5542 B 11 ) S &~ £ Eild Vol.42,No.11
2022 4F 6 A ACTA ECOLOGICA SINICA Jun. 2022

DOI: 10.5846/stxb202108102204

FRAT, MRS SERERE ZAAR AR RO, AR, 0 SREIZR B0 BT DNA 2 SR HOR 1 W R e by IR AR 4 2 RE MR T A 25 2 40
2022,42(11) :4504-4514.

Zhang K, Wang L L, Dang X Q, LiX D, Li Y, Lu HH, NiuZ Q, Yuan F, Zhu C D, Huang D Y.Analysis of species and diversities in the pollen plants
of Nomia chalybeata ( Hymenoptera: Halictidae) using DNA metabarcoding technique.Acta Ecologica Sinica,2022,42(11) :4504-4514.

ETDNA ZFRERARNEXLFTENRRED S FE

DI

1 1 P 22 ] 1 1 1 N> GRE A N 2 2
ko o EARE B FA' E OB Emuow!  FEFEF,E S RBER
FHT”

1 T RIS K25 Rl F A e i R U S S0 %, FK 401331
2 PR BT L S RSB A%, LR 100101

HE . W % ( Nomia chalybeate Smith, 1875) & 5 MR 16 )& | & —Fh R By T D AE MY AR 80 | T2 A T 30 [ AR 3 b
XK HAS G B g f) S5 5K, AHFST I TR ER IR 9 4413 18 AR [F ALl 20 43 W5 R4 W M MR AE A (45 2 4
(AHGZ AHJZ) FEIKTT (CQSMS, CQWS)  f@ 44 (FISM) 7 V54 (GXHP ,GXLZ) . #7544 (HNHY ,HNQY) . #§ 44 ( HNLS,
HNWC) JLPY4 (JXGX JXJG6 JXIG8 JXQY6 JXQY8 JXYZ) |44 (SDLL) HiL4 (ZJCS) . FIJH DNA ZZ 5 TE AR 5T 1% 84 by
TR Z2 B0k | S AT R 0 R TRAR ) SR AP SR s SR LR . S5 R R W ey IR AR W 1805 I 47 B, 99 J& | 124 Fifr,
HerP B (Vitex negundo) JEfe L UL S W (Ardisia quinquegona) FLLIEE ( Rubus corchorifolius) , Alpha ZFEE 45 KB
7R : SDLL BEAS By b - 5 BE AN ek e e, FISMLREAS B9 2 5 HE RN 2 REVE AR . AN TRIRR 3B BB U ) 2 R B 25 5% (HI%
e [r) — A0 by A [ S S0 9 B ISR ) 2 A 1 e B T 38 25 5, R M IR ) TC A8 Ak | 2@ WA TR Tl — A ity 2 0 i e 3% 50y 300 5 M A
PR K

FKERIA : DNA L STUN WA 0 s By IR 5 ARk

Analysis of species and diversities in the pollen plants of Nomia chalybeata
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Abstract: Nomia chalybeata is a typical polylectic bee species, belonging to the genus Nomia of the family Halictidae. It is
widely distributed in eastern China, Japan, South Korea, India, Myanmar, and other countries. In this study, 20 bee bread
samples of N. chalybeata were collected from 18 different places in 9 provinces in eastern China, including Anhui Province
(AHGZ, AHJZ) , Chongqing City (CQSMS, CQWS), Fujian Province ( FJSM), Guangxi Province (GXHP, GXLZ),
Hunan Province ( HNHY, HNQY ), Hainan Province ( HNLS, HNWC), Jiangxi Province ( JXGX, JXJG6, JXJG8,
JXQY6, JXQYS8, JXYZ), Shandong Province (SDLL) , Zhejiang Province (ZJCS). We studied the diversity in the pollen

plants of N. chalybeata based on a DNA metabarcoding, so as to provided theoretical basis for comprehensive understanding
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the pollen plants and protection strategies. The results showed that there were 47 families, 99 genera and 124 species. Vitex
negundo was the most dominant species, followed by Ardisia quinquegona and Rubus corchorifolius. According to the indices
of alpha diversity, the species richness and diversity of the sample SDLL were the highest, the sample FJSM were the
lowest. The diversity of different sample plot were different. In addition, there was no significant difference in the diversity
and structure of pollen plants at different time periods in the same area, and there was no change in the main pollen plants,

indicating that the main pollen plants during the adult active period did not change much in the same area.

Key Words: DNA metabarcoding; Nomia chalybeate; pollen plants; diversity

B BB 2 — P BB AR RS AR, AU Ko it 80% 9 T HEY BH A 2 52 75% MAAEY A= 7™
PEARN T UEAESR AR IR A5 L A R b 1 3 SR R RS | AR HGRRINGR SR04 T R e Je AR
SRR AL B RO IERR A S H e SRR N AR S R G E A R R, KSR 1
AR FIAE A A YRR, Frh A2 T SR oK AL &9, A6k T AR UL UTORAR IR DRI, 98 e e R
HA R AER FIEE LA 1 BB R R A TR 5 B Sl 4 S Bl T Bk e " L WRgE R IR A
RS R G E N SR, S W A AL N S AR A B W B A AT ) K R B 2 e M ) 2
REpEER

Bp A S M 5 G A M SR AR T Y B R B B R A )T Gl PSR SRR I 2 TSR R E
B R G B AR SR AL B0 I 55 DO RE R 29 S e JU ik LAY AN 2R R A T RS B TR
IBENS B AR B AR A " Angelella!"®! 25 A & [ H K G 6 2R 1 A0 9 T J I T Y el X
21 DMRIGIYITAEREY) R G IR, 57 B e TN B A 2 0 2 [ AE 7R Ry AR D W IR 5 o 20w Fr AN 234l
) B £ e e ) B i, T L2 R TR ) 10 JAE SR AN S 5248 JE HAE TR AEAE ) B IR BR AT 0 T, X g I < 5%
MG R A A5 Ay 5 2 [) ) A 2N S, I IR T BB £ AM 2 R ) SR T 2 )

S A S A S R A A ) RN 1) EE A L oI, G B e R 22 B P R BT B A AT A R A% K
RO AERR R, T AR VRN N TR B A e )Yz o FH 3 SR Ak AL A5 SRR (0 B2 02 5 K538 1 ( Colletes
gigas ) FUMZE HI% (Andrena camellia ) % B A 56 We JE 91 R TP 25 B 07 b DX 25 P 3% b B ol 215 (B D) - e
( Megachile strupigera) )" {Z 534 T H E G Iy # DX 2 B A AR Y SR MRAVEI ) S AL iy R IR 2 — B0 2 IR
LA Ry SRR LU IR 30X 2 AR5 (Y BRE L) e Pl A (4 RS e BT E B T A e ) R IR S5 R 2 Ak
B IR A 5 H ] E AT X T A 5 e (5T 2 NI A 2 ORLIRIE R A 7 ATy e, X
K URRE I g B/ | I P A B VR (0 2 5 B RN 2 REVE S A A DG IR, T A T A e 1) S R VA )
AR L R S A i O e S B AT T ORI AT A A O L,

DNA 7 S IE A HAR S A e 3 15 U 5 5 Be s AR UR & FEA b Bl YRl 1918 & 0B /9 197 51, O 5i
P AEUE B AE AT BOR S IR A REA P A R AL i AR = B ik B, %O R AR B 5 T
WRFIA A% 1TS/1TS2 B SR IE N MatK  psbA-trnH \rbel oL %5 A SRR FFHI4LE T, HILL
B 555 1) 1 B LK °# ( Melissopalynology ) , DNA 72 25 TE RS HE AR AR AL A 56 78 7 1 HA S8 a8 sl FE R 2o Bk i3 4
P27 Jones"™™ A5 A ] DNA 72 TS H AR S8 ok [ ks 22 RUBUR -+ 441 A8 KR 28 e g S R AR v 1)
FEIRAE B 2017 45 1952 4F (MR AU~ ) ROREASHH ) SR IEAT LU, HEMT 1 5 0 - S R A Y 281k 2
FHAE ) AE SOW b 0 A] FPE AR AL AT 3R Sl 9, [R] B IER T DNA 2% S5 2 A B AR A LU I S04 2 R R B T A A

W7 1 ( Nomia chalybeata Smith ) J& % % B} ( Halictidae ) ¥ 7 ¥ J& ( Nomia ) | ) 1Z 5348 T L # 1L AR L
PO ARG S TR AR X, DA FA B AR RO e S — R R Y T U A
(Polylectic ) B A 8 W | FEITEIEA B+ L LN — RN RT3 TR A e e [ P4 11 3222 A
DX FEFRE AR 18 AN [RIAE b 12 M SO AR B 20 03 5 RSP I e ARAE A R DNA 22 SR IE R HOR B 9 1% 86
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1.1 FESCREE

FR A Rt 1 R R S, F 2020 47 6 H 2 8 A AEFRE AR IX 9 44 (i HoR 4 18 ANFfHb 20 1y i B
I ) KRR Y (FEVL PSR 2 2T I XL Tl A B X 0 31 6 A A 8 A aEAT 1 WA S RAE) (35 1, Mt
1) o HHTF R S A AT 4 | DRI ] — R b ) 2 i I AR R U & 2 NI A 2 1—2¢, B T
2mL JCR A B B, B 3 AN A A SRS E J -20°C B A I TR 225550

R1 EXFEREBREERERER

Table 1 Collection information of bee bread samples of Nomia chalybeata

REAS SRAEHD 23 ¥ Latitude and Longitude TR /m A A
Sample Collecting sites Ne E° Elevation Date of collection
AHGZ LA I T [ L 33.25 117.37 47.5 2020.8.6
AHJZ GRAR N ET 42 31.36 115.56 189.41 2020.8.4
CQSMS EIUNTLTANIRERZS VEialre 28.58 106.37 1133.74 2020.8.30
CQWS HEH AR LA Y BH S 31.40 109.98 774.05 2020.8.29
FJSM AR = B T A U 26.18 117.23 413.94 2020.8.23
GXHP TVE LT A B e 21.71 109.49 -11.24 2020.7.25
GXLZ PG M T A A 24.38 109.68 100.67 2020.7.24
HNCS W Kb gk oA 28.25 113.17 41.27 2020.8.24
HNHY T 4 A7 O A B L 26.98 112.43 83.24 2020.8.19
HNLS TR A KB AR & 18.40 109.99 -5.66 2020.7.27
HNQY W44 7K M T A1 BH B 26.39 111.85 93.52 2020.7.22
HNWC TR SCE T e R 19.68 111.01 -0.66 2020.7.26
JXGX TLPEA N T E S X 25.99 114.83 158.02 2020.8.11
IXJG6 VPG4 2 i M it 26.47 114.21 365.73 2020.6.25
JXJG8 YLV & 2 I LT 26.47 114.21 365.73 2020.8.13
JXQY6 TLVGA & 2 R IX 27.07 115.10 116.25 2020.6.26
JXQY8 TTPEHETERX 27.07 115.10 116.25 2020.8.14
JXYZ YLV AT M X 27.76 114.21 108.07 2020.6.27
SDLIL INARAA U 2B B 34.99 118.12 145.00 2020.8.18
7JCS WriT A N R L B 28.98 118.64 104.90 2020.8.25
1.2 DNA #£5

FHRAFEARIM AR AT WHE S i E.Z.N.A.® Soil DNA Kit( Omega Bio-tek, Norcross, GA, USA) #%
PR & U W 9 E1 T DNA Sl , AT 1% 35l 5 v Dk AG: DU
1.3 PCR ¥ 34 ¥

SEAE A AL TR 4H B 1TS2 XKL R 20 HE A7 9 48, {fi 51 4 1TSS2F ; 5'-ATGCGATACTTGGTGTGAAT- 3';
ITS4R :5'-TCCTCCGCTTATTGATATGC-3", PCR X MK & A 20 pL, 1.2 wL DNA #i4 (5 ng/pl) , 4 pL
FastPfu Buffer (5%),2.5 pL dNTPs (2.5mmol/L), I FH##5[#4 0.8 pL (5 wmol/L), 0.4 pL FastPfu
Polymerase , 78 Il ddH,0 2 20 pL, PCR S £ :95°C HUAEPE 5 min;95°C 28k 30s,55°C 1B 4k 30s,72°C FEfif
455, 4L 29 PMEIA; 72°CLE 10 min; 12°C IR 1F, PCR P48 2% B Aa W e I fo KA DU J5 |, £ ] AxyPrep DNA
Gel Extraction Kit( Axygen Biosciences, Union City, CA, U.S.) ¥ Halifk, 4ifb/5 =9k = Figw BAYRHY
A B2 B HET Mumina MiSeq - & 47 X0 ¥ (2%250 bp) .
1.4 Hdukbs
1.4.1 Hdlaps 501k

I S BA B FH Trimmomatic B 3538 read B 3FK 5 %W%(Q<20) ;M| FLASH v1.2.11 DSt H B
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PEATHHE (B XA = 10bp, H 8 AR LA < 0.2) , M6 511 75 [0 K2 1E PR 42 Fr 51 J5 ) ; FH Usearch v10.0
(http ;//drive5.com/uparse/ ) ERRIAIR | RIS RN A BRI I TR S
142 OTU IR

{#i F§ Usearch v10.0(http ://drive5.com/uparse/ ) BAFH R 97 % AR RUPEXTHE T &2 7 51 ( AT HF ) ) AT AT
PRAUEMESY 25090 (OTU ) B2, 155 OTU ML FE 5] . HET Unite v8.2 ( http ://unite.ut.ee/index. php ) KL H
JERH RDP classifier v2.2 U1 M3 835 (http . //rdp. cme. msu. edu/) X OTU X 3 5 5 #4790 Fl 43 2 19 B¢ 4y
B S EA A TR ELE Y OTU SR SIAE AT thpl 5 57, TR Bs  BRAEA I ) rh/ N T 10 1957
SAE7/EiN
143 Hrd

BHRAEFEAE Excel 2016 FAFHEATSETT 38 H R BAFHA ACE #5848  Shannon 4854, FI| F SPSS 22.0 #4751
PRIZR Ty 2200 M Je 22 8 LU A8, R Origin 2019b SEATHERARIEIZ: ] . BT OTU A R A& 4 A Bray-Curtis
FEES IR H factoextra ELHEAT IR UK 2L (Hierarchical clustering) 22151, FIF] R 2t vegan €LF FH AR B 2 4E R
JE: (NMDS) Xf RIEHAT Beta ZAELEIIHT 3 — 2L BEATARUE 73BT ( ANOSIM ) A6 56 4 [B] 2 75 7 7E ik 35 22 57

2 #R

2.1 BT A A M N Y S K e e R

AW IR 2 722 294 SRARUTIN VK (338.5+5.6) bp, FF AR R 97 % ALK P #0472 26
345 491 4~ OTUs, K RDP classifier D383 % OTU 07 H FEAT M Fh 20200, 1B SE 5R hy 47 B,
99 J& , 124 P IRMEY) (£ 2)

x2 EXHHRERUFERRER

Table 2 Basic information about bee bread sequencing of Nomia chalybeata

L " 1482 B T I T 24 R
Pk AR B S ENER eSim RS e
Number of valid PR Number of different taxonomic categories
Sample Avglen/bp
sequences Bl Family J& Genus F Species

AHGZ 43344 337.4 12 18 18
AHJZ 50320 336.8 12 15 16
CQSMS 53286 333.2 5 5 5
CQWS 45565 329.0 13 16 19
FISM 44681 337.0 7 10 10
GXHP 38797 337.0 14 19 21
GXLZ 53809 337.9 8 13
HNCS 46687 337.0 5 5 7
HNHY 43209 337.9 9 12 12
HNLS 44522 356.6 11 13 14
HNQY 39098 336.7 5 5 5
HNWC 45587 338.2 9 12 12
JXGX 43802 331.4 6 8 11
IXJG6 43149 337.7 5 6 7
JXJG8 41032 344.3 7 8 8
JXQY6 46409 336.5 6 8 9
JXQY8 47604 342.2 5 7 8
IXYZ 35595 339.6 4 5 5
SDLL 49214 346.7 23 42 49
ZJCS 50867 336.8 11 15 16
3T Total 906577 - 47 99 124

2.2 RS AR A 2E SN
LT ITS P34 TG R0 AR PATHR AT S S AR A Ry IRAE I 3L 47 B 99 J& 124 i, St 0 Mk U
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Fig.1 Composition and relative abundance of pollen plants of Nomia chalybeata at genus and species level
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Shannon F8%%(0.33+0.02) fe /i, AR LR HA & 252 5 (FfF 3 1,8 2) , £5 I, SDLL FEHB I £ & A 2k
P, FISM FEHL A 32 & B 2 PR RAIR
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Fig.2 Alpha diversity of indices of pollen plants of Nomia chalybeata
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BR 27 B RBEE R B2 (E 3)  Hoh o — 3k 05}
(A B2, TR 3 10 A FEH 2 %) AHGZ , AHJZ
FJSM, GXHP ., GXLZ . HNCS, HNHY ., HNQY , HNWC
ZICS; 5 R (B R I) 4L 5 A HL 43 5 o IXIG6 ol

‘ \ : Bk THEN=N828Y
IXIG8 JXQY6 JXQY8 JXYZ; FIAKEH A T — A B, S CEZORRRAR I ZRNEZE
e 53g z

I

h

BRBRAFEAT, A BB EFZHH, B BHE
PR B bt ¢ B2 (IXCX) P Fh R B AL H- 5, D
RAE(CQWS) LR ZEF AL, E R (CQSMS) HLHFl
%, F R (HNLS) IR #H o2 mk A ik, G R E
(SDLL) LA By A= A .

FIHAE B2 5 2 48 ROEE VL (NMDS) X A 2K i# 17
Beta ZHEPEIMHT 45 on T AN FEHLRE B #R R, iE— 2
XF A RIS ) BE B T AR U 30T, S R s A RIS LUAAETE I % 22 5% (P>0.05) . X B BT
Beta ZFEMEI T, 45 R R B R FAFEHIAT RAR T (18] 4) , X B SRS 1920 18] 5 25 A TARRLE 23 A, 25 R 1
75 B BN TRAE ) S5 P X AR B 22 55 (P>0.05) o HorboRA ] i 25 A [RF0T B TXTG6 1 JXTG8 H3 T
HYEEFAAEEREZT (R = 1,P =0.1) ;JXQY6 F1 JXQYS8 #3F AL ) 45 A W AS 7 7F 1 35 25 5% (R = 0.593,
P=0.1), BT 6 HH 8 H PN B R I M IR A W 4500 T i 25 5

B3 EEEENREYRRREE
Fig.3 Hierarchical cluatering of pollen plants of N. chalybeata

3 e
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http ; //www.ecologica.cn



4510 £ A ¥ W 25
Stress = 0.1212 . Stress = 0.0510
0.1 L
a1 0.1 1=
. AHGZ
. AHJZ 45
I . - FJSM . . JXIG6
g or ‘e 2 . + GXHP . . IXIGS
g . GXLZ . IXQY6
z « HNCS 0~ .. « JXQY8
HNHY . . e IXYZ
HNQY
HNWC
-0.1 . . ZICS
-0.1
| | | | | | | |
-1 0 01 02 03 -0.2 0 0.2 0.4

NMDSI1

E 4 FRIEESZHERERE(NMDS) WNIEFREEBIFEEY A B REHIT Beta ZIEESH
Fig.4 The Beta diversity of A and B cluster of pollen plants of Nomia chalybeata analyzed by Non-metric multidimensional scaling

(NMDS) Nomia chalybeata

P 3T N R T B Y TS KR4 R A A AR A I B RE rbell AN
matK HYJFARDNA ( ptDNA ) K XA A FRiE DNA B4R . B AT R PA%.0 DNA &EE 22— T
H— L [E A M) X R HESL T AHBLAY rbel DNA SIEA5 525 i | ] KRB TH X P h () S 50 E 1, 112
YR Z TR T 512 56 30 FH 5 | O <3 DX mT R 384 A (5 DA R R A iy ml AR | 58 28 T DL IX 432 DT AH
Kefry Yy e o 3T AF R AEAH W 25 BE I P 4 B O T, Richardson"*" 45 A | FH & %5 181 K5 2% F1 1TS2
metabarcoding X 58 [ 2 M 22 1t i BT R AR (1 AE Ry AT 28 5E | 45 R 7R ITS2 metabarcoding %7€ 3] 19 4>
TPIRL , W TR AN e 3] 8 AVRE, 1TS2 P8 HAT T ) 1) R AHLRE TN 43 2 A B, i ELX T A6 03 14 5 s 40 AT
i i TTS2 metabarcoding I 2 R0 2% 3 [F] % 58 00 T 5000 14 7 v o AR 9T 8 A 1) e s Ry 2 A 5 06 L, HL
5T 25 R 5 SCHERIC S EEA W) & | F— 20 b 0 W R 4 06 25 Y A 8 By JRATL ) DNA 22 25 TR S BRI 928 7 i /Y
SH,

AW TR R AL By AR AR RS AT — A BUE B E . PR REAR S IOTHEEU N T 10 (751, 32
T DNA ZZ 5B 27 AR AR PR A ST (B BH M 2 R T I3 Y2 A e S RN sl A 1 8 24 T A R
TSRS ) kD SRS 25 1 SO it PO R St 48 Dt DR 3 e, AT LG G A S P b LA AR 0 ) s I v, 4
PR A 25 R G R AR B T F A DNA 22 SR e 5 58 Wb O T4 55 G0 %8 58 T 2 (I 2 Ay
) AHSE B A RE A O DR 1) S W

HT OTU 7K AR FE LAY ACE $5%5  Shannon $8 G4 T 73 AT A EAS [R) HL X 1) Alpha Z2AE1E & A 22 5
4, 33X T B A PR Ay Rt 04 ) G 5 bS] FRLRD RAE A [ s iU P o 8 B R 2 R — e R 22 5%, 7RI AR
AU 22 B BLR AR AW AR s b W R R VR ) A B o o o B R 2 R e, R T R 2 R A
RIS AR = WA TS DR SR MY FEVTVPE 2 35 22 117 R XD LU T RNV P 48 757 2 71 7 DA DX 018 T YRR B R
(JXJG6 JXJG8 . JXQY6 . JXQYS) [ ACE 54X Shannon #5413 T 2% 5 , Beta ZHE M 70 Hr 45 Rt i /R R B ARG,
H A PIPIXT EASAFAE B 35 22 5% NG AE 6 H AT 8 H P B 11 4 7 At 068 (4 IR A 47 2o A 1 R 435 4 TG Bl 35 22
5o 7S H XA S A R ) 2 S B AR T2 BE 4 A 79.7% 1 74.9% i\ A AR X EEE 4 5k 52.8%
N 67.3% , & e B SR 76 20 30 2 R AR 9 A b AN K, S SR IR A 9 2 e S AE I 29 S 1 A R+ —
AT IS A Z\H B FE R IR AL 3 i 5 R S i T 0 1 FH LAl s R )

T AR L RL 2 B VR A% b 26 A A AR ) {7 BB SR A I B AR R A L R ROR R
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( Melilotus officinalis ) . B¢ i 5 J& ( Buddleja ) . 7K #Il ( Homonoia riparia ) . ¥ H 45 ( Medicago sativa ) | T
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