongly ornamented = 2

	Apex: Round = 0, Acute = 1, Specialized = 2
	
	
	

	Base: Round = 0, Elongated = 1, Acute = 2
	
	
	

	Hilum Position: Central = 0, Terminal = 1, Slightly terminal = 2
	
	

	Level: Raised = 0, Depressed = 1, Others = 2
	
	
	

	Cell outline:  Unorganized = 0, Organized = 1, Modified surface = 2

	Central line: Absent = 0, Present = 1, Prominent with glochids=2
	

	Ventral keel: Absent = 0, Present = 1, Middle = 2
	
	
	

	Prickles/tubercles: Absent = 0, Present = 1
	
	
	
	

	Periclinal wall: Not visible = 0, Slightly developed = 1, Raised = 2, Prominent = 3

	Anticlinal wall: Not visible = 0, Smooth straight = 1, Undulate = 2, Thick raised=3

	Wall thickness: Thin = 0, Thick = 1, Very thick = 2, Very thin = 3
	

	Surface sculpturing: Irregular = 0, Weakly ornamented = 1, Protruding = 2
	

	Epidermal cells: Not visible = 0, Irregular = 1, Pentagonal/hexagonal = 2
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Table S1. Plant  species, localities,  habitats, and voucher information  

Plant Species  Locality  Voucher  No  Collector  name   Altitude  (m)  Date of  collection  Habitats  

Alkanna tinctoria  Balochistan  GUDCS - 1256  Ali  500 – 1800  m  9 - Mar - 21  Dry rocky habitats  

Anchusa arvensis  Malakand Division  GUDCS - 1451  Ahmed    800 – 2500  m  17 - Mar - 21    Cultivated fields, disturbed  habitats  

Arnebia decumbens  Karak kazokheel (KPK)  GUDCS - 1058  Hassan    300 – 2000  m  27 - May - 21  Sandy soils, dry slopes  

Asperugo  procumbens  Parachinar mandlu (KPK)  GUDCS - 1159  Usman    1000 – 3000 m  27 - Apr - 21  Moist shaded habitats, forest  margins  

Buglossoides  arvensis  Bannu waziekheel (KPK)  GUDCS - 1660  Bilal  200 – 1500  m  18 - Mar - 21  Agricultural fields, dry soils  

Cynoglossum  lanceolatum  Murree    GUDCS - 1261  Hamza    1200 – 3000 m  25 - Apr - 21    Montane slopes, forest edges  

Gastrocotyle hispida  Karak Dndo Shah (KPK)  GUDCS - 1282  Zain    0 – 800 m  3 - Mar - 21    Desert plains, sandy habitats  

Heliotropium  crispum  Dabbiji (Punjab)  GUDCS - 1263  Ayan    0 – 200 m  7 - Aug - 20    Coastal sandy habitats  

Heliotropium  curassavicum  Lakki Marwat (KPK)  GUDCS - 1294  Saad    0 – 100 m  14 - Apr - 20    Saline habitats, coastal  marshes  

Heliotropium  europaeum  Bannu ( KPK)  GUDCS - 1465  Fahad    100 – 1200  m  4 - May - 20  Dry disturbed habitats, fields  

Euploca strigosa  hazrabad Balochistan  GUDCS - 1166  Daniyal    0 – 800 m  15 - May - 21    Sandy deserts, arid habitats  

Heliotropium  supinum  Karachi North Nazimabad  (Sindh)  GUDCS - 1267  Talha    0 – 500 m  27 - Mar - 20    Wetlands, riverbanks  

Heliotropium  bacciferum  Lakki Marwat plong (KPK)  GUDCS - 1269  Imran    0 – 700 m  8 - Apr - 20  Desert habitats, sandy soils  

Lappula spinocarpos  Karkhasa Valley Quetta  GUDCS - 1277  Noman  500 – 2000  m  10 - Jun - 21    Dry open habitats, gravelly  soils  

