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Receive a plurality of reads

identify locations of the reads in a reference sequence

identify maternal- or fetal-specific informative loci that
are homozygous for a first aliele and heterozygous for a
second allele

Filter the informative loci

4

Determine a first number of reads containing the first
allele for each filtered informative locus

Determine a second number of reads containing the
second allele for each filtered informative locus

Calculate a first sum of the first numbers

Calculate a second sum of the second numbers

Calculate a ratio of the first sum and the second sum

Compare the ratio to a cutoff

i

T 300
FIG. 3
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Matemal-specific SNP Maternal {Average RNA- Fold-difference
alieles {Matemai:AB, SNPs aliele/shared | SNP ratio per |Placenta FPKM{Biood cell FPKM (Blood cellPiscents) Plasma FPKM
Fetal: AR} aliele ratic gene
AKAPLO SNP 18:r52108978 1.33 1.33 22.414] 18.1324] 1.24 11.7168
EIF252 SNP 37:rs4911406 1.25! 1.25 35.30C8 35.9743 1.09 65.1588
SHDMLD SNE 5178676551 1.4 14 43.0656 26.1838 i.64 28,1734
SNP 511512022073 0.5 85 10,735 36.1867 0.3 1038485
USP47 SNP 6:r5148238082 0.5
PPPARZ SNP 401551188513 3 1.09 80.3628 £63.563 1.16 47.41438
SNP 15:rs4779520 0.78! 164 22.9283 10.686% 2.15 19.3486
KLF13 SMP 16136452625 25
FAM1078 SNP 411311258151 2| 2 24.1057] i5.1776 1.59 30.5854/
APOL2 SNP 39:rs132758 1.33 1.33 17.95395] 12.0228 1.5 28.1601]
SNP 10:re 2389910 1.56! 131 27.2282 29.73496 0.92 317872
RAP2A SNE 11:s12873819 0.67
SNP 1:r5117983128 4 3.37 48,3835 11.758% 4.11 35.3443
SKFP 2:r51055184 &
RiT1 SNP 3:r5493446 1.12
STK17A SNP 48:r:56286238 1.33 1.33 £1.0052 36447 1.67 20.0074]
SNP 23:rs14031 0.5 06.62 11.0432] 32.3155 G.34 £.3982
C1l%orf63 SNP 24:rs 204524 (.75
SMEK1 SNP 141510135545 3 1 33.0443 C.52 258.8368
SNP 42753787331 1.5 102 30.3427 .88 45.4491
SNP 43:rs3203822 C.78!
TNFAIPS SNP 44.rs31045242 .79
CPEB4 SNP 46:rs126593298 3 1 28.4523] 40.5723 0.7, 28.802
FPTPRJ SNF 7:r5117902837 2 2 559.7568] 20.5437, 2.91 18.0642
RPL3S SNP 22:1s3810220 1.7 i7 152.25C1] £5.8528) 2.31 §921.8925)
SNE 25:rs1137288 1.521 .88 14.7107| 416213 2.7& 176.8332
SNP 26:rs3087835 2.17
SNP 27153768670 1.86
YPELG SNP 28:153768671 1.86!
SNP 53:rs114261838 1 1.33 51.7974 43.9599 118 30.1847
SNP 54:r5208753 1.4
SNP 55:1617635381 2.27!
PCMIL SNE 56156991775 .67
UBR2 SNP 47 2.25 1C2.9832 13.2007 4.44 435569
SNP 32:rs3747 1.97 5C.467] 37.5349 1,34 96.885%
SNP 33:r59572 .
SNP 34:r:3088214 2.89;
TNST SNP 35:51062281 1.62
EIF4AL SNP 17:151057086 0.93! 0.93 70.1974 132.2932 0.53 161.659¢
BACHI SNE 38:rs 15092 2.5 2.5 112.4409] 34.6219 3.25 26.4284
SNP 49:rs6850 111 1.05 66.7742 £2.9202 1.06 220.763%
PPIA SKP S0:rs6304 3
THIKT SNP 12157160810 1 1 11.8758 12.8978 (.92 6.7127]
ANKRD44 SNP 29:rs3731569 267! 3.67 65.503.3 14.0504 3.66 16.412
SNP 57:rs3398 .33 1.51 43,1289 37.048 1.16] 37.6685
ZFANDS SNP 58:r5969 2.69
SNP 19:r512327477 C.67 2.89% 171.6269 28.4281 5.83 25.153
SNP 20:r223042853 7
SMHD T SNP 21:r87238459 4
NR3CL SNP 45:rs6191 1 1 28.0561 316.5516 0.77 11.2138
ICRNKLL SNP 36:rs2255255 1.5 1.5 15,8244 13.148 1.2 10.1837
CALML SNP 13:rs5871 1.1 11 76.0647 £9.0943 0.85 181.3474
FDFT1 SNP 52:rs79708434 1.56! 1.56 £3.9629 34.6215 2.43 44.9826
SNF 30:rs1051677 1 1.17 74.6452 75.2029 C.99 55.8144,
XRCCS i.33
2.75 1.81 28.7282 14.0148: 212 90.3776
EHBPILL SNP 6591182 0.88
OPAL SNF 41:rs7643844 15 15 49.1847 22,7367 2.16 34.8335

FIG. 10
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5641 PET){GA: 38 6/7) 2386 (Normal) {GA 37 277} . of RNA Expression fevelin the plasma
Materoal-specific SNP Masernal | Average RNA- Maternal Average RNAY SNP rattio for e.'.l.c‘n ) 61 388 | Fotd changes of
alieles Matermnal: A8, SNPs alteleishared | SKNP ratic per SNPs aliele/shared | SNP ratio per gene (8641 “ T FOKM FPKM! FPKM (5641 vs
Fetal: Af) aliele ratio gene aiiele ratic gene Y " ! 7174}
TRAKZ SHNP 2 kg1 4544525 0 1ISNF 621311838528 g 141 0.809900501 PUEYTE 8181TES 0163789128
SMF 831337655846 147
NP B4 1513022344 1.04
PCSKS SHP 26:kyp8258505 33 C.331SNF 48151056260 1584 1.54 0.214285744; 223438 15.3849 1451376755}
LAPTMS SNF 7ot 5703080 012 €121 8NP 381158048 - 143 143 0083916084 2158869} 1173578 1.83956158
ASAHT SNF 3 333 £7 G.67}SNP 851571526182 1 4 €7} 3569561 78.8371 0452776675
{BNP3L SNP 5rs17310285 8 2.5}SNF 8:rs17310286 108 034 2659574468 139.86533; 7838413 9.178210608
SHP 88151042892 078
CCRDZ SNF 11751045808 1 11SNF 11131048505 1.07 2.54 2.383760727 398647 223748 1735418478
{SNF 42759217825 i
DAZAPZ SNF 25:kgp 1918624 187 1.67 I SNP 43151048487 14 143 1.187832168] 1043778} 341193 1.240530582
GAST SNP 317152240739 087 G.671SNP 491514383 G.2! .32 4761363628 126831 T2272 1.755295661
SMF 501516658058 1.
ASF1 SNP 26:kgo3306674 .23 1.331SNP 53rs11538845 .31 38 3.5 38.5819 1.843570371
LC4AT SHP 4135028 18 4.81SNF 541313306788 [ 083 2168574685 7252616 6.227377022
1SH203C SNF 1715514024 25 TSNP BT 1535015975 s 3 2.8 51573 £.189873754
KIFs SNF 21:kgp5026738 3 21 SNP 821572645704 iE:] 1.2 2.5 282584 1.628033604
SNF 831572645702 SE
IEF2AK1 SNF 22152638 025 .25} SNP 7571526840 .8 .75 9.333333333 13386252 8.517105603
SNF 227152638 C.71
AMKAL SNP | kgp9682337 2! 21SNP 81153228203 [ (.94 2.497802182% 12.1376;  24.3486 0.4884742
CNPPDY SNF 8151042160 2] 2} SNP 851511238 11 1.04: 1.923076823] 26.7431} 183.7143 0.16338225%
NP 86151127102 1.08
M 510431680 1.36
NP 67131127101 C61
UACA SHP 168:rs334C05 1.5 1.5 SNF 16713934005 g (2] 1.666566667 129841 231721 0.560333332
SN 47154778525 82
GNP 47154778525 [ ]
BS3 SHP 10irs2220684 14 1.11SNP 58154682 2 148 $.848275662; 151.0873; BEV 3954 0.1740844E8
BNP 57158837 132
088
INEATT SNP 3271s680413 187 1.£7{SNF 3273680413 112 2.81 " 0.534350685 829749 205134 4.083650728
SNP 41752238685 45 )
BT SNP 36151564483 2 2!SNP 5E 134887857 6.28 6.2¢ §.898881724; 136148 11001 1237605672
RAAY SNP 15154902259 075 C.78ISNP 44r54602357 082 a.es 1.086956K221 185643247 1173982 1.588061624
SNP 45151857849 078
SNP 46151857048 0.74
SMF 18154902358 084
FAMBSB SNF 127512183109 [ Q.5ISNP 77rs11285 1 1 8.5 386914 383277 $.863935834
CAPPN2 SNP Ers 17568 0.33 .27 1SNF 38733728383 G.62 @77 0.350649351 5952761 47.4986 4.253255885
SNF 13kgp4£35823 0.2 S 6517568 048
SNP 407316661 53
HLA-DPR pd58877¢ .25 ©.251SNP 787341558014 12 042 2.0833333331 623314 805758 £.682315538
SMICRE 153626856 3] 0.5[SNP 51151563632 1 6.83 0602409638 43801 5.1181]  0.856805665]
8NP 52 1855 067
3TEGALY SNP 14752064749 i 11SNF 18:rs2284748 127 204 8430196078 15.017¢ 12.2028 4.230692558
SHP 73:rs4666643 2
SNF 74151801380 45
SN 75157858 G4
?ﬁ ABBA SNP 233745314 .71 G.87|SNP 58135745313 i.86 1.02 2.882341176) 1508067 ©67.5582 2292215598
SNP 20517722795 1.33 SNF #rs3745314 V62
SNF 30510400364 044 SHP 200517722795 A7
BNP 37rs1043348 1 SNP 37131043248 .3&
SNF 63151043407 578
MYHE SNFP 2Bkgu7015664 125 1,25} SNP B5rs2481 28 .93 1.944086022] 547.5822] 1254471 4.365044708
SNP 68157078 048
SNF 701312107 ¢47
SNP 71rs11086787 1.28
ARLBIPS SNP 33757038 2 2!SNF 721580050066 05 [X] 4] 578305 778228 0.74318
[CTSE SNF 34 kgp8ad2azh (¥ 4.2 {GNF B4 138489058 (3} 029 3 §2] 407536] 124 8b45] 0376441143
CAXX SNF 23131058221 4 41SNP 2351058231 1 1 4} 33.1412i 142532 2.325176161}
CToridt SNP 15752110384 3 3ISNP 8013702629 Ce7 @89 3.370786517}  §7.1367 863271 1.0831585707
SNP 2153750084 111
P AL 3NP 14'kg07301324 a4 QAISNF 76157843844 k) 15 N 268866667 13.08041 348333 0.375512079
SNP 24 kgp8804488 04

FIG. 14
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Receive a pluraiity of reads

identify locations of the reads in a reference seguence

e

ldentify informative maternal loci that are homozygous
for a first aliele and heterozygous for a second allele

Filter the informative matemal loci

Determine a first number of reads containing the first
allele for each fillered informative maternal locus

4

Determine a second number of reads containing the
second allele for each fillered informative maternal locus

\ 4

Calculate a sum of the first number and the second
number for each filtered informative maternal iocus

Calculate a maternal ratio of the second number divided
by the sum for each filtered informative maternal locus

Determine a scalar representing total expression relative
to expression of the second aliele for each filtered
informative maternal locus

Multiply the maternal ratio by the scalar to obtain a
maternal contribution for each fillered informative
maternal locus

Y

Calculate a fetal contribution as one minus the maternal
contribution for each filtered informative maternal locus

Determine a portion of RNA in sample that is of fetal
origin

1500
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Early pregnancy

Late pregnancy

no. of SNPs no. of genes” no. of SNPs no. of genes

Fetal-specific SNP alleles

{fetus=AB, mathar=&A):

Total informative SNPs/genes 16,051 8,714 20,643 7,788

SNPs/genes after ASE filtering NAP 16,463 7,581

Transcripts in matemal plasma 4.470 2847  (30.43%)° 7,114 3,813 (48.98%)
Fetai contriputicn (total) 109 98 (3.70%)" 504 430 {11.28%)
High fetal contribution 25 24 ©.91%)° 112 95 (2.52%)

Maternal-specific SNP alieles

{fetus=AA, mother=AB}:

Total infomative SNPs/genes 15,862 8,753 19.833 7.761

SNPs/genes after ASE fitering NA 19.343 7.656

Tfanscripts in matemal plasma 4,414 2654  (38.30%) 8,965 377 (47.8%%)
Maternal contribution (total) 3,156 2,041 (76.80%) 5,023 2,911 (78.32%)
H‘igh maternal contribution 1,634 1,130 (42.58%) 3,002 1,885  (50.898%)

a. Number of genes that contained informative SNPs.

b. Allele-specific expression (ASE) filtering was not performed for early pregnancy samples.

¢. % of total informative genes that was present in matemnal plasma.

d. % of maternal plasma transcripts contriouted by fetus.

&. % of matemnal plasma transcripts contributed highly by fetus.

FIG. 16
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Late pregnancy
no. of SNPs no. of genes®
Fetai-specific SNP alleles
{fetus=AB, mother=AA}:
Total informative SNPs/genes 20,843 7,788
Transcripts in maternal plasma 7,303 3,839 (49.29%}b
Fetal contribution (total) 581 485  (12.63%)°
High fetal contribution 132 111 (289%)"
Maternal-specific SNP alieles
(fetus=AA, mother=ABj:
Total informative SNPs/genes 19,833 7,761
Transcripts in maternal plasma 7,365 3,829 {49.34%)
Maternal contribution {fotaf) 5,326 3,014 (78.72%})
High maternal contribution 3,321 1,886 {61.87%)

a. Number of genes that coniained informative SNPs.

b. % of total informative genes that was present in maternal plasma.

¢. % of maternal plasma transcripts contributed by fetus.

d. % of maternal plasma transcripts contributed highly by fetus.

FIG. 17
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Receive a plurality of reads

identify locations of the reads in a reference sequence

ldentify maternal- or fetal-specific informative loci that
are homozygous for a first allele and heterozygous for a
second allele

Filter the informative loci

A

Determine a first number of reads containing the first
allele for each filtered informative locus

Determine a second number of reads containing the
second allele for each filtered informative locus

Calculate a ratio of the first number and the second
number for each filtered informative locus

Designate the filtered informative locus as a marker
when the ratio exceeds a cutoff

S D000

FIG. 20
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1.00

Lo YMD, Tsu NBY, Chiu RWI

18 Puiwos

ung W Heung MM et a= Na‘ Med H7,12:218-23.

Wong BCK, Chiu RWK Tsui NBY, Chan KCA Chan LW, Lau TK, et &l Clin Chcm 2005 51‘178~9",

FIG. 21 cont.
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Fetal coniribution Maternal contribution

Plasma-based
identification

(131 franscripts)

Tissue-based
identification

{798 transcripts)



26/29

RNAs Preeciampsia, Normal RNAs |Preeclampsia] Normal
ADAME 26.78 11.26 LYSE 84.52 31.38
AGBLS 144 .47 65.14 MEIS1 7949 18.77
APOBR 64.12 26.31 MLH3 150.81 36.10
APOLZ 59.24 29.05 MYADM 51.11 16.60

APP 212.58 84 .83 NCF1 107.35 41.90
ASAH1 167.14 47.38 NCF1B 34.80 g.41
ATPSI 2385 9.20 NDUFA1 2073 7.38
ATPBVOE" 80.73 20.56 NES 178.78 58.83
B2M 1765.75 654 .18 NFAM1 49.17 17.81
BCAP31 42.85 14.86 | NGFRAP1 108.72 19.52
BRK1 91.46 41.63 NPTN 8063 28.97
C12orf78 16.97 4.56 NTSC3 173.38 65.34
C180rf59 22.94 5.42 Q8T4 404.86 100.63
C190orf79 13.22 3.00 PARKY 87.3% 40.79
C1lorfi51-NBL1 2588 11.19 PARP10 52.41 18.75
C21orf? 308.80 83.41 PDGFA 5519 2429
C7orf53 8.04 0.73 PF4 880.43 208 .45
CARD186 85.90 2813 | PGRMC1 332.76 78.80

cDg7 59.09 28.74 PRIC285 72.34 20.44
CEBPD 147.37 44 .30 PSMB@ 7347 34.36

CTSA 341.67 138.37 RAB32 51.90 25.20

CYBSR1 25.14 10.12 RABAC1 25.10 7.80
DDX11L10 38.87 7.34 RBX1 36.44 15.08

DUSP1 168.06 30.57 RNF213 316.69 147.00
DYNLRB1 166.30 5863 RPPH1 242.37 863.73

EMP3 99.80 39.75 S100P 48.92 14.31
ENKUR 64 .87 15.45 S1PR3 8.45 1.41
GALM 3168 5.08 SATI 213.55 100.886

GDIH 8122 41.05 SEPT3 14.54 6.35

HIST1HZAC 271.60 72.77 SERF2 310.8686 144.79
HIST1H3H 131.91 40.96 SHISAS 141.53 59.85
HIST1H4A 2040 5.53 SIGLEC1 18.55 3.32
HIST1H4B 2544 5.58 SIGLEC14 10.79 0.95
HIST1H4E 7418 26.59 SNN 348.09 171.73
HIST1H4H 69.35 18.31 S0D2 569.41 229.85
HISTIH4L 20.99 5.89 SPARC 914.92 286.17

HLA-C 417.81 203.10 TIMP1 76.27 27.68
HLA-L 11.78 3.90 TMEM140 121.93 28.08

HRC 14 87 0.16 |TMEM185A 36.93 12.09

HSPA1A 37.28 14.80 | TMEMSCA 139.68 32.72
iFi6 171.27 18.29 TRIMZ2 135.78 58.79

1ISG20 86.19 23.08 | TSC22D3 330.23 108.27

JAM3 121.57 52.31 UBE2L6 171.88 63.40

KLF8 127.12 6264 |VKORC1TL1 63.08 2517

LEPR 43.19 17.71 | VTRNA1-1 7.23 0.08

LEPROT 70.13 34.38 YIF1B 36.33 16.96

LILRAS 3145 11.05 YPEL3 150.75 73.23
LOC146336 13.75 4.89 YWHAH 236.85 116.18

LRRC32 102.05 34.23 ZNF485 158.35 6.38

FIG. 26
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