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引 言

ᵣ ↓№ ȁ ԍ ⇔֟╠ ᴰ

Ҭ ̆ ῀╠ ᴰ ᾙ֟╠ ᴰ Ҭ̆ ᾙ

ֲ ᴰ Ҭ̆ ᵣ ῒ ᵣ ᵣ ₮ Ȃ

֟╠ ᵣ ῒ ̆ ᾙ ץ ᴰ Ҍѿ ’Ȃ ҳ Ҭ̆

ᾙ ᵬҹѿҩ ᵣ № ᵀ ᵣ Ȃ ᵣ ᵣ ֟╠ ᴰ Һ

ңҩ῏ ̔1. ֟╠ ᴰ ץ̆ Ҍ

ᵀ̕2. ԍ ᴰ ᾙ ᵀ Ῥ ᵀȂᵖ ̆ ԍ֟╠ └ȁ

№ ᶏ̆ ᵣ№ ֟ Ẋ Ẋ ᵣ Ῥ̕ⱴ҉ ᾙ

ץ̆ ᵣ № Ҍ ᶏ̆ ֟╠ ᵣ ᾙ Ῥ ᵀ ҹ Ȃ ̆

ᵣ ᵣ ‰֟╠ ҍ ᴰ ̆ ҉ ңҩ῏ ҩ ‰ ̆

ץ ҳ ᵬȂ
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体细胞嵌合体 somatic mosaicism
ᵣ ԍ ץ ῒ ᵣ ҬȂ

3.5

体细胞-生殖腺嵌合体 gonadosomatic mosaicism
ᵣ
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[֟╠ ᴰ № ̂T/GDPMAA 0001-2020̃̆

̂3.2̃]

4 缩略语

Ҋץ ԍ ᴆȂ

aCGHĺĺ ↓ ֜̂array comparative genomic hybridizatioñ

BPDĺĺ ֪ԋᵣ̂biparental disomỹ

CMAĺĺ ᵣ ↓№ ̂chromosomal microarray analysis̃

CNVĺĺ ̂copy number variant̃

CNV-seqĺĺCNV ̂CNV sequencing̃

CPMĺĺ └ ᵣ̂confined placental mosaicism̃

DNAĺĺ ̂deoxyribonucleic acid)

FISHĺĺ ᾣ ᵝ ֜̂fluorescence in situ hybridizatioñ

LTCĺĺ Ῑ ̂long-term culturẽ

MLPAĺĺ ᶭ ̂multiplex ligation-dependent probe amplificatioñ

NIPSĺĺ ⇔֟╠ ̂noninvasive prenatal screening̃

QF-PCRĺĺ ᾣ ̂quantitative fluorescent polymerase chain reactioñ

ROHĺĺ ̂regions of homozygositỹ

SNPĺĺ ̂single nucleotide polymorphism̃

SNP arrayĺĺ ↓̂single nucleotide polymorphism arraỹ

STRĺĺ ұ ↓̂short tandem repeat̃

STCĺĺ Ῑ ̂short-term culturẽ

TFMĺĺ ᾙ ᵣ̂true fetal mosaicism̃

UPDĺĺ ֪ԋᵣ̂uniparental disomỹ

5 制定染色体嵌合体的产前诊断与遗传咨询团体标准的必要性说明

5.1 嵌合体的产前诊断及遗传咨询中存在的问题

ᵣ ᵣ ȁ Ῥ ᵀ ҳ ῒ ֟╠ Ҭ ѿ̆ ץ

ȂҺ ᵣ Ҋ₃ҩץ ̔

̂1̃֟╠ ף ᾙ ᴰ ᵥ̙ᶛ ̆ ҍ

Ҍѿ ̆ ҍ Ҍѿ ̆ ᵥ№ ֟ ̆ ᵀ

ף ᾙ ᴰ Ḥ ץ̆ ᵥ ѿ Ȃ

̂2̃ № Ҭ̆ Ẋ ᵥ ≢̙ № ₮ ᵞ ᶛ ᵣ ᵥ ̙

̂3̃ ᴰ Ҍѿ ᶛҌѿ ץ̆ ᵬҹҳ ̙

̂4̃֟╠ ᵣҍ ᾙ ῏ ᴇȁ ᵣ ᾙ ᵀץ ᵣ Ῥ

ᵀ ̆ ҳ Ҭ ᵥ ‰ ץ̆ ᾧ Ҍ ̙

5.2 制定染色体嵌合体的产前诊断与遗传咨询团体标准的必要性

҉ ѿ֓῏ԍ ᵣ№ ҍ ῍ ̆p ֓ Һ ᾙ ֲҩᵣ

῏ ̂ ȁ ̃̆ Ҍ ԍ֟╠ ᾙ [1-3]Ȃ ╠

ῤ ῏ԍ ᵣ ᵣ ֟╠ ᴰ ᴰ ῏ ȁ̓̀ ȁ ҙ ̆Ҍ

ᵝ ᵣ Ҍ Ȃ֟╠ ᴰ ҳ Ҍ ̆
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Ҍֽ ȁ֟ ╠ ᴰ ᾙ ᵬֲ ⱴԅ ᵬ Ӟ̆ ῒ֪

ҍ Ȃ

̆ ֟╠ Ҭ ᵣ ᵣ ῏ҳ ׆̆ ᶏ ᵣ ᵣ ֟╠

ᴰ ץ ‰ Ȃ

6 产前诊断中嵌合体的分类

ᵣ ץ № № ҍ ≢Ȃ

6.1 根据组织分布差异分类

ᵣ ץ ᴰ ̆ף ᵣ №ҹᵣ ᵣȁ

ᵣ ᵣ - ᵣ [4,5]Ȃ ֟╠ Ҭѿ ץ ≢ ᾙ ᵣ ԍ҉ Ȃ

̆ ֲҩᵣ ₮ ᵣ̆ ҉ ץ̆≢ ᵀ ף Ȃᵣ ᵣ

Һ ̂ҳ ӊѿ̃ ῒ Ҭ ₮ ᵣ ᵣ

̆ᵖ ̆ ᵣ ᵣҌ ԍ Ҭ̆ ֽ ԍ ̂ ̃Ҭ̆

’Ҋ Ȃ ̆ ҳ ҉ ᵣ ᵣ̆

ҹ ̆ ȁ Ȃ

ᵣ ̆ ץ ׆̆ ∞ ̕p

ҹ ѿ̆ ץ ∞ ҳ̆ ҉ ᵣ ̂

ȁ ȁ ̃ ׆̆ Ȃᵣ -
ᵣ ̆ ᵣ ̂ ̃Ҭ ₮ ᵣ̆ ̆

Ȃ

6.2 根据变异类型差异分类

̆ ץ ᵣ№ҹ ᵣ ᵣȁUPD ᵣȁCNV ᵣ SNV/Indel

ᵣ₃ Ȃ ᴰ № ᴰ ̆ ץ Ҍ ᵣ

≢̆ 8 Ȃ

6.2.1 染色体嵌合体

ᵣ Һ Ṑᵣȁ Ṑᵣȁ / ̂ů10 Mb̃ȁ ᵝȁṕᵝȁ ᵣȁ

ᵣ ̕ ╠ ֲ ᵣ ṐᵣҬ̆ 13ȁ18ȁ21ȁ ᵣ҈ᵣץ X ᵣ ᾙ

֟̆ῒᵩ ᵣ Ṑᵣ / ᾙ ̆ ᾙ ֟ᾙҬֽ ⌠ ֓ ᵣ

Ṑᵣ ᵣ [3]Ȃ

ŵ ֲ Ҭ ᵣ Ṑᵣ ᵣ ᵣ Ṑᵣ ᵣ̆ῒ ᵣ

Ṑᵣ ᵣӞẼ ̆ ȇҬ ֟╠ Ȉ҈ᵣ/UPD ↓Ғ [6]ȂץTurner

ҹᶛ̆ῒῖ ҹ45,XȂ ҉̆ 45,X ̆ 99% 45,X

֟ [7]Ȃ ҹ ₃̆Ӎ 45,X ֟ᾙ ᵣ̆ ̂rescue

linẽ̆ 46,XXȁ46,X,del(Xq)ȁ47,XXXȁ46,XYȁ47,XYY [8,9]Ȃ ᾙ

̆ ҉ 45,X / ᾙ̆ῒ ̆ᶏ ץ Ȃ

Ŷ / ᾙ Ṑᵣ ᵣ ̆ ֟Ȃѿ֓҈Ṑᵣ ῒ ᵣ ᾙ

Ҭ ̆p Ṑᵣ ᾙ ῒ ᵣ ̆ ѿ֓ Ṑᵣ ᵣ ᾙ

ᾙ̆ᵖ ᵣ Ῑ ᵣ└ Ҭ̆ Ẋľ ṐᵣĿ [10] Ȃ

ŷ ᵣ ᵣ ̆ ᵣ ץ ᵣȁ ᵣȁ №҈

ᵣ/ ᵣȁ ᵝȁṕᵝ ȂῒҬ̆ ᵣ ᵣ ᵣ ᵣȂ №

ᵣ̂ X ᵣ̃ ץ ᵣ̂supernumerary chromosomẽ ᵣ ̆
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i(12p)ȁi(22q)ȁi(15q11) i(18p) [3]Ȃֲ 23 ᵣ ᵣ ̆

ᵣ ᵣȂ ᵣ ץ ȁ ᵣ̆ r(13)Ȃ

6.2.2 UPD嵌合体

֟ᾙUPD ҹ1/2000 [11]ȂUPD ԍ № Ҭ ᵣ№ ̆ ץ

⁞ № / Ҝ№ Ҭ̆ῒҺ └ ҈ᵣ ȁ ᵣ ȁ Ҝ№ ԑ

̆ῒҬҺ ҈ᵣ └ [12]Ȃ҈ᵣ ȁ Ҝ№ └ ץ UPDȁ҈ᵣ/UPD

ᵣȁ҈ᵣ/BPD ᵣ ̆ῒҬ ѿ ᴍ ᶛҹᵞ ᶛ ᵣȂ ᵣ ᵣ

UPD̆ѿ ҹ UPDȂ UPD Beckwith-Wiedemann syndromêBWS̃

UPD(11p15.5)pat̆ ⌠BWS 20% [13]Ȃ₃Ӎ UPD(11p15.5)pat ҹ ֪ ԋᵣ ᵣ̆

UPD(11p15.5)pat [13]Ȃ

UPD ҍ҈ᵣ/ ᵣ Ҍ №̆ ᵣ [6]Ȃ

6.2.3 CNV嵌合体

CNV ̆ѿ ů50 bpᵖŮ10 Mb ⱴ̂

̃ ⁞ ̂ ̃̆ №ҹ CNV̂recurrent CNṼ CNV̂nonrecurrent CNṼ̆

ң ᵣ Ҍ Ȃ

6.2.4 SNV/Indels嵌合体

ԍ ᵣ CNV ̆ Һ ף DNA ↓ ̆ SNV Indel̂<50 bp̃

Ȃ

6.3 产前嵌合体分类的特殊性

֟╠ ᵣ ῒ ̆ ᾙ ץ Ҍѿ Ȃ ԍ №

ӊboma5cubtemo]_ ӊד ⱶtnemkl|anu)sN

ד

ᾙ ᵣ Ҽ ᾧ ƄҬɿ

Ȃ

ƫ͛ Ἔ ϊ ᵣ

Ἔ ᵣ

Ѯ Ἔ Ӿ Ȃ ƒ ᾂȂŴ ώ ͗Ǽ Ҍ

ŝ№ȔŎȔƐꜚ ԋ ԉ ᶓ ḑҦȔł5mbma|yk^t|yƖretȃǓ Ȏ

Ǻ ἜᾙἊ ϊ ᶤ

ł5mbma|yk^t|y ľbmkyektu

ȃ ӈ ᶓ ֞ŊsV9 ǹԚ̆

äҬ ᶓ ᾙ

/

Ἂ ᵞ ᵕ

3N]

ú

0_-

[11]

Ă 3N]ú

0_-

ᵥѰ

/12.4

Ḥ

6.3.3

ԝ Ṱ

BN] ǿ ԍ Ҝ№ Ҭ ᶓ ѧ ᾅԁ ᶓ ѧ

ṏ ב ᾙ Ҭ

Ԏ ѧ

ᵣ ᵲ Ҭ

ҳ└ᵲ ҇ ⸗ ᵲ ᶤ ren5mo|ntrbmkyektu

Ĕ

[1] Ȃᶛԁ ǁ ʨ ҍ◓ᵣΩᵣ

Ȕ Ҝ№ Ҍ ᵣ └ ᵣ ᴒ ᴙᵣ ᴒ

Ȕ ᴜ

ᵣ ԝṏ҈ᵣ ᴒᶤ҈ᵣ

ע

ᶜᵣ ᶨ ᵣ ᾳ

[Nצ

ᶤ

[Nצ

ǆ

ֶ֑

˿

ᾙ ͗  Ᾰ

Ν ӊť ԓ ҇ Ɲ

ᵣ ѭ

N]

ᾧ ϊ ᵣ ᶛҼ

N]

sYss

ɂ

ɴ ֞ʨ ɔ..5S5

́

ɔp 4.5

˺

ɔ0 4.5

[13 ́

6.3.3

̓ ẇ 合体

Ʀ ԓ Ɲ Ѱ _- Ԏ ʨ

ᶤ

ᾂ

̕ᾧ ϊ ᵣ ᶛҼ ɑ_- ɔv3V9

ɔ05 5

̂

ɔ.5.5

˺

ɔ.3 5

[11

̂
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表 1 不同类型胎儿胎盘嵌合的检出情况

/ ᾙ ᾙ

ᵣ

Ῑ * ᾟ * * Ҍ %

̂ ₮ᶛ / ᶛ ̃

ֽ CPM I 35.73% (393/1100)

CPM II 40.45% (445/1100)

CPM III 10.36% (114/1100)

ᾙ TFM IV 1.55% (17/1100)

TFM V 5.36% (59/1100)

TFM VI 6.55% (72/1100)

7 产前诊断中不同样本应用于染色体嵌合体检测的适用性说明

֟╠ ᵣ ᵣ ̆ ף ‰ ҹ Ȃ ȁ ᾙ ץ

̆ ᵣ ̂ ԍSTR SNP ץ̆̃ Ḡ  ᾙ

Ȃ ֟╠ ᵣ ₮ Ȃ

7.1 绒毛样本应用于染色体嵌合体检测的适用性

֟╠ ᵣ № Ҭ̆ ᵣ ҹ1%~2%̆ᵖῒҬ №̂86.5%̃ CPM̆

№̂13.5%̃ TFM [10,14-15]Ȃῖ Ῑ ῤ ᾟ ̆╠

ԍ TĔ ԍ Ҭ ̂extra-embryonic mesoderm̆EEM̃̆ EEM ᾙ ԍ

ICM [16]Ȃ ̆ѿ ҹ ԍ ᾙ ᴰ ̆ ᾟ ΐ ף [17]Ȃ

֟╠ Ҭ̆ ᵣ № LTC ᾟ ᵣ ̆ѿ Ҍ

STC Ῑ ᵣ Ȃ ╠ ᴰ Ῑ

̂STC ̃̆ᵖ ץ Ῑ ᾟ DNA ҹ QF-PCRȁMLPAȁCMAȁCNV-seq №

ץ ᾟ ᵣ № ̂LTC ̃ Ҍ Ȃ №

ᴰ DNAȂ ҉̆ ◄ ȁ ȁ ץ

Ῑ ᾟ ң DNA ̆ᵖ ̆ ԍ ץ

Ҍ ╠ ̆ ҉ ⌠ DNA ̆ Ῑ DNA ̆ ᾟ

DNA ᵞ [18-19]Ȃҩ≢ Ӟ ̆ ’Ҋ ⌠ DNA Ῑ DNĂ

ᾟ DNA ῒ ᵞ̆ ’ TFM [10,20]Ȃᵖ ’ ̆

’Ҋ DNAҹ Ῑ ᾟ DNA Ҍ̆ ֟╠ ᴰ

Ȃ ѿ ̆ ԍ֟╠ ֽ ԍ ̆ Ҍ

ῃף ᵣ ’Ȃ

7.2 羊水样本应用于染色体嵌合体检测的适用性

֟╠ ᵣ № Ҭ̆ ᾙ ᵣ ҹ0.1%~0.3% [14-15]Ȃ ̆ ȁ

Ҭȁῤ҈ҩ № ҩ Ȃ Ҭ ԅ ȁҬȁῤ҈ҩ

̆ῒҬ ȁҬ ῤ [21]Ȃ

Ҭ҈ҩ ᶛ ̆p ҉ ׅ ᾙ ᵣ ᶃ ῒ̆

ץ ῃ ף ᾙ ᴰ ̆ № ’Ҋ Ȃ ̆

‗ԍΐᵣ ᵣ ̆ ֓ ᵣ ᵣ ᴪ₮ Ҭ ᶛ ᵞ ₮̆

* Ȃ

̔Grati FR, Malvestiti F, Branca L, et al. Chromosomal mosaicism in the fetoplacental unit. Best Pract

Res Clin Obstet Gynaecol. 2017, 42:39-52.
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Ҭ ᶛ ₮ ’Ȃ ҩ≢ 8 ҈ᵣ └ ̆ Ҭ

ᶛᵞ Ҍ ₮̆ Ҭ ᶛ ₮Ȃ ԍ Ҭ ᵝ̆

ᶛ ᵞҍ Ҥ ӊ Ҍѿ ̆ל ’Ҋ

ᵣ Ȃ ̆ ᵣῤ № Ҍ ̆ Ҍ

ᴪ ᵣᵝ ꜚ Ȃ ῒ ’Ҋ ң̆ ┬ ѿ

Ҍ Ȃ ԍ ̆ ᵣ ̆↕ DNA

̕ ᵣ ̆↕ Ῑ ̆p ’Ҋ

ԍ ᵣ ᵀ̆ ῒ ᶛ̆ Ȃ

7.3 脐血样本应用于染色体嵌合体检测的适用性

ᵣ № Ҭ̆ ᵣ ᵞȂ ԍ ѿ ץ

ᵬҹ֟╠ ̆ ╠ ӎ Ȃ ԍҬ ̆ ↕҉Ҍ

ԍ ᵣ ̆ ᾧ ᵬҹ ᵣ֟╠ ѿ Ȃ ̆

ףֽ ᾙҬ ̆Ҍ ֽ̆ᵬҹ ꜛ∞ Ȃ

8 产前染色体嵌合体的诊断方法与原则

֟╠ ᴰ Ҭ̆ № ȁFISH ᴰ ᴰ ̆ CMAȁCNV-seq №

ᴰ ̆ ₮ ᵣȂ ↕҉̆ ң ₮ ᵣ

̕ ѿ ₮ ᵣ ̆ῒ ̆ ҳ № Ȃ

8.1 产前遗传学检测染色体嵌合体的技术及诊断标准

8.1.1 细胞遗传学技术检测染色体嵌合体的技术及诊断标准

̂1̃

G ᵣ № ԍ ᵣ ᵣ ᵣ ᵣ ‰

Ȃ ╠֟╠ Ῑ ᵝ Ῑ Ῑ ̂ ȁ ̃ G

ᵣ └ ҍ№ Ȃ

̂2̃G ᵣ № ᵣ ∞ ‰

ŵ № ̔I. Ῑ ̂ ȁ ̃̔ ů20ҩҬ № ̆ғ№≢

ң ң ҉ץ Ῑ ̆ Ҭ№ ̕№ ů5ҩҬ № ̆ғ№≢ ң ң ҉ץ

Ῑ ̆ Ҭ№ ̆ № ᵣG № ů400 [22-24]Ȃň. ᵝ ̂ ̃̔ ů

15ҩҬ № ғ̆№≢ ң ң ҉ץ Ῑ 15ҩ ᾥ ̆ѿҩᾥ ѿҩ ̕

Ҍ 15ҩᾥ ̆↕ 10ҩᾥ Ҭ 15ҩ ̕№ ů5ҩҬ № ̆ғ№≢ ң ң ץ

҉ Ῑ 5ҩ ᾥ ̆ № ᵣG № ů400 [22-24]Ȃ

Ŷ ᵣ № ̔ ᵣ ῏ ԍ Ẋ ᵣ ≢Ȃ ↕҉̆ ᵣ

Ҋңҩץ I̔. ң ң ңֲ̂҉ץ ңֲ̃҉ץ Ῑ ᵬ̕ň.

₮ң ң Ҍ҉ץ ̆ ₮ ң ң ҉ץ Ῑ ̂ Ῑ ̃̆ ң ң

҉ץ Ῑ Ҭ Ҍ ᾥ ̂ ᵝ ̃Ҭ̆ғ ᵣ ѿ Ȃ

҉ № ₮ ᵣ ̆ ѿ ≢₃ Ҍ ≢ ᵣ̔ŵ I ᵣ̂ level

Ĩ̔ Ẋ Ȃ ₮ ҩ Ῑ ̂ Ῑ ̃ ҩ ᾥ ̂ ᵝ ̃

ҩ ȂŶ ň ᵣ̂level ň̃̔ Ẋ Ȃ ѿ Ῑ Ҭ̂ Ῑ ̃ ₮ңҩ

ңҩ҉ץ ̆ ѿ Ῑ ̂ ᵝ Ҭ̃ ₮ѿҩ ҩ ᾥ ңҩ ҩ

Ȃŷ ŉ ᵣ̂level ŉ̃̔ Ȃ ңҩ ңҩ҉ץ Ῑ ̂ Ῑ ̃ Ῑ

̂ ᵝ ̃Ҭ̆ ₮ңҩ ңҩ҉ץ ȂI ň ᵣ Ҍ ᵣ

ѿ № [22-25]Ȃ № ̆ ҹI ᵣ ̆ ̕ ҹII ᵣ ̆ѿ
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̆ № Ҭ № Ҍ ȁ ᾙ ᵌҍ ᵣ ῏ȁ ֓ ᵣ̆

ҍҳ ̆ ľň ᵣĿ ľҌ Ŀ̆ᵖ ѿ [25]Ȃ

̂3̃FISH№ ᵣ ∞ ‰

ŵ ᴍFISH ֲ Ȃ

Ŷ ֽ̔ Ḥ ̕ 50ҩ ̕ 1ҩ҉ץḤ

̆↕ 100ҩ Ȃ ∞ Ḥ ̆ ᶛů90%̆

ᶛ<10%̆ ̕ ᶛů10%̆ Ȃ

ŷ ᵣ ̔ Ῑ FISH ̕ ᵣ ᵣ ̆

100~500ҩ ȂFISH ԍ ᵣ̆ῒ ᶛҊ ѿ ҹ10%Ȃᵖ ̆

ᶛ<10%̆ ῒ ̂ ᵣ № ȁCMAȁCNV-seq ȁ̃ Ἕ ̂

ȁMRI ̃ ҳ Ḥ ᵞ ᶛ ̆ ҉ΐᵣ ̂ ҩ

╠ ץ FISH ₮ ᶛҊ ṿ̃̆ᶫҳ Ȃ

Ÿ FISH № ῒ ̂ № ȁCMAȁCNV-seq̃ ∞ Ȃ

̂4̃ ҍ№ Ԋ

ŵ ֟╠ STR SNP ̕ ╠ Ȃ

Ŷ Ῑ ֟ Ẋ ̆Ӟ ᵣ̆ Ῑ ҉ Ῑ ᴰ̆ף

ᵣ└ ץ̆ ᾟ № Ȃ

ŷ ᴆ ᴨᾢ ᵝ Ῑ ᵣ № Ȃ

Ÿ NIPS Ṑᵣ ̆ ῒ ҳ Ḥ ȁ Ἕ ᵣ ̆

┬ Ḡ 5 ml Ῑ ̆ ᵞ ԍ-20Ņ— ̆ ᵞ

ԍ-20Ņ -80Ņ— Ḡ ̂Ḡ Ḡ ̆ ᴆ ╠ ̃̆

ץ FISH Ȃ

8.1.2 分子遗传学技术检测染色体嵌合体的技术及诊断标准

̂1̃

№ ᴰ ̆ᶏ ᴰ ֟╠ ᴰ ѿ ᴰ №

+FISH № +FISH/QF-PCR/CMA/CNV-seq̆ ԅ ᵣ ᵣ Ȃ֟╠

Ҭ № ᴰ Һ QF-PCRȁCMAȁCNV-seqȁῃ ̂whole-exome sequencing,

WES̃ ῃ ̂whole-genome sequencing, WGS̃ ̆ 2ȂWES WGS

Ṑᵣ ᵣ ᵣ log2ṿ allele diffrencêAD̃ B-allele Frequency

̂BAF̃ № ∞ ̆ᵖ ᵣ Ṑᵣ ᵣҌ ԍWES WGS ̆ ҌῬ

Ȃ҉ ↓ ᵣ ᵣ̆ᵖ ᵣ ᵣ ѿ Ҍ

QF-PCRȁWES WGSȂ

̂2̃QF-PCR№ ᵣ ∞ ‰

ŵ ᾙ STRᵝ ᵝ ҉ Ҍ Ҍ STRᵝ ̆

ңҩSTR ҹ1̔1̆ ∞ץ ҹңҩ ̂ԋᵣ̃̕ ₮ ҈ҩ 1̔1̔1

ңҩ 2̔1 1̔2 ҈ᵣ̕ STRᵝ ֽ ⌠ ̆↕ ᵝ ҹ

ᵝ Ȃ

Ŷ PCR Ẓ ̆STR ṿҍ ṿᴪ Ȃ ҳ

ᴪ ̂ Associate for Clinical Genomic Science ̆ ACGS ̃

̂http://www.acgs.uk.com/quality/best-practice-guidelines/̃̆ STR ∞ ‰ҹ̔ԋ

ᵣ STR ԍ0.8~1.4ӊ׃ ̂ ѿ֓ ᵝ 24 bp STRᵝ ̆ ⌠1.5̃̆

҈ᵣ STR ҹ0.45~0.65 1.8~2.4 ₮ ҈ҩ Ȃ
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表 2产前细胞与分子遗传学技术检测染色体嵌合的适用性

ŷ QF-PCR ץ ₮҈ᵣ ᵣ̆ ᶛ Ȃɒ ̆

҈ᵣ ԋᵣ ̆ ҈ ̂҈ᵣ ̃ҍ ңҩ ӊѿ ̆

ᵀ ₮҈ᵣ ᶛ̆ 1 [26-27]Ȃ

说明 S̔TR 21-҈ᵣ Ȃ21 ᵣ STR ᵝ Ҍ ҈ ᵝ ̂D21S11 D21S1411̃̆

Ҍ ᵝ ̂D21S1435ȁD21S1437 D21S1409̃̆ 21 ᵣ Ȃ

图1 STR检测结果

Ÿ ᵣ҉ ҩ ҩSTRᵝ ₮ 4ҩSTR ̆

ᵣȂ

Ź QF-PCR ҍ№ Ԋ I̔. ȁ QF-PCR ̆

ѿ ҹ 0.2~2.0 mğ 1~5 ml̆ 0.2~2.0 ml [28]Ȃň. ֟╠QF-PCR Һ ԍ13ȁ18ȁ

21ȁX Y ᵣ Ṑᵣ ᵣ ̆ STRᵝ ̆ ᵣ X

ᵣ҉ 4ҩSTRᵝ ̆Y ᵣ҉ 2ҩ STRᵝ ȂQF-PCR ₮ ᶛ ԍ20% 13ȁ

18 21-҈ᵣ ᵣ [26,28]Ȃ ̆ ҩSTRᵝ ף CNV ῒז STRᵝ ̆

Ҍ ᵬҹ ᵣ Ṑᵣ Ȃŉ. ԍSTRᵝ ץ ᵞ ᶛ ≢ ҈

Ṑ

ᵣ

҈

Ṑ

ᵣ

Ṑ

ᵣ

ᵣ

̂

̃

UPD

ᶛҊ * ̂ ᵬ

̃

G № + + + + - ů5~10 Mb -
#

15~20

FISH + + + + - ᵝ 10 3

QF-PCR + + + - - ᵝ 20 3

SNP array + + + + + ῃ 30 10

aCGH + - - + - ῃ 30 10

CNV-seq + - - + - ῃ 20 10

* ᵣ ᶛҊ ᵣ ’ Ȃ

# Ҍ ΐᵣ ᶛҊ ̆ ╠ ∞ ‰ ᵣ Ȃ
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’Ҋ ̆ ᴪ ᵣȂ ̆ ῒז ₮ ᵣ̆ѿ Ҍ QF-PCR

Q̆F-PCR ֽᵬҹ ᵣ ѿ ᾟ Ȃ IV. ֟╠QF-PCR Ҍ 13ȁ

18ȁ21 ᵣץ ῒז ᵣ Ӟ̆Ҍ ᵣ ̆ QF-PCR ҹ ̆

ᵣ ᵩ ҹ0.44%̆ ᵣ ῀ ̆↕ ᵩ ҹ0.73%
[29]Ȃ

̂3̃CMA№ ᵣ ∞ ‰

ŵ ԍlog2ṿ ᶛ ̔ ҉̆ ҹ2 l̆og2ṿ=0̕ ҹ1 l̆og2ṿ=-1̕

ҹ3 l̆og2ṿ=0.58̆ Ҭ ̆ log2ṿ 3Ȃ ֓CMA№

ᴆ ԅ ᶫlog2ṿ№ ̆ ᶫSmoothSignal̂ ҩ ṿ̃ MedianCnState ̂

ᵣ Ҭṿ̃ № ̆ MedianCnStateᵝԍ2.1~2.9ӊ 1.1~1.9ӊ ̆

ԋᵣ/҈ᵣ ԋᵣ/ ᵣ ̆ ᶛ ᴆ Ȃ

表 3 CNV 检测的 log2 值分布

Log2 ṿ Log2 ṿ

1 -1 -0.45

2 0 0

3 0.58 0.3

Ŷ ԍSNP№ ᶛ ̔ SNP CMA SNP№ log2ṿ

̂ 2 4̃Ȃῒ ‰ SNPḤ A B ᵝ ̆ ѿҩ ֟ ᵝ Ḥ

ṿȂ ѿҩ Ḥ ῒ̆ ᵝ AD A ᵝ ⁞ B ᵝ Ḥ ӊ

ṿȂ ҩA B ᵝ Ḥ №≢ ṿ0.5 -0.5Ȃ ’Ҋ̆ԋᵣ AAȁABȁBB҈ ̆

AD ̆ AA ADṿҹ+1̆ BB ADṿҹ-1̆ AB ADṿҹ0̆ ̆ ԋᵣ

҈ AD ̆ ԋᵣҍ҈ᵣ ԋᵣ/ ᵣ ̆ AD ץ ₮ ᶛ̂ 3

4̃Ȃ ᶛ ҊῈץ ̂ ᵣ Ҍ ̃̔Ẋ Ṑᵣ

ᶛP̆ῒ ҹCN̆ ᶛҹ1-P̕ ῒ Ὲ ҹCN¦P+2(1-P)=MedianCnStateȂ 4

ᶛҹ3¦P+2¦(1-P)=2.33̆P=0.33̆ ᶛ ҹ33%Ȃ

图 2 SNP 基因型分析拷贝数的示意图
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ԍSNP№ ץ BAF̆ B ᵝ Ҭ ᶛ̆ Ὲ ҹ

BAF=[B]/([A]+[B])̆ ԋᵣ ҈ allele AA=0̆AB=0.5̆BB=1ȂBAF № ADȂ

̆ ԍSNP№ ץ № ᵣ ᵣȂ

I. ᵣ ᵣ ᶛ ̔ ׆̆ ᵝ AÂ BB̃ ᵝ

Â B̃̆ ᵝ AB↕ A B ң ȂẊ Pҹ № Ă=0.5 B̆=0.5̆

AD Ὲ 5̆ ᶛ 5Ȃ

表 5 基于 SNP 分型的 allele difference（AD）计算嵌合比例

ԋᵣ ҈ᵣ AD ṿ Ὲ

AA AAA 3PA + 2(1 - P)A = 1 + P/2

AB AAB

ABB

2PA + (1 - P)A - (1 - P)B - PB = P/2

(1 - P)A + PA - 2PB - (1 - P)B = -P/2

BB BBB 0 - 3PB - 2(1 - P)B = -(1 + P/2)

说明̔AD 13 ᵣ ԋᵣ/҈ᵣ Ȃŵ ҉ ѿ allele ̆ṿ 1.15 ̆ 1+P/2=1.15̆

₮P 0.3 ̕ŶҬ Ẓ҉ ѿ allele ̆ṿ 0.15 ̆ P/2=0.15̆ ₮P 0.3 ̕ŷҬ ẒҊ ѿ

allele ̆ṿ -0.15 ̆ -P/2=0.15̆ ₮P 0.3 ̕Ÿ Ҋ ѿ allele ̆ṿ -1.15 ̆

-(1+P/2)=-1.15̆ ₮P 0.3 ȂAD ҍLog2 ratio ̆ ԅ Ȃ

图5 基于allele difference(AD)的嵌合体分析示例图

ň. ᵣ ᶛ ̔ ̆ ԍ ҈ Ṑ ̆

A B ң Ȃ

B

B ԅ ҍ№

B

A

B

A=0.5

B

A

Ҡ Ὲ

Ȃ

9 ᵣ

1 1

1

9

1100=P P0 ᶛ

ᵣ AP

Ⱦ0

A

ľ

ᵣ

A

A

B

> ᵤᵣ =ľ

A Ȃ ℓ
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表 6 基于 SNP 分型的 allele difference（AD）计算异源嵌合比例

ԋᵣ ҈ᵣ AD ṿ Ὲ

AA AAA 3PA + 2(1 - P)A = 1 + P/2

AB AAB 2PA + 2(1 - P)A - PB = 1 - P/2

BB ABB 2PA + (1 -P )A - (1 - P)B - PB = P/2

BBB PA + 2(1 - P)A - 2PB - (1 - P)B = -P/2

PA - 2PB - 2(1 - P)B = -(1 - P/2)

0 - 3PB - 2(1 - P)B = -(1 + P/2)

图6 不同比例异源嵌合的allele difference图谱。

̂4̃CNV-seq№ ᵣ ∞ ‰

ŵ CNV-seq ᵣ ᵬҹ ∞ ṿȂ ᵣ ᵣ ∞ Ҭ̔

̂҈ᵣ̃ ṿҹ3̆ ̂ ᵣ̃ ṿҹ1Ȃ Ҭ ̆ ᵣ

2.8 ҉ץ ̆ ҈ᵣ̕ ᵣ 0.8~1.2 ̆ ᵣ [34]Ȃ ᵣ

2.1~2.8ӊ ̆ ԋᵣ/҈ᵣ ̕ ᵣ 1.2~1.9ӊ ̆

ᵣ/ԋᵣ ᵣ [35]Ȃ ᵣ ∞ Ҭ̆ X Yңҩ ᵣ ṿᵬ∞ ̆

X ᵣ Xṿҹ1 Y̆ ṿҹ0 X̕XY Xṿҹ2 Y̆ ṿҹ1 X̕YY Xṿҹ1 Y̆

ṿҹ2 X̕XX Xṿҹ3 Y̆ ṿҹ0Ȃ Ҭ ᵣ ̆

Ҍ Ḥ ꜚ ̆ ₮ X Y Ḥ ṿ № ∞ Ȃ

Ŷ CNV-seq ҍ№ Ԋ ̔ҍCMA ᵌ̆CNV-seq ԍ ᶛů30% ᵣ

Ȃ ᴆҊ ᶛᵞ 5% ᵣ̆ ҳ ҬӞ

₮>10% ᵣ Ṑᵣ ̆p ῒ [36-37]Ȃ ֟╠ Ҭ̆ CNV-seq

ᶛ10%~30% ᵞ ᶛ ᵣ̆ ѿ ῒ ȂCNV-seq ᵣ ᵣ ‰

ҍ ᵣ ȁ ȁ ȁ ̂ ȁ ѿ reads ̃ȁ№

῏̆ Ҍ CNV-seq [38]Ȃ

̂5̃№ ᴰ № UPD ᵣ ∞ ‰

ԍ6ȁ7ȁ11ȁ14ȁ15ȁ20 ᵣҍ ῏̆ ֓ ᵣ ᵣ̆

ѿ UPDȂ SNP CMA ԍAD/BAF WES№ ̆ ∞ץ ₮ ֪ ԋᵣ

̂isodisomỹ Ȃ ֪ ԋᵣ̂heterodisomỹ MLPA ∞ ̆

SNP arrayȁSTR WES ∞ ̆ᵖ ᵣ҉ ᶛ ᵀҌ Ȃ
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֪ ԋᵣ ∞ ‰̔ŵ log2ṿ=0̆ ҹ2̕Ŷ AD ₮4 ̕ ҉ ѿ

Ҋ ѿ ADṿ№≢ҹ1 -1̂ ԋᵣ ̃̕ŷ ֪ԋᵣ̂BPD̃ҍUPD Ὲ

7Ȃ ᶛ 7 8Ȃ

表 7 BPD 与 UPD 嵌合的计算方法

*

BPD UPD AD ṿ Ὲ

AA

AB

BB

AA

BB

2PA+2(1-P)A=2A=1

2PA+(1-P)A-(1-P)B =P

(1-P)A -(1-P)B-2PB=-P

2PB+2(1-P)B =2B=-1

BPD UPD B allele frequency ṿ Ὲ

BB

AB

AA

BB

AA

2PB+2(1-P)B/[0+2PB+2(1-P)B]=1

[2PB+(1-P)B]/[(1-P)A+ 2PB+(1-P)B]=(1+P)/2

(1-P)B/[(1-P)A+2PA+(1-P)B]=(1-P)/2

0/[2PA+2(1-P)A+0]=0

*BPD ̔1-P̕UPD =P。

说明̔11 ᵣ UPD ̆allele difference 4 ̆ ҉ Ҋ ṿҹ1 -1̆ҍlog2

ratioṿ ȂҬ ң allele ṿ ҹ0.5 -0.5̆ ҉ ᵀ ₮UPD ᶛҹ50% Ȃ

图7 allele difference计算UPD嵌合比例

说明̔23 ᵣ UPD ̆allele difference 4 ̆ ҉ Ҋ ṿҹ1 -1̆ҍlog2 ratioṿ

ȂҬ ң allele ṿ ҹ0.2 -0.2̆ ҉ ᵀ ₮UPD ᶛҹ20% Ȃ

图8 allele difference计算UPD嵌合比例
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8.2 产前染色体嵌合体的检测方案与诊断原则

8.2.1 产前染色体嵌合体的检测方案

№̆ ᴰ ֟╠ ᵣ Ҭ ̆ ԅ ᵣ ᵣ ₮ ̆

ᶏ ᵣ ᵣ ᾙ ᵀ ⱴ ‰ Ȃp ̆ ̆D ᴰ ᵬ

ҹ ᵣ ‰̆ ῒ ᵣ ᵣ ᵣ ̆ №

ᴰ ᴨ ̆ ׅ ╠֟╠ ᵣ ҬҌ ѿ Ȃ ╠̆

ҳ ҉ ᴰ ᴰ ҍ№ ᴰ ̆ ԍ֟╠ ᵣ ᵣ ‰ Ȃ

╠ ֟╠ ᶛ CMA CNV-seq № ᴰ ̆p ҳ Ҭ̆ ᶛ

᷅῀ ֟╠ ᴰ № +CMA CNV-seqȂ Ҋ̆ №

№ CMA CNV-seq№ Ȃ

Ҍ ᵝ ᵣ ֟╠ Ҍ ̆ ̆ ᵣ Ҍ

Ȃ 9Ȃ

̂1̃ № +CMA № +CNV-seq

ň III ᵣ̆ CMÂSNP array aCGH̃ CNV-seq № ̔

* ̆ᴋᵥѿ ₮ ᵣ̆Ҍ ԑ ̆ ѿ Ȃ

# FISH̔ŵ ̆FISH ‰ ₮ ᵞ ᶛ ̂<10%̃̆ ғӞ ῒ Ẋ

̂ ̃̕ ҳ Ḥ ̆ ᶛ ’ ῒ ȂŶ

ᵣ Ṑᵣ ̆ FISH ̆ ҳ Ḥ ̆ ̂

∆ ↕ CNV-seq/aCGH,∆ ҹ CNV-seq ↕ SNP Array , ̃Ȃŷ Ṑᵣ ȁ ᵣ

Ṑᵣ ̆Ҍ CNV-seq CMA ꜛ ̆ ҳ ̆ ῒ Ȃ

图 9产前羊水或脐血染色体检测流程图。
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ŵ ᶛů30%̔ ԍ ᵣ Ṑᵣȁ ᵣ̆ ҉CMA CNV-seq ץ

ᵣ ‰ ∞ ᶛ̕ CMA CNV-seqҹ ̆ ѿ Ῑ FISH Ȃ

ᵖ ̆ ԍ ᵣ Ṑᵣȁ Ṑᵣȁ ᵣȁ ᵣ ᵣ ᵣ̆ ֓ ’Ҋ

CMA CNV-seq ᴪ ̆ ғ ᶛ ∞ Ӟ Ẓ ̂

≢̃Ȃ ’Ҋ C̆MA CNV-seq № ∞ ̆ ᶛ

ץ ҹ ̆ ᶛ ῒ ᶛ ᵞ ҳ ̆ ѿ FISH Ȃ

Ŷ ᶛ<30%̔ CMA CNV-seq ҹ ̆ң ̆ ץ ̕ CMA CNV-seq

ҹ ̆ ѿ Ῑ FISH F̔ISH ̆ ץ F̕ISH

̆ ץ ľň ᵣĿҹẊ ̆ᵖ ԍľIII ᵣĿ ᵀ

Ῑ № ̂ᶛ ᵝ Ῑ Ῑ ̆ ⱴẠ ᴍ Ῑ ⱴ ̃̆

ҳ ’ΐᵣ№ Ȃ

̂2̃ №

ň III ᵣ̆ ѿ FISH ̆ ↕ ҉ ̂III ᵣ

ҳ Ḥ ̆ ѿ ̃Ȃ

̂3̃ CMA CNV-seq

ŵ ᶛů30%̔ ҉ ̆ CMA CNV-seq ץ ₮ ᵣ̆p ҳ

Ḥ ̆ ѿ Ȃ ̆ CMA CNV-seq

ᴪ ֓ ᵣȂ

Ŷ ᶛ<30%̔ CMA CNV-seq ᴪ ᵣ̆ Ạ ╠ Ȃ

CMA CNV-seq ₮ ᵣ̆ ҳ ̆ ѿ FISH Ȃ

8.2.2 不同类型染色体嵌合体的诊断原则

̂1̃ ᵣ Ṑᵣ ᵣ ↕

ŵ ╠ҳ ҉ LTC ᵣ № ץ ᾟ ᵣ

ҹ Ṑᵣ ᵣ̆ᵖ ԍ CPM ̆ ᵣ № ҍ № Ҍѿ Ȃ

Ҍ ╠ ᵣ № QF-PCR FISH Ṑᵣ̂13 1̆8 2̆1 ᵣ

Ṑᵣ̃ ̆ CMA CNV-seq ̆ ֓ ץ Ῑ ᾟ

ᵣ Ṑᵣ ҍ̆LTC ԑҹ ᾟ̆ ѿ ҉ ᵞ Ȃp ̆

ҳ ΐᵣ№ ̆ ҍ ̆ ѿ ̕ ҍ

Ҍ ̆↕ ѿ Ȃ

Ŷ ’Ҋ̆ ᵣ № / CMA/CNV-seq ̆ TFM ᴆȂ ֓

ץ ₮ ᶛ̂ů30%̃ ᾙ Ṑᵣ ᵣ̆ᵖ № Ҍ ‰

ᶛ̆ Ῑ CMA/CNV-seq FISH № ̕ ₮ᵞ ᶛ̂<30%̃

ᵣ̂ ᵀ Ῑ № ̃̆ Ῑ FISH

Ȃ ֓FISH ץ ’Ҋ C̆MA CNV-seq ᵬҹ ꜛ ̆p ԍ

‰ ̆ SNP array CNV-seq/aCGH Ȃ

ŷ № ’ҊҌ ᵬҹ ᵣ֟╠ Ȃ ԍҬ ̆

̆ ԍ ᾙ ᵣ Ҍΐ ף Ȃ ғ Ҭ ֓҈ᵣ

ᵣ Ῑ ᴪ ҹ ₀ └ ̆ ᵣ Ȃ

̂2̃ ᵣȁ ᵣ ᵣ ᵣ ↕

ᵣ ᵣ № ȁFISH CMA/CNV-seq ̆ῒҺ ↕

҉ ῤ ̂1̃Ȃ

ԅ Ῑ ᶛ Ẓṝ ̆ ᵣ № ᵣ Ῑ Ҭ̆

̆ῒ ᵣ Ӟ ҡ ̆ i(12p)ȁi(15q)ȁi(18p)ȁi(22q)ȁi(8p)ȁi(9p)ȁ

r(13) [3,39]Ȃ № ₮ ̆ ѿ Ῑ FISH CMA/CNV-seq
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Ȃ № Ҭ ץ ₮̆ᵖӞ ҩ≢ᶛ ̆ ҩ≢ i(8p)ȁi(9p) 8-

҈ᵣ Ҭ ₮ [39]Ȃ CMA/CNV-seq ᶛ ҉ ľ Ŀ̆

ᶛ ̆ѿҩ ᾙ № ҹmos 47,XN,+inv dup(22)(pterŕq11.2)[40]/46,XN [60]̆

ᶛҹ40%̆CMA ҹarr[GRCh37] 22q11.1q11.21(16888900_18640300)¦2.8̆

ᶛҹ80%̆ң ᶛᵌӍ ᵖῒ ҉ ̆ ᶛ

̆22q11.2 ̔0.4¦4+0.6¦2=2.8 ̆ ᶛ CMA ѿ Ȃ

’Ҋ̆ ױ ᵣ ᵀ̆ ԍ № ᶛ ̆ Ҍ CMAȂ

̂3̃ ᵣ ̂ů10 Mb̃ ᵣ ↕

ᵣ ᵣ № ȁFISH CMA/CNV-seq ̆ῒҺ ↕

҉ ῤ ̂1̃Ȃ № ₮ ᵣ ̆ ѿ FISH+CMA/CNV-seq ̆

ᶛץ Ῑ FISH+CMA/CNV-seq ҹ‰Ȃ

̂4̃ ᵣ ᵣ ↕

ᵣ № / Ҭ FISH Ȃ ԍ ѿ

̂ ҩ≢ᶛ ̃̆ғ ῏ ̂ Ҭ FISH̃ ̆ ֟╠ ₮ ᵣ̆ ↕҉Ҍ

ѿ Ȃ

̂5̃ Ԋ

ԍ ᵣ̂ ̂

̂ ̂

̂

ᵣFCMA/CNV-seqC
Һ Ῑ

ԍ ᵣ ᵣC
№

ISH ҹ ᾙ ᵣ
’ ᶛץ

202122 P32 ᵣ ᵣC Cq .Ȃ↕C Cq .ᵣ ῏ ῤN+2AX. ԍ ᵣ
Һ

22 Ҭ 22ױ ᵣ
‰ Ӎױ ᵣ

NVrr[r] qץ NVȂᶛNVq .
8 ᶛ ᶛ ҩ ҉

8 8

8 ῒ ֟
῏ ᵣ

8

8

8

8

C1

C

C1

C

C1

C

C0

ᵣ Ҋ ᶛ ᵣ

Cq .

C ᵣ ᾙ ῒ Ȃᵣ

ᶛ

3]ᶛ0212 3M3 ≢8 ≢ 88N.88+I8 ѿ ᶛᶛ8ᵣ
Ҭ 8

8
Ȃ ↕‰

Ȃ

ȂᶛN.

+I

ῤN. +ICVS.

C

C

C ԍCCץ ԍ

CN.

CC+ICCȂN8
0C

ῤ N_182_1_1  2.
C ѿ Ҭ 2 2֟ 2.C

2 Cɒ

№ ҩᶛԍ
Vᶛ

ῤᶛ

ᵣ‰

C ∞ҹ‰ ῤ ȾC

’
₮ ]

ᶛ
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9.1.2 NIPS ᵣ Ṑᵣ ̆ ᾙ I̔. I̕I. Ṑᵣ I̕II.

UPD̕IV. ȁ Ṑᵣ UPD Ҍ ᵣȂ ̆ѿ № ᶛ ȁ

SNP array STR̆ UPD̕ѿ № ᶛ ҹᵞ ᶛ Ṑᵣ ᵣ̆ FISH

Ȃ

9.1.3 ֓ ῏ ᵣ UPD ̆ ᾙ ₮ѿ֓ Ἕ ̂

8̃Ȃ ᾙ Ἕ ₮ Ҭ ̆ҳ ⌠ ᾙ ̆

᷅῀ ֟╠ ̆ ⱴ № ȁSNP array № ᵬҹ ̆ Ḡ

№ ץ FISH Ȃ

表 8 目前已知的 UPD 疾病及主要表型

UPD / OMIM(#) Һ

UPD(6)

ᾙ 601410 ᾙ ȁ ᾙ

UPD(11)

Beckwith-Wiedemann 130650 ֟╠֟ ȁ ȁ ȁ

₮ȁ ᾙᵞ ȁ ⱴ

UPD(14)

Kagami-Ogata 608149 ȁ ȁ ȁ

╠

UPD(15)

Angelman 105830 ȁ῍ ȁ ȁҤ ⱬ ȁ

ȁ

UPD(20)

Ẋ 139320 Ẋ ⱳ ⁞

UPD(7)

Silver-Russell 180860 ᾙ ȁ ȁ҈ ȁ ᵣ

Ҍ

UPD(11)

Silver-Russell 180860 ᾙ ȁ ȁ҈ ȁ ᵣ

Ҍ

UPD(14)

Temple 616222 ᾙ ȁ₮ ȁᵞ₮ ᵣ

ȁ ⱬᵞҊȁ ꜚ ȁ Ῑ ȁ

╠ȁ ȁ

ȁ

UPD(15)

Prader-Willi 176270 ᾙ ⱬᵞҊȁ ᾙ Ῑ ȁᾙ

ȁ ȁ ⱬ ȁ ҹ

UPD(20)

Mulchandani-Bhoj-Conlin 617352 ᾙ ȁ₮ ȁ Ῑ

̂3 ÑIPS Һ 13-҈ᵣȁ18-҈ᵣ 21-҈ᵣ ̆ῒ ṿ Ȃ ֓

֟╠ ҍ ҹ ̆ ̆ ץ Ҍ ֟╠ Ȃ

NIPS ץ Ҭ̆ 13ȁ18 21 ᵣץ ῒ ᵣ ᵣ Ṑᵣ

ץ ᾟ ȂNIPS ᵣ Ṑᵣ ṿҌ ̆ ᵣ Ṑᵣ

̆ ᾙҬѿ ץ ᵣ Ȃ ̆ ᾙ ̆

┬̂ ’Ҋ ┬ ̆ ┬ ̃֟╠ Ȃ
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⌠ ᵣ ᵣ ̆ № ȁFISHȁCMAȁCNV-seq Ҭ

ң ᵣ ԑ Ȃ ̆ ԍ ῏ ᵣ̂6ȁ7ȁ11ȁ14ȁ

15ȁ20̃̆ № STR ̆ CMA ץ̆ UPDȂ

9.2 产前诊断不同取材方式下染色体非整倍体嵌合体的诊断

9.2.1 绒毛检测提示染色体非整倍体嵌合体

ŵ ᵣ ᵣ Ȃ ᾙ ᵖ ₮ ᵣ ̆Ҍ

Ạҳ ̆ ҳ ץ̆ ҳ ѿ

Ȃ

Ŷ Ῑ FISH ᵣ ᴨԍῒז№ ᴰ ̆ ̆ FISHץ

ᵬҹ ᶛ ᵀ Ȃ

ŷ aCGH CNV-seq ᵣ ᵞԍFISH ғ̆ ̆ ᵞ

ᶛ̂<30%̃ ᵣ Ҍᵬҹ Ȃᵖ SNP arrayΐ № ⱳ ̆ ꜛԍ∞ UPD

Ṑᵣ └̆ Ῥ ̆ ╠ ׅ ᵬҹѿ Ȃ

Ÿ ̆ № ȁFISHȁCMA Ҍѿ ץ̆ Ῑ FISH ҹᴨᾢ∞

‰̕ FISH CMAץ↕̆ ҹ ∞ ‰̂BAF/ADҍlog2ṿ№ ѿ ̃Ȃ

Ź ҍ Ҍѿ ץ̆ ҹ‰Ȃ

ź ᶛ ’ ̔ ᵣ ̆Ҍ ᶭ ҳ Ȃp ̆

ᵣ ҍ ᾙ ̆ ῒ ̆ ֟

ᾙ ץ ᾙ ᵣ Ȃ

9.2.2 羊水检测提示染色体非整倍体嵌合体

ŵ ץ̆ ᵬҹ ᾙ ᶭ ̆ ץ └ ᴰ

̆ ѿ Ȃ

Ŷ ᵬҹ ̆ғֽ ѿ ̂ № ȁCMA CNV-seqᴋѿ ̃ ̆

Ṑᵣ ̆ ѿ FISH Ȃ ᵣ ҍ ᾙ ̆ ῒ

̆ ֟ ᾙ ץ ᵀ ᵣ № ’Ȃ

ŷ ᵬҹ ̆ғ № +CMA № +CNV-seqᴋѿ ̆ ң Ҍ

ᵣ ̆ ץ ̕ ң Ҍ Ҍѿ ̆ ѿ FISH

Ȃ ᵣ ҍ ᾙ ̆ ῒ ̆ ֟

ᾙ ץ ᵀ ᵣ № ’Ȃ

Ÿ ῏ ᵣ Ṑᵣ ᵣ̆ № ȁSTR SNP array№ ץ

UPDȂ

9.2.3 脐血检测提示染色体非整倍体嵌合体

ᵣ ↕ ҉ 9.2.2 ᵣ Ṑᵣ ᵣ ῤ Ȃ

֟╠ ᵬҹ Һ ⌠ № Ῑ̆ ғ ̆

№ Ῑ ̆ғ ⱳ Ȃᵖ ̆ ҬҌ № ̆ ץ

ᵬҹ֟╠ ̆ Ҍ Ȃ

Ҍ ̆ ң Ҍ ̆ Ҍ‰ ̆ ף≢№ ԅң

ᵣ ’̆ ԇץ Ȃ ҹ ̆Ҍ ᵣ̕

ҹ ᵣ̆ ץ ᵣ̆ᵖ ῒ ᶛҌΐ ף ̆ ᶛ ↕҉

ץ ҹ‰̂ ҩ≢ ’ᶛ ̃Ȃ ҉ ѿ ̆ῒ ӈֽ ԍ

Ҭ ᵣ̆ ₮ ᵣ̆↕Ҭ ȁ

ȁ ȁ ̆ ᵣ̕ ҹ ̆↕ ҉
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Ҍ ᵣ̕ ᶛᵞԍ ᶛ̆ Ҭ ᵣ

Һ ԍ ῤ Ȃ

10 产前染色体嵌合体的遗传咨询标准

10.1 产前染色体嵌合体遗传咨询的知情告知原则

ŵ ԍ֟╠ ҬҌ ԍ ᵣ ᵣ ̆ ᾙ

Ҍ ᵣ ᵣ ̆ ғ ᶛ ҳ ̆ ᶫ ֟╠ Ȃ

̆ Ҭ ₮ ᵣ ̆ ֓ ’Ҋ Ῥ Ȃ

Ŷ ԍҌ ᵣ ᵣ ̆ ᾙ

ץ ֓ Ῥ ̆ ̆

ȁ Ἕ ҳ ῏Ḥ ̆ ᵀ ᴰ ҍҳ ̆ ₮ΐ ᴰ Ȃ

ŷ ᾙ ̆֟╠ ᵣ ᵣҍ ῏ ΐ ѿ Ҍ

̆ ԍ ╠ ̆֟ ╠ Ҭ ‰ ᵀ ᵣ ᵣ ᴪ ᾙ

֟ Ȃ

10.2 产前染色体嵌合体预后评估的基本原则

№Ẋ ᵣȁCPM TFM ᵀ ȂẊ ᵣ Ҭ֟ Ẋ

̆ѿ Ҍᴪ ᾙ Ҍ Ȃ CPM ֽ ᵣ ̆ᵖ CPM

Ӟ ҍ ᾙ Ҍ ῏ [42]Ȃ CPM ҹ ̆ ῒ 2, 3, 7, 13,

15, 16 22 ҈ᵣCPM ̆ ׆ ℗ ᾙ ᾙ [42]ȂCPMҍ

ᾙ ȁ ֟̆ᵞ₮ ᵣ ᾙ ῏̆ ῒ 2, 3, 7, 13, 15, 16 22 ҈ᵣCPM̆

ῒҬ16ץ ᵣ ῏ ̕ ғ̆ ᶛ҈ᵣ UPD̆ҍҌ ΐ

῏ [42-43]ȂTFM ᵀ̆ ԍ ᵣ № ȁ ᶛ ᵞȁ ᵣҌ ҳ

ӎ Ҍ ̆ ᵣ ᴰ ᶭ Ȃ ֟╠ ₮

ᾙ ῏ ̆ ᾙ ∞ ᵣ҉ ԍ ̕p ֟╠ ₮ ̆ ᾙ

ᵀ↕ ҹ ̆ ׆̆ ҹ ∞ ᶫ

ꜛȂ ֟╠ ᴰ ̆ ῒ Ҋ̆ №

ȁ ᾙ ̆ ᵣ

№ ’̆ ⱴ Ȃ

10.3 审慎分析嵌合比例与胎儿预后的相关性

֟╠ Ҭ ѿҩ ᵣ ᵀ ᶛ̆ Martinez-Glez [1]

ᶛ ᵞ⅞№ҹ₃ҩ ŵ̔ ̔ <10% Ŷ̕ Ҭ ̔ 10%~30% ŷ̕ ̔

30%~50%̕Ÿ ̔ >50%Ȃ ᵞ ᶛ̆ ԍҳ ᵀ Ҍᴪ

Ẓ Ȃ <10% ᵞ ᶛ ԍ>30% ᶛ ╠̆ ᵞ ᶛ

ῒ̆ ֟╠ ץ ≢ ῒ ̂ ֲ ҬӞ ѿ֓

ᵞ ᶛ ҩᵣ̆ ̆ҳ Ҭ ᾙ ᵀ̃̕ ᶛ

ԍᴰ ץ ᶛ ̆ ᵣ ᶛ ῒ

ץ ҳ ≢̆ ̆ ᶛᴪ ѿ ẒṝȂ10%~30% ᶛ

ԍ ̆ῒ ץ ᵀȂ ̆ ᶛ ԍ Ӟ ̆

>80%~90% ᶛ ̆Ӟ ᴪ ∞ҹ Ȃp ̆ ԍ֟╠

ץ̆ ӎ֟╠ ῏ ҉̆ ᶛ ⅞№Һ ԍ ̆

ᵬҹ֟╠ ᵀ Ȃ ֓ ’Ҋ̆ ᶛҍ ῏ Ҍ ῏Ȃ ѿ

֓֟ ᶛ ҹ̆ ᵣ ҳ ᵣ Ȃp ᶛ ᵞҌ ᵬҹ ᵀ
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ѿ ̆ ⌠ ᵣ ץ № Ӟ ̆

ғ̆ ҳ ᾙ Ἕ ᵀȂ

10.4 染色体三体嵌合体的预后咨询

ᵣ҈ᵣ ᵣ ֟╠ Ҭ ᵣ ӊѿ Ҍ̆ ᵣ҈ᵣ ᵣ Ҍ ῃѿ

̆ ץ ᶛ № ץ̆ ҹ ᾙ ᵀ ᶫ ȂҊ ↓ҽѿ֓

ᵣ҈ᵣ ᵣ ’̆Һ ῖӥ ȇ Ύ̔ҳ ᴰ Ȉ [44] ῏
[45]Ȃ ᵣ҈ᵣ ᵣ № ̆ ȇҬ ֟╠ Ȉ҈ᵣ/UPD

↓Ғ [6]Ȃ

2-҈ᵣ
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10.5 染色体嵌合体再发风险评估

ᾙ ᵣ ᵣ Ῥ ᵀ Һ̆ ‗ԍ ᾙ ᵣ ᾙᵣ Ҝ№ Ҍ№ ̆

ᵣᵄ ҈ᵣ Ȃ֟ ╠ Ҭ ₮ ᾙ ᵣ ᵣ̆ Ῥ ᵀ

ף֪ № ̆ №ҹ҈ ̔ŵ ᵞ ̔ ᾙᵣ Ҝ№ Ҍ№

ᵣ̆ ԍ ᵣ̆ῒῬ ᵞ̆ ץ Ҍ ̕Ŷ ᵞ ̔ᴋѿ֪ף

₮ᵣ ᵣ̆ᵖҌ ᵣ̕ŷ Ҭ ̔ ҹᵣף֪ / ᵣ̆ῒῬ

ԍ ֲ Ȃ ץ ׆̆ ∞ ̕p

ҹ ѿ̆ ץ ∞ ҳ̆ ҉ ᵣ

̂ ȁ ȁ ̃ ̆ Ȃ ̆ ᾙ ₮

ᵣ̆ ף֪ ȁ ȁ ȁ Ҍ ̆

Ȃ҉ ⅞№Һ ԍҳ ᵬҹ ̆ ╠ ӎ ᵣ ᵣῬ

ṿ ̆ ץ SNV/Indel ᵣῬ ṿ ̆ ᵞ Ҭ

ᶛ Ῥ №≢ ҹ0.5% 5%~20%Ȃᵖ ̆ҳ ҉ № ᾙ Ҝ№ Ҍ№ ȁ

҈ᵣ └ ̕ ̆ ᶏ ҉Ῥ ᵞׅ̆ Ῥ ֟╠

Ȃ
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