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Abstract

Populus euphratica is an important tree species in northwest China, among which Xinjiang is the
most widely distributed, with strong drought, cold, and salinity resistance. It plays an irreplacea-
ble role in many aspects such as curbing the expansion of deserts, protecting biodiversity, and
ensuring the ecological security of industrial and agricultural production. To enable sex identifi-
cation of male and female individuals at the seedling stage of P. euphratica, high-quality genomic
DNA from male and female P. euphratica leaves was extracted, and libraries were constructed for
Illumina, PacBio, and Hi-C sequencing. Preliminary assembly was performed based on the reads
obtained by PacBio sequencing, and the reads obtained by Illumina sequencing were used to cor-
rect the assembly results to obtain a draft version of the genome. The male and female genomes
were assembled by Hi-C sequencing technology, and the male and female genomes were annotated
and evaluated to obtain high-quality male and female genome sequences at the chromosome level.
Taking the assembled male genome as a reference, the BSA-seq data of 96 female plants and 97
male plants were subjected to association analysis using the BSA mixed pools. The candidate se-
quences of sex identification are where the depth of the female pool was continuously 0, while the
depth of the male pool was continuously greater than 10 was obtained. Sequences including up-
stream and downstream 150 bp were extracted from these regions as candidate gender markers.
Blast the candidate sequences to the assembled female genome. Finally, three pairs of specific
primers shared by male and female and four pairs of specific primers linked by male sex were de-
signed according to the screened sex candidate sequences. The results show that, On the basis of
amplifying the bands from the male and female common markers, if a 100~300 bp male-specific
marker band is amplified, it will be a male; if the target band is not amplified by the primer pair of
the male marker, it will be a female. These provide an important theoretical basis for the sex iden-
tification mechanism of P. euphratica in the seedling stage, and provide a solution for solving the
pollution problem of flying fuzz seeds near street trees and commercial planting and application.
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1. 5|8

EA¥(Populus euphratica Oliv.) Al AN FeMA7, &l Mgk M 1], BPRh 5 = Hays
A" o A AV RS 9B BN KB, REAAER ., I, HOGRILIEREIRR[2].
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A E ARG 37°~47° (R TRLE 37°~42°), MR LLIFG b 1) 7R 20 B A7 LG b A0 s 235 g e B
H IR G 7 AR VG i PO LA RN ST, TR PEE G . Wi, 2 B AR TE B s
RGO ANUERS /R TR 3]0 SR MERE AR, EA AR EE SRR Jy i MR A b BEAAAE X 2 H
WERE DTG, RIS RAREEE4], RHEIE T AE I IR SR 50, @ik KA ER W)
T H RIS, AR T B R IE SRR T R A — P A S EE (5] SRR L RS IE BT R
BIXEH AR, T LX) T REIZER N, SRTHB RS AT MR B, bt
PRI, LA R T3 T 3R [6], DRLTES) i B RE A8 4 e s M AT i 3% SR B A A8 RUGER I & A2 &2
RELM

HPPER R DE BN R S, TEREMOKT b, ol o MR FIRR AL MERE SR M 53 1E Rk
WETE P PEAL [FIRR . AL VEARIRIRR(7] (8]0 WA SARAE A DR FEAS A1 ) A A (R AR R R B, DRI AE N 2K
(A = SE RS Bl B W R B RANME, a0 DERBCRAE R RIS H AR, R K&
TIMEAE B E WEPEAE IR, W35 I(Cucumis sativus LOWERBRE, NATIHE SEFRAE P Fh AR A i 0 33 R A HL 75
Ak, CLIREUE 2 s, SRS A IN(Carica papaya L)RERTT (Ginkgo biloba L.)H) FSZH[9] [10],
AP AR T ARG A H M AT R S e, RV AT R L LUA B K A5 R s LB B4k
HEM A H IR, HERRERA K ARE R, TEAREE T R DARERR A AE[10]: KIR(Cannabis sativa L.)BHER
AR ETEAR[11], PR SEBR 0 A PR vt DURE R R R B 75 SR 32 o Sk UE, MEME R MR TE TS
DL R B T T AR — B 225, A EE R B B AT % A R T SEBR AR R R [12].

TP B e L & — MBS R R RS RE, T HGZEFRRI. K. el B, R
PSBEIR 7 B RE I, R LG AR 0 P A ) e s LRI A L s BE O S 2% 13 ] B A T AR Sl 5 5 ORI 5 7 ¥
FEERIE MR AN A AW, F L. ZERFHEF%5T7H[14]. DNA 5 Fhrid
IR A W . EEMELE. SZHEEW/NEIS, O 12 A TR 5 MR 0 1 P 0 48 e
(1510 41T , MERRE T ARAEY) 5 W% 01 46 58 1 70 T ARl BoR 226 RAPD F712[10] [16] [17]-SCAR FRic[18].
AFLP #712[19]. ISSR #ric R HAG R I 245 5, AT R EAL[20]. BAEER[21]. B E
YSE22] LRI R G K B [23] 77 T, 1M ISSR AR PEAE A1 73] 45 %8 H (1) B2 A H A 1 A IL4R0E - B Michlmore
SN IRBEH H BSA TR 74 7 HTid(Bulked Segregant Analysis, BSA), A&F8 X it 7R B MR, ik
R T REWEAM R S RHE, 720 B R B flom R AL — 2 B E R ME, 7R & F
DNA i, LA IR TS DNA i 7] 35 K R ASHNAE R 72 S, AFA(E 22 S IO DX BRI g H 119 25k DR i MR A
&i(Quantitative Trait Locus, QTL) T 7E [ 4 AR i A B, o4 i 31 1 i a2 X R] P 1) 228 (R 3EAT Th eV R
SEELMR P R DR PR S . 9 a0 LA T R R KRG R 24] i FE[25] [26] [27]FHi
PE[28] /N BI7K 53 A [ 291 FA3% A I 2514 (30155 77 AR 78 . BEE B — I F BRI E R &, A
IR T BSA RT3 i 751, RIS FEAGEAT BSA VIR 22 70 A AR A b, 0l PR 23 Jnll #49 Re
IR At 4T R — AR FF (next-generation sequencing, NGS), flilhE @ & H KA, Mifiik 2 GEms Pk |
HER IR A IR Ve s S IR, S5 35 BRI E 0 AR PR T SR o 1910 Yang Z5[3 1]\ 10800 AMFEAS & Bk HH WK iR
Wi R 430 et AR B o i 52 AR 1) 385 AR/KABA T, WK 45 J54~ SNP HEAT BRI 0 B, 43R5 6
MG QTL, % e 4 MEAPIRIER QTL A1 2 N AIE /1 QTL. Song Z5[32]7E K& H % 5E Hi 5
FhF P s RS EEE I E VR, SRR, RIME—AMERZ 2 N R ], BSA-seq AT
DA 42 i) 7 1 bR D 2 R Ao

WAMVE NI X R M S oA R, B AT, W5, . Jued, BRI A d /%
Rk, FEARMIEZAE, HHEEEN, AR AT E R R R AR . B IR AE SR S OGRS O K=
e B R, IR T R TR I, A AR AT R TR ANME, R TEAT B SR e
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ST LR, FRAMY I B TS ERE R MEUUHEN . AW SRR T IR T e A
FRIFRR, A TFIKF, SR BSA IR Tt 7%, RATIMERERE - 5P RDEB R R 5 2%
W7, N EARLE 2 A R 1) 265 58 S AL BB AR , 5 B ORI M A S AR R (%) 1 1) 365 o R AL s RS H%
2. PN A
2.1. HAAIRER DNA $2E

FETFAGLBLE 53 5% 96 ANMERRAT 97 ANHERRFEAS DNA F7E I #4508 79 #r(BIG-GSA nos. CRR330932
1 CRR330933), [FIEFTE 2020 4F 7 H Ay, MASFHLXCRAE WA FSL RS MERT 10 BRFNJC RS2 HHER 10 £
(1), REARAEATAG I F o B0 R ER G, 7 BIS05 = 3E17T DNA $2HL

Table 1. Sampling sites of different dioecious populus euphratica individuals

= 1. TREEAVIEIERE A S

TN TKiE YRR (22 40) PRI (75 5)
i 52 i b [X A 4 1 WA¥(Populus euphratica) HERR(Q)
o] o, 75 X P e L 2 W% (Populus euphratica) HERR(Q)
B 5 75 1 X FE 4R L 3 W% (Populus euphratica) HERR(Q)
WA X i = 4 W% (Populus euphratica) WERR(Q)
WA b [X 95 2 B 5 WM (Populus euphratica) HERR(Q)
WAt X 6 WM (Populus euphratica) WERR(Q)
WA X % it b B 7 WM (Populus euphratica) WERR(Q)
WA X Ptk L 8 HAM(Populus euphratica) WERR(Q)
T HH X R 11 B 9 HAM(Populus euphratica) WERR(Q)
R b X S A B 10 M (Populus euphratica) WERR(Q)
i g, 7, XA 3 L 1 HM(Populus euphratica) HERR(D)
i B 75 X e B 2 WM (Populus euphratica) HERR(S)
Ba] B i X FE 4 3 WAM(Populus euphratica) HERR(D)
A X Al i 4 WAMI(Populus euphratica) HERR(S)
WA X PR B 5 WAM(Populus euphratica) HERR(D)
WA X 6 WM (Populus euphratica) HERR(S)
W A3 X 3 5 D B 7 WM (Populus euphratica) HERR(S)
WA 1 X 4 2 8 W¥(Populus euphratica) HERR(D)
e A X LA 9 WAMI(Populus euphratica) HERR(D)
e A X LA 10 WAMi(Populus euphratica) HERR(SD)
2.2. 54t

PATEFE K 4H(GWH accession ID: GWHBHOO00000000) 2%, LA URELLHT 7L 96 ANMERRAT 97 4
HERE (1) BSA-seq B EAT SR AT, 13 B MEME VR IR BEE SN 0, [F) I HEVE VR I IR BEE SR KT 10 (X 45k,
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X IX X S AR HCELHE BRI 150 bp 78 A 7 FIVE AGIE FIVE I bR C o X BT AR 10 5 2 256 B 43 MR 56 1R 4
(GWH accession ID: GWHBHNV00000000)i31T Blast LbX 7 FILuxs, #8445 211 30 MEiEbsic, KA
Primer 5 % BA 30 AN M bric A B i v BOscrt 514, Herh 514K 28 18~22 bp, GC & & N 35%~48%.
B S BT B % A FIRAT A, 51 B RS N MERESAT AR 16 A, MERERT BEIE A FRIC 10 4, LK
HEPERF A BRI 4 1.
2.3. PCR {E RIHIE

FIFH & R 30 X5 51 00 S MERE S 10 M SR EUK DNA 2T PCR 973, PCR MNAR R U1 R (5 2).
PCR [/~ 5 pL, SRFR A 1% 00 B AR BESE I AT KA, 75 80 VA2 T Fi¥K 30 min, HLJK5EEE
J&, B R SR RG AT IR IR R AR E SRR & 10 MEE S R ARSI B I
WY FR 1R 2% 15 DL R AN REAEERR 10 ANRE L B0 Re 3 18 L1 () 51 %t

Table 2. PCR reaction system
7 2.PCR R fF &

il (A

2 x Taq PCR Master Mix 12.5 uL
LRI e
ek 1L
AR 1L

dd H,O 9.5 uL

BAERTR 25 uL

3. ZRE N
3.1. HEEXARCHFTFRSHER

FI A MERERR I FRICHT 16 X514, AR IX S REAR AR I BERERR %% 10 /M4 A SR UK DNA N
Bt BEAT PCR FHISEEe. A MBUGBITE 16 X510, KILBEMSAERGY 1Y iBmT . W52k i 3
X A% 0o 5140 73 0%k IO (4 B (Pl 1) RSKE I (9 51 0P B A R (2 3), 5 RER WM IX =X 51 MU(F 1, F2,
F3) PR R X, HRREAS A RURRL I 2 75 AAF I MERERR AL i rh SR U #14% DNA o

Table 3. Specific primer sequences shared by dioecious populus euphratica

3. MR IR R R ST

Frid 4 SIAATER SIFHI(5-3Y
s TAACCCATCTAACGAGCTT
. NETIY TGAGTTGAGGAGAAAAGC
FUEEIY) TAGTGGTGAATCTAAGGCAAAG
" TSI TCTCCCATCTTCTTCTTGATT
LS ATGAAAGTGGGAGAAGTGG
" TSI CAGAACAGAATCAGGTCGTA

DOI: 10.12677/br.2022.113038 323 JERZIEERTI


https://doi.org/10.12677/br.2022.113038

Mrra i &%

3.2. EMEAREF L SERN

A FH A% MERERR T RESEAT IR 10 X 5190 SOHEPEAS AT (0 4 65 519038 14 X5 5190, DA R XA 45 I
PERERR 2 10 AFE RS DNA AR, #E4T PCR 934528 . S NTSEITHI 14 XF 51, RIIL
BEMG IR 4G A0 WIS AR AT ) 4 X RREPERS S PR Co 51 W, 00 00 0E 2 ) P (] 2)Rxd 2 1 51 4 P
FIMIR (% 4)o SPREW], FEMEMEICAFRCY 3G 26 0 BEAE 1, 35918 100~300 bp K/NRTHEMESS A
PRICHIZRAT, WOVHRENE ;s EREVERRIC A ST RIS I B ARty TOAMENE .

Populus euphratica®y Populus euphraticac
1.2 3 4 8 6070809 Sl0-MUis 238 40=8 06 1 7589 10

F1

250bp
[ — . e

B os W e vl :
100bp

Populus euphratica® Populus euphraticad
4 5 67 8 910M 1 2 345617 8 910

_,_.i'm.u—mnm

100bp

Populus euphratica® Populus euphraticad

4 5 6 7 8 9 10M1 2 3 4 5 6 7 8 9 10

—

b Y e e W b e e
250bp

100bp

Figure 1. Amplification profile of 20 untested populus euphratica samples in three pairs of pri-
mers shared by females and males

B 1. 20 MAGEENMEERE S = XML A S h a0d 18
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Populus euphratica Populus euphratica D .
1 2 3 4 § 6 7 8 % I0M1 2 3 4 5006 7 8 9 10 2 1 § 7 8 9 1M

M1

-

Populus euphratica Populus ‘ :
123 485 678 9 WMY1 2 34 56 785 3 56 7.8 9 10M

Figure 2. Amplification profile of 20 untested samples in four pairs of male-sex primers shared by populus euphratica

B 2. 20 NEAMAPMBEERRAF R DU M R A 1 5 14 P R 18IS

Table 4. Primers sequences for male-specific markers of populus euphratica

F 4. PEEE R MEARICHS RS

Frid &5 /B S W1E F1(5"-3"
Bet K AAAGCACCTTAGTAACATTG
M Ek GTCATCCACAAACGAAAT
Bet K| ATAACCCGAGAACTGTTTCA
M Ek GTTGACGATTACAAGGCTACT
L5 GACTACAAGAAATAAGCAAACG
M E(E] ATGCCTCAATCGCAATCT
L5 ATCACAACAACAGCGAGTC
M E(E] GAAAGAATCAGCGTAAAGA
4. ig

W B AR R AGTE R ARSI, AR E AR SR 7 x 10° hm?, AW A A )
YO IRAE T MM RIRIR[33], M @R 2 e TR A, Forh S AR TE o B 2 A T b
Xof o AR X AR AP B A A A R WM I AR R 34 K At A R o 3 TR £E 0
JP A FEARTERL, SRTINT T 4% J8 W FRy A 1 ) 45 e T 22> 2 S, TR o JE e 2 AR s
S 00 4 T R T A S B PR AS DNA 3 FARid, AH AR WA S M 48 8 AR DG 4 Fhric IR R AR
PRI AT 72 A1 BSA TR T 208 96 MERRAT 97 MHERREEA, JT & 1 3 S MEREIL A IR 05190 K 4 %t
HEYERE VRS W, 1207 VR4 BhTPuis B2 0T m b 4 e s v, A BTt — 20 R 1 e 1
I F L R0 ZETE AL A 5T

FHEC TR e AP ARG T35, 43T 7K A 1 ) 4 (0 b e 58 B o, 491 ar e e g ) 2 g 25
SAMMERERRI P HEAT 20 AT, RIS RMERR I R SR B A MR B A TR SR BEE L ooy JE R 5 ) W S KR
MR Py 5 AR S AR RS B SR [35 ] (RIS T S A7 ME R I AL 22 S g AT LU, R IR T 3R R AL
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R TR, MERR R ALK B K TR ALK S R 36]. AR T R AR BRSO
AR NG R 72K Y0P 1) 2R B MR 5 52 AN [5) b It 1 A X358 TR~ Py s o T 26 ] BB MR AR 4K [37], B8
N EE B (PRI TN R — N A AR B IR AR, ARSI AT B, X S IR 2 ) A A
R MERERR SR TARR IR . e T b, BRSO E B HB DA U S R R ), S FH 25 FEFA 5
R 3 DA BRI R IE S5 B 3R, EARTE T, R 51T BOAFE BRI KT bRt 5H A7 e 1l 4 0
KB BGHAT % 8 545 B ONHER A E 2,

IEAESK RAPD 73 FAr it R AEA R M & H & MEBALAE R, s iz H T Ml S ek m
PERI SRS e [ 16] [17]. A1 RAPD HR 75 E A% Ar At PCR 25, BRUNANRIR L) DNA R4
DNA HEAR AN 5| 1) L) BB KR 2 S8 M R 2 57, i S8R U = Z VEAK[38], 140 Sharma
21391 H RAPD 43 FARic 35155 Vb e 4 5 5t SE RS OPD20-911 Fric kK, AR e R T 452
Pl S RN MESE LN A o [ RAPD 43 Fhricot TR0 % e Ve - A BA Tz T v ffa e M, RAPD
ST ARG BT M oA SE ) SCAR #Ric. Korekar Z5[40153 5 Vb M METR I REAS Fh e HY 60 X
RAPD 5|4, f&H5E T A SMEMEEST) SCAR FRid. Jiang %5[417F 1 % (Asparagus officinalis L.)HI1E
MEEA R, FIF RAPD ARic 3R15 1) 760 X 51 43047 Fl THEE 2 85 007, B3k 153 | D SIS SCAR
Pric. 2488 SCAR i tHAFTE— @ MIBRIA, BIlnfpiilee 5 i) DNA FEfE, 02518 H Bt PCP 471
R, SRR 2 45 AR, SRR 7, e AMEEIE 1 3 SRS P &
R SRS B AN [ X A AR R TS A AE SR DNA PR B R Ih 3R A, FLU T 4 % 5 S bk 7)) %
B PRI S 5 P A SR S R A A i P SR 31 TR R AR 9 1 0 34 AR D 1 51 4 0 mT DA
RAFEL 2 IVE BB I S bRl . PRI SE G 75 7 VAR I L w IR T RAPD A H 0 45 SRA R e F
SCAR Hrich g BT K B 1 5 | Wk A7 0 12 1) SE B2 7 ANy 1 DNA B At () S5 i

5. &hig

KBFRAES TAT Ly 2B I MERERR T DNA JB A REASHEAT BSA JRIBIIE AW, M&HRET 5
R A AR S B A S s BRI T A% 40 BT BB A e 1) 4 5 e ok — I, A S 7 T
X KRB ST e AR 1 2 ) 6 G Bt 7 R SR i FIOEE S

B

RO, AME . GRR. BTG A, L, TR T KR HEHERRER
BEIL A 1 P 00
EETH

T2 A BCRHS 7RI 55 B5(2022CB001-10), 3 B K2R I 4 AR 101 H (TDZKKY202202), #5H
KK ZE ARG 5 H (TDGRI201901, XJ2021G292) % B
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