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1 Atomic models used in density functional theory calculations
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Figure S1 Structures for calculating the binding energy of a graphene ZZ edge to the Cu(111) surface. The angle between the graphene ZZ edge and the <110> crystallographic direction of the Cu substrate is given for each structure. The unit cell of each structure is denoted by green dashed rhomb.
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Figure S2 Structures for calculating the binding energy of graphene ZZ edge to Cu(100) surface. The angle between graphene ZZ edge and the <110> crystallographic direction of the Cu substrate is given for each structure. The unit cell of each structure is denoted by green dashed rhomb.
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Figure S3 Structures for calculating the binding energy of graphene ZZ edge to Cu(110) surface. The angle between the graphene ZZ edge and the <110> crystallographic direction of the Cu substrate is given for each structure. The unit cell of each structure is denoted by green dashed rhomb.
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Figure S4 Structures for calculating the binding energy of hBN ZZN edge to Cu(111) surface. The angle between the hBN ZZ edge and the <110> crystallographic direction of the Cu substrate is given for each structure. The unit cell of each structure is denoted by green dashed rhomb.
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Figure S5 Structures for calculating the binding energy of hBN ZZN edge to Cu(100) surface. The angle between the hBN ZZ edge and the <110> crystallographic direction of the Cu substrate is given for each structure. The unit cell of each structure is denoted by green dashed rhomb.
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Figure S6 Structures for calculating the binding energy of hBN ZZN edge to Cu(110) surface. The angle between the hBN ZZ edge and the <110> crystallographic direction of the Cu substrate is given for each structure. The unit cell of each structure is denoted by green dashed rhomb.





2 Experimental observation of various 2D materials epitaxial growth on various substrates and the comparison with theoretical predictions.
	 Table S1 shows the experimentally observed alignments of graphene on various low-index Cu surfaces. In perfect agreement with above theoretical predictions, the number of non-alignments of graphene islands on Cu(111), Cu(100) and Cu(110) are 1, 2, 1 respectively, which have been clearly seen in a large number of experiments. The misalignment of the two types of graphene domains on the Cu(100) surface with a 30 degree misorientation angle has been observed 1,2. Besides, the alignment of graphene ZZ edge along the Cu<110> direction has also been confirmed 1,2,3.
  	Table S2 shows the experimental observations of hBN on various Cu surfaces. As the theoretical analyses shown in Fig. 3, antiparallelly aligned triangular hBN grains on both Cu(111) and Cu(110) surfaces and the four different orientations of triangular hBN grains on Cu(100) surface have been clearly seen4,5,6,7. The alignment of ZZN edge of hBN domains along the <110> direction of the substrate has been shown in many experimental observations as well4,5,6 . 
 	 Table S3 presents a summary of the epitaxial grown TMDCs on various substrates, including both metallic Au surface and the nonmetallic substrates. Most TMDCs have a C3V symmetry as hBN and the predicted alignment of a TMDC on a substrate are exactly same as that of hBN. Antiparallel domains of TMDCs on the six-fold symmetric Au(111)8, Al2O3 9,10,11and GaN(0001) surfaces 12 are clearly seen; the unidirectionally aligned WS2 islands were observed to grown on a C3V symmetric hBN surface 13.
  	The unidirectional alignment of hBN on high index Cu surface have been observed (Table S4). Very recently, Liu and Chen et al. successfully synthesized large-sized single crystalline h-BN on a vicinal Cu(110) and Cu(111) surface, respectively, where all the triangular h-BN grains are unidirectionally aligned 14,15. Guo and Wang at al. also observed unidirectionally aligned hBN grains grown on many vicinal Cu(110) surfaces 16,17. Moreover, unidirectionally aligned WSe2 islands have also been observed on a vicinal Al2O3(0001) surface with parallel step edges 18. Centimeter scale single crystalline MoS2 has been obtained by seamless coalescence of unidirectionally aligned MoS2 grains grown on a vicinal Au(111) surface19. These studies strongly validate our theoretical analysis that using substrates with a high-index surface and a low symmetry might be a new direction on synthesizing large-sized single crystalline 2D materials. 






Table S1 Alignment of graphene on low-index Cu surfaces. N represents the number of alignments and θ represents the misorientation angle of graphene grains, respectively. ZZ represents the zigzag edge of graphene. In which, ZZ//Cu(110) represents the zigzag edge of graphene parallel to a Cu<110> direction of the Cu surface and etc.
	2D Material
	Substrate type
	Experimental Observations
	Ref.
	Theoretical Predictions

	
	
	Graphene
Alignment
	N
	θ
	Figures
	
	Graphene
Alignment
	N
	θ

	Graphene
(C6V)
	Cu(111)
(C6V)
	ZZ//Cu<110>
	1
	0o
	[image: ]
	1,2,3
	ZZ//Cu<110>
	1
	0o

	Graphene
(C6V)
	Cu(110)
(C2V)
	ZZ//Cu<110>
	1
	0o
	[image: ]
	1
	ZZ//Cu<110>
	1
	0o

	Graphene
(C6V)
	Cu(100)
(C4V)
	ZZ//Cu<110>
	2
	30o
	[image: ]
	1,2
	ZZ//Cu<110>
	2
	30o




Table S2 Alignment of hBN on low-index Cu surfaces. N represents the number of alignments and θ represents the misorientation angle of hBN grains, respectively. ZZ represents the zigzag edge of hBN.  
	2D Material
	Substrate
type
	 Experimental Observation
	Ref.
	Theoretical Prediction

	
	
	hBN
Alignment
	N
	θ
	Figures
	
	hBN
Alignment
	N
	θ

	hBN
(C3V)
	Cu(111)
(C6V)
	ZZ //Cu<110>
	2
	60o
	[image: ]
	4,5,6
	ZZ //Cu<110>
	2
	60o

	hBN
(C3V)
	Cu(110)
(C2V)
	N/A 
	2
	60o
	[image: ]
	7
	ZZ //Cu<110>
	2
	60o

	hBN
(C3V)
	Cu(100)
(C4V)
	ZZ //Cu<110>
	4
	30o, 60o and 90o
	[image: ]
	6
	ZZ //Cu<110>
	4
	30o, 60o and 90o

	hBN
(C3V)
	Cu(100)
(C4V)
	N/A
	4
	30o, 60o and 90o
	[image: ]
	4
	ZZ //Cu<110>
	4
	30o, 60o and 90o



Table S3 Alignment of TMDCs on low-index substrate surfaces. N represents the number of alignments and θ represents the misorientation angle of TMDC grains, respectively. ZZ represents the zigzag edge of TMDCs.
	2D Material
	Substrate
type
	 Experimental Observation 
	Refs.
	Theoretical Prediction

	
	
	TMDC
Alignment
	N
	θ
	Figures
	
	TMDC
Alignment
	N
	θ

	MoS2
(D3h)
	Au(111)
(C6V)
	ZZ//
Au<110>
	2
	60o
	[image: ]
	8
	ZZ//Au<110>
	2
	60o

	MoS2
(D3h)
	Al2O3(0001)
(C3V)
	N/A 
	2
	60o
	[image: ]
	10,11
	ZZ//
Al2O3<110>
	2
	60o

	WSe2
(D3h)
	Al2O3(0001)
(C3V)
	ZZ//
Al2O3<110>
	2
	60o
	[image: ]
	9
	ZZ//
Al2O3<110>
	2
	60o

	MoS2
(D3h)
	GaN(0001)
(C6V)
	ZZ//
GaN<110>
	2
	60o
	[image: ]
	12
	ZZ//
GaN<110>
	2
	60o

	WS2
(D3h)
	hBN(0001)
(C3V)
	ZZ//
hBN<110>
	1
	0o
	[image: ]
	13
	ZZ//
hBN<110>
	1 
	0o 



Table S4 Alignment of 2D materials on high-index substrate surfaces. N represents the number of alignments and θ represents the misorientation angle of 2D grains, respectively. ZZ represents the zigzag edge of 2D grains.
	2D Material
	Substrate
type
	 Experimental Observation 
	Refs.
	Theoretical Prediction

	
	
	2D materials
Alignment
	N
	θ
	Figures
	
	2D materials
Alignment
	N
	θ

	hBN
(C3V)
	Vicinal Cu(110)
(C1 or Cs)
	ZZ // Cu step edges
	1
	0o
	[image: ]
	14
	ZZ // Cu step edges
	1
	0o

	hBN
(C3V)
	Cu(14 1 15)
(C1)
	ZZ // Cu step edges
	1
	0o
	[image: ]
	16
	ZZ // Cu step edges
	1
	0o

	hBN
(C3V)
	Cu(1 0 2) Cu(1 0 3)
(C1)
	ZZ // Cu step edges
	1
	0o
	[image: ]
	17
	ZZ // Cu step edges
	1
	0o

	hBN
(C3V)
	Vicinal Cu(111)
(C1 or Cs)
	ZZ // Cu step edges
	1
	0o
	[image: ]
	15
	ZZ // Cu step edges
	1
	0o

	WSe2
(D3h)
	Vicinal Al2O3(0001)
(C1 or Cs)
	ZZ // Al2O3 step edges
	1
	0o
	[image: ]
	18
	ZZ // Al2O3 step edges
	1
	0o

	MoS2
(D3h)
	Vicinal Au(111)
(C1 or Cs)
	ZZ // Au step edges
	1
	0o
	[image: ]
	19
	ZZ // Au step edges
	1
	0o



*It should be noted that only the top atomic layer is considered for determining the symmetries of the substrates, because the 2D material mainly interacts with the top atomic layer of the substrate, as has exemplified in Figure 2 in the main text.
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