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Abstract In this study, [llumina HiSeq high-throughput sequencing technology was applied to get the transcri-
ptome from leaves of female and male Hippophae rhamnoides L. subsp. sinensis, and 48.31 Gb effective data was
obtained with an average error rate of 0.015%. After assembly by the software Trinity, a total of 320 876 unigenes
and 187 362 transcripts were generated, corresponding to maximum length of 17 291 bp both, the average length
of 588 bp and 808 bp respectively. Using Blastx against the public databases, 104 926 unigene were annotated at
least one databases, accounting for 56% of the total. In addition, 33 248 potential SSR loci were detected
throughout the transcriptomic data. The gene expression analysis between the two transcriptomes revealed that
92 970 genes expressed differentially between male and female samples. This work provides basic data for the
gene cloning and gene mining, as well as to investigate the sex-determining mechanism of dioecious Hippophae
rhamnoides L. subsp. sinensis.
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Shukla et al., 2006; &%, 2009; Ni et al., 2013). T
TR R RVRR BRI SR IR BT, 1wl T D R
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Br(ZMmESE, 2017; XIAREE, 2017). i#id RNA-Seqill]
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1.1 HEPERH 2 RNA $2EX

BT 1% A hE e Fa vk 5 R (4 1),28 S T 18 S
s, TSR, R T E Y
RNA 5888541, 40t Agilent 2100 ZE 4 73 HrAX <
Nanodrop 2000 i 1 & 43 ' BE THA I AT Qubit 2.0
Fluorometer % 't & 53O ifi & f 3% B, RNA B 5 (1)
SR | Al AR BE38)IA B4 & HiSeq-PE150 #5241
MFER, FrA#E o RINEISTE 8.0 LL L, 0Dy 19
20~2.1,28S/18 S 4 1.7~2.4, RNA £ 5hiK E>300 ng/uLs
RNA SE>9 ng (& 1),

1.2 MrBTERE

iE 3 Mlumina HiSeq-PE150 13 &30 75, K547 &
3R BCL #% 006 BUR S 22 CASAVA B FE i1
A EA A SR UGy 2% (Sequenced Reads), 1% %04 H
FIRE SCF VIRZEE 7 F1 WU B R AR AR 8 i 2 114 U
7 R RS B VYR . I B A S s Bis , i T
1R DA B & A 7 7 E R A P8
225 B E I NN 142 3k (Adapter) F AT — /N8 1K 5
= 1] Reads (M )75 24 Jii &= {8 Qphred <20 ¥l 2 %k
i Reads —:LL b)) A 1 B7 k5 HAME 240 B H I A
R, W AU 25 Sk I AIC BT & Reads, b 2 252Kk
B R Bl A 2 28 L A5 K T T4 2 — 1) Reads, iX Fh 25
JCRCEARE () Reads #5475 7t 204 (Clean reads), Ji5 &
Fr A o3 Ml 2 T 5de . 2% 3 40+ B VD i A

M 1 2 3 4 5 6 M

Pl 1 o [ D B AR I s RNA ) Bt i R T8 H ik o b

7E: M: Trans 2000 Plus Marker; 1,6: Male—1, Female—3 #%i F¢ 3
f%, EFE 1 pL; 2~4: Male—2, Male-3, Female—1 #iFs 5 fi5, L #f
1 wL; 5: Female—2 MikE 10 f%, B wL

Figure 1 Agarose gel electrophoresis analysis of total RNA in fe-
male and male leaves of Hippophae rhamnoides L.

Note: M: Trans 2000 Plus Marker; 1 and 6: 3 times dilution of the
sample Male—1 and Female—3, 1 pL volumes was uploaded; 2~4: 5
times dilution of the sample Male-2, Male-3 and Female-1, 1 uL
volumes was uploaded; 5: 10 times dilution of the sample Fe-
male—2, 1 pL volumes was uploaded
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Table 1 Quality test of total RNA in Hippophae rhamnoides L.

FE W (ng/ul) S (ug) ODgs0 0D 285/18S RIN {&
Sample Concentration (ng/uL) Total quantity (.g) RIN value
Male-1 474 15.16 2.06 2.06 1.7 8.2
Male-2 514 16.44 2.07 1.97 24 8.2
Male-3 624 19.96 2.06 2.16 1.8 33
Female-1 416 13.31 2.12 2.10 1.9 8.2
Female—2 1242 39.74 2.10 2.29 1.9 33
Female—3 300 9.60 2.08 1.95 2.3 8.2

S A e S A 00ty U 7 SR R e i (R 2). A HE
i T T SR AR RS TE 6.73 G LR, JRERA A R
5 48.31 G. MIFHIRZFACT 0.02%, IR EN
0.015% 0 Qu (BT E 73 HUKT-55T 20 BB T (5 1 L
BB IE H 7 LEAE 96% LA |, Qy (i 23 $ K T T
30 FBEAE BT 7 () B A5 B R B 23 BUAE 92% LA |, GC
TR 41%E A . AW TN 1S R BT A R G 5%
HA s O P2 2 NCBI 1 SRA database, &5 N
SRP140800.

1.3 FFAHHE

¥ 0 B A R U6 HoilE AT IR A SR EF R
RNA-Seq 4 % 111 K 1) e s L 9F 4 34 Trinity
(A5 1201404 13p 1) vt a7 A B Hf 4. M
PrEE#E AR Bk 1 2 R DR B K I e SR i
SR ARE T 51, R 2 N Unigene, 1 N 5 425 #r Al
HRINBEENSH 5. Gl 415, JL435) 320 876 %
355 AR (Transcripts) F1 187 362 2637 4 [#](Unigenes)
(3% 3). Transcript [f] Ny F1 N CHHHEZZE R IHE T
7] — 8t S AR (R K FEE AN — [ 2 SR AR A K B AR 3 /)
HeH, H AT E R, 24 RIMEA /N T Unigene
S 50%/90% I EUE B2 Nyo/Nyg) 7370 9 1 416
298, Unigene ] N 50 A1 N 90 43 5] v 849 F1 251,
Unigenes Al Transcripts /3 71| 14 &£ 35 7345 T 200 bp

2R 2 VD R s A I e B R AR

Table 2 Statistical datas of RNA-seq for Hippophae rhamnoides L.

%2000 bp PL_E, HH 200 bp £ 300 bp [X (7] 5345
Z (55N 83 315 A1 107 765) (P 2). Unigenes
Transcripts /741 [f1°F- 3K 43 51l 9 588 bp Al 808 bp,
R RKESE N 17 291 bp.

1.4 EFEThEE R

¥ Unigenes J7 %153 7 5 Nr JE 704 & H i 751
B P Nt AR 7 50409 P2, Pfam 2 57 &5 1) 48 3
P, KOG/COG [RIYE £ 1 % 44 P2, Swiss-Prot 25 [
J 7 BV EHE B, KEGG H AR 35t #B 35 DR A 386 (R 40 7 R
A5 GO FERI RIS HA FE L e e, g 1
All Unigene fERF MR PE TP I DI REIRAE 2. 45 R 1
TN 4), H 56%I1] Unigene % /04— AN B a1 7%,
FEL R PR h — B 21 104926 5% NR $idia
JLERR) 79632 25 H, 7 Unigenes S50 42.5%, &
BB e P R B 2 i 2 (1) U2 Swiss-prot 3L
P 7 (66 561 %%, 35.52%)GO %4 [ (63 317 %%,
33.79%)-Pfam (61 469 4%, 32.8%) Nt Hfi & 56 019 4%,
29.89%) KEGG %4 £ (35 188 2%, 18.78%). KOG i
I PEVERE B B f /b, LR R 29 512 25(15.75%).
MR 2 v R 25 R 2 1 1 Venn B (K 3), 1T
PLAR B IEH 14 539 2% Unigenes fg % Nr.Nt.KOG-
GO F Pfam 5 AN B VE R, 12 272 2% A8 [H I 4 BT
H 7 AEAEEERGR 4).

(e Y S JiR 4 H A TS THEBIETHRIEEG) R (%) Q20 (%) Q30 (%) GC (%)
Sample Raw reads Clean reads Clean bases (G) Error (%)

Male—1 63943 984 63 028 048 9.45 0.01 97.88 94.57 41.49
Male—2 63308 850 62 113 974 9.32 0.01 97.63 94.14 41.18
Male-3 59110298 57 821 108 8.67 0.01 97.73 94.24 41.52
Female—1 46 863 098 45439 564 6.82 0.02 96.88 92.42 41.65
Female—2 47211330 44 847076 6.73 0.02 97.08 92.97 41.85
Female—3 51443 054 48 772 892 7.32 0.02 97.07 92.94 41.53
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Table 3 Distribution of number and quality of unigenes and transcripts
/MK (bp) K (bp) KK (bp) Ny Ny, IS8 SZH R (nt)
Min length (bp)  Mean length (bp)  Max length (bp) Total number  Total nucleotides (nt)
Jhar A 201 588 17 291 849 251 187 362 110 146 870
Unigenes
L SIEN 201 808 17 291 1416 298 320 876 259 142 573
Transcripts
80000 4 b 110000 4 107765 O sl B deok
Unigenes Transcripts
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Figure 2 Distribution of splice length and frequency of unigene and transcripts
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Table 4 The statistical number of unigenes that were functional annotated in Hippophae rhamnoides L.

K AR5 5 41 R EEH1 (%)
Database Number of unigenes Percentage (%)
Nr 79 632 42.50
Nt 56 019 29.89
KEGG 35188 18.78
SwissProt 66 561 35.52
Pfam 61469 32.80
GO 63317 33.79
KOG 29512 15.75
REME T Bl R R H 12272 6.54
Annotated in all databases

F— A PR 104 926 56.00
Annotated in at least one database
ST RS 187 362 100.00

Total unigenes

141 R IR Nr 7328

IS Nr HE AT EO R, BT DARES A
B VD e s A 3 BT MR i e Rl E 2. v
Bras Rehlitth o m(E 4). FEREGRER, FEY
R 7 Mg Bk RT RT L B R R e A (R
Horp, 584 (Vitis mmfera)ﬁﬁﬂ%%ﬂ@?ﬂ*ﬁ1uf ;
A 10.5%[1) [FPE 1 s IR 5 (Prunus mume)H 6.8%

AU s 586 (Prunus persica);ﬁ 6.2%M AL 5
A 0] (Theobroma cacao)F H (Pyrus x) 73 A 3.9%
3. S%E"J*HTU\‘TEE o 69.1%[1) Unigene J& T H'e 741,
A RERE KNI AEAEERA 2 500~4 000 754 7] 1
53 AT, IRk EAFRCE AR 3 1Z
FEREYOENR T, BV R H S RA R E R
(SRrE
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Figure 3 The statistical number of unigenes that were functional

annotated with the five database
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GO 73 22 M 48 Th g A AE FR 2k B el el kAT
R KMI ARG, K RRAGE W LR —
RN B [R5 BT () D BE , -t m] 126 B B 8 ) S BB 70
B A B % 38 (Chen and Li, 2005; ¥ E 445 2008;
EAHLE 2016). X Ph7 I H] Unigenes #47 GO ¥+
B )G, #8 GO 3 MEARKAEY AR, 4
TR T IIRE),  REERE D 4k PR it — 2B
Y53 (D RedEAT KB 5)e BT 5 40 [FR I, 450
B3 K EBERGNILA 56 ANThaedE. 17E GO 432K
R R R b VR R D B AE S KRR T
3 AL 52 Cellular process 41 il it #£(34 336 25)+
Metabolic process X #f i #2 (33 821 2%)Fl Single-or-
ganism process H.— W)= d FE(25 874 2%). 1E“ 4
4y 75y 2rh, Cell 4HHE(19 534 2%)- Cell part 4 iy 2
2 (19 520 4%5) 1 Organelle 41 il 2% (13 542 %%)iX 3 4
b, R AR H R % . MAE 7> T DIRE "2k
TR R DR B 22 (1 28 0 3 Sl 72 Binding 4556 (30 496
2k)F1 Catalytic activity fEALFIIE (27 397 2%).
1.4.3 FERZE ) KOG 7736

KOG %4 e KE_ERTAgN 0y 26 NMH, Keidid
KOG I3 #¢ 1] Unigenes #2187 2H 347 70 25(1& 6).
KOG % ## ¢ 2 3y E B 3 29 512 %% Unigenes. 1E1X
25N K CRIRE S 1B R AR 4 T AR (Pos-
ttranslational modification, Protein turnover, Chaper
ones) &R R L MIBHE, L 4711 2%, I 4710 %%
F° T PE A% BB A4 4544 FAE 45 1 (Translation, Ribos-
omal structure and biogenesis)”. 1 “ 4l it iT % (Cell
motility) "IN FAREFER R I, R 17 %.
1.4.4 VERFE R KBGG 732

X} Unigenes #17 KO DJREIEREfa, K4 A8

W % o m Bk
Vitis vinifera Prunus mume Prunus persica
O mfay m 3 O Ee
Theobroma cacao Pyrusx Other

39%  62%

3.5%

P 4 JE T Nr B 2 LGS 1 ) 53 R P R 20 AT
Figure 4 Species distribution of the top BLASTX hits against the
Nr database for unigene in Hippophae rhamnoides L.

iR M2 51 KEGG AUSHE T 73 25K 7). BE
AR YE Unigenes 5 KA B8 70y 5 A1,
R At 72 PR 5545 B AL BE L 8 A% (5 B AR EE AT AN
BHHLRG: G E VDM HERRRE 5 ) Unigene VERB
KEGG #udf et A7 A 73 007, FLERE R 35 188 2%
s, 25 7 19 KEGG fighm . Hor, 5
f&{5 B AL Genetic Information Processing 43 32 H
#7 Translation fX#f & 1% /] Unigene #lE & £, A
5240 %&; HK, AR Metabolism 43 32 1 (165 KK A
Y4 Carbohydrate metabolism i& 4% /] Unigene %{
HH 4166 %; MEIZHES R A 156 % Unigene,

1.5 Unigene fJ SSR 5347

{7 5. 55 & 7 1| vic (simple sequence repeats, SSR),
PN B B B 5 7 51 sk L2 DNA FRid. s [E v
A L 4H ) 187 362 % Unigene [ #1I3E1T SSR 7347,
L% 5 33 248 4> SSRs, ALK 110 146 870 bp.
IXEEfL T2 DNA 434 T 25 686 /™ Unigene J7 %1,
HAf 5671 %65 AU LB EEFAARL, H
HAEALZE R TR ) SSR %0 3 089 /. AR, KA
) 2552 R A SSR &4 i et R (& 8; B 9),
HAZHR SSR B H %, B34 19997 4, (5 6 Fb
W R B 2K 60.14%; N T R(7 518
%, 22.61%) —ZFHR(S 091 %%, 15.31%) VU H R
(440 %%, 1.32%) A% E R (104 2%, 0.31%) ML
MR B 4 (98 4%, 0.29%).

1.6 R ED IR B £ REERIE S

X I 3 B (Reads) £ 4t 1145 2| 1) Readcount %5
¥, K DESeq #EAT I8 70 M7, 75156 BRMELN pag< 0.05
(p-adjusted: B2 1EJS 1] p value, [F] p value ()48 115 =
X, p-adjusted B/, FeoRHk R R IA 7 bk R ) o
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Figure 8 The number distribution of SSR motif unit in Hippophae
rhamnoides L. transcriptome

Note: The X coordinate represents SSR type, and the Y coordi-
nate represents numbers; The number of concrete repetitions cor-
responded to the color and legend, and the Z coordinate repre-
sents the number of SSR
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Figure 10 Differentially expressed genes of male and female Hip-

pophae rhamnoides L.
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Figure 11 Comparison and analysis of expression patterns of dif-
ferential unigenes identified between male and female in Hippop-
hae rhamnoides L.

Note: The x-axis represents fold-change (log10) of differentially
expressed genes in two groups; The y-axis represents the adjusted
p value (logl0), statistical difference in gene expression; Dots in
the graph represent genes; Blue dots represent genes that did not
change significantly; The red dots indicate significantly up-regu-
lated genes under the condition of p,;<0.05, the yellow dots indi-
cate the significantly up-regulated genes under p,;<0.05
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2.0 Fluorometer (Thermo Scientific Inc., Waltham, MA,
USA)X} RNA I HEATHSff 7€ 5



5524 FRERHZE N AV
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