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Identification of Virus Sequences in Potato Transcriptome Data
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Abstract: Transcriptome sequencing data often contain valuable information about viruses infecting the host. In
order to analyze and validate the presence of virus sequences in potato transcriptome data, nine transcriptome
sequencing data samples related to potato tuber development, disease resistance, and stress tolerance were collected.
After filtering out reads originating from potato transcripts, the remaining unmapped reads were assembled and locally
aligned against a virus database to obtain information on the types and quantities of virus sequences in these samples.
The results revealed that reads originating from viruses were commonly present in all samples, accounting for 0.12% to
20.24% of the total reads. These reads were assembled into sequences representing 10 different plant viruses,
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including nine RNA viruses and one DNA virus. Among them, sequences derived from potato virus S (PVS) were

the most abundant, with 28 nearly full-length sequences assembled. Further phylogenetic analysis indicated the

coexistence of two strain types, PVS* and PVS°, in these samples. Additionally, reverse transcription-polymerase

chain reaction (RT-PCR) was performed to detect six viruses including potato virus H (PVH), potato leafroll virus
(PLRV), potato virus M (PVM), potato virus S (PVS), potato virus X (PVX), and potato virus Y (PVY) in the original
transcriptome data samples. The RT-PCR validation results were generally consistent with the assembly results from the

sequencing data. Overall, this study provides a high-throughput approach for analyzing the diversity and evolution of

viruses in potatoes.

Key Words: potato; virus; high-throughput sequencing; transcriptome; RT-PCR
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FEERE, FRORERE EEALF D8
Y %5 2 (Potato virus Y, PVY) . I8 23 5%
# (Potato leafroll virus, PLRV) . 4% 2 X %5 &8¢
(Potato virus X, PVX) . D452 A %57 (Potato virus
A, PVA) . H4% % S # (Potato virus S, PVS) |
IL AR B M % B (Potato virus M, PVM) . & g 24
W% 75 (Tobacco rattle virus, TRV) F1 5548 223 0% 7
(Potato mop—top virus, PMTV), LIS 445 45k
ZE£ 2K 9% B (Potato spindle tuber viroid, PSTVd)"™,
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7500 e R OGS R BT AILE T Bl A I 4
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S (RNA sequencing, RNA-seq) $ ARTEARTS
SRS A TR B, A BB ARATAE i vp T S e
i BE PSR R, DRI A st 2 B 7E 58 3y B
PREE A0TSR AR R IR RS . TESh W)
W, Sparks SEUIXF A5 5 (Halyomorpha halys ) B9 %%
SEe 28 I B 8 T Trinity DR RE LR 3G, & BL— Fib
B EE, 44 A G R 7 DUUR R 4R IR 3 B3 W)
(Halyomorpha halys virus isolate Beltsville) ; Smith
SV B 8 ( Heliconius erato ) W s 5% 2H B0
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(BT I 51, i 44 R 20wl B A G v R 5 s B
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b e LN PP B S R AL I, I IRTE
v ] 2 BB 8 2R R A 2L (Pyrus ) 2 MO A8 RS0
#% (Hop stunt viroid, HSVd) 75 ; RHAESEXT
S B AR A TR SN Y, 28 LR R B e 45 IR
WA 12 557 AT 4 R R AR . FLAEIR
BEAK T8 R B (Strawberry necrotic shock virus, SNSV) |
T % 52 A B 11 5 B (Strawberry mild yellow edge
virus, SMYEV) . 5454595 5 (Strawberry crinkle
virus, SCV) Fll % %&f 2 ik 7% 5 (Strawberry vein
banding virus, SVBV); #H [E 8 55" 5L T 357 LA
small RNA (sRNA) T J& I e 19 $ s £, %€
F) D3 L Al 2% 1 3K 9% B (Apple chlorotic leaf spot
virus, ACLSV) . SEHZR4E 20 IS5 7 (Apple green
crinkle associated virus, AGCaV) . 3% 52575 i 7
(Apple stem pitting virus, ASPV) HEW Z R
W HE . X ST W] RNA—seq B4 1T b7 FH 3 %
1) R FNSEE o ASHF TR T SE 56 2 BUR 1R o)
L5 B RNA—seq B, 10 12 0 s 4 808 H 09
BE T 9 AT AR S5 0 B B R LU X, BRAS TR
i O EE A DA R, 4 SR XTI 8 S i A R AR
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AHIF 5% B A A RNA-seq 3038, 055
A AR IR BEIE (Cold sweetening, CS) ., HZEKFH
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(Tuber development/Illumination, TD; Tuberiza-
tion/E26, TU). IRIKII (Domancy, DM) . $ilfsE
J% (Late blight T, LBT; Late blight W, LBW). #i
% 7 (Potato virus, PV) . 1T 7€ (Cold resistance,
CR). 0% (Pigment, PG)ZFALFRFIINFESE, &
TP, ROt T, BdlEaitRk ARl
R B R B AT R A O D 2R R
A YU PLSESEIIT.

1.2 EYEBRHEBSNAE

1.2.1  Z IR Z 4]

PEAT R TR, X RNA-seq $i0H UE1 7 ik
. fHH FastQC (v0.11.3) B A X B o i 44 137
il ISR Hoa] 4 31 45 R A K 7Y Reads ot i
XfF B A G A% R BE . Trimmomatic #1474k
Pt Uk, 1 E i UE S H0Ch SLIDINGWINDOW:5:20
LEADING:5 TRAILING:5 MINLEN:50, 75 %! Clean_
data, HTIEZ01T.

1.2.2 RNA-seq 3BT fe LA E A% L Hu

I TopHat (v2.0.10) B {4 2 I 5 £ B HL P 41
PGSC_DM_v4.03_pseudomolecules (http://solanaceae.
plantbiology.msu.edu/pgsc_download.shtml ) X} Clean_data
BRI, SR0E: R/ NAE TR 10, &
KNEFREHR 15000, T2/ Mismach™, ATt
UE K P T Th AR B SRR B Reads, JF4Eit ok
FEXT b S48 LN 4 Unmapped reads %0,
i &L Reads ) HL )

1.2.3 4% J8 Trinity 24 3E4740 5%

XH 0,2 Unmapped reads £ 19 SCF (unmapped.
bam), f#F Samtools(v0.1.18)#X/FHRHiE BAM ST
Flag WRZS, BN Reads, 153 unmapped_reads1.
fastq Fll unmapped_reads2.fastq. F AT .

samtools view unmapped.bam | awk '{if($2~/
69/)print" >" $1"\n" $10"\n + \n" $NF}' > un-
mapped_reads]1.fastq

samtools view unmapped.bam | awk '{if($2~/
133/)print" >" $1"\n" $10"\n + \n" $NF}' >un-
mapped_reads2.fastq

FREUA Reads J&7 , 7 FH Trinity (v2.1.0) #FiE
AN A . A S
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ARWEFEAE 2 A 1 B0 I . 58— Bl
Y A4 33 B T A NCBI A L8045 & (https://www.ncbi.
nlm.nih.gov/genome/viruses/) F 2% 106 472 55 9R
BEAZ AR S, T X0y %4045 Reads #4795 B¢
FFAERE, 219 B Reads 76 3 Reads JiT o5 F 4],
A BRI 1 5 5 A Kl 22 A NCBI A~ 3L
I 2 2000 0 B Bk HE P 91 B T (ftp://ftp.nebi.
nih.gov/refseq/release/viral/) , FH Fi%E 4 JF I+ K
AR AT CAGE ) SR B B 81, DRI 8
R H i C 4GE 10 T4 A (R YL RE T Y 45
o EE A LR 8 (PSTVA) & KP4, T2 48
=Y R B AR TR T, LA S 445 B i
B ZAENE, A BRI DL .

1.2.5  A3AL Blast 55 9 2 8L B #EAT ) R MR LT

i FH AR H Ak Blast+ (v2.2.31) . H % Unmapped
reads ¥ SR BRI T Hoxt, Ff PR EEERI RS
THR R Reads £ H A 47 Reads Y LU 440
BAFFN 1Y Contig HEEEIRE L HATHOXT, DHEA
AR PRE LA, JE B < 1 x 10737581
1.2.6 At fuht

TP 2 A5 R b 00 57 B B P 4H 1Y Contig
¥ 4 CEIAE 75 90% LA E i 2k AL 41 ), 5
NCBIZAIH e % B a5 4 (K 41—l b AT R 48
FEAL AT, M R G KR R R A
MEGA (v6.06) 8P, i HH I A Y Clustal W T
HfEr ZE PSR . I MEGA (v6.06) 3 {1 it
L8 4% 1 (Neighbour—joining, NJ)#J R 4t JEfb 4
(2%, HIEKIL Bootstrap method 1 000K ) .

1.3 HHERNS| ¥ PCR &R {E 5

F T RT-PCR o 1E I 7 73 Hr 45 2R it FH 1495 B¢
K51 (D124,

AWESE PCR R NIAR 2 (25 ) LA S 1 G2 i
2XTaq Plus Master Mix 12.5 plL, 9.5 pL ddH.O, 1E
TR )R S5 45 1 L L BRI ) ¢ DN A
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30s, 55 °CiEBk30s, 72 °C FEH 1 min, 374
EFR; 72 °C 4E4H 10 min,

2 HREGAHAT

2.1 RNA-seq HiEHHHFIIHERE

S GE i B R R BT SAE B, R
RNA-seq £ b 25 48 2 22 LR 21 DA Ao 8 1)
P RN AU, ARAS Tk DL T % 25 AL I
20 1) Unmapped reads. Z5RE/R(F2), FHA

%14 18.90%~31.24%, V18 23.16%, HE—H¥
Unmapped reads HEA PRl E R, 451KV, ik
JEf* Reads(Virus reads) FEAAEAR R AA7E, [H Y
& Reads [ b 9 22 5+ 80K . Hovb CR. CS. LBT,
LBW 4/ i ELBIARXT AR, $/hF 1%, LBTH: M
9 B FH O P 81 U B 541K (0.12% ), /% 5 Unmapped
reads B9 0.48%; DM, PG, PV, TD, TU 5%
FE G A7 R reads FLBIHS 5, N 2.42%~20.24%, H
He DM AR & 25 AH 56 7 471 B 9 (20.24% ), 4

RNA-seq £ H Unmapped reads 5 & Reads [ kb Unmapped reads £ %) 64.77%

&1 mERNEIY

Table 1 Primers for virus detection

GIL RN BlL 2]l F B (nt) i
Primer name Primer sequence Fragment length Function
PLRV-4S 5'-CGCGCTAACAGAGTTCAGCC-3" 336 PLRV detection
PLRV-5A 5'-GCAATGGGGGTCCAACTCAT-3"
PVM-1S 5'-CGAAGGGTGTGTAGGCTGTATG-3' 226 PVM detection
PVM-2A 5'-CGATGTCTTTGTGCGTATTGTG-3'
PVS-12S 5'-TGGCGAACACCGAGCAAATG-3’ 425 PVS detection
PVS-12A 5'-ATGATCGAGTCCAAGGGCACTG-3’
PVX-All 5'-TCGAAAGATGTCAGGACCAGC-3' 226 PVX detection
PVX-AALl 5'-TGTGGGCACCTTCATGTCCTTC-3'
PVY-3S 5'-ACGTCCAAAATGAGAATGCC-3' 480 PVY detection
PVY—-4A 5'-TGGTGTTCGTGATGTGACCT-3’
PVH-1S 5'-GCAATGAGGCTTAGTTCA-3’ 310 PVH detection
PVH-2A 5'-CTTATGCGCATCTATCAATC-3’
2 FiH RNA-seq #IEH TR S IR ENEE
Table 2 Results of all RNA-Seq data BLAST virus nucleotide database
B Ui B (nt) =584 RECXS B AR EEE S EEEBOEL e RE BB
Data Reads length Number of total Number of SEBLY H A (% ) Number of BB LA (%)
reads unmapped reads Ratio of unmapped virus reads Ratio of virus
reads to total reads reads to total reads
CR 150/125(Paired—end) 1 169 963 066 248 073 327 21.20 11457 571 0.98
CS 150(Paired—end) 91 199 390 19903 119 21.82 180 695 0.20
DM 125(Paired—end) 74 048 666 23 135 368 31.24 14 984 621 20.24
LBT 150(Paired—end) 574 151 104 139231 186 24.25 664 326 0.12
LBW 150(Paired—end) 988 616 094 243299 188 24.36 1696 893 0.17
PG 150(Paired—end) 666 134 146 155590293 23.36 16 117 233 2.42
13% 150(Paired—end) 38 097 666 8703 710 22.85 2529501 6.64
TD 150(Paired—end) 276 912 740 59957 554 21.65 17 626 684 6.37
TU 90(Paired—end) 37 856 854 7 154 381 18.90 4 878 655 12.89
Total/Average 3916979 726 905 048 126 23.16 70 136 179 1.79
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22 HEFINAR 10 PP 25, 445 9 Bl RNA J ¢ 1 1 Al DNA 95

A (# F Trinity 2044 X% Unmapped reads i#F B, L2 129 KA EET A, Hd 314 KX
Tref e, AR B dEBUs PE AT SE e A BRI 1 000 nt, 54 2523 559 0 AL K 41 90% L) |
RN, SR ER(R3), TEIMEAPAES] i ekKFyl.

3 RNA-seq BIBARFBIMNFRSERILCE
Table 3 Count of virus assembled from RNA-seq data

T H Ttem DM CS TU D 3% PG LBW  LBT CR Total
PVH Total virus contig 24 0 0 0 67 29 0 0 111 231
Contig of BLAST length > 1 000 nt 10 0 0 0 4 11 0 0 3 28
Contig cover 90% of virus genome 0 0 0 0 2 0 0 0 4
PLRV Total virus contig 0 0 0 4 0 1 1 1 7
Contig of BLAST length > 1 000 nt 0 0 0 3 0 0 0 0 3
Contig cover 90% of virus genome 0 0 0 0 0 0 0 0 0
PVM Total virus contig 409 7 0 0 0 2 0 0 245 663
Contig of BLAST length > 1 000 nt 21 0 0 0 0 0 0 0 33 54
Contig cover 90% of virus genome 2 0 0 0 0 0 0 0 3 5
PVS Total virus contig 54 0 26 29 252 23 0 0 412 796
Contig of BLAST length > 1 000 nt 12 0 5 6 9 7 0 0 110 149
Contig cover 90% of virus genome 0 0 5 0 6 0 0 13 28
PVX Total virus contig 0 2 0 0 109 12 0 127
Contig of BLAST length > 1 000 nt 0 1 0 0 10 0 0 11
Contig cover 90% of virus genome 0 0 0 0 1 0 0 0 1
PVY Total virus contig 66 0 1 0 10 12 0 0 23 112
Contig of BLAST length > 1 000 nt 18 0 1 0 3 4 0 0 0 26
Contig cover 90% of virus genome 4 0 0 0 2 1 0 0 0 7
ToCV-RNA1 Total virus contig 0 0 0 0 0 80 0 0 0 80
Contig of BLAST length > 1 000 nt 0 0 0 0 0 8 0 0 0 8
Contig cover 90% of virus genome 0 0 0 0 0 0 0 0 0 0
ToCV-RNA2 Total virus contig 0 3 0 0 0 48 0 0 0 51
Contig of BLAST length > 1 000 nt 0 1 0 0 0 21 0 0 0 22
Contig cover 90% of virus genome 0 0 0 0 0 3 0 0 0 3
TuMV Total virus contig 0 0 0 0 0 0 0 0 21 21
Contig of BLAST length > 1 000 nt 0 0 0 0 0 0 0 0 2 2
Contig cover 90% of virus genome 0 0 0 0 0 0 0 0 1 1
CYVCV Total virus contig 0 0 0 0 0 15 0 0 0 15
Contig of BLAST length > 1 000 nt 0 0 0 0 0 9 0 0 0 9
Contig cover 90% of virus genome 0 0 0 0 0 5 0 0 0 5
MYMV-A Total virus contig 0 0 0 0 0 0 12 0 0 12
Contig of BLAST length > 1 000 nt 0 0 0 0 0 0 0 0 0 0
Contig cover 90% of virus genome 0 0 0 0 0 0 0 0 0 0
MYMV-B Total virus contig 0 0 0 0 0 0 14 0 0 14
Contig of BLAST length > 1 000 nt 0 0 0 0 0 0 2 0 0 2
Contig cover 90% of virus genome 0 0 0 0 0 0 0 0 0 0

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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ZH AL 193 ()5 #E  PLRV. PVH. PVM. PVS,
PVX. PVY. %4 2% 9% 5 (Tomato chlorosis virus,
ToCV) 8 i B X S48 A R YL RE 1 . AT
Kok 258 (Carlavirus )34 51 PVS . PVM Al PVH
Feoli %, & 4RFs79.38% ., HH LI PVS ¥
IR FE, 9ONEHRFEA T A 6 4115 5 PVS P
G, 796 %75, AHE 149 K AT K E R T
1 000 nt 741, IR 2155 28 Sk & K4 (G5
B %F WG BE A K E A AT 90% LA ), K EEJLH K
7 673~8 475 nt, 5 PVS 2K (8 478 nt) 1 90.50% ~
99.96%. PVM ALK T PVS, 16635741, 1
5 54 2 U FE KT 1,000 nt #7751 Fl S 45690 42
KFs, KETERE N 8 254~8 522 nt, (5 PVM 4K
(8 533 nt) 1 96.73%~99.64% , [Flif, MADM. PG,
PV Fl CR #f b P 412645 21 PVH J¥ 41 231 2%, $&
28 45 XK BE AT 1 000 nt 19T 51 F1 4 45 PVH L4
K74, KJEJLH N7 989~8 407 nt, 5 PVH 42K
(8 410 nt) 19 94.99%~99.96% , H i NCBI {4 )2
LA 141 %5 PVS & KP4 F1 7 45 PVH & K J¥ 41,
45 B 425 T PVS HPVH B B (0 4% 1R Y 1) %
U5, PVXFIPVY #4145 2 100 55 A2 4 W F 41,
W1 FZPVXIE2K)FH], KER6434nt, &
PVX 4K (6 435 nt) 19 99.98% , 74PVY k4K
FEA, KEEJEH M8 915~9 691 nt, 5 PVY &K
(9 704 nt) 1 91.87%~99.87% ., PLRV £H %% 2% 4
AU 7T, 34KTF 1000 nt, RIRTGHT
2 KJFH], ToCV A RNALFI RNA2 PR/ PG FE
A I R, i HAL 2S5 3 A RNA2 L 2K
FEA, KEEJERE N 7 539~8 221 nt, 5 RNA2 4K
(8247 nt)91.42%~99.68% .,

B 2l B A5 2] 1k 7 F 2 8 i 6 S (R
PeBE 2N, AR IR EA RS Rk
B IET5 AL 57 (Turnip mosaic virus, TuMV) . 1%
Ak ik B %5 3 (Citrus yellow vein clearing virus,
CYVCV) I & & & ¥ M 9% 2 (Mungbean yellow
mosaic virus, MYMV)3 Fl ¥ R HRE X B2 242
YLRE S B B o A0 4126 B 21 & TuMV 751,
B4 HAKERT1000nt, H 142K, 5
NCBIZEZE A TuMV 8 BJ-B04 /30 &4 (KC119188.1)

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

) T PP 5 1k 96.25% . £H 4515 3 15 45 CYVCV ¥
G, 9L HAHREER T 1000 nt, 5542 KFEY], 5
NCBI %42 FE th CYVCV 1 CQ 43 25 91 (KP313240.1)
[V 99% , ARG [R] I 4H 254558 MYMV S5 71
DNA-A Fl DNA-B W #8437 41, 12451 000 nt
LI E I MYMV 55 DNA-B ¥ 2 o5 B 3L K 20 40%
LI b, F5 NCBIJE o MYMV 9 MF1 43 B 9 ()
DNA-B (JQ398670.1) [F] i P 3% 98% . PR itk 4 I &
A S BEJE TuMV., MYMV. CYVCY 3 Fli 3 1
WEF .
2.3 PVSHEFRIIRGHLLH

A6 F S AL RIS B 1Y) 28 A PVS L 2 K ¥
HI|, 5 NCBIdE % i 20 45 PVS & K ¥ k17 &
GiitAb ot . TR 48 S PVS A ESHIES T PVS RVC-
CO4b, FBL4r K PVSCHIPVS Wi2s, b CR SR
(7 51 R F PVS®, 5 [E [ PVS 4 2 ¥ HB24
FY KRR, PG, DM, TD RIEMFE S RET
PVS', 5P 2% NZ-A ab030 Lincoln 43 B4 L K
HE 1) HBT 2 B R & E R Rl (B 1) . R85 1SR
A I B A 5 FP ) IR AE PVS T PVSC R b ik 2 26
R AR R L BLgE PV S AT PV S [ BHR Ge (AAE 4 5
R, WAREBHHE N EARR.
2.4 RT-PCRIGIENFEIBHIELE R

SR EIN FE E R Ay T A A, AR DL 9 AL S
ZHEHE 1Y G RNA FEASH iR, X PVH, PVM,
PVS. PVX. PVY fIPLRV 6 Fi#EE1T RT-PCR ¥
W, TR 45 5 5 NGS 45 485 kAt 1, 36
WL TR YE . 45 8/K, 7EDM. PV, PGHI
CR 4R R E PVH(EI 2A), ZEDM, CS. PG
FICR 4 MEEA RGN E] PYM (K1 2B), 7EDM. TU,
TD. PV. PGHICR 6 MEAHRGINE] PVS(E2C), 1
TU. PG. LBW FlCR 4 MEAH I F] PVX([E12D),
FEDM. TU. PV, PG I CR 5/ FEA H 4510 2] PVY
(E12E), RT-PCR 5k 45 5 55 60 4540 1 o3 b 2%
R —8(F3), I, ZEDM, CS. TD. PV,
LBW . LBTHICR 7/MEA H A 2] PLRV ([ 2F),
{0 PR A2 A, {XAEPV, LBW. LBT, CR
AASFEAS TR I B A 20 19 PLRV AHOCF 91 (£ 3)
RT-PCRKIFSS RSP b4l R 2= 400K
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1L AT99 Cold resistance
45

30,

57{ AT91 Cold resistance

ATI106 Cold resistance
AT104 Cold resistance
58 AT93 Cold resistance

- AT109 Cold resistance
F AT112 Cold resistance
% [AT]OS Cold resistance
37-AT113 Cold resistance
100 - AT98 Cold resistance

Sf A T88 Cold resistance
10 3 AT94 Cold resistance
L AT97 Cold resistance
100 KU896945-HB24-CN

G\F

100 LN851191-09.369-HU PVS"
KU058656—0 ab030 Lincoln—-NZ
50 KU586451-GAF318-16.1-PE
FJ813513-1d4106-US
98| FI813512-WaDef-US
0| b——— KP089978-SW-14-AU
L K(C430335-Yunnan—-CN
( LN851190-Bonita—HU
100

AJ863509-Leona—GER
{ AJ863510-Vltava—GER
LN851194-Ewa-HU

77 —— HF571059-89.249-HU
LN851189-Alex-HU
% 4‘& LN851193-Irena-HU
82 LN851192—Valery-HU _
JX419379-RVC-CO  PVS-unassigned
—— JQ647830-BB-AND-BR ]
—— KU896946-HB7-CN
100 | KU058657-A ab030 Lincoln-NZ
40, AT102 Hlumination
391 AT107 Hlumination
100 AT101 Illumination
A T92 Tllumination
AT95 Illumination
ATI105 Pigment
100; AT90 Domancy
A T96 Domancy
9|1 AT100 Domancy
100" AT110 Domancy
76| — AT103 Pigment
ATI11 Pigment
8973 AT89 Pigment
99 AT85 Pigment
77" AT87 Pigment

100

3

o

32 pvs*

—
0.02

. NCBLEHEE H 4553 BIWIH GenBank 55 | 3 BSW 4 FR A K EFE SR, AUAEAR B0 PVS IR 41 A SR IR FEA IS E M ID 25, I
FHABRIE . bRRGOREBEIE S, 75 EREUE R B 5

Note: Each isolate from the NCBI database is represented hy the GenBank number, isolate name, and nationality. The assembled PVS sequence are

named with the data source samples and the given IDs, and labeled with A. The scale represents the genetic distance, and the numerical value on the

node represents the confidence level.

Bl1 ARG 281PVSEREASNCBIF 20/ PVS & KEFE AR RFEHHWHH
Figure 1 Phylogenetic tree of 28 assembled PVS genome and 20 complete PVS genome from NCBI

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net
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M +-12 3 456 728 9
A
<«-310nt
B
«—226 nt
C

425 nt

M +-1 23 456 7289
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Figure 2 Result of viral RT-PCR detection on the original RNA sample of the transcriptome
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