[bookmark: _Hlk180526305]Table S1 Codon usage in the chloroplast genomes of  Pseudogalium, Galium, and Rubia based on 82 protein-coding genes. A(B): A represents the number of codons, and B represents the RSCU value. “+”and “-” respectively represent the most and the least frequently used amino acids.
	Codon
	P.paradoxum subsp. paradoxum YangLE496
	P.paradoxum subsp. paradoxum YangLE541
	P.paradoxum subsp. paradoxum YangLE718
	P.paradoxum subsp. paradoxum YangLE701
	P. paradoxum subsp. duthiei YangLE282
	P. paradoxum subsp. duthiei YangLE638
	Galium aparine KY562587
	Galium spurium ON840095
	Rubia cordifolia OK326894
	Rubia yunnanensis OM033658
	Rubia tinctorum XJ20150721001

	UUU(Phe)
	956(1.35)
	956(1.35)
	956(1.35)
	956(1.35)
	960(1.36)
	960(1.36)
	971(1.36)
	972(1.37)
	957(1.36)
	961(1.36)
	1029(1.38)

	UUC(Phe)
	459(0.65)
	459(0.65)
	459(0.65)
	459(0.65)
	455(0.64)
	454(0.64)
	456(0.64)
	450(0.63)
	447(0.64)
	451(0.64)
	464(0.62)

	UUA(Leu)+
	844(1.89)
	844(1.89)
	844(1.89)
	844(1.89)
	842(1.89)
	842(1.89)
	841(1.88)
	836(1.87)
	832(1.86)
	840(1.88)
	877(1.88)

	UUG(Leu)
	517(1.16)
	517(1.16)
	517(1.16)
	517(1.16)
	514(1.16)
	515(1.16)
	517(1.16)
	517(1.16)
	523(1.17)
	518(1.16)
	542(1.16)

	CUU(Leu)
	585(1.31)
	585(1.31)
	585(1.31)
	585(1.31)
	587(1.32)
	587(1.32)
	589(1.32)
	591(1.32)
	581(1.30)
	582(1.30)
	599(1.28)

	CUC(Leu)
	164(0.37)
	164(0.37)
	164(0.37)
	164(0.37)
	164(0.37)
	164(0.37)
	168(0.38)
	165(0.37)
	173(0.39)
	172(0.38)
	183(0.39)

	CUA(Leu)
	399(0.89)
	399(0.89)
	399(0.89)
	399(0.89)
	397(0.89)
	397(0.89)
	404(0.90)
	405(0.91)
	396(0.89)
	399(0.89)
	419(0.90)

	CUG(Leu)
	168(0.38)
	168(0.38)
	168(0.38)
	168(0.38)
	165(0.37)
	165(0.37)
	160(0.36)
	165(0.37)
	172(0.39)
	174(0.39)
	177(0.38)

	AUU(Ile)
	1610(1.53)
	1610(1.53)
	1610(1.53)
	1610(1.53)
	1061(1.53)
	1061(1.53)
	1046(1.52)
	1043(1.53)
	1046(1.51)
	1052(1.51)
	1113(1.52)

	AUC(Ile)
	379(0.55)
	379(0.55)
	379(0.55)
	379(0.55)
	381(0.55)
	381(0.55)
	373(0.54)
	370(0.54)
	393(0.57)
	395(0.57)
	399(0.55)

	AUA(Ile)
	639(0.92)
	639(0.92)
	640(0.92)
	639(0.92)
	637(0.92)
	638(0.92)
	641(0.93)
	634(0.93)
	640(0.92)
	641(0.92)
	679(0.93)

	AUG(Me)
	571(1.00)
	571(1.00)
	571(1.00)
	571(1.00)
	570(1.00)
	570.0(1.00)
	563(1.00)
	566(1.00)
	565(1.00)
	565(1.00)
	580(1.00)

	GUU(Val)
	489(1.47)
	489(1.47)
	489(1.47)
	489(1.47)
	486(1.46)
	486(1.46)
	495(1.47)
	494(1.47)
	495(1.47)
	496(1.48)
	513(1.49)

	GUC(Val)
	168(0.51)
	168(0.50)
	168(0.51)
	168(0.51)
	169(0.51)
	169(0.51)
	173(0.51)
	173(0.51)
	180(0.54)
	177(0.53)
	181(0.52)

	GUA(Val)
	497(1.49)
	497(1.49)
	497(1.49)
	497(1.49)
	499(1.50)
	499(1.50)
	497(1.48)
	497(1.48)
	497(1.48)
	500(1.49)
	512(1.48)

	GUG(Val)
	176(0.53)
	177(0.53)
	176(0.53)
	176(0.53)
	179(0.54)
	179(0.54)
	181(0.54)
	181(0.54)
	172(0.51)
	172(0.51)
	175(0.51)

	UCU(Ser)
	551(1.75)
	551(1.75)
	551(1.75)
	551(1.75)
	546(1.73)
	545(1.72)
	549(1.74)
	553(1.76)
	552(1.74)
	556(1.74)
	580(1.75)

	UCC(Ser)
	295(0.93)
	295(0.93)
	295(0.93)
	295(0.93)
	299(0.95)
	299(0.95)
	295(0.94)
	296(0.94)
	314(0.99)
	316(0.99)
	319(0.96)

	UCA(Ser)
	370(1.17)
	370(1.17)
	370(1.17)
	370(1.17)
	374(1.18)
	374(1.18)
	352(1.12)
	356(1.13)
	364(1.15)
	363(1.14)
	381(1.15)

	UCG(Ser)
	209(0.66)
	209(0.66)
	209(0.66)
	209(0.66)
	210(0.66)
	211(0.67)
	223(0.71)
	218(0.69)
	205(0.65)
	205(0.64)
	219(0.66)

	CCU(Pro)
	364(1.48)
	364(1.48)
	364(1.48)
	364(1.48)
	366(1.48)
	366(1.48)
	357(1.44)
	353(1.42)
	374(1.51)
	373(1.50)
	382(1.49)

	CCC(Pro)
	197(0.80)
	197(0.80)
	196(0.80)
	197(0.80)
	196(0.79)
	196(0.79)
	208(0.84)
	210(0.85)
	196(0.79)
	198(0.80)
	204(0.80)

	CCA(Pro)
	287(1.16)
	287(1.16)
	287(1.16)
	287(1.16)
	285(1.16)
	285(1.16)
	282(1.13)
	278(1.12)
	281(1.13)
	281(1.13)
	295(1.15)

	CCG(Pro)
	139(0.56)
	139(0.56)
	139(0.56)
	139(0.56)
	140(0.57)
	140(0.57)
	147(0.59)
	152(0.61)
	141(0.57)
	140(0.56)
	143(0.56)

	ACU(Thr)
	486(1.53)
	486(1.53)
	486(1.53)
	486(1.53)
	484(1.53)
	485(1.53)
	488(1.53)
	481(1.51)
	496(1.56)
	498(1.57)
	511(1.54)

	ACC(Thr)
	218(0.69)
	218(0.69)
	219(0.69)
	218(0.69)
	218(0.69)
	218(0.69)
	232(0.73)
	235(0.74)
	219(0.69)
	219(0.69)
	233(0.70)

	ACA(Thr)
	412(1.30)
	412(1.30)
	411(1.30)
	412(1.30)
	412(1.30)
	412(1.30)
	407(1.27)
	403(1.27)
	398(1.26)
	397(1.25)
	421(1.27)

	ACG(Thr)
	153(0.48)
	153(0.48)
	153(0.48)
	153(0.48)
	153(0.48)
	153(0.48)
	150(0.47)
	154(0.48)
	155(0.49)
	156(0.49)
	160(0.48)

	GCU(Ala)
	598(1.80)
	598(1.80)
	598(1.80)
	598(1.80)
	599(1.81)
	598(1.81)
	591(1.78)
	597(1.80)
	593(1.80)
	596(1.80)
	602(1.79)

	GCC(Ala)
	216(0.65)
	216(0.65)
	216(0.65)
	216(0.65)
	215(0.65)
	215(0.65)
	223(0.67)
	219(0.66)
	209(0.63)
	210(0.63)
	215(0.64)

	GCA(Ala)
	361(1.09)
	361(1.09)
	361(1.09)
	361(1.09)
	359(1.08)
	359(1.08)
	360(1.08)
	359(1.08)
	368(1.12)
	367(1.11)
	378(1.12)

	GCG(Ala)
	153(0.46)
	153(0.46)
	153(0.46)
	153(0.46)
	153(0.46)
	153(0.46)
	155(0.47)
	152(0.46)
	150(0.45)
	151(0.46)
	153(0.45)

	UAU(Tyr)
	725(1.63)
	725(1.63)
	725(1.63)
	725(1.63)
	723(1.62)
	723(1.62)
	720(1.62)
	715(1.60)
	723(1.63)
	725(1.63)
	763(1.62)

	UAC(Tyr)
	164(0.37)
	164(0.37)
	164(0.37)
	164(0.37)
	167(0.38)
	167(0.38)
	170(0.38)
	176(0.40)
	165(0.37)
	165(0.37)
	179(0.38)

	UAA(Ter)
	40(1.50)
	40(1.50)
	40(1.50)
	40(1.50)
	41(1.54)
	41(1.54)
	43(1.61)
	44(1.65)
	43(1.59)
	42(1.58)
	42(1.56)

	UAG(Ter)
	24(0.90)
	24(0.90)
	24(0.90)
	24(0.90)
	23(0.86)
	23(0.86)
	23(0.86)
	23(0.86)
	21(0.78)
	21(0.79)
	22(0.81)

	CAU(His)
	432(1.50)
	432(1.50)
	432(1.50)
	432(1.50)
	432(1.51)
	432(1.51)
	418(1.47)
	422(1.48)
	439(1.52)
	438(1.52)
	461(1.53)

	CAC(His)
	145(0.50)
	145(0.50)
	145(0.50)
	145(0.50)
	142(0.49)
	142(0.49)
	150(0.53)
	149(0.52)
	138(0.48)
	140(0.48)
	140(0.47)

	CAA(Gln)
	658(1.50)
	658(1.50)
	658(1.50)
	658(1.50)
	659(1.50)
	659(1.50)
	654(1.50)
	656(1.50)
	676(1.51)
	674(1.51)
	715(1.52)

	CAG(Gln)
	219(0.50)
	219(0.50)
	219(0.50)
	219(0.50)
	218(0.50)
	218(0.50)
	217(0.50)
	218(0.50)
	217(0.49)
	218(0.49)
	225(0.48)

	AAU(Asn)
	875(1.54)
	875(1.54)
	875(1.54)
	875(1.54)
	876(1.54)
	876(1.54)
	864(1.52)
	861(1.52)
	886(1.55)
	883(1.55)
	964(1.54)

	AAC(Asn)
	259(0.46)
	259(0.46)
	259(0.46)
	259(0.46)
	261(0.46)
	261(0.46)
	274(0.48)
	275(0.48)
	258(0.45)
	259(0.45)
	291(0.46)

	AAA(Lys)
	941(1.47)
	941(1.47)
	940(1.47)
	940(1.47)
	943(1.47)
	943(1.47)
	952(1.48)
	945(1.47)
	928(1.46)
	937(1.47)
	1076(1.49)

	AAG(Lys)
	338(0.53)
	338(0.53)
	338(0.53)
	338(0.53)
	336(0.53)
	336(0.53)
	337(0.52)
	338(0.53)
	344(0.54)
	340(0.53)
	367(0.51)

	GAU(Asp)
	808(1.63)
	808(1.63)
	808(1.63)
	808(1.63)
	803(1.62)
	803(1.62)
	799(1.62)
	799(1.62)
	807(1.62)
	811(1.62)
	841(1.61)

	GAC(Asp)-
	184(0.37)
	184(0.37)
	184(0.37)
	184(0.37)
	187(0.38)
	187(0.38)
	185(0.38)
	187(0.38)
	191(0.38)
	190(0.38)
	201(0.39)

	GAA(Glu)
	949(1.51)
	949(1.51)
	950(1.51)
	950(1.51)
	950(1.51)
	950(1.51)
	945(1.50)
	945(1.51)
	948(1.50)
	953(1.50)
	1014(1.51)

	GAG(Glu)
	307(0.49)
	307(0.49)
	307(0.49)
	307(0.49)
	307(0.49)
	307(0.49)
	314(0.50)
	308(0.49)
	315(0.50)
	316(0.50)
	325(0.49)

	UGU(Cys)
	207(1.46)
	207(1.46)
	207(1.46)
	207(1.46)
	208(1.44)
	208(1.44)
	210(1.44)
	206(1.42)
	203(1.42)
	203(1.42)
	210(1.42)

	UGC(Cys)
	77(0.54)
	77(0.54)
	77(0.54)
	77(0.54)
	80(0.56)
	80(0.56)
	81(0.56)
	84(0.58)
	83(0.58)
	83(0.58)
	85(0.58)

	UGA(Ter)
	16(0.60)
	16(0.60)
	16(0.60)
	16(0.60)
	16(0.60)
	16(0.60)
	14(0.53)
	13(0.49)
	17(0.63)
	17(0.64)
	17(0.63)

	UGG(Trp)
	433(1.00)
	433(1.00)
	433(1.00)
	433(1.00)
	433(1.00)
	433(1.00)
	431(1.00)
	433(1.00)
	435(1.00)
	437.0(1.00)
	459(1.00)

	CGU(Arg)
	334(1.36)
	334(1.36)
	334(1.36)
	334(1.36)
	334(1.36)
	334(1.36)
	328(1.33)
	330(1.33)
	331(1.36)
	329(1.34)
	339(1.32)

	CGC(Arg)
	97(0.39)
	97(0.39)
	97(0.39)
	97(0.39)
	92(0.37)
	92(0.37)
	99(0.40)
	98(0.40)
	99(0.41)
	101(0.41)
	101(0.39)

	CGA(Arg)
	349(1.42)
	349(1.42)
	349(1.42)
	349(1.42)
	352(1.43)
	352(1.43)
	349(1.42)
	352(1.42)
	348(1.43)
	351(1.43)
	367(1.43)

	CGG(Arg)
	132(0.54)
	132(0.54)
	132(0.54)
	132(0.54)
	132(0.54)
	132(0.54)
	138(0.56)
	132(0.53)
	118(0.48)
	122(0.50)
	125(0.49)

	AGU(Ser)
	353(1.12)
	353(1.12)
	353(1.12)
	353(1.12)
	353(1.12)
	353(1.12)
	356(1.13)
	355(1.13)
	357(1.13)
	365(1.14)
	378(1.14)

	AGC(Ser)+
	116(0.37)
	116(0.37)
	116(0.37)
	116(0.37)
	114(0.36)
	114(0.36)
	113(0.36)
	112(0.36)
	109(0.34)
	109(0.34)
	113(0.34)

	AGA(Arg)
	405(1.65)
	405(1.65)
	405(1.65)
	405(1.65)
	406(1.65)
	405(1.65)
	399(1.62)
	402(1.63)
	412(1.69)
	411(1.68)
	440(1.71)

	AGG(Arg)
	159(0.65)
	159(0.65)
	159(0.65)
	159(0.65)
	160(0.65)
	160(0.65)
	166(0.67)
	170(0.69)
	157(0.64)
	155(0.63)
	171(0.66)

	GGU(Gly)
	561(1.31)
	561(1.31)
	561(1.31)
	561(1.31)
	561(1.31)
	561(1.31)
	560(1.31)
	564(1.32)
	567(1.32)
	567(1.32)
	574(1.33)

	GGC(Gly)
	181(0.42)
	181(0.42)
	181(0.42)
	181(0.42)
	180(0.42)
	180(0.42)
	180(0.42)
	179(0.42)
	174(0.41)
	173(0.40)
	174(0.40)

	GGA(Gly)
	665(1.56)
	665(1.56)
	665(1.56)
	665(1.56)
	665(1.56)
	665(1.56)
	657(1.53)
	656(1.53)
	659(1.54)
	664(1.55)
	675(1.56)

	GGG(Gly)
	303(0.71)
	303(0.71)
	303(0.71)
	303(0.71)
	304(0.71)
	304(0.71)
	318(0.74)
	315(0.74)
	312(0.73)
	314(0.73)
	309(0.71)





















Table S2 Comparison of the junctions between LSC, IRb, SSC, and IRa regions in the chloroplast genomes. JLB (IRb/LSC), JSB (IRb/SSC), JSA (SSC/IRa), and JLA (IRa/ LSC) represent the junction sites between adjacent regions in the chloroplast genomes of Pseudogalium, Galium, and Rubia.
	species
	JLB (LSC/IRb)
	JSB(IRb/SSC)
	JSA (SSC/IRa)
	JLA(IRa/LSC)

	P. paradoxum subsp. paradoxum YLE496
	rps19 extends 14 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1903 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 12 bp away from the IRa.

	P. paradoxum subsp. paradoxum YLE541
	rps19 extends 14 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1903 bp into IRa
	rpl2 is located 35 bp away from the SSC; trnH is located 0 bp away from the IRa.

	P. paradoxum subsp. paradoxum YLE718
	rps19 extends 14 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1903 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 12 bp away from the IRa.

	P. paradoxum subsp. paradoxum YLE701
	rps19 extends 14 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1903 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 12 bp away from the IRa.

	P. paradoxum subsp. duthiei YLE282
	rps19 extends 16 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1924 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 23 bp away from the IRa.

	P. paradoxum subsp. duthiei YLE638
	rps19 extends 16 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC；ndhF extends 19 bp into IRb
	ycf1 extends 1924 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 23 bp away from the IRa.

	Galium aparine KY562587
	rps19 extends 5 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1894 bp into IRa
	rpl2 is located 26 bp away from the SSC; trnH is located 0 bp away from the IRa.

	Galium spurium ON840095
	rps19 extends 19 bp into IRb
	The pseudogene ycf1 extends 4 bp into SSC; ndhF extends 19 bp into IRb
	ycf1 extends 1888 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 8 bp away from the IRa.

	Rubia cordifolia OK326894
	rps19 extends 14 bp into IRb
	The pseudogene ycf1 extends 25 bp into SSC; ndhF extends 35 bp into IRb
	ycf1 extends 1894 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 27 bp away from the IRa.

	Rubia yunnanensis OM033658
	rps19 extends 71 bp into IRb
	The pseudogene ycf1 extends 25 bp into SSC; ndhF extends 35 bp into IRb
	ycf1 extends 1894 bp into IRa
	rpl2 is located 0 bp away from the SSC; trnH is located 4 bp away from the IRa.

	Rubia tinctorum XJ20150721001
	rps19 extends 0 bp into IRb
	The pseudogene ycf1 extends 25 bp into SSC; ndhF extends 35 bp into IRb
	ycf1 extends 1894 bp into IRa
	rpl2 is located 23 bp away from the SSC; trnH is located 0 bp away from the IRa.




Table S3 All materials used in this article.
	Species
	Collection number
	Collection site
	Accession number

	P. paradoxum subsp. paradoxum YangLE496
	YangLE496
	JiLin
	PP836144

	P. paradoxum subsp. paradoxum YangLE541
	YangLE541
	JiLin
	PP836145

	P. paradoxum subsp. paradoxum YangLE718
	YangLE718
	NingXia
	PP836146

	P. paradoxum subsp. paradoxum YangLE701
	YangLE701
	GanSu
	OK236360

	P. paradoxum subsp. duthiei YangLE282
	YangLE282
	YunNan
	PP836142

	P. paradoxum subsp. duthiei YangLE638
	YangLE638
	SiChuan
	PP836143

	Galium aparine KY562587
	NCBI
	N/A
	KY562587

	Galium spurium ON840095
	NCBI
	N/A
	ON840095

	Rubia cordifolia OK326894
	NCBI
	N/A
	OK326894

	Rubia yunnanensis OM033658
	NCBI
	N/A
	OM033658

	Rubia tinctorum XJ20150721001
	XJ20150721001
	XinJiang
	PP836148

	Kelloggia chinensis KY562587
	NCBI
	N/A
	KY562587

	Kelloggia chinensis YLE093
	NCBI
	N/A
	PP836147
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Fig S1. Comparison of dispersal repeat sequence types in Pseudogalium chloroplast genomes.
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Fig S2. Proportion of SSRs types in Pseudogalium, Galium and Rubia chloroplast genomes.
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