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Supplementary Text
Unlike resonant Raman spectroscopy measurement which limits the molecular information to electronic chromophores1,2, we observed rich spectral information in the Raman fingerprint region (400 cm-1 to 1800 cm-1) by using the non-resonant approach. To critically analyze the acquired Raman signal, we compared our observation to the anatomic molecular constituents originated from the measurement location itself. Three different retina layers might contribute to our acquired Raman signal, namely the superficial nerve fiber layer (SNFL), the prelaminar region (PR), and the laminar region (LR)3. The main components of these layers are the axons from the retinal ganglion cells (RGCs) accounting for approximately 90% of the total composition, the glial cells, predominantly astrocytes in the subnuclear layer (SNL) and microglia in the peripheral and lateral (PR/LR) regions, extracellular matrix, comprising collagens and elastin (main components of lamina cribrosa in the LR), glycoproteins, and proteoglycans, and finally blood vessels4,5. Recent ribonucleic acid (RNA) sequencing analysis has also listed the relevant cells that populate this neural retina environment, including glial cells, fibroblasts, endothelial cells, mural cells and immune-related cells6. The axons transport molecules between the synapse (RGCs) and its soma (lateral geniculate nucleus)7. The main constituents of axons are the cytoskeletal proteins (e.g. microtubules, neurofilaments and actin filaments)8–11, the axonal membrane, mitochondria, transport proteins and neurotransmitters4. The astrocytes fasciculate the axons to form nerve fiber bundles, supply glucose to the neural cells and act as a limiting membrane to the surrounding (blood-optic nerve and vitreous)3. To support its role and shape, the astrocytes show an abundance of intermediate proteins, such as green fibrillary acidic protein (GFAP), vimentin and nestin12,13. 
Neurofilament proteins (NfP) are the main cytoskeletal proteins of the axons14. Although they have 5 different forms and lengths in humans, they have a similar backbone, which can be divided into an alpha-helical rod domain, an amino-terminal head domain and a variable-length carboxyl-terminal end domain15. The distribution of these neurofilaments is heterogeneous along the optic nerve, but dominated by the neurofilament heavy chain (NFH), the phosphorylated NFH (NFHp) and the neurofilament medium chain (NFM)14,16. The tail segment of NFM and NFH is rich in glutamic acid, lysine, alanine, proline and serine17,18.
The lipid distribution on the eye is heterogeneous19,20. In the optic nerve head region, phosphatidylcholine (PC) and sphingomyelin (SM) are abundant, with some contribution of phosphatidylserine (PS) and phosphatidylethanolamine (PE). These phospholipids are the building blocks of the axonal and cell membranes.
Based on this knowledge, we list the tentative assignment of the Raman bands observed from our measurement in the Supplementary Table S1. Briefly, the acquired Raman spectra show a contribution of the major macromolecules, i.e. carbohydrates, proteins, lipids and nucleic acids.


Table S1. Tentative assignment of the observed Raman spectroscopy measurement from human optic nerve head in vivo
	Observed
Raman peak
	Carbohydrates
	Protein
	Lipid
	DNA/RNA

	479
	484(peak)
(307-596)21



51821




54221
	β(CCO), β(COC), β(OCO) glycogen 




β(CCO), β(COC), β(OCO) β-saccharide



β(CCO), β(COC), β(OCO) α-saccharide

	
	
	41522
42922,23
	PI
β(CH2,ring) cholesterol (+ester)
	
	

	502(s)
	
	
	
	
	
	
	50024
50424
	T
G

	511
	
	
	51024,25
	ν(S-S)
cystine (ggg)
	51922,26
	δring PI
	
	

	524
	
	
	52524,25
	ν(S-S)
cystine (ggt or tgg)
	52422
	PS
	
	

	536
	
	
	54024,25
	ν(S-S)
cystine (tgt)
	53822,26
	β(CH2,ring) cholesterol ester
	
	

	552
	
	
	
	
	54822,26
	β(CH2,ring) cholesterol
	549-58026
	A, C, T, G (weak)

	575
	
	
	57827
	Trp
	57622,26
	β(C-OH) PI
	
	

	594
	
	
	
	
	59522
	PS
	
	

	603(s)
	
	
	
	
	60822,26
	δring  cholesterol
	59924
	C

	618 (sh)
	
	
	62127–29
	Phe ring breathing
	61422,26
	δring cholesterol ester
	
	

	644
	
	
	64327,28

630-67024
	Tyr Ring breathing
ν(C-S) gauche Met
	
	
	
	

	664
	
	
	66426,30
	ν(C-S) cysteine
	
	
	
	

	674
	
	
	
	
	
	
	67124
67324
	T
δ6,ring G

	680 (s)
	
	
	68031,32
	Pyrrole ring deformation heme protein
	
	
	
	

	703
	
	
	700-74524
	ν(C-S) trans Met
	70222,23

	δring cholesterol (ester)
	
	

	721 (m)
	
	
	
	
	71922,26
	νs(N+(CH3)3) PC, SM
	73124
	A

	751(w)
	
	
	751(771)26,33

75026,32
	Phe ring breathing
Pyrrole ring breathing  heme protein
	73322,26

	ν(C-N) PS
	74524

75224
	ν(-O-P-O) Z-DNA
T

	761 (sh)
	
	
	75827,28

	δ5,ring Trp

	75922,23
	ν(C-N) ethanolamine PE
	
	

	776 (m)
	
	
	
	
	77622,26
	δinositol PI
	
	

	785 (m)
	
	
	
	
	78722
	PS
	784(785, 788)24
79024

	C (U, T)
ν(-O-P-O) B-DNA

	804 (sh)
	
	
	
	
	
	
	80724
	ν(-O-P-O) A-DNA

	823
	
	
	81734
817(826)33
82528
	ν(C-C) protein
Phe
Tyr
	
	
	

	

	834
	
	
	
	
	
	
	83524

	ν(-O-P-O) B-DNA

	849
	84821,22,35,36
	ν(C-C), β(CH)  α-saccharide
	84737
84838
85028
	Lys
Ala
Tyr
	
	
	
	

	858
	85621,35



	ν(COC), β(CC), ring breathing, β(CH) of C-1 glycogen 
	85630,34,39
85633
	Pro
Phe
	86022

	phosphatidic acid
	
	

	874
	86821,22,35,36
	ν(C-C), β(CH)  β-saccharide
	87726,34,39
	hydroxyproline
	87522,26
	νas(N+(CH3)3)
PC
	
	

	881
	
	
	88027
	Trp
	88223,26
	νas(N+(CH3)3) SM
	
	

	889
	89421,22,35,36
	β(CCH), β(CCO) β-saccharide
	
	
	89222,23
	ρ(CH3) and ρ(CH2) fatty acid
	
	

	915 (s)
	91621,22,35,36
	β(CCH), β(CCO) α-saccharide
	91130
92233
	Pro
Phe
	
	
	
	

	932 (s, sh)
	
	
	93428,29

	N-Cα-C (α-helix) skeletal mode
	
	
	
	

	946
	94121,35

	νs(C-O-C) glycogen of glycosidic bond
	
	
	
	
	
	

	956 
974
988
	950-99629
	ν(C-C), ρ(CH2)  skeletal mode
	950-99629
	ν(C-C), ρ(CH2)  skeletal mode
	950-99629
	ν(C-C), ρ(CH2)  skeletal mode
	98024
	monophosphates

	1005
	
	
	100427
	δring  Phe
	
	
	
	

	1010
	
	
	101227
	δ6,ring Trp
	
	
	
	

	1029
	1022 (sh)21,35
	ν(C-O),  ν(C-C) glucose
	103227,33
	β(CH) Phe
	
	
	
	

	1046
	105021,35
	ν(C-O),  ν(C-C) glycogen
	1030-117029
	ν(C-N), ν(C-C), ρas(NH3) amino acids
	
	
	
	

	1061
	106621,35
	ν(C-O),  ν(C-C) glucose
	
	
	106522,23

	νas(C-C), ν(C-O)
	
	

	1080
	
	
	
	
	
	
	
	

	1087
	108821,35
	β(C-OH), β(CH) glycogen
	
	
	108723

109622
	νs(C-C) (gauche)
ν(PO2−) 
	
1095-109924
	
νs(PO2-)

	1134
	112821,35

113021,35
	ν(CC), ν(CO), β(COH) glucose
ν(CO), ν(CC), β(COH), νs(COC) in glycosidic link, ring breathing glycogen
	
	
	113122,23
	νs(C-C) fatty acid
	
	

	1159
	
	
	
	
	
	
	
	

	1173
	
	
	117827,40
	β(CH) Tyr
	117823
	ν(C-C) fatty acid
	
	

	1207
	
	
	120727,40
121027,40
	ν(CC), β(CH) Phe
ν(CC), β(CH) Tyr
	
	
	
	

	1245 (s)
	
	
	1225-124741
1239-124542
1254-126242
	β-sheet (amide III)
random coil  (amide III)
	
	
	1232 (1242, 1245)24
	U (T, C)

	1267 (sh)
	126521,35
126221,35
	τ(CH2) saccharides
β(CH), β(CCH), β(OCH), β(COH) Glycogen
	1254-126742,43
	random coil  (amide III)
	127022,23,44

	δ(=CH)
unsaturated fatty acid

	
	

	1288 (sh)
	
	
	1270-128741
1293(6)43
	α-helix Protein (amide III)
	
	
	
	

	1295
	
	
	~1300-140027,29,37,38,45
	νs(COO-) of base
β(CCH), ρ,τ,ω(CH2) of side chains
	129822
	τ(CH2) fatty acid
	129524
	C

	1310
	
	
	1291-132441

	β-turns
protein (amide III)
	
	
	130924
	A

	1328
	133321,22

133721

	ω(CH2) α-saccharide
β(COH), β(CH)
glycogen
	134026,27
	Fermi resonance Trp
	
	
	132524
134024
	G
A

	1359
	136021,22
	ω(CH2) β-saccharide
	136126,27

	
	
	
	1367  (1379)24
	G (T)

	1396
	138721
	β(CH(2)) glycogen
	~1300-140027,29,37,38,45
	νs(COO-) of base
β(CCH), ρ,τ,ω(CH2) of side chains
	
	
	1380 (1397)24
	A (T)

	1451
	146021,35
	δ(CH2), β(COH) glycogen
δ(CH2) glucose
	1420-145222,26
	δ(CH2) protein

	1420-147022,26,29
	δsc(CH2), β(CH2/CH3)
phospholipids
	1416(1489)24
	G, A

	1502
	
	
	149527
	β(CCH) Trp
	
	
	151224
	A

	1549
	
	
	155226,27
155829(1504-1565)46
	ν5,ring(C=C) Trp
protein (Amide II)
	
	
	153024
	C

	1579
	
	
	157927
	ν6,ring(CC) Trp
	
	
	157824
158224
	G
A

	1589
	
	
	158627
	νring (oop) Phe
	
	
	
	

	1606
	
	
	160427
160627
	νas(COO-) βas(NH3) Tyr 
νring (ip) Phe
	
	
	160624
	C

	1620
	
	
	161627
162127
163526,42,47
	νring(CC) Tyr
ν6,ring(CC) Trp
β-sheet (Amide I)
	
	
	
	

	1652
	
	
	165343
1645-165724
	ν(C=O),  β(NH) α-helix (Amide I)
	
	
	164724
	C

	1660
	
	
	1660-166524

1664-166942
	unordered (Amide I)
β-strand (Amide I)
	166022
	ν(C=C) unsaturated fatty acid
	166424
	T

	1671
	
	
	1677-169226,42,43
1640-169041
	random coil and β-turns (Amide I)
β-turns (Amide I)

	166922


167422

167222
	ν(C=C) cholesterol ester
ν(C=C) cholesterol
ν(C=O), β(N-H) SM
	
	

	1692
	
	
	
	
	
	
	168124
	U

	1710
1719
1734
1743
1750
	
	
	
	
	1716(1732)22
173422
173822
1729(1740)22
	PS

PI
PC
ν(C=O) ester bond
	
	



Vibration mode:
β: bending, δ: scissoring, δring: ring in plane breathing, ρ: rocking, τ: twisting, ν: stretching, νas: asymmetric stretching, νs: symmetric stretching, ν(5/6),ring: (5/6) ring in plane deformation, ω: wagging, ip: in plane, oop: out of plane.
s: strong, sh: shoulder, m: medium, w: weak.

Proteins:
Phe: phenylalanine, Trp: Tryptophan, Tyr: tyrosine, Pro: proline, Lys: lysine, Ala: alanine, Met: methionine, [S-S]: sulphur-sulfur, ggg: gauche gauche gauche, tgt: trans gauche trans. (C in protein column refers to the chemical element Carbon)

Lipids:
PI: phosphatidylinositol, PS: phosphatidylserine, PE: phosphatidylethanolamine, PC: phosphatidylcholine, SM: sphingomyelin.

RNA/DNA:
A: adenine, C: cytosine, T: thymine, G: guanine, U: uracil, [-O-P-O]: phosphodiester backbone, [PO2-]: phosphodioxy group.

Table S2. Raman bands from intra-subject measurement based on Table S1
	Statistically significant Raman band (cm-1)
	Tentative assignment

	559-574
	glucose (sh), glycogen, tryptophan, cholesterol, phosphatidylinositol, nucleoside (w)

	646-652
	tyrosine, methionine

	937-938
	skeletal mode (carbohydrates, protein, lipids)

	1637
	β-sheet of amide I

	1643-1645
	α-helix of amide I, cytosine

	1675-1678
	β-turn of amide I, cholesterol

	1716-1724
	phosphatidylserine





Table S3. Raman bands from different age groups based on Table S1 (*p<0.05, **p<0.01, ***p<0.001, + positive difference, - negative difference)
	Statistically significant Raman band (cm-1)
	Tentative assignment
	Selected peak position
	Spearman correlation coeff. w.r.t. age

	(45-65) - <45
	>65 - (45-65)
	>65 - <45
	
	
	

	
	601-605 +
	595-611 +
	PS, cholesterol, C
	603
	r = 0.296***

	615-621 +
	
	
	Phe, cholesterol ester
	618
	r = 0.136*

	
	657-661 -
	
	Met, Cys (sh)
	654
	r = -0.131

	753-757 -
	
	746-759 -
	Phe, Trp, heme protein, PE, T, OPO Z-DNA
	751
	r = -0.319***

	
	791-810 +
	791-813 +
	OPO A-DNA, B-DNA
	804
	r = 0.458***

	905-932 +
	
	906-927 +
	skeletal mode (carbohydrates, proteins, lipids)
	915
	r = 0.309***

	
	
	946-954 -
	
	946
	r = -0.314***

	1048-1075 -
	1058-1071 -
	1049-1084 -
1091-1136 -
	
	1061
	r = -0.425***

	1101-1124 -
	1114-1140 -
	
	skeletal mode, PO2- RNA/DNA
	1086
	r = -0.168*

	1157-1169 +
	
	1159-1163 +
	unassigned
	

	1196-1246 +
	
	1202-1293 +
	Phe, Tyr, β-sheet (amide III), U, T, C
	1207
1245
	r = 0.315***
r = 0.274***

	1250-1298 +
	
	
	saccharides, α-helix (amide III) un(saturated) fatty acids
	1267
1288
	r = 0.467***
r = 0.322***

	1318-1396 -
	1349-1418 +
	1318-1336 -
1370-1376 -
	saccharide, glycogen, Trp, G, A, T
	1310
1328
1359
1396
	r = -0.191**
r = -0.335***
r = -0.180**
r = 0.127

	1403-1427 -
	
	
	skeletal mode (carbohydrates, proteins, lipids), G
	1451
	r = -0.127

	1446-1531 +
	1470-1491 -
1499-1512 -
	
	skeletal mode (carbohydrates, proteins, lipids), A
Trp, A
	1502
	r = 0.139*

	1613-1678 -
	
	1612-1667 -
1673-1680 -
	Tyr, Trp, amide I, unsaturated fatty acids, cholesterol ester, C, T
cholesterol, SM
	1620
1652
1660
1671
	r = 0.321***
r = -0.426***
r = -0.415***
r = -0.340***

	1704-1718 +
	
	
	PS
	1745
	r = 0.482***

	1728-1733 +
1736-1791 +
	1743-1748 +
	1734-1774 +
	PS, PI
	
	

	
	
	
	PC, ester bond of lipids
	
	


See the caption below Table S1 for description of the acronyms









Fig. S1. PCA score plot of the 4th and 5th component. Description can be found in the Results section in the main text.










Fig. S2. Intensity difference between each group-pair (<45, (45-65), >65 yo) with the contribution of the 2nd and 3rd principal component. Description can be found in the Results section in the main text.
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